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Appendix A
Nonproliferation and Export Control Poficy Fact Sheet

~ls appendix contains a copy of the fact sheet on the President’s Nonproliferation and Export Control Poticy
released by the White House on September 27, 1993. The fact shmt describes the major principles that guide
the poticy and the key elements of the policy.

THE ~ HOUSE

Office of the Pr= Secretary

September 27,1993

FACT SHEET

NONPROL~W~ON ~ EDORT CONTROL POLICY

For Immediate Release

The President today established a framework forU.S.
efforts to prevent the proliferation of weapons of
mass destruction and the missiles that deliver them.
He outlined three major principles to guide our
nonproliferation and export control policy:

●

●

●

Our national security requires us to
accord higher priority to
nonproliferation, and to make it an
integral element of our relations with
other countries.

To strengthen U.S. economic growth,
democratimtion abroad and international
stability, we actively seek expanded trade
and technology exchange with nations,
including former adversaries, that abide
by global nonproliferation norms.

We need to build a new consensus --
embracing the Executive and Ugislative
branches, industry and public, and fiends
abroad -- to promote effective
nonproliferation efforts and integrate our
nonprohferation and economic gods.

The President refirmed U.S. support for a strong,
effwtive nonproliferation regime that enjoys broad
multilateti support and employs dl of the means at
our disposd to advance our objectives.

Key elements of the policy follow.

Fissile Materird

The U.S. wi~ undertake a comprehensive approach to
the growing accumulation of fissile material from
dismanded nuclear weapons and within civil nuclear
progmms. Under this approach, the U.S. will:

●

Seek to eliminate where possible the
accumulation of stockpiles of highly-
enriched uranium or plutonium to ensure
that where these materials already exist
they are subject to the highest standards
of safety, security, and international
Wcountabitity.

Propose a multilateral convention
prohibiting the production of highly-
enriched uranium or plutonium for
nuclear explosives purposes or outside of
intemationrd safeguards.

Encourage more restrictive regional
arrangements to constrain fissile material
pro~uction in regions of instability and
high proliferation risk.

Submit U.S. fissile material no longer
needed for our deterrent to inspation by
the htemationd Atomic Energy Act.

Pursue the purchase of highly-enriched
uranium from the former Soviet Union
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●

●

and other countries and i~ conversion to
peaceful use as reactor fuel.

Explore means to limit the stockpiling of
plutonium from civfi nuclem programs,
and seek to minimize the civil use of
higtiy-efiched uranium.

Initiate a comprehensive review of long-
term options for plutonium disposition,
taking into account technical,
nonproliferation, environmental,
budge~ and economic considerations.
Russia and other nations with relevant
interests and experience wifl be invited to
participate in this study.

The United States does not encourage the civil use of
plutonium and, accordingly, does not itse~ engage in
plutonium repressing for either nuclear power or
nuclear explosive purposes. The United States,
however, will maintain its existing commitments
regarding the use of plutonium in civil nuclear
programs in Western Europe and Japan.

Export Controls

To be truly effective, export controls should be
appfied uniformly by W suppfiers. The United States
wi~ harmonize domestic and mtitiaterd controls to
the greatest extent possible. At the same time, the
need to lead the international community or
overriding national security or foreign policy
interests may justify unilateral export controls in
spwific cases. We wi~ review our unilateral dud-use
export controls and policies, and eliminate them
unless such controls are essentird to national security
and foreign poficy interests.

We will streamline the implementation of U.S.
nonproliferation export controls. Our system must be
more responsible and efficient, and not inhibit
legitimate exports that play a key role in American
economic strength while preventing exports that
would make a material contribution to the
proliferation of weapons of mass destruction and the
missile that deliver them.

A-2

Nuclear Proliferation

The U.S. will make every effort to secure the
indefinite extension of the Non-Proliferation Treaty
in 1995. We WMseek to ensure that the htemationd
Atomic Energy Agency has the resources needed to
implement its viti safeguards responsibilities, and
wifl work to strengthen the NNs ability to detect
clandestine nuclear activities.

Missile Proliferation

We wi~ maintain our strong support for the Missile
Tmhnology Control Regime. We wi~ promote the
principles of the MTCR Guidelines as a global
missile nonproliferation norm and seek to use the
MTCR as a mechanism for taking joint action to
combat missile proliferation. We will support
prudent expansion of the MTCR’S membership to
include additional countries that subscribe to
international nonproliferation standards, enforce
effective export controls and abandon offensive
b~istic missile programs. The United States will
dso promote regional efforts to reduce the demand
for missfle capabilities.

The United States will continue to oppose missile
programs of proliferation concern, md will exercise
particular restraint in missile-related cooperation.
We wi~ continue to retain a strong presumption of
denid against exports to any country of complete
space launch vehicles or major components.

The United States wi~ not support the development
or acquisition of space-launch vehicles in countries
outside the MTCR.

For MTCR member countries, we wi~ not encourage
I

new space launch vehicle programs, which raise
,

questions on both nonproliferation and economic
viabifity grounds. The United States will, however,
consider exports of MTCR-controlled items to (
MTCR member countries for peaceful space launch
programs on a case-by-case basis. We will review
whether additionrd constraints or safeguards could
reduce the risk of misuse of space launch tmhnology. !
We will seek adoption by all MTCR partners of
poficies as vigilant as our own.

I
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Chemical and Biolo~icd Weauons

To help deter violations of the Biologicrd Weapons
Convention, we will promote new measures to
provide increased transparency of activities and
facilities that could have biological weapons
applications. We cti on d nations -- including our
own -- to ratify the Chemical Weapons Convention
quicUy so that it may enter into force by January 13,
1995. We will work with others to support the
international Organization for the Prohibition of
Chemical Weapons creatd by the Convention.

Re~ional Nonproliferation Initiatives

Nonproliferation will r-eive greater priority in our
diplomacy, and will be taken into account in our
relations with countries around the world. We w~
make special efforts to address the proliferation
threat in regions of tension such as the Korean
peninsula, the Midde East and South Asi% including
efforts to address the underlying motivations for
weapons acquisition and to promote regional
confidence-building steps.

In Korea, our god remains a non-nuclear peninstia.
We wi~ make every effort to s=ure North Korea’s
full compliance with its nonproliferation
commitments and effective implementation of the
North-South denuclearization agreement.

In para~el with our efforts to obtain a secure, just,
and lasting peace in the Midde East, we WN promote
didogue and confidence-building steps to create the
basis for a Middle East free of weapons of mass

destmction. k the Persia Gti, we WMwork with
other suppfiers to contain Ms nuclear, missile, and
CBW mnbitions, while preventing rmonstruction of
kq’s activities in tiese areas. h SouthAsi% we wi~
encourage India and Pakistan to proceed with
multilateral discussions of nonproliferation and
security issues, with the goal of capping and
eventufly roUing back their nuclear and missile
capabfities.

In developing our overW approach to Latin America
and South Africa, we will take account of the
significant nonpro~eration progress made in these
regions in recent years. We wi~ intensify efforts to
ensure that the former Soviet Union, Eastern Europe
and China do not contribute to the spread of weapons
of mass destruction and missfles.

Mifi~ Planning and Doctrine

We will give proliferation a higher profile in our
intelligence collection and analysis and defense
planning, and ensure that our own fome structure and
mfitary planning address the potential threat from
weapons of mass dwtruction and missile around the
world.

Conventionrd Arms Transfem

We WMactively seek greater transparency in the area
of conventional arms transfers and promote regional
confidence-budding measures to encourage restraint
on such transfers to regions of instability. The U.S.
will undertake a comprehensive review of
conventional arms transfer policy, taking into
account national security, arms control, trade,
budgetary and economic competitiveness
consideration.

A-3
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Nonprol$eration of WeaponsofMass
Destmction d the Means of ~eir Delive~

Appen& B
Nonproliferation of Weapons of Mass Destruction

and the Means of Their Detivery

THE ~ HOUSE

Office of the Press Secretary

JO~ STA~
BY THE PRES~ENT OF THE RUSSM FEDE~ON

THE P~DE~ OF THE -D STATES OF AMEWCA
ON NON-PROL~W~ON OF WEAPONS OF MASS DESTRUC~ON

AND THE MEANS OF THER DEL~RY

President Clinton and President Yeltsin, during their
meeting in Moscow on January 14, 1994, agreed that
the proliferation of weapons of mass destruction and
their missile delivery systems represents an acute
threat to international security in the period following
the end of the Cold War.They declared the resolve of
their countries to cooperate actively and closely with
each other, and also with other interested states, for
the purpose of preventing and reducing this threat.

The Presidents noted that the proliferation of nuclear
weapons creates a serious threat to the security of dl
states, and expressed their inwntion to tie energetic
measures aimed at prevention of such pro~ieration.

9

●

●

Considering the Treaty on the Non-
proliferation of Nuclear Weapons as the
basis for efforts to ensure the
nonproliferation of nuclear weapons, they
called for its indefinite and unconditional
extension at conference of its participants
in 1995, and they urged that rdl states that
have not yet done so accede to this treaty.

They expressed their resolve to implement
effective measures to limit and reduce
nuclear weapons. h this connection, they
advocated the most rapid possible entry
into force of the START I and START U
treaties.

They agreed to review jointiy appropriate
ways to strengthen security assurances for

_._ .-..

●

●

●

the states which have renounced the
possession of the nuclear weapons and
that comply strictly with their
nonprotieration obligations.

They expressed their support for the
ktemationd Atomic Energy Agency in its
efforts to carry out its safeguards
responsibtities. They dso expressed their
intention to provide assistance to the
Agency in the safeguards field, including
through joint efforts of their relevant
laboratories to improve safegu~ds.

They supported the Nuclear Suppliers
Group, and agreed with the need for
effective implementation of tie principle
of full-scope IAEA safeguard as a
condition for nuclear exports with the
need for export controls on dual-use
materirds and technology in the nuclear
field,

They reaffirmed their countries’
commitment to the conclusion as soon as
possible,

B-1
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C.1 ~ QUfi~

C.lel MTRODU~ON

This appendix provides detailed data that support
impact assessments to air qutity and noise addressed
in Sections 3.3.3, 3.4.3, 3.5.3, and 3.6.3, Mected
Environment, and 4.3.1.2,4.3.2.2,4.3.3.2, 4.3.4.2,
and 4.6.2.2, Environment Consequences. The W
presented include emission inventories from site-
related activities and higMy enriched uranium (HEu
blending facilities. Section C. 1.2 presents the
methodology and models used in the air quality
assessment. Section C.1.3 presents supporting data
applicable to each site. The tables included in
Sections C.1.4 through C.1.7 contain information
applicable to the air qutity assessments at each site,
and the figures contain wind rose data at each site.
Section C.2 presents the emission rates for the
blending facilities considered as dtematives. Section
C.3 presents noise data for those sites where noise
regulations apply.

C.1.2 ~THODOLOGY ANDMODELS

The assessment of potential impacts to air qudty is
based on the comparison of proposed project effecs
with applicable standards and guidelines. The
Industrial Source Complex Short-Term Model
Version 20SCST2) is used to estimate concentrations
of po~utants from emission sources at each site.

The air quti~ modeting anrdysis performed for the
candidate sites is considered to be a screening level
analysis that incorporates conservative assumptions
apptied to each site so that the impacts associated with
the respective rdtematives can be compared among
the sites. These conservative assumptions WMtend to
overestimate the po~utant concentrations at each site.

The assumptions incorporated into the air qudty
analysis at each site are as follows: major source
criteria pollutant emissions were modeled using
actual source locations and stack parameters to
determine no action criteria po~utant concentrations;
toxic/hmardous pollutant emissions were modeled
from a single source centrally located within the

complex of facilities on each site assuming a 10-
meter (m) (32.8-feet [ft]) stack height, a stack
diameter of 0.3 m (1 ft), a stack exit temperature
equal to ambient temperature, and a stack exit
velocity equal to 0.03 meter per second (m/s)
(0.1 ftis), udess othe~ise specified.

These assumptions will tend to overestimate
po~u~t concentrations since no credit is given to
spatial and tempoti variations of emission sources.
More technical information can be found in the
Environment Protection Agency’s @PA’s) User%
Guide for the Industrial Source Complex (ISC2)
Dispersion Models, EPA-450/4-92-008a, March
1992.

C.13 SUPPOR~G DATA

C.13.1 Overview

This section presents supporting information for each
of the four candidate sites considered for blending
HEU to low-enriched uranium (LEU).
Table C.1.3.1–1 presents the air qutity standards
applicable to each site. Subsequent sections present
supporting information used in the air quality
amdysis at Oak Ridge Resewation (ORR), Savannah
River Site (SRS), Babcock& Wdcox Facfity @&w
at Lpchburg, Virginia, and Nuclear Fuel Services,
hc. ~S) at Erwin, Tennessee.

C.1*4 ON ~GE RESERVAmON

This section provides information on meteorology
and climatology, emission rates, modeling
assumptions, atmospheric dispersion characteristics,
and annual mean wind speeds and direction
frequencies @igure C.1.+1) at ORR. Table C.1.&l
presents emission rates of criteria and toxic/
hmardous pollutants at ORR. This information
supports data presented in the Environmental
Consequences section for air qurdity.

Meteorology and CtimatoIo~. The wind direction
above the ridge tops and within the vdey at ORR
tends to fo~ow the orientation of the vWey. On an
annual basis, the prevailing winds at the National
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n~ T&h C.I.3.I-1. hbtintAti Q&@ Sta*& Appltiabh to the Catitite Sties

Averaging Primary Secondary Souti GroWa Tennessee vii
Time NAAQS= NAAQS (SW) (on &ms) @&~

Pouumt wm3) wm3) (@m3) @~m3) wm3)

criteria Pouutants
Carbon monoxide(CO) 8 hours 10,OOO b 10,OOO 10,000 10,OOO

1hour 40,000 b’ 40,000 40,000 40,000

hd &b) CalendarQuarter 1.5 1.5 1.5 1.5 1.5

Nitrogendioxide~OJ Annual 100 100 100 100 100

Omne (03) 1hour 235 235 235 235 235

Particulatematter@M1o) Annual 50 50 . 50 50 50
24 hours 150 150 150 150 150

Sdti dioxide(SQ Annual 80 b 80 80 80
24 hours 365 b 365 365 365
3 hours b 1,300 1,300 1,300 1,300

state Mandati Pouutits

Toti suspendedparticulate USP) Annual b b 75 b 60
24 hours b b b 150 150

@~US fluorides(as ~ 1month b b 0.8 1.2 b

1w-k b b 1.6 1.6 b

W hours b b 2.9 2.9 b

12hours b b :7 3.7 b

8 hours b b 250 b

a me NadonrdAmbientAir~ty Standards,otherthanthosefor omne, partitiate matter,and thosebasedon ammrdaverages,arenot to be exceededmorethanonceperyw.
me omne standardis attainti whenthe exx numberof daysperyear withmaximumhourlyaverageconcenhtions abovetie standardis less thanor equalto one.me W
hourpardculatematterstandardis attainedwhenthe expectednumberof dayswitha Whour averagecon~ntration abovethe swdard is lesstha or qud to one.me annual
tithmtic meanparddate matterstandardis attainedwhenthe expectedannualtitimetic meanconcen~tion is less thanor cqurdto the standard.

b ~erc is no standd
No& NMQ%Nstiond AmbientAir Qutiv Stan-, @crograms; m3=bic meters.
So- 40- 5Q SC D= 199m ~ DEC1994W~ D~ 1991&VA- 1993z
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Weather Service (NWS) station in the city of O*
Ridge are either up-vdey, from west to southwest, or
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Air Quali~ and Noise

down-vtiey, from east to northeast. Figure C.1.41
shows mean wind speeds and diration frequencies
for 1990 measured at the 30-m (98-ft) level of the
ORR meteorology tower. The prevailing wind
directions are from the southwest and northeast
quadrants. AMUd mean wind speeds measured in the
region are relatively low, averaging 2 tis (4.4 mph)
at the 14-m (46-ft) level at the O* Ridge NWS
station and 2.1 ds (4.7 miles per hour [mph]) at the
10-m (32.8-ft) level at the ORR Bethel Valley
monitoring station.

The average annual temperature at ORR is 13.7
Celsius (°C) (56.6 Fahrenheit [°F]); temperatures
vary from an average daily minimum of -3.8 ‘C

I (25.1’~ in January to an average My maximum of

30.4 ‘C (86.7’~ in July. Relative humidity readings
t~en four times per day range from 51 percent in
Apfi to 92 percent in August and September (NOAA
19940:3).

The average annual precipitation measured at ORR in
Bethel Valley is 131 centimeters (cm)
(51.6 inches [in]), while the average annual
precipitation for the O& Ridge NWS station is
137 cm (53.8 in). The maximum monthly
precipitation recorded at the O& Mdge NWS station
was 48.9 cm (19.3 in) in July 1967, while the
maximum rainfW in a 24-hour period obsened was
recorded in August 1960 at 19 cm (7.5 in). The
average annual snowfti as measured at the O* Ridge
NWS station is 24.9 cm (9.8 in).

Damaging winds are uncommon in the region. Pe&
gusts recorded in the area range from 26.8 to

N

s

- Wnd UrectionFrequency(percent) , - MeanWnd Speed (tisec)

ORR 1991a8.

Figure C.1.&l. Oak Ridge Resewation Meteorological Data, 1990.
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30.8 m/s (60 to 68.9 mph) for the months of
January through July; from 21.9 to 26.8 ds (49 to
60 mph) for August, September, and December;
and 16.1 to 20.1 ds (36 to 45 mph) in October and

I November (ORNL 1982a:2-72). The fastest mile
wind speed (the 1.6 kilometer ~] [1-mile (mi)]
passage of wind with the highest speed for the day)
rmorded at the Oak Ridge WS station for the period
of record 1958 through 1979 was 26.4 m/s
(59.1 mph) in January 1959 (NOAA 199&3).

The extreme mile wind speed at a height of 9.1 m
(30 ft) that is predicted to occur near ORR once in
100 years is approximately 40.2 tis (89.9 mph). The
approximate values for occurrence intervals of 10,
25, and 50 years are 29.1 ds (65.1 mph), 33.1 ds
(74 mph), md 34 ds (76.1 mph), respectively.

Between 1916 and 1972 there were 25 tornadoes
reported in the counties of Tennessee, having borders
within about 64.4 km (40 mi) of ORR. The
probability of a tornado striking a particular point in
the vicinity of ORR is estimated to be 6.0x10-5 per
year. The recurrence interval associated with this
probability is 16,550 years (ORNL 1981a3.3-7).

On February 21, 1993, a tornado passd through the
northeastern edge of ORR and caused considerable

I damage to a number of structures inthene~by Union
Vtiey tidustrid Park. Damage from this tornado to
ORR was relatively light. The wind speeds
associated with this tornado ranged from 17.9 ds
(40 mph) to those approaching 58.1 tis (130 mph)
(OR DOE 1993c:iii).

Emission Rates. Table C. 1.4–1 presents the
emission rates of criteria and toxic/hazardous
pollutants at ORR. The toxic/hazardous pollutant
emissions presented in the table represent those
po~utants with estimated concentrations at or beyond
the ORR boundary that exceed 1 percent of
Tennessee Department of Environment and
Conservation (TDEC) air quality standards. These
emission rates were used as input into the ISCST2
model to estimate po~utant concentrations.

Modeling Assumptions. Additional model input
used to estimate maximum pollutant
concentrations at or beyond the ORR site boundary
include the following: criteria pollutant emissions
were modeled from actual stack locations using

C4

—— .—..—_—— - --— —-——.,--., ‘. -.’ :.. : ...’

T&h C.1.41. Emission Rates of Criteria and
Toxic/Hazardous Pollutants

at Oak Ridge Resewation, 1992

Emission Rate
Pouuht (k~y)

Carbonmonoxide(CO) 94,648
hd @b) a

Nhrogendioxide@02) 887,911
Particulatematter@M1o)b 21,655
Sulfurdioxide(SOJ 1,674,980
Toti suspendedparticulate 21,655

asP)b
TofiWazardous PoUutanti

Ctiorine 1,651
HydrogencMoride 7,004
Nitricacid 9,526
Sultic acid 2,459

a Nosourceindicated.
b It isconsewativelyassumedtiat PMIOemissionsareTSP

emissions.
NOWkg=~ogram;~-year.
SourceORDOE1993&

actual stack heights, stack diameter, exit velocity,
and exit temperature that were taken from
operating permits issued by the Tennessee Air
Pollution Control Board pursuant to the Tennessee
Air Quality Act; toxic/hazardous pollutant
emissions were modeled from a centrally located
stack in the Y–12 complex at a height of 10 m
(32.8 ft), a stack diameter of 0.3 m (1 ft), an exit
velocity of 0.03 m/s (0.1 ft/s), and an exit
temperature equrd to ambient temperature.

Atmospheric Dispersion Characteristics. Data
collected at the ORR meteorological monitoring
station (Y–12 Plant east tower) for the calendar year
1990 indicate that unstable conditions occur
approximately 23 percent of the time, neutral
conditions approximately 31 percent of the time, and
stable conditions approximately 46 percent of the
time, on an annurd basis.

I

Annual Mean Wind Speeds and Direction
Frequencies. The Oak Ridge meteorological data for
wind speed and dirmtion for 1990 are presented in
Figure C. 1.41 as a wind rose.As shown in this figure,
the maximum wind direction frequency is from the
east-northeast with a seeondary maximum from the

~..- ,. +,., , ,,.“,.,., ,,...’ ... :, ,.
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northeast. The mean wind speed from the
east-northeast is 1.7 tis (3.8 mph) and from the
northeast is 2.3 tis (5.1 mph), while the mtimum
mean wind speed is 3.3 ds (7.4 mph) from the
Soutiwat.

C.1,5 SAVA~AH -R Sm

This swtion provides information on climatology
and meteorology, modeling assumptions,
atmospheric dispersion characteristics, and annurd
mean wind sp~ds and direction frequencies @igure
C.1.5-1) at SRS.

Meteorology and Climatology. Figure C.1.5-1
shows annual mean wind speeds and wind direction
frequencies for 1991 measured at the 60-m (200-ft)
level of the SRS H-Area Weather Station. The wind
data from the site indicate that there is no

directional frequenty is from the northeast. The
average annurd wind speed measured is 2.9 m/s
(6.5 mph) and average montiy wind speeds range
from 2.4 tis (5.4 mph), from June through August,
to 3.5 tis (7.8 mph) in February.

The average annurd temperature at SRS is 17.3 ‘C
(63.2 ‘n; average daily temperatures vary from O‘C
(32 ‘F) in January to 33.2 ‘C (91.7 ‘F) in July.
Relative humidity readings tien four times per day
range from 45 percent in April to 92 percent in
August and September.

The average aunud precipitation at SRS is 113 cm
(44.5 in). Precipitation is distributed fairly evenly
throughout the ya, with the highest precipitation in
summer (32.7 cm [12.9 in]) and the lowest in autumn
(21.2 cm [8.3 in]). Although snow can fall from
November throughApd, the avemge anmud snowfd

predominant wind direction at SRS. The highest is ody 2.8 cm (1.1 in~;large snoti-fls are rare.

N
.,. ,.. . .,. ,-
NNW

30

25

- Wnd DrectionFrequency(percent) - MeanWnd Speed (m/see)

Sourca WSRC 1992h.
2mEu

Figure C.1.>1. Savannah River Site MeteorologicafData, 1991.
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Winter storms in the SRS area mcasiondly bring
strong and gusty surface winds with speeds as high as
22.8 tis (51 mph). Thunderstorms can generate
winds with speeds as high as 21.5 ds (48.1 mph)
and even stronger gusts. The fastest l-minute wind
speed recorded at Augusta between 1952 and 1993
was 27.7 ds (62 mph) (NOAA 199*:3).

The average number of thunderstorm days per year’at
SRS is 56. From 1954 to 1983, 37 tornadoes were
reported for a 1-degree square of latitude and
longitude that includes SRS. This frequency of
occurrence amounts to an average of about one
tornado per year. The estimated probability of a
tornado striking a point at SRS is 7.1x10-5 per year

I (NRC 1986a32). Since operations began at SRS in
1953, six tornadoes have been confirmed on the site
or near SRS. Nothing more tha fight damage was
reported in any of these storms, except for a tornado
in October 1989, That tornado caused considerable
damage to timber resources in an undeveloped

I wooded area of SRS wSRC 1990b:l).

From 1899 to 1980, 13 hurricanes occurred in
Georgia and South Carolina, for an average
frequency of about one hurricane every 6 years.
Three hurricanes were classified as major. Because
SRS is about 160 km (99.4 mi) inland, the winds
associated with hurricanes have usually diminished
below hurricane force (greater than or equal to a
sustained speed of 33.5 m/s [75 mph]) before
reaching the site (DOE 1992e:4-115).

Emission Rates. Table C. 1.5-1 presents the
emission rates of criteria pollutants at SRS. Toxic/
hazardous pollutant emissions presented in the table
represent those pollutants with estimated
concentrations at or beyond the SRS boundary that
exceed 1 percent of South Carolina State standards

I (SRS 1993a4).

Modeling Assumptions. Emission rates for criteria
and toxic/hazardous pollutants were based on actual
site emissions data for the year 1990. Additional
model input used to estimate maximum criteria and
toxic/hazardous pollutant concentrations at or
beyond the SRS site boundary includes the
following: pollutant emissions modeled from actual
stack heights, actual effective stack diameters,
actual exit velocity, and actual exit temperature.

T&le C.1.$1, Emission Rates of Criteria and
Toxic/Hawrdous Pollutants at

Savannah River Site, 1990

EmissionRate
Pouutant (k#yr)

Carbonmonoxide(CO) 404,449
kd @b)
Nitrogendioxidem02)
Particulatematter@M1o)
Sulfurdioxide(SOJ
Toti suspended

particulate @SP)

Toxi~azardous
PoUutan* ~
3,3-DicNorobenzidine
Acrolein
Benzene
Bis (cNoromethyI)ether
‘Cadmiumoxide
Chlorine
CMorofom- “
Cobalt
Formicacid
Manganese
Mercury
Nickel
Nhricacid
Parathion

509

4,278,380
1,963,180
9,454,199
4,430,890

Point &
Volume
Source
(k~yr)

211
a

129,772
211
243

21,147
1,035,006

5,970
46,949
27,882

918
23,023

1,151,526
b

Area
Source

(k#yr/m2)
a

1.94xl&3
0.21
a

a

10.1
13.6
4.58x104
a

2.61
1.15X1W3
6.02
a

b

aPhosphoricacid 14,860

a No somes hticated.
b Datanot avdable.
Note kg=tiograrn; y~yew, mz+quare meter.
Soume: SRS1993X4 SRS1995z10.

Atmospheric Dispersion Characteristics. Data
collected at the SRS meteorological monitoring
station for 1991 indicate that unstable conditions
occur approximately 38 percent of the time, neutrrd
conditions approximately 43 percent of the time,
and stable conditions approximately 19 percent of
the time, on an annurd basis. i ‘

Annual Mean’ Wind Speeds and Direction
Frequencies. The SRS meteorological data for
wind speed and direction for 1991 are presented in
Figure C. 1.5-1 as a wind rose. As shown in this
figure, the maximum wind direction frequency is

~
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from the northeast with a secondary maximum from
the east-northeast. The mean wind speed from the
northeast is 3.8 m/s (8.5 mph) and from the
east-northeast is 3.8 m/s (8.5 mph), while the
maximum mean wind speed is 4.1 m/s (9.2 mph)
from the west-northwest.

C,l.6 BABCOCK& Wmcox

This section provides information on climatology md
meteorology, emission rates, modefing assumptions,
atmospheric dispersion characteristics, and annual
mean wind speeds and direction frequencies
(Figure C.1.6-1) at B&W located at Lynchburg,
Virginia.

Meteorology and C1imatolo~. The cfimate of the
Lynchburg area has mild summers and winters.
Rainfall is fairly evenly distributed throughout the
year, but there is a distinct summertime rainfall,
occasioned by afternoon thunderstorms. There are
occasional snow showers, but the mountains to the
immediate west act as a barrier and shelter the area
from many storms and high winds. The mountains
also act as a barrier to extremely cold weather.
Temperatures have fallen below zero ordy on a few
days, and 37.8 ‘C (100 ‘F) heat is almost as rare,
rdthough this mark has been exceeded in the months of

I May through September (NOAA 1994b:7).

The average annual temperature at the Lynchburg
NWS station is 13.3 ‘C (55.9 ‘~; temperatures may
vary from an average daily minimum of -4.1 ‘C
(24.7 ‘F) in January to an average daily maximum of
30 ‘C (86 ‘F) in July. Relative humidity readings
taken three times per day range from 45-percent in
April to 89 percent in August ~OAA 1994b:3).

The annual precipitation at the Lynchburg NWS
station is 104 cm (40.9 in). The maximum montiy
precipitation recorded at the Lynchburg NWS station
was 29 cm (11.4 in) in October 1976, while the
maximum prmipitation observed in a 24hour period
was 15.9 cm (6.3 in) recorded in June 1972. The
average annurd snowfd as measurti at the Lynchburg
~S station is 46 cm (18.1 in).

through 1993 was 25 ds (55.9 mph) in May 1958.
Peak gust wind recorded was 33.1 tis (74 mph) in

I June 1993 WOAA 1994b:3).

Severe weather in the Lynchburg area is generally
limited to thunderstorms with a low probability of
tornadoes. The average number of thunderstorm days

I per year at Lynchburg is 40.5 (NOAA 1994b:3). The
‘ probability of a tornado acturdly striking the site is

I

3.0x10-4 per year, with a recurrence interval of
}

3,333 y- (BW NRC 1986a34).
I

Emission Rates. Table C.1.&l presents the emission
rates of criteria and toxic/hazardous pollutants

I determined from the ~S Facitity Subsystem (AFS)
Plant Emissions Inventory maintained by the
Commonwealth of Virginia, Department of
Environment Qudty, Air Division. Toxic~azardous
pollutant emissions presented in the table were
obtained from the Toxic Chemical Release Form R
required by Section 313 of the Emergency Planning
and Community Right-to-Know Act of 1986, also
known as Tifle In of the Supe@ndAmendments and
Reauthorization Act. These emission rates were used
as input into the ISCST2 model to estimate pollutant
concentrations.

Modeling Assumptions. Additiond model input used
to estimate maximum pollutant concentrations at or
beyond the B&W site boundary includes ‘the
fo~owing: criteria po~utant emissions were modeled
using actual stack locations and heights, stack
diameters, exit velocity, and exit temperature; toxic/
hazardous pollutant emissions were modeled from a
centiy located stack within the complex of facilities
at a height of 10 m (32.8 fi), a stack dimeter of 0.3 m
(1 ft), an exit velocity of 0.03 tis (0.1 ftis), and an
exit temperature equal to ambient temperature.

Atmospheric Dispersion Characteristics.
Meteorological data coflated at Lynchburg NWS for
1994 indicate that unstable atmospheric conditions
occur approximately 18 percent of the time, neutrrd
condhions approximately 76 percent of the time, and
stable conditions approximately 6 percent of the time.

The wind speed and direction data at Lynchburg NWS
Prevailing wind dirwtions at B&W are predominantly are recorded during daylight hours ordy.The inclusion
from the southwest with a mean speed of 3.4 tis of observations during nighttime hours would increase
(7.7 mph). The fastest mile wind speed recorded at the the percentage of stable conditions significantly. This
Lynchburg NWS station for the period of record 1944 increase of stable conditions would tend to raise the

c-7
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T&le C.1.G1. Emisswn Rates of Criteti and
Toxti/Hamrdous Pollutants. ~
at Babcock& ~tCOX, 1994

Endssion Wte
Pouutant @#w)

Carbonmonotide (CO) 1,678
Lead&b) a

Ni@ogendiotide ~OJ “ 36,760
Particulatematir &MIO) ~ ~ 176
sulfur diotide (SOJ 2,447
ToM suspended pardcdm ~SP) 232

Tofi~wardous po~utants
Coppercompounds 218
Nitic acid 213

I Sulfuricacid 53
TricMoroetivlene 14.697

a No som hticati.
NOWkg=tio~; ~em.

I SoWti BWEPA1995%VADEQ195b,

concentrations of po~utants at or beyond the site
boun~. The cdctiated concentrations of po~utants
are such a smd percentage of the standards that any
increase due to meteorologicrd conditions would SW
be we~ below the standards.

Annual Mean Wind Speeds and Direction
Frequencia, The Lynchburg ~S meteorological
data for wind speed and direction for 1994 are
presented in Figure C.1 .6-1 as a wind rose. As
shown in this figure, ,the muimum wind direction
frequency is from the south-southwest with a
swondary maimum from the southwest. The mean
wind speed from the south-southwest is 1.7 m/s
(3.8 mph) and from the southwest is 1.8 m/s
(4 mph), while the maimum mean wind speed is
2.1 ds (4.7 mph) from the west.

:.

A30
NNE

,,

25.:.,,<;’. NE

=+=SE
;s ,. .’,

- WindDirectionFrequency(percent) , ~ MeanWindSpeed (m/see)

Iource:NCDC 1995a. 261mEu

Figure C.1.61. Lynchbu~, Wr@nia-National Weather Sewice Meteorological Dati, 1994.,
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C.1.7 ~ Nuclear Fuel Services, Inc.

This section provides information on chmatology and
meteorology, emission rates, modefing assumptions,
atmospheric dispersion characteristics, and annual
mean wind speeds and direction frequencies
@igure C,l.7-1) at NFS located atEwin;Temess*.

,,. ,’ .$. .,; ”

Climatolo~ and Meteorology. The ctimate of the
Erwin vicinity is characterized by warm; humid
summers and relatively mild winters. Cooler, drier
weather in the area is usurdly associated with polar
continental air masses, whereas warmer, -wetter
weather is associated with@ maritime air masses.

The average annual temperature in the Emin area is
13.1 ‘C (55.5 ‘F); temperatures may vary from an
average dtily mitimum of -4.3 ‘C (24.3’~ in January
tom average My maximum of 29.2 ‘C (84.6 ‘n in
July. Relative humidi~ r=dings taken four times per
day range from 51 percent in April to 93 percent in
August and September (NOAA 199k3).

,. ,., , ,
The annurd precipitation in the Ewin area is 103 cm
(40.7 in). The maximum monthly precipitation
recorded near Erwin was 24.7 cm (9.7 in) in July
1949, while the maximum precipitation observed in a
24-hour period was 9.3 cm (3.7 in) recorded in
October 1964. The average annual snowfall as
measured near Erwin is 40.1 cm (15.8 in).

IThe annual average wind speed is approximately
2,5 m/s (5.5 mph). The fastest mile wind speed
recorded at the Bristol, Johnson City, ~ngsport ~S
station was 22.4 tis (50.1 mph) in May 1951. Peak
gust wind rwordd was 28,2 tis (63.1 mph) in Apfi
1991 (NOAA 1994c:3).

The average number of thunderstorm days per year
near Erwin is 42.8 (NOAA 1994c:3). ~

Severestorms= @uent in the H region,which
is‘mt of the center of tornado =tivity, south of most
bwconditiona, and toofartiand tobe otin tiected
by hurricanes. Ordy one tornado has been morded in

I UnicoiCountysince 1950~C 1991X3-1,3-3).

Emission Rates. Table C. 1.7–1 presents the
emission rates of criteria pollutants determined from
operating permits issued between 1981 and 1994 by
the Tennessee Air Pollution Control Board pursuant
to the Tennessee Air Quali~ Act. ToxicAazardous

T&k C.1.7-1. Emission Rates of Criteria and
Toxic/Hamdous Pollutants at Nuclear Fuel

Sewices, 1994

.,.’ EmissionRate
‘“ Pouutant ‘ @dw)

Carbonmonoxide(CO) 7,146~
had @b) a

Nitrogendioxide@02) 33,865

Particulatematter@M1o)b 1,558
Sulfurdioxide(SO~ 1,081
Toti suspendedparticulate 1,558

I @sP)b
Volatie organiccompoundsWOC) 6,918
Hydrogenfluoride~ 405

Tofiti=ardous PoUutan@
Ammonia 9,573
Nitricacid 242

a No sourceindicated.
b It is conservativelyassumedhat W PMIOemissionsareTSP

emissions.
Note kg=tiogram;~-yesr.
So~: ~ DECnda;~ EPA1994a.

pollutant “emissions presented in the table were
obtained from the Toxic Chemical Release Form R
rquird by Section 313 of the Emergenq Planning
and Communi~ Right-to-Know Ac~ of 1986, also
known as Tifle ~ of the Supe@ndAmendments and
ReauthoriwtionAct. These efission ~tes were used
as input into the ISCST2 model to estimate po~utant
concentrations.

.
Mode@ Assumption. Additiond model input used
to estimate maximum po~utant concentrations at or
beyond the NFS site boundary includes: criteria
po~utant emissions modeled from stack416 at a height
of 33 m (108 ft), a stack diameter of 1.52 m (5 ft), an

I

exit velocity of 11.57 m/s (38 ft/s) (NF NRC
199 la2-14), and an exit temperature of 177 ‘C
(350 ‘F); toxichazardous po~utmt emissions were
modeled from a cen~y locatd stack in the Buflding
300 complex at a height of 10 m (32.8 ft), a stack
diameter of 0.3 m (1 ft), an exit velocity of 0.03 ds
(0.1 ftis), and an exit temperature equrd to ambient
temperature.

Atmospheric Dispersion Characteristics.
Meteorological data co~ected at NFS for the period
March 1994 through February 1995 indicate that
unstable atmospheric conditions occur approximately

c-9
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77 percent of the time, neuti conditions approximately
22 percent of the time, and stable conditions
approximately 1 pexent of the time.

Annual Mean Wind Speeds and Direction
Frequencies. The onsite meteorological data for wind
speed and direction for the pefiod March 1994 through
Febmary 1995 are presented in Figure C.1.7-1 as a wind
rose.As shown in this figure, the mtium wind direction
frequency is from the south-southwest with a s~ondary
maximum from the north-northwest. The mean wind
speed from the south-southwest is 3 ds (6.7 mph) and
from the north-northwest is 3 tis (6.7 mph), while the
maximum mean wind speed is 3.6 ds (8.1 mph) from

the south-southeast.

C*2 Am QUAL~Y MACTS OF
BLE~~G FAC~~S

Potentird ambient air qutity impacts of the emissions that
result from operating the HEU conversion and blending
facilities at each site were analyzed using ISCST2 as
described in Section C.1.2. The source of the blending
facfity emissions is assumed to be that which is described
under the swtion, Modekg Assumptions, for each of the
candidate sites. The model input data include the emission
inventories for each of the blending facilities as presented in

I Tables C.2-1 through C,24.

N
NNW

30

NW 25

15

- WindDirectionFrequency(percent) - MeanWnd Speed (m/see)

Soumti ms lw5b2 2WEU

Figure C.1.7-1. Nuclear Fuel Sewices, Meteorological Data, March 1994 through February 1995.
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T&k C.>1. Emtiswn Rates of Pollutants for a
Converswn and Bknding Facifity—

High~ Enriched Uranium to hw-Enriched
Uranium as Uranyl Nitrate Hexahydrtie for the

Department of Ene~ Sites

EmissionWk
PoUuhnt @@w)

Carbonmonofide(CO) 2,160

had @b) a

Nitrogendiotide @OJ 7,300

Ozone(03)b 215

Particulatematter@M1o) 170

Sulfurdiotide (SOJ 13,500
Toti suspendedparticulate USP) 37,000

* No em~lons fromh process.
b Bd on estimated generationof volatie organic

compoundsWWs).
No* kg=tio~, Fyez.
SOUM ORL~S 1995b.

~able deletd.]

Table C.>2. Emisswn Rates of Pollutants for a
Converswn and Bhnding Facili@—

High~ Enriched Uranium to bw-Enriched
Uranium as Metilfor the Y-12 Ptit

Emission Wte
Ponutant WY)

Carbonmonotide (CO) 1,260

had @b) a

Nitrogendiotide @OJ 2,600

Ozone(03)b 106
pardculate.matter@MIO) 125

Sulfurdiotide (SO~ 4,700

Toti suspendedparticulate OSP) 13,000

a NoemissionsfromW process.
b BasedonesdmatedgenerationofV~.
Nomkg=tiogw, ~ear.

I ~able deleted.]

NONE

C,3.1 mRODU~ON

This section provides a summa~ of local noise
relations. A qutitative discussion cooperation noise
sources and the potential for noise impacts is provided

Tdh C.%3. Emtiswn Rates of Pollutants for a
Convemwn and Bhnding Facility—

High~ Entihed Uranium to tiw-Enriched
Uranium as Uranyl Nitrate Hexahydrate for

~o Commercti Sites

EmissionWti
Pohbt @dr)

Carbonmonotide (CO) 2,172
H @b) a

Nitrogendiotide @OJ 1,089

Ozone(03)b 200

Partictiate matterTMIO)C 169
Sulfurdiotide (SOJ 1,956
Totrdsuspendedpartictiates USP)C 169

a Noetilom for@process.
b Basedon mdrnatedgenerationofVm.

c It is conservatively=mned hat W PMIOemissionsm TSP
etilons.

NoW k~~o~, w~.
Sour=: ORL- 199~, ORR1995*9.

T&h C.M. Emisswn Rates of Pollutants for a
Converswn and Bkn&ng Facili@—

High@ Enriched Uranium to hw-Enriched
Uranium as Uranium Hexa@uoridefor

fio Commercti Sites

Emission~ti
Pouutant @dw)

Carbonmonofide(CO) 2,258
M @b) a

Nltiogen diotide NOJ 1,433

Ozone(03)b 200

Partictiate matter @M1o)c 203
S* diotide (sod 2,934
Totrdsuspended particulate USP)C 203

Gaseousfluorides(as~ d

a No e-ions for W proc=s.
b BasedonesdmatedgenerationofV~.
c It isconservativelyassumedbat M PMIOemissionsareTSP

emissions.
d Trace.
NoW k~wo~, FY~.

I So-OR LWS 1995&ORR1995X9.

in S=tions 3.3.3, 3.4.3, 3.5.3, and 3.6.3, Affected
Environment and4.3.l.2, 4.3.2.2,4.3.3.2,4.3.4.2, and

14.6.2.2, Enviromnenti Cons~uences.

C-n
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The Occupatiomd Safety and Heakh Administration
(OSHA) standards for wcupationd noise exposure
(29 Cm 1910) are applicable for worker protwtion
at the site.

C.3.2 SWPOR~G DATA

This section provides a discussion of local noise
regulations and presents any available sound level
monitoring data for the si~. There are no community
noise m@ations appfi~le to B&W and MS.

C.3.2.1 Oak Ridge R=ervation

Maximum tiowable noise fimits for the city of Oak
Ridge are presented in Table C.3.2.1–1.

Table C.3.2.1-1. City of Oak Ridge Maimunt
Albwable Noise Limits Apptiabh

to Oak Rtige Reservation

Mere Maximum
Me~d SoundLevel

AdjacentUse (dBA)
Al residentialdistricts Commonlot 50

tie
Neighborhood Commonlot 55

businessdistrict tie
&nerd business Commonlot 60

district he
Industrid district Commonlot 65

tie
Majorstit Str&t lot tine 75
Secondaryresidential Streetlot fine 60

s&et

Note:&Atiwibe~ A-weighted.
Source:ORCity 1985a

C–12
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C.3.24 Savannah River Site

Ambient sound level data co~mted at SRS in 1989
and 1990 are summarized in Sound-Level

ICharacteriution of the Savannah River Site (WS-
5251, August 1990). The States of Georgia and South
Carofina, and the counties where SRS is located,
have’ not yet established noise regulations that
sp=ify aweptable community noise levels except for
a provision of the Aiken County Nuisance Ordinance,
which limits daytime and nighttime noise by
fr~uency band ~able C.3.2.2-1).

T&k C.3.2.>1. Aiken County Maimum
Allowabh Noise tiveha

Nightie (9:00 Sound~ssure
p.m.-7:OOam.) hvek (dB)
Nonresidentid ResidentialLot

FrequencyBand Lot Line Line

2@75
75-150
150300
3W600
600-1,200
1,200-2,400
2,4004,800
4,800-10.000

69
60
56
51
42
40
38
35

65
50
43
38
33
30
28
20

a Fordaydme(7:00&m.-9:OOp.m.)soundpressurelevels,
applyoneof the fo~owingcomtions (~) to thenighttime
Ievek above daytimeoperationody, +5;sourceopemtes
1=s than20 ~unt of any l-hour period,+5; source
opera~ less than5 ~rcent of any l-hour ~riod, +10;
so- operatesIms than 1percentof any l-hour pried,
+1$,noiseof imptiive character,-5, noiseof wriodic

I
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Biotic Resources

D*1 ~~ODUC~ON

Appen* D
Biotic Resources

This appendix includes a fisting of the scientific
names of common, nonthreatened, and
nonendangered plant and animal s~ies found in the
text. Additiondy, tables are presented tisting flora
and fauna identified by the U.S. Fish and Wil~e
Service (USFWS), National Marine Fisheries
Service, and State governments as threatened,
endangered, or other spwird status. Special status

I

spwies include State classifications such as species
of concern, or s~ies in need of management. Uext

I deleted.] The threatened, endangered, and special
status lists include all such species as could
po$entitiy wcur in a site area regardless of their
residence status (that is, breeding, year round,
summer, titer, or migratory) or ~e~ood of being

I affected by project actions. Table D.1-l lists
nontbreatend ad nonendangered plant and animrd

I

spwies for the four sites. Tables D.1-2 through
D.1–5 list Federd- and State-listed threatened,
endangered, and other species’ status for W four
sites. N tablw fist species in dphabeticd order by
common name.

If
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I T&k D.1-l. Scientifi Names of Common Nonthreatened and Nonendangered Pbnt and
Animal Species Referred to in the Text

CommonName ScienMcName CommonName SdentificName

I

Manunti
Bwver
Blackbear
Easterncottontail
Easternmy squirrel
Feralhog
Grayfox
Housemouse
Mink
opossum
Raccoon
Redfox
Whi*footed mouse
Whiteti deer

Birds
Carotia chickadee
Commoncrow
Europeanstarbg
Greathomed owl

Mourning dove

Northern bobwhite
Northerncadind
Red-tied hawk
Ruffd grouse
Wddturkey

Repttiw
Easternboxttie
Easterngartersnake

bphibians
hencan toad
Shy srdamander

Fish
herican shad
Blackcrappie
BluegiU
Bream

Castorcanadensis
Ursusamencanus
Sylvibgus$oridanus
Sciuruscamlinensis
Susscmfa
Umcyoncinereoargenteus
Musmusculus
Mustelavison

Di&lphis marsupials

Pmcyon htor

Vulpesvulpes

Peromyscus leucopus

Ohcoileus virginianus

Parus camlinensis

Cowus brachyrhynchos

Stumus vulgaris

Bubo virginianus

~naida macmura

Colinus virginianus

Catiinalis cardinals
Buteojamaicensis

Bonasa umbellus

Meleagris gdhpavo

Terrapenecarolina

Thamnophissirtalis

Bufo americanus

Plethodon glutinous

Absa sapidissima

Pomoxis nigmmaculatus

kpomis macmchirus

hpomk spp.

Fish (continued)
Catish
Centi stonero~er
Commoncarp
Crappie
Mm
Herring
Hickoryshad
L&e chubsucker
~gemouti bass
Mosquitofish
Mudsdsh
Otivedarter
Pickerel
R* pickerel
Sauger
shad
Smoutb bass

Spotted bass

Striped bass
Stish
Whitecrappie

Phts
Hendock
Hickory
Loblollypine
Longleafpine
oak
Post oak
Red O&

Shotieafpine
Slashpine
Virginiapine
Whiteoak
~te pine
YeUow-poplar

Ictalurus spp.

Campostoma

~prinus carpio

Pomoxis spp.

Aplodinotus sp.

Alosa sp.

Alosa mediocris

Erimyzonsucetta

Micmpterus salmoides

Gambusia aflnis

Acanthanhus pomotis

Percina squamata

Esox Spp.

Esox americanus

Stizostedion canadense

Clupei&e

Micmptems &bmieu

Micmpterus punctulatus

Momne saxatilis

bpomis spp.

Pomoxis annularis

Tsugacanadensis

Carya spp.

Pinus taeda

Pinuspalustns

Quercusspp,

Quercusstelata ‘

Quercus rubra

Pinus echinata

Pinus elliottii

Pinus virginiana

Quercusalba

Pinus strobus

Eriodendmn tulipfera



Biotic Resources

1 Table D.1-2. Federal- and S~e-fited Threatened Endangered and Other Spectil SWS Snecies That

I

,

I

May Be Found on the Site or in the Wcinity of Oak Ridge Resemation -

I

I

1
I

,:

,

I
i

I

I

I

I

I

I

I
I
I

I
I

Statusa

Common Name Scientic Name Federd Shti
Mamrnab

~eghany woodrat
Easterncougd
Easternsol-footed bat
Graybatb
kdiana batb
Radnesque’sbig-tied bat
Riverotter
Smokyshrew
Southeasternshrew

Birds
Americanperegrinefdconb
AppdachiaaBewick’swren
Arcticpere@nefrdcon
BaeMs Sp~OW

Bdd eagleb’c
BarnOwld

Cooper’shaw~
Grasshoppersparrow
Northernharrier
Ospreyd
Red-cockadedwoodpecker
Sh~-shinned hawkd
SwainSon’swarbler

Reptties
Easternslen&r glassIkard
Northernpine snake

AmpMbians
~ext deleti]
Hellbende#
TeMessmcavesalamander

Fhh
Mabamashad
Amberdarter
Bluesucker
Harnechub ‘
FrecNebe~yrnadtom
Highdncarpsucker
Spoffinchubb
TeMesseedaeed
YeUowfinmadtomb

Neotoma magister

Felis concolor couguar

Myotis leibii

Myotis grisescens

Myotis sodalis

Plecotus ra]nesquii

Lutra canadensis

Sorexfimeus

Sorex hngimstris

Falco peregrinusanatum
Th~omanesbmictii altus
Falcoperegrinustundrius
Aimophik aestivalis
Haliaeetusleucocephalus
~to alba
Accipitercooperii
Ammadramussavannarum
Cimuscyaneus
Pandionhaliaetus
Picoidesborealis
Acc@iterstriatus
Limnothlypis~ainsonii

Ophisauws attenuates hngicaudus

Pituophis meknoleucus melanoleucu

C~ptobranchus alleganiensis

Gyrinophiluspalleucus

Alosa alabamae

PeEina antesella

Cycleptus elongatus

Hemitremia~mmea

Noturus munitus

Carpiodes vel~er

Cyprinella monacha

Phoxinus tennesseensis

NoturusJavipinnis

D

E
D
E
E
D
T
D
D

E
T
E
E
T
D
D
D
D
T
E
D
D

D
T

D
T

D
E
T
D
T
D
E
D
E
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Disposition of Surplus Highly
Enriched Uranium Final EIS

T&k D.1-2. Federal-and State-fited Threatened Endangered, and Other Special Status Species Thd
May Be Found on the Site or in the Viini@ of Oak Ridge Resenation<ontinued

Shha
CommonName Scientic Name Ftierd Shti

hvetibraks
Mabamalampmusselb
Appalachianmonkeyface

pearlymusselb
Birdwingpearlyrnusselb
Cumberlandbeanpearlyrnusselb
Cumberlandmonkeyface

pearlymusselb
Dromedarypearlymusselb
Fin&rayedpigtoeb
Gmn-blossom pearlymusselb
Orange-footi pearlyrnusselb
Paintedsn~e cotiedforestsnti
Pde Wiput pearlymusselb
Pinkmucketpearlymusselb
Roughpigtoeb
Shinypigtoeb
Tanriffleshe~b ‘ “‘
~bercld-blossom pearlymusselb
~gid-blossom pearlymusselb
Wte wartybackpearlymusselb
YeUow-blossompearlynmsselb

Phnti

I Americanbarberry
Americanginsengd

I Apprdachisnbugbaned

I Auriculatefalse-foxglove

I BranchingWhitiOW~S

I Butternutd

Canada (wfld ye~ow) M#

Carey’s saxifiaged

Fen orchidd

Golden Sdd

Gravid sdged

HMeafmeehania

Heller’s catfoot

Mser ladies’ mssesd

Michigm My

Mountin honeysuc~e

Mountain witch ddefl

Nofiem bush honeysuc~ed

NutW waterwdd

Pink lady’s-slipperd

— .. .——- -.——— ,.—- ~.r

..:, ,-, ,

bmpsilis virescens

Quadrula sparsa “
,, !,

Conradil& caelata

Wlbsa trabalis

Quadrula intemedia

Dmmus dmmas

Fusconaia cuneolus .

Epiobbma torulosa gube~cdum

Plethobasus cooperianus

Anguispira picta
Tomlasmacylindwllus
bmpsilis abrupta
Pleumbemaplenum
Fusco~ia cor
Epiobbsti waltiri
Epiobtima torulosatorulosa
Epiobbma turgidula
Plethobasuscicatncosus
Epiobbmafirenti~ @renti~

Berberis catinsis

P- quinquefolius

Cimicifiga rubfolia

Tomantheraauricubta

Draba ramosissima

Juglans cinerea

Lilium canadense

Saifiaga careyana

Liparis Ioeselii

Hydrastis cana&nsis

Carm gravida

Meehania cohta

GnapMium helleri

Spiranthes ovalis

Lilium michiganense

Lonicera dioica

Fothergilla mjor

Diemilb Ionicera

Elodea nuttallii

~pripedium acaule

E
‘E

E
E
E

E
E
E
E
T
E
E
E. . .

,, E
E
E
E
E
E

E
E

.,; .

E;
E
E,

E
E
E’
E
E
E
E,
E,
E ‘
E
E
E
E
E’

Spc
T
T
E

Spc
T I
T

Spc
E
T

Spc
T

Spc
Spc
T

Spc
T
T

Spc
E

I
~- ——-.—--——-. ----—- ——
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Biotic Resources

Wk D,l-2. Fe&&- and State-tited Threatened En&ngered, and Other SpecW Status Spectis That
MW Be Found on the Site or in the Wini@ of Oak Ridge Resewation40ntinued

Stima

ConunonName MenWc Name Fede~ Stik

Pbti (contiued)
Prtie goldenrod Solidago ptamicoides m E

Purpletigeless orctidd Platanthera peramoena . m T

Slenderbldg star Liatris cylindracea M E

I Sp*g frdsefoxgoved Aureobriapatub M T

SwampIousewort Pedicukris lanceolata m T

I Tdl larhp~ Delphinium wltatum m E

Tennesseep~le coneflowe~ Echinacea tennesseenis E E

fibercled mh-orctidd Platanthera~va vaz he~wla m T

Vi#nia spkea Spiraea virginiana T E

I

~orled mountit ficnanthemumverticillatum m BP

a statuscod= D-dwmd inneedofm=gernenc~nhged ~~ot~~~ ~ssibly ex@a~~ ~A~~@~d ~der tie
simtiarityofappcaranmprotilon oftie -gemd SpeciesAcg SpC+d concern,T=tiatend

b ~S~S ~ove~ Ph exis~fOr~ s~i=.”

c ObsmvednearORRonMelton~ andWamBx_. ‘
d Recentmoralofspecies~currenceonOR
Som 50 Cm 17.11;50 Cm 17.12 DOE1995w,ORDOE 1- ORWS 1992WORNERP1993x OW 1981%ON

1984b;ON 1988~~ DK 1995w~ DEC 1995b;~ DEC 1995GTN DEC 1995* TNWRC 1991%~ WRC
1991b.

I

t
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Disposition of Surplus Highly
Enriched Uranium Final EIS

~ T&k D.1-3. Federal- and S~-tited Threatened Enkngered, and Other Special Status Species That-.
May Be Found on the Site or in the Viinity of Savannah River Site

Stawa

I
1
I

I
I

I

I
I

I
I

I

I

I

CommonName ScientificName Fedeti state
Mammab

Meadowvole
Rtinesque’s big-earedbatb
SouthernAppalachianeasternwo
Spoti Skunkb
Star-nosd moleb
Swamprabbit

Birds
Americanperegrinefrdconb’c
Americanswdow-tied kite
AppalachianBewicks wrenb
Arcticpere@nefrdconb
~ext deleti]
Bdd eagleb’c
BarnOWlb

Commongrounddoveb
Cooper’shawkb
Uext deleti]
~and’s warblep
Mississippikiteb
Red-cockadd woodpeckerb$c
Red-headedwoodpecke#
Swainson’swarblep
Woodstorkb

Reptfles
Americand~gatorb
Caroha swampsnakeb
Easterncoti snakeb
Gmn watersnakeb
~ext deleti]
Spoti ttieb

Amphibians
Carotia crawfishfiogb
Easternbird-voicedtreefrogb
Easterntigers~amanderb
Nofiem cricketfrogb
Pickerelfiogb
Uplandchorusfrogb

D4

lodratb

Micmtus pennsylvanicus

Plecotus rafinesquii

NeotoM~on&na haematoreia

Spilogale putorius

Condylura cnstata parva

Sylvilagus aquaticus

Falco peregnnus anatum

Elanoi&s forficatus

~ryomanes bwictii altus

Falco peregrinus tundrius

Haliaeetus leucocephalus

~to alba

Columbinapassenna

Accipiter coopeni

Dendmica tirtlandii

Ictinia mississippiensis

Picoi&s borealis

Melane~es erythmcephalus

Limnothlypis wainsonii

Mycteria americana

Alligator mississippiensis

Seminatrixpygaea

Micrurusfulvius filvius

Nerodia cyclopion

Clenunysguttata

Rana areolata capito

Hyla avivoca ogechiensis

Ambystoma tigrinum tignnum

Acris crepitans crepitans

Rana palustris

Psehcris tnseriata feriarum

Sc
SE
Sc
Sc
Sc
Sc

SE
SE
ST
ST

SE
Sc
ST
Sc

SE
Sc
SE
Sc
Sc
SE

m
Sc
Sc
Sc

Sc

Sc
Sc
Sc
Sc
Sc
Sc

I

~–- —.
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Biotic Resources

Tabk D.1-3. Federal-,and S~-tited Threatened En&ngered, and Other Special SWS Species That
May Be Found on the Site or in the Viinity of Savannah River Site<ontinued

CommonName Scientic Name Federrd Sbti
Fish

next deleti]
Shortnosesturgeonb)c

hvetibratis
Next deleti]
Brotherspikemussel

Pbm@
~ext deleti]
B--rushb
B*-rushb
Bog spicebushb
next deleti]
Cypressstumpsedgeb
Durand’sWhiteOakb
Dwarfbladderwotib
Dwarfburheadb
EUott’serotonb
Few-fiited sedgeb
~Ori& bladderwort
Horida falseIoosestifeb
Gaurab
Gmn-figed orchidb
~ pondwdb
hose water-tifotib
m-peab
Nnilwortb
Nestroniab
Nutmeghickoryb
OconeeAmb
Pink ticwb
Quifl-lenvedswamppotatob
SnndhiuUyb
Smoothconeflowe?
Trepocwusb
Wddwater-celeryb
Ye~owcressb
Yetiowwtidindigob

Acipenser brevimstm

Elliptiofiaterna

Rhynchospora inutita

Rhynchospora tracyi

Lindera subcoriacea

Carex&composita

Quereusdurandi

Utricubria olivacea

Echinodomsparvulw

Cmton elliottii

Carexoligoca~a

Utncubria$on.&na

Lhigia spathufata

Gaura biennis

Platanthera facera

Potamogeton foliosus

Myriophyllum Iaxum

Astragafus vilhsas

Pamnychia americana

Nestmnia umbelhda

Caya myristicyonnis

Rhodo&ndmm~meum

Coreopsis msea

Sagittana isoet~onnis

Nolina geo~iana

Echinacea hevigata

Trepoca~us aethusae

Vallisneriaamsncana

Rotippa sessilijora

BaDtisiabnceohta

E SE

SE

Sc
Sc
RC

Sc
Sc
Sc
Sc
Sc
Sc
Sc
Sc
Sc
Sc
Sc
RC
Sc
Sc
Sc
RC
Sc
RC
Sc
Sc
-d

Sc
Sc
Sc
Sc

a Statuscodes:&ndange~d; ~-ot kted; RC=regiondofconcern(unoffici~ plantsodyy S/A~roWted undertie s~arity
of appearancesprotilon of theWgered SpeciesAc~SC-tate of concern,SWtate endangered(officialstateMt-snim*
ody); ST4tate @atened (officialstatekt-snim~ ody); T=*tene&

b Species~urrence recordedon SRS.
c USWS RecoveryPlanetik for thisspecies.
d ~em is no officialtiatened orendangeredstatusforptit speci% deferto Fded stan~.
Sou= 50 CFR 17.11;50 CFR 17.12;DOE 199% SC~ 1995wSR = 1990&WSRC19896WSRC1993b.
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Disposition of Surplus Highly
Enriched Uranium Final EIS

~ T&k D.14. Federd- and SWe-tited Threatine~ En&ngered, and Other Special S-s Species That

I

I

I
I

I

I

1

I

I
I

May Be Found on the Site or in the Viini@ of the Babcock & Wkox Facili@ -

Statia
CommonName Scientic Name Federal state

Mammals
Emtem cougd

hdiana bat

River otter

Viginia big-eared bat

Birds
Mder flycatcher

Appalachian Bewick’s wren

Bachrnan’s sparrow

Brdd eagleb

Barn-owl

Brown creeper

next deleti]

Common moorhen

Dickcissel

Golden-crownd kinglet

Golden-wingti warbler

Henslow’s sparrow

Hermit thrush

next deleti]

Long*ared owl

Magnofia warbler

Migrant loggerhead shrike

Mourning warbler

Northern harrier

Northern saw-whet owl

Peregrine fdconb

Purple tich

Red-breasti nuthatch

Red crossbfll

Sdge wren

SwainSon’s wmbler

Winter wren.

YeUow-befied flycatcher

Reptties
Canebrakeratiesnake

Felis concolor cougmr

Myotis sodalis

Lutra canadensis

Plecotus townsendii virginianus

Empidonax alnorum

Thryonurne$bewictii altus

Aimophifa aestivalis

Haliaeetus Ieucocephalus

Tyto alba

Certhia amencana

Gdlinula chlompus cachinnans

Spiza americana

Regulus satrapa

Vermivorachrysoptera

Ammodramus hensbwii

Catharus guttatus

Asio otis

Dendmica magnolia

bnius Iudovicianusmigrans

Opommisphifade@hia

Circus cyaneus

Aegolius acadicus

Falco peregrinus

Ca~odacus purpureus

Sitta canadensis

hxia curvirostra

Cistothorusplatensis

Linmothlypis swainsonii

Troglodytes troglodytes

Empidomfiviventris

Cmtalus horridus atricaudatus

E
E

NL
E

NL
NL
NL
T

NL
NL

NL
NL
NL
NL
NL
NL

NL
NL
NL
NL
NL
m

E (S/A)
NL
NL
NL
NL
NL
NL
NL

NL

E
E

Spc
E

Spc
E
T
E

Spc
Spc

Spc
Spc
Spc
Spc
T

Spc

Spc
Spc
T

Spc
Spc
Spc
E

Spc
Spc
Spc
Spc
Spc
Spc
Spc

E

a Statuscodes &ndangeti, -sot h@, S/A~rotectcd underthesirnfiarityof appearanwsprovisionof theEntigered
SpeciesAc~SpC~pecid conce~ T=titened.

b US~S ReeoveryPh etits for @ specia.
so- 50 Cm 17.11;VA~~ 193w VAE~ 193b.



Biotic Resources

ITabh D.1-5. Federal- and S~-Utid Threatine4 Enhngered, mdOther Spectil SWs Species Thti
May Be Found on the Site or in the Viini@ of the Nuclear Fuel Sewties Fmility

Shtia
CommonName SdenMc Name Fedeti Stiti

Mammak
Eastern coug~ Felis concolor couguar E E
Graybatb Myotis grisescens E E
hdiana batb Myotis sohlis E E

Riverotter Lutra canadensis M T

Bhds
AppdacbianBewick’swren
Bachman’ssparrow
Bdd eagleb
~ext deleti]
Commonraven
Cooper’shawk
Goldeneagle
Grasshoppersparrow
Notiem harrier
Osprey
Peregrinefdconb
Rd-cockaded woed~ke~
Sharp-shirmdhawk

Reptiw
Nofiem pine snake

Thryomanesbmictii altus

Aimophihraestivalis

Hdiaeetus Ieucocephalw

T
E
T

I
1

I

I
Corvus corax

Accipiter cooperii

Aquila chrysaetos

Ammodramus savan~rum

Circus eyaneus

Pandion haliaetus

Falcon peregrinus

Picoides boreafis

Accipiter striatus

T
D
T
D
D
T
E
E
D

I
II

I
I
I
I

I

Pituophis melanoleucw mehrnoleucus TI
Amphibians

Tennesseecavesalamander Gyrinophiluspallewus m T

Fish
~ghdn carpsucker Ca~io&s vel~er M D

Sharpheaddarter Etheostoma muticeps m D

a Statascodw D4eemed in needof management-ndangere~ Vmot hted, S/A~roteeted undertie simtiariu of
apwces prov~lonof tie -gered SpeciesACGT=*tend

b US~S Rwove~ Planefik for h speeiw.
SOUW.50Cm 17.11;W NRC 1991x TNDX 1995a

I

I
#

I

‘[
I
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Human Health

Appenti E
Human Health

Eol ~TRODUCTION

Supplemental information on the potentird impacts to
humans from the normal operational releases of
radioactivity and hazardous chemicals from the
various blending technologies and their associated
facilities is presented in this appendix. This
information is intended to support assessments of
normal operation for the highly enriched uranium
(HEW blending options described in the pubfic and
occupational health subsections of Sections 4.2

I through 4.3 of this environmental impact statement
“ (EIs~. Section E.2 provides information on

radiological impacts during normrd operations, while
Section E.3 provides information on hazardous
chemicrd impacts during norrmd operations. Section
E,4 provides information on health effects studies.
Section E.5 describes radiological and hazardous
chemical impacts during accident condhions.

E,2 RADIOLOGICAL WACTS TO
HU~N HEALTH

Section E.2 presents supporting information on the
potential radiological impacts to humans during
normal site operations. This section provides
background information on the nature of radiation
(Section E.2.1), the methodology used to calculate
radiological impacts (Section E.2.2), and
radiological releases from potential sites that could
assume HEU blending processes (Section E.2.3).

Eo2.1 BACKGROm

Eo2.1.l Nature of Radiation and Ik Effecb
on Humans

What is Radiation? Humans are constantly exposed
to radiation from the solar system and from the
earth’s rocks and soil. This radiation contributes to
the natural background radiation that has always
surrounded us. But there are dso man-made sources
of radiation, such as medical and dental x-rays,
household smoke detectors, and materials released
from nuclear and cord-firedpowerplants.

M matter in the universe is composed of atoms, and
radiation comes from the activity of these tiny
particles. Atoms are made up of even smaller
particles (protons, neutrons, and electrons). The
number and arrangement of these particles
distinguishes one atom from another.

Atoms of different types are known as elements,
There are over 100 natural and man-made elements.
Some of these elements, such as uranium, radium,
plutonium, and thorium, share a very important
qurdity: they are unstable. As they change into more
stable forms, invisible waves of energy or particles,
known as ionizing radiation, are released.
Radioactivity is the emitting of this radiation.

Ionizing radiation refers to the fact that this energy
force can ionize, or electrically charge atoms by
stripping off electrons. Ionizing radiation can cause a
change in the chemical composition of many things,
including fiving tissue (organs), which can affect the
way they function.

The effects on people of radiation that is emitted
during disintegration (decay) of a radioactive
substance depends on the kind of radiation (alpha and
beta particles, and gamma and x-rays) and the total
amount of radiation energy absorbed by the body.
Npha particles are the heaviest of these direct types
of ionizing radiation, and, despite a speed of about
16,000 kilometers per second (Ws) (9,940 miles per
second [mi/s]), they can travel only several
centimeters in the air. Alpha particles lose their
energy almost as soon as they colfide with anything.
They can easily be stopped by a sheet of paper or the
skin’s surface.

Beta particles are much lighter than alpha particles,
They catravel as fast as 160,000 Ms (99,400 ds)
and can travel in the air for a distance of about
3 meters (m) (9.8 feet [h]). Beta particles can pass
through a sheet of paper but maybe stopped by a thin
sheet of aluminum foil or glass.

Gamma and x-rays, unWe alpha or beta particles, are
waves of pure energy. Gamma rays travel at the speed
of light (300,000 ktis [186,000 mi/s]). Gamma

E-1
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Disposition of Surplus Highly
Enriched Uranium Fiwl EIS

radiation is very penetrating and requires a thick WW
of concrete, lead, or steel to stop it,

The neutron is another particle that contributes to
radiationexposw, both direoflyand indirectly.h~t
exposure is assmiated with the gamma rays and rdpha
particles that are emittd foflowing neutron capture in
matter.A neutronhas about one quarter the weight of m
alpha particle and can travel at speeds of up to
39,000 km/s (24,200 mi/s). Neutrons are more
penetrating than beta particles, but less than gamma
rays,

The radioactivity of a material decreases with time.
The time it takes a materird to lose hdf of its originrd
radioactivity is its hti-life. For example, a quantity
of iodine-131, a materird that has a hrdf-tie of 8 days,
will lose hrdf of its radioactivity in that amount of
time, In 8 more days, one-half of the remaining
radioactivity wi~ be lost, and so on. Eventually, the
radioactivity will essentially disappear. Each
radioactive element has a characteristic half-life. The
half-lives of various radioactive elements may vary
from millionths of a second to tifions of years.

As a radioactive element gives up its radioactivity, it
often changes to an entirely different element, one
that may or may not be radioactive. Eventually, a
stable element is formed. This transformation may
take place in several steps and is known as a dmay
chain. Radium, for example, is a natartiy occurring
radioactive element with a hrdf-life of 1,622 years, It
emits an alpha particle and becomes radon, a
radioactive gas with a half-life of only 3.8 days.
Radon decays to polonium and, through a series of
steps, to bismuth, and ultimately to lead.

Units of Radiation Measure. Scientists and
engineers use a variety of units to measure radiation.
These different units can be used to determine the
amount, type, and intensity of radiation, Just as heat
can be measured in terms of its intensity or its effects
using units of calories or degrees, amounts of
radiation can be measured in curies, rads, or reins.

The curie, named after the French scientists Marie and
Pierre Curie, describes the “intensity” of a sample of
radioactive material. The rate of decay of 1 gram of
radium is the basis of this unit of measure, It is equal
to 3,7x1010disintegrations (decays) per s~ond.

The toti energy absorbed per unit quantity of tissue is
referred to as absorbed dose. The rad is the unit of
measurement for the physicrd absorption of radiation.
Much ~ie surdightheats the pavement by giving up an
amount of energy to it, radiation gives up rads of
energy to objects in its path, One rad is equal to the
amount of radiation that leads to the deposition of
0.01 jotile of energy per kilogram of absorbing
rnaterid. .:?

A roentgen equivrdent man (rem) is a measurement
of the dose from radiation based on its biological
effects. The rem is used to measure the effects of
radiation on the body, much like degrees Celsius can
be used to measure the effects of sunlight heating
pavement. Thus, 1 rem of one type of radiation is
presumed to have the same biologicrd effects as 1rem
of any other type of radiation. This standard allows
comparison of the biological effects of radionuclides
that emit different types of radiation.

An individud maybe exposed to ionizing radiation
externally from a radioactive source outside the body
andor intemrdly from ingesting radioactive material.
The extemrd dose is different from the intemd dose,
An external dose is delivered only during the actual
time of exposure to the extemd radiation source, An
intemd dose, however, continues to be delivered as
long as the radioactive source is in the body, rdthough
both radioactive decay and elimination of the
radionuclide by ordinary metabolic processes
decrease tie dose rate with the passage of time, The
dose from internal exposure is calculated over
50 years following the initial exposure,

The three types of doses calculated in this EIS
include an external dose, an internal dose, and a
combined external and internal dose. Each type of
dose is discussed below.

External Dose. The external dose can arise from
several different pathways. The radiation causing the
exposure is external to the body in all of these
pathways. In this EIS, these pathways include
exposure to a cloud of radiation passing over the
receptor, standing on ground that is contaminated
with radioactivity, swimming in contaminated water,
and boating in contaminated water, The appropriate
measure of dose is called the effective dose
equivalent. It should be noted that if the receptor
departs from the source of radiation exposure, his
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dose rate will be reduced, It is assumed that extemd
exposure occurs unifody during the year.

Znternal Dose. The internal dose arises from a
radiation source entering the human body through
either ingestion of contaminated food and water or
inhalation of contaminated air, k this EIS, pathways
for internal exposure include ingestion of crops
contaminated either by airborne radiation depositing
on the crops or by irrigation of crops using
contaminated water sources, ingestion of animal
products from animals that ingested contaminated
food, ingestion of contaminated water, inhrdation of
contaminated air, and absorption of contaminated
water through the skin during swimming. Unlike
external exposures, once the radiation enters the
body, it remains there for various periods of time,
depending on decay and biological elimination rates.
The unit of measure for internal doses is the
committed dose equivalent. It is the internal dose that
each body organ receives from 1 “year intake”
(ingestion plus inhalation). Normally, a 50- or
70-year dose-commitment period is used (that is, the
l-year intake period plus 49 or 69 years). The dose
rate increases during the 1 year of intake. Mer the
I year of intake, the does rate slowly declines as the
radioactivity in the body continues to produce a dose.
The integral of the dose rate over the 50 or 70 years
gives the committed dose equivalent. h this EIS, a
50-year dose-commitment period was used.

The various organs of the body have different
susceptibilities to harm from radiation. The quantity
that takes these different susceptibilities into account
to provide abroad indicator of the risk to the health
of an individual from radiation is called the
committed effective dose equivalent. It is obtained by
multiplying the committed dose equivrdent in each
major organ or tissue by a weighting factor
associated with the risk susceptibility of the tissue or
organ, then summing the totis. It is possible that the
committal dose equivalent to an organ is larger than
the committed effective dose equivalent if that organ
has a small weighting factor. The concept of
committed effective dose equivalent appfies only to
intemd pathways.

Combined External and Znternal Dose. For
convenience, the sum of the committed effective
dose equivalent from internal pathways and the
effective dose equivalent from extemd pathways is

dso called the committed effective dose equivalent in
this EIS (note that in DOE Order 5400.5, this
quantity is cded the effective dose equivalent).

The units used in this EIS for committed dose
equivalent, effective dose equivalent, and committed
effective dose equivalent to an indlvidud are the rem
md rnrem (1/1000 of 1 rem). The corresponding unit
for the collective dose to a population (the sum of the
doses to members of the population, or tie product of
the number of exposed individuals and their average
dose) is the person-rem.

Sourcw of Radiation. The average person in the
United Stites receives a toti of about 350 tilirem
per year (mredyr) from W sources of radiation, both
nati and man-made. The sources of radiation can
be divided into six different categories: cosmic
radiation, terrestrial radiation, internal radiation,
consumer products, medicd diagnosis and therapy,
and other sources. Mch category is discussed below.

Cosmic rtilation is iontiig radiation resulting from
energetic charged particles from space continuously
hitting the earth’s atmosphere. These particles and
the secondary particles and photons they create are
cosmic radiation. Because the atmosphere provides
some shielding against cosmic radiation, the intensity
of this radiation increases with altitude above sea
level. For the sites considered in this EIS, the costic
radiation ranged from about 27 to 45 rnretiyr. The
average annual dose to the people in the United
States is about 27 mrem.

Extemd terrestrial radiation is the radiation emitted
from the radioactive materials in the earth’s rocks and
soils. The average annual dose from external
terrestrial radiation is about 28 mrem. The extemd
terrestrial radiation for the sites in this EIS ranged
from about 28 to 70 mredyr.

Internal radiation arises from the human body
metabolizing natural radioactive material that has
entered the body by inhrdation or ingestion. Natuti
radionuclides in the body include isotopes of
uranium, thorium, radium, radon, polonium,
bismuth, potassium, rubidium, and carbon. The
major contributor to the annual dose equivalent for
internal radioactivity are the short-lived decay
products of radon, which contribute about
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200 rnredyr. The average dose from other internal
radionuclides is about 39 rnretiyr.

Consumer products dso contain sources of ionitig
radiation. h some products, like smoke detectors and
airport x-ray machines, the radiation source is
essential to the products’ operation. In other
products, such as television and tobacco, the
radiation occurs incidentily to the product function.
The average annurd dose is about 10 mrem.

Radiation is an important diagnostic medicd tool and
cancer treatment, Diagnostic x-rays result in an
average annual exposure of 39 mrem. Nuclear
medical procedures result in an average annual
exposure of 14 rnrem.

There are a few additiond sources of radiation that
contribute minor doses to individuals in the United
States. The dose from nuclear fuel cycle facilities,
such as uranium mines, mills and fuel processing
plants, nuclear power plants, and transportation
routes, has been estimated to be less than 1 mredyr,
Radioactive fallout from atmospheric atomic bomb
tests, emissions of radioactive material from
Department of Energy (DOE) and Nuclear
Regulatory Commission WC) facilities, emissions
from certain mineral extraction facilities, and
transportation of radioactive materials contributes
less than 1 mrem/yr to the average dose to an
individual. Air travel contributes approximately
1 mredyr to the average dose,

The collective (or population) dose to an exposed
population is calculated by summing the estimated
doses received by each member of the exposed
population, This total dose received by the exposed
population is measured in person-rem, For example,
if 1,000 people each received a dose of 1 millirem
(0.001 rem), the collective dose is 1,000 persons x
0.001 rem = 1 person-rem. Alternatively, the same
collective dose (1 person-rem) results from 500
people, each of whom received a dose of 2 millirem
(500 persons x 2 millirem= 1 person-rem).

Limits of Radiation Exposure. The amount of
man-made radiation that the public may be exposed
to is limited by Federd regulations. Although most
scientists believe that radiation absorbed in small
doses over several years is not harmful, U.S.

Government regulations assume that the effects of dl
radiation exposures are cumulative,

The exposure to a member of the general public from
DOE facfiity releases into the atmosphere is limited
by the Environmental Protection Agency @PA) to’an
annurd dose of 10 mrem, in addition to the natural
background and medicrd radiation normally received
(40 CFR 61, Subpart ~. DOE dso limits to 10 mrem
the dose annually received from material released
into the atmosphere (DOE Order 5400,5). EPA and
DOE dso limit the annual dose to a member of the
general public from radioactive releases to drinking
water to 4 rnrem (40 CFR 141; DOE Order 5400.5),
The annurddose from dl radiation sources from a site
is fimited by the EPA to 25 mrem (40 CFR 190), The
DOE annurd limit of radiation dose to a member of
the general public from all DOE facilities is
100 mrem total from all pathways (DOE Order
5400.5).

The NRC limits depend on whether the site contains
nuclear power reactors or other NRC-licensed
facilities. For other-than-power-reactors, the EPA
Uts discussed above apply. For power-reactor sites,
the guidetie dose values that demonstrate compliance
with the as low as reasonably achievable (ALARA)
philosophy apply. These limit the annual doses to a
member of the-public to 5 mrem from airborne
emissions and to 3 rnrem (per reactor) from liquid
releases (10 CFR 50 Appendix 1), The annual total
dose fimit from rdlpathways combined is the same as
the EPA limit of 25 mrem (40 CFR 190), For people
working in an occupation that involves radiation, DOE
and the NRC fimit doses to 5 rem (5,000 mrem) in any
one year (10 CFR 20; 10 CFR 835),

E,2.1.2 Health Effects

Radiation exposure and its consequences are topics
of interest to the general public. For this reason, this .
EIS places much emphasis on the consequences of
exposure to radiation, even though the effects of
radiation exposure under most circumstances
evaluated in this EIS are small. This section explains
the basic concepts used in the evrduation of radiation
effects in order to provide the background for later
discussion of impacts.

Radiation can cause a variety of ill-health effects in
people. The most significant ill-health effect to depict
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the consequences of environment and occupational
radiation exposure is induction of cancer fatiities.
This effect is referred to as “latent” cancer fatiities
because the cancer may take many years to develop
and for death to occur and may not actually be the
cause of death. In the discussions that follow, it
should be noted that all fati cancers are latent and
the term “latent” is not used.

Health impacts from radiation exposure, whether
from sources external or internal to the body,
generally are identified as “somatic” (affecting the
individual exposed) or “genetic” (affecting
descendants of the exposed individud). Radiation is
more likely to produce somatic effec~ than genetic
effects. Therefore, for this EIS, ody the somatic risks
are presented. The somatic risks of most importance
are the induction of cancers. Except for leukemia,
which can have an induction period (time between
exposure to carcinogen and cancer diagnosis) of as
little as 2 to 7 years, most cancers have an induction
period of more than 20 years.

For a uniform irradiation of the body, the incidence of
cancer varies among organs and tissues; the thyroid
and skin demonstrate a greater sensitivi~ than other
organs. However, such cancers also produce
relatively low mortality rates because they are
relatively amenable to medicd treatment. Because of
the readily available data for cancer motilty rates
and the relative scarci~ of prospective epidemiologic
studies, somatic effects leading to cancer fatalities
rather than cancer incidence are presented in tils EIS.
The number of cancer fatalities can be used to
compare the risks among the various akematives.

The fatal cancer risk estimators presented in this
appendix for radiation technically apply only to
low-Linear Energy Transfer radiation (gamma rays
and beta particles). However, on a per rem rather than
a per rad basis, the fati risk estimators are higher for
this type of radiation than for high-Linear Energy
Transfer radiation (alpha particles). h this EIS, the
low-Linear Energy Transfer risk estimators we
conservatively assumed to apply to all radiation
exposures.

The National Research Counci~s Committee on the
Biologicd Effects of Ionizing Radiations @ER) has
prepared a series of reports to advise the U.S.
Government on the heakh consequences of radiation

exposures, The latest of these reports, Health Eflects
of Exposure to Low Levels of Ionizing Radiation
BEIR K pubtished in 1990, provides the most current
estimates for excess mortality from leukemia and
cancers other tian leukemia expected to result from
exposure to ionizing radiation. The BEJR V report
updates the models and risk estimates provided in the
earfier report of the BER ~ Committee, me Eflects
of Popuktiom of Exposure to bw Levels of Ionizing
Radiatio% pubfished in 1980. BER V models were
developed for application to the U.S. population.

BEIR V provides estimates that are consistently
higher than those in BER ~. This is attributed to
several factors, includlng the use of a linear dose
response model for cancers other than leukemia,
revised dosimetry for the Japanese atomic bomb
survivors, and additional followup studies of the
atomic bomb survivors and other cohorts. BEJR ~
employs constant relative and absolute risk models,
with separate coefficients for each of several
sex-and-age-at-exposure groups, while BEIR V
develops models in which the excess relative risk is
expressed as a function of age at exposure, time after
exposure, and sex for each of several cancer
categories. BEIR IIJ models were based on the
assumption that absolute risks are comparable
between the atomic bomb survivors and the U.S.
population, while BER V models were based on the
assumption that the relative risks are comparable. For
a disease such as lung cancer, where baseline risks in
the United Stites are much larger than those in Japan,
the BER V approach leads to larger risk estimates
than the BER ~ approach.

The models and risk coefficients in BER V were
detived through analyses of relevant epidemiologic
data including the Japanese atomic bomb survivors,
ankylosis spondylitis patients, Canadian and
Massachusetts fluoroscope patients (breast cancer),
New York postpartum mastitis patients (breast
cancer), Israel Tmea Capitis patients (thyroid cancer),
and Roc@ester thymus patients (thyroid cancer).
Models for leukemia, respiratory cancer, digestive
cancer, and other cancers used only the atomic bomb
survivor data, although results of analyses of the
ankylosis spondylitis patients were considered.
Atomic bomb survivor analyses were based on
revised dosimetry with an assumed Relative
Biological Effectiveness of 20 for neutrons and were
restricti to doses of less than 400 rads. Estimates of

E-5

i___–



Disposition of Surplus Highly
Enriched Uranium Final EIS

risks of fatal cancers other than leukemia were
obtained by totrding the estimates for breast cancer,
respiratory cancer,digestive cancer, and other cancers.

Risk Estimates for Doses Received During an
Accident. BER V includes risk estimates fora single
exposure of 10 rem to a population of 100,000 people
(106 person-rem). k this case, fatiity estimates for
leukemia, breast cancer, respiratory cancer, digestive
cancer, and other cancers are given for both sexes and
nine age-at-exposure groups. These estimates, based
on the linear model, are summarized in Table
E.2. 1.2-1. The average risk estimate from all ages
and both sexes is 885 excess cancer fatalities per
million person-rem. This value has been
conservatively rounded up to 1,000 excess cancer
fatrdities per tifion person-rem

Although values for other health effects are not
presented in this EIS, the risk estimators for non-fati
cancers and for genetic disorders to future
generations are estimated to be approximately 200
and 260 per million person-rem, respectively. These
vrdues are based on information presented in 1990
Recommendations of the International Commission
on Radiological Protection (International
Commission on Radiological Protection [ICRP]
Publication 60) and are seen to be 20 and 26 percent,
respectively, of the fati cancer estimator. Thus, for
example, if the number of excess fatal cancers is
projected to be “X,” the number of excess genetic
disorders would be 0.26 times “X:’

Risk Estimates for Doses Received During
Normal Operation. For low doses and dose rates, a
linear-quadratic model was found to provide a
significantly better fit to the data for leukemia than a
linear one, and leukemia risks were based on a
linear-quadratic function. This reduces the effects by
a factor of 2 over estimates that are obtained from the
linear model. For other cancers, linear models were
found to provide an adequate fit to the data and were
used for extrapolation to low doses. However, the
BEIR V Committee recommended reducing these
linear estimates by a factor between 2 and 10 for
doses received at low dose rates (20 rem totrd). For
this EIS, a risk reduction factor of 2 was adopted for
conservatism.

Based on the above discussion, the resulting risk
estimator would be equal to one-half the value

_. -- ..— —.-—— . .. .. . ..

Table E.2.1.>1. Lifetime Rhks per 100,000
Persons Exposed to a Single Exposure of 10 Rem

me of Fati Cancer
Cancers

OtherThan Total
Gnder bukerniaa bukemia Cancers

Mde 220 660 880

Female 160 730 890

Average 190 695 885b

a ~we are the tinearestimatesandare doublethe
Mnear-quadraticestimatesprovidedin BEIRV for leukemia
at lowdosesad doserates.

b ~is valuehasbeenroundd up to 1,000excesscancer
fatities per mifion person-rem.

Sour~’ NAS 1990a.

observed for accident situations or approximately
500 excess fatal cancer per million person-rem
(0.0005 excess fatal cancer per person-rem). This is ,
the risk value used in this EIS to calculate fatal
cancers to the general public during normal
operations, For workers, a value of 400 excess fatal
cancers per rni~ion person-rem (0.0004 excess fatal
cancer per person-rem) is used in this EIS. This lower
value reflects the absence of children in the
workforce. Again, based on information provided in
ICRP Publication 60, the heakh risk estimators for
non-fatal cancers and genetic disorders among the i
public are 20 and 26 percent, respectively, of the fatal
cancer risk estimator. For workers, they are both 20
percent of the fatal cancer risk estimator. For this
EIS, only fati cancers are presented,

The risk estimates may be applied to calculate the
effects of exposing a population to radiation, For
example, in a population of 100,000 people exposed
only to naturrd background radiation (0.3 redyr), 15
latent cancer fatities per year of exposure would be
inferred to be caused by the radiation (100,000
persons x 0.3 retiyr x 0.0005 latent cancer fatalities
per person-rem = 15 latent cancer fatiities per year).

Sometimes, calculations of the number of excess
cancer fatalities associated with radiation exposure
do not yield whole numbers and, especially in
environment applications, may yield numbers less
than 1.0. For example, if a population of 100,000
were exposed as above, but to a total dose of only
0.001 rem, the collective dose would be
100 person-rem, and the corresponding estimated
number of latent cancer fatalities would be 0.05

--, ; ,-, —.—..-_ -. .—,. J-.
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(100,000 persons x 0.001 rem x 0.0005 latent cancer
fatalities/person-rem = 0.05 latent fati cancers).

I
[Text deleted.] Since 0.05 is not an inte@ number,
the interpreting of nonintegral numbers of latent
cancer fatiities needs to be defined. The answer is to
interpret the result as a statistical estimate. That is,
0,05 is the average number of deaths that would
result if the same exposure situation were apptied to
many different groups of 100,000 people. h most
groups, no person (zero people) would incur a latent
cancer fatality from the 0.001 rem dose each member
would have received. In a small fraction of the
groups, one latent fatal cancer would result; in
exceptionally few groups, two or more latent fatal
cancers would occur. The average number of deaths
over all the groups would be 0.05 latent fati cancers
oust as the average of 0,0,0, and 1 is 1/4, or 0.25).
The most likely outcome is zero latent cancer
fatrdities.

These same concepts apply to estimating the effects
of radiation exposure on a single indlvidud. Consider
the effects, for example, of exposure to background
radiation over a lifetime. The “number of latent
cancer fatalities” corresponding to a single
individual’s exposure over a (presumed) 72-year
lifetime to 0.3 retiyr is the following:

● 1 person x 0.3 retiyr x 72 years x 0.0005
latent cancer fatalities/person-rem =
0.011 latent cancer fatities.

Again, this should be interpreted in a statisticrd sense;
that is, the estimated effect of background radiation
exposure on the exposed individud would produce a
l.1-percent chance that the individud might incur a
latent fatrd cancer caused by tie exposure. Resented
another way, this method estimates that
approximately 1.1 percent of the population might
die of cancers induced by the background rdlation.

‘ E.2,2 M~ODOLOGY FOREsm~G
MIoLOGICAL WAm oF
NO-L OPERAmON

The radiological impacts of normal operation of
reactors and support facilities were calculated using
Version 1.485 of the GEM computer code (GE~-
The Hanford Environmental Radiation Dosimetry
So@are Sysrem [December 1988]). Site-specific and

technology-specific input data were used, including
location, meteorology, population, food production
and consumption, and source terms. The GE~ code
was used for analysis of normal operations and
design basis accidents. Section E.2.2.1 briefly
describes GM and outies the approach used for
nod operations.

E.2.2.1 GE~ Computer Code

The GE~ computer model, developed by Pacific
Northwest Laboratory for DOE, is an integrated
system of various computer modules that anrdyze
environment contamination resulting from acute or
chronic releases to, or initird contamination in, air,
water, or soti. The model crdculates radiation doses to
individuals and populations. The GE~ computer
model is well documented for assumptions, technicrd
approach, methodology, and quality assurance issues.
The GENII computer model has gone through
extensive qurdity assurance and qurdity control steps.
These include the comparison of results from model
computations against those from hand calculations,
and the performance of i,ltemal and extemrd peer
reviews. Recommendations given in these report$
were incorporated into the final GEMI computer
model, as deemed appropriate.

For this EIS, only the ENV~, ENV, and DOSE
computer modules were used. The codes are
connected through data transfer files. The output of
one code is stored in a file that can be used by tie next
code in the system. h addition, a computer code
ctied CREGE~ was prepared to aid the user with
the preparation of input files into G~.

CREGE~. The CREGE~ code helps the user,
through a series of interactive menus and questions,
prepare a text input file for the environmental
dosimetry programs. In addition, CREGENII
prepares a batch processing file to manage the file
handling needed to control the operations of
subsequent codes and to prepare an output report.

ENV~.t The ENV~ module of the GENI code
controls the reading of the input files prepared by
CREG~ and organizes the input for optimal use in
the environmental transport and exposure module,
ENV. The ENV~ code interprets the basic input,
reads the basic GENII data libraries and other
optional input files, and organizes the input into
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sequential segments on the basis of radionuclide
decay chains,

A standardized file that contains scentio, control,
and inventory parameters is used as input to Em.
Radionuclide inventories can be entered as functions
of releases to air or water, concentrations in basic
environmental media (air, soil, or water), or
concentrations in foods. If certain atmospheric
dispersion options have been selected, this module
can generate tables of atmospheric dispersion
parameters that will be used in later calculations. E
the finite plume air submersion option is requested in
addition to the atmospheric dispersion calculations,
preliminary energy-dependent finite plume dose
factors also are prepared. The ENVIN module
prepares the data transfer files that are used as input
by the ENV module; ENVIN generates the first
portion of the calculation documentation—the run
input parameters report.

ENV.The ENV module crdculates the environment
transfer, uptake, and human exposure to
radionuclides that result from the chosen scenario for
the user-specified source term. The code reads the
input files from ENVIN and then, for each
radionuclide chain, sequentially performs the
precdculations to es~blish the conditions at the start
of the exposure scenario. Environmental
concentrations of radlonucfides ae established at the
beginning of the scenario by assuming decay of
preexisting sources, considering biotic transport of
existing subsurface contamination, and defining soti
contamination from continuing atmospheric or
irrigation depositions. Then, for each year of
postulated exposure, the code estimates air, surface
soil, deep soil, groundwater, and surface water
concentrations of each radionuclide in the chain.
Human exposures and intakes of each radionuclide
are calculated for the following: (1) pathways of
external exposure from atmospheric plumes, (2)
inhalation, (3) extemrd exposure from contaminated
soil, sediments, and water, (4) extemd exposure from
special geometries (that is, shielding parameters
promulgated from topographic/geologic trends), and
(5) internal exposures from consumption of
terrestrial foods, aquatic foods, drinking water,
animrd products, and inadvertent intake of soil. The
intermediate information on annual media
concentrations and intake rates are written to data
transfer files. Although these may be accessed

E-8

dirutiy, they are usudy used as input to the DOSE
module of GEM.

GE~ is a generrd purpose computer code used to
model dispersion, transport, and long-term exposure

I

effects of specific radionuclides and pathways. [Text
deleted.] GE~ was chosen because it can model
both air and surface transport pathways and is not
restricted to any radionuclides.

DOSE. The DOSE module reads the annual intake
and exposure rates defined by the ENV module and
converts the data to radiation dose. Extemd dose is
calculated with precalculated factors from the
EXTDF module or from a data file prepared outside
of GENII. Internal dose is calculated with
precalculated factors from the -F module.

EX~F. The EXTDF module crdculates the external
dose-rate factors for submersion in an infinite cloud
of radioactive materirds, immersion in contaminated
water, and direct exposure to plane or slab sources of
radionuclides. EXTDF was not used. Instead, the
dose rate factors fisted in External Dose Rate Factors
for Calculation of Dose to the Public

I @OWH-0070, July 1988) were used for this EIS.

~TDF. Using Limits for Intakes ofRadionuclides by
Workers (ICW Rblication 30) model, the ~TDF
module calculates the internal (inhalation and
ingestion) dose conversion factors of radionuclides
for specific organs. The factors generated by ~F
were used for the calculations presented in this EIS.

E.2.2.2 Data and Assumptions

horder to perform the dose assessments for this EIS,
different ~ypes of data must be collected and/or
generated. In addition, calculational assumptions
have to be made. This section discusses the data
collected and/or generated for use in the dose
assessment and assumptions made for this EIS.

Meteorologic Dam. The meteorological data used
for both DOE sites were in the form of joint
frequency data files. A joint frequency data file is a
table tisting the fractions of time the wind blows in a
certain direction, at a certain speed, and within a
certain stability class. The joint frequency data files
were based on measurements over a l-year period at
various locations and at different heights at these two
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sites. Average meteorological conditions (averaged
over the 1-year period) were used for normal
operation. For use in design basis accidents, the 50
percentile option was used. For the other two sites,
the meteorologicrd data presented in Environmental
Assessmentfor Renewal of Special Nuclear Material
License No. SNM-42, Babcock & Wlcox Compan~
Naval Nuclear Fuel Division, Lynchburg, Erginia

I (Docket No. 70-27, August 1991) and Envimnme~tal
Assessment for Renewal of Special Nuclear Material
License No, SNM-124, Nuclear Fuel Services, Inc.,
Erwin Plant, Erwin, Tennessee @ocket No. 70-143,

I August 1991) were used,

Population Data. Population distributions were
based on 1990 Census of Population and Housing
data, Projections were determined for the year 2010
for areas within 80 km (50 mi) of the proposed
facilities at each candida~ site. The site population in
2010 was assumed to be representative of the
population over the operational period evrduated and
was used in the impact assessments. The population
was spatially distributed on a circular grid with 16
directions and 10 radial distances up to 80 km
(50 mi). The grid was centered on the facifity from
which the radionuclides were assured to be released.

Source Term Data. The source terms (quantities of
radionuclides released into the environment over a
given period) were estimated on the basis of latest
conceptual designs of facilities, and experience with
similar facilities. The source terms used to generate
the estimated impacts of normal operation are
provided in Section E.2.3 for the potentird sites that
could assume HEU blending process facilities.
Source terms for site-dependent facilities are
included within this section.

Food Production and Consumption Data. Data
from the 1987 Census of Agriculture were used to
generate site-specific data for food production. Food
production was spatially distributed on the same
circular grid as was used for the population
distributions. The consumption rates were those used
in GENII for the maximum individud and average
individual. People living within the 80-km (50-mi)
assessment area were assumed to consume only food
grown in that area.

CalculationalAssumptions. Dose assessments were
performed for members of the general public and

workers, Dose assessments for members of the public
were performed for two different types of receptors
considered in MISEIS: a maxidy exposed offsite
individud and the generrd population living within
80 km (50 mi) of the facflity. It was assumed that the
maximdy exposed individud m was located at
a position on the site boundary that would yield the
highest impacts during normal operation of a given
dtemative. H more than one facfiity was assumed to
be operating at a site, the dose to this individud from
each facility was calculated. The doses were then
summed to give the toti dose to tils individud. An
80-krn (50-mi) population dose was calculated for
each operating facility at a site. These doses then
were added to give the toti population dose at that
site.

To estimate the radiologicrd impacts from normal
operation of HEU blending facilities, additional
assumptions and factors were considered in using
GEM, as fo~ows:

●

●

I
●

I
●

●

No prior deposition of radionuclides on
ground surfaces was assumed.

For the maximally exposed offsite
individud, the annurd exposure time to
the plume md to sofl contamination was
0.7 years ~C 1977b:l.109-68).

For the population, the annual exposure
time to the plume and to soil
contamination was 0.5 years (NRC
1977b:l.109-68).

A semi-infinite/finite plume model was
used for air immersion doses. Other
pathways evaluated were ground
exposure, inhrdation, ingestion of food
crops and animrd products contaminated
by either deposition of radioactivity from
the air or irrigation, ingestion of fish and
other aquatic food raised in contaminated
water, swimming and boating in
contaminated surface water, and drinking
contaminated water. It should be noted
that not all pathways were available at
every site.

For atmospheric releases, it was assumed
that ground level releases would occur for
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●

●

all HEU blending facilities. For
site-dependent facilities, reported release
heights were used and assumed to be the
effective stack height. Ignoring plume
rise makes the resultant doses
consemative,

The calculated doses were 50-year
committed doses from 1 year of intake.

Resuspension of particulate was not
considered because crdculations of dust
loading in the atmosphere showed that
this pathway was negligible compared
with others,

The exposure, uptake, and usage parameters used in

Ithe GEM model are provided in Tables E.2.2.2–1
through E,2.2.M.

Annual average doses to workers for no action at Oak
Ridge Reservation (ORR) and Savannah River Site
(SRS) were based on measured vrdues received by
radiation workers during 1992. At Babcock and
Wilcox (B&W) and Nuclear Fuel Services (NFS),
annual average doses to workers for no action were
based on measured values received by radiation
workers during 1993. The average no action dose
received by a worker at these sites in future years was
assumed to remain the same as the average during
these earlier years. The total workforce dose in
future years was calculated by multiplying the
average worker dose by a projected future number of
workers.

Doses to workers directly associated with HEU
blending process technologies and associated
facilities were taken from the reports prepared by
LocWeed Martin Energy Systems, kc. To obtain the
totrd workforce dose at a site with a particular HEU
blending process technology and associated facilities
in operation, the site dose horn no action was added
to that from the technology and facility being
evaluated. The average dose to a site worker was then

&lo

calculated by dividing this dose by the totrd number
of radiation workers at the site.

N doses to workers include a component associated
with the intake of radioactivity into the body and
another component resulting from external exposure
to direct radiation.

E.2.2,3 Health Effech Cdcdatiow

Doses crdculated by GE~ were used to estimate
herdth effects using the risk estimators presented in
Section E,2.1 .2. The increment cancer fatiities in
the general population and in groups of workers from
radiation exposure were therefore estimated by
multiplying ~e collective combined effective dose
equivalent by 0.0005 and 0.0004 fatal
cancers/person-rem, respectively, In this EIS, the
collective combined effective dose equivrdent is the
sum of the collective committed effective dose
equivalent (intemd dose) and the collective effective
dose equivalent (extemd dose) (see Section E,2,1,1),

Nthough health risk factors are statistical factors and
therefore not strictly applicable to individurds, they
have been used in the past to estimate the increment
risk to an individual from exposure to radiation,
Therefore, the factors of 0.0005 and 0.0004 per rem
of individud committed effective dose equiv~ent for
a member of the public and for a worker, respectively,
have also been used in this EIS to calculate the
individual’s incremental fatal cancer risk from
exposure to radiation,

For the public, the health effects expressed in this EIS
are the risk of fati cancers to the maximally exposed
individual and the number of fatal cancers to the
80-km (50-mi) population from exposure to
radioactivity released from any site over the assumed
operational period, For workers, the health effects
expressed are the risk to the average worker at a site
and the number of fatal cancers to dl workers at that
site from the associated period of site operations,
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T&k E.2.2.Z1. GENIIbnti~osure P~ ters to Pbmes and Sod Contammn

Mti htitidti Gened Popdation
Etieti E~osnre _tion of Plnrne ~mti ~osure =dation of Plnrne

P1mne Sofi ~n~tion E~osnre We Breatig Ra~ Plnme Sofl Con~tion E~osure me B-fig Rati
@ours) @ours) @em) (cm31s) @ours) @ours) @ours) (cm31s)

6,140 6,140 6,140 270 4,380 4,380 4,380 270
Now cm3=tic wntimeters.
SOW. NS 1995a.

T&k E.2.2.>2. GENII&nual Usage Parametem for Consumption of Terres& Food

Mbnsn htitidd
Growing Holdup Consumption

Yield he Rati
Foodwe (%:) @#m2) (days) @#Yr)

~ Vegetables 90 1.5 1 30

RootVegetables 90 4 5 220
Fruit 90 2 5 330
Grains/Grds 90 0.8 180 80

No& k~tilow, m2=squaremeter
sow ms 1995;

Gened Popdation
Growing Holdup Consumption

we Yield . Rak
(days) @~m2) (%:) @~Yr)

90 1.5 14 15
90 4 14 140
90 2 14 64
90 0.8 180 72

——— _—_— .—— ——. .—
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T&le E.2.2.Z3. GENIIAnnual Usage Parameters for Comumption of Animal Products

M-mu htitidud
Human Stored Feed F=h Forage

Consumption Diet Growing Storage Diet Grotig Storage
ate Holdup we Fraction ~me Yield Fraction Yield

Food me @#Yr) (days) (days) @#m3) (%:) (2:) @~m3) (%;)
Beef 80 15 0.25 90 0.8 180 0.75 45 2 100
Poultry 18 1 1 90 0.8 180
Milk 270 1 0.25 45 2 100 0.75 30 1.5 0
Eggs 30 1 1 90 0.8 180

Gened Popdation

Beef 70 34 0.25 90 0.8 180 0.75 45 2 100
Poultry 8 34 1 90 0.8 180
Mik 230 4 0.25 45 2 100 0.75 30 1.5 0
Eggs 20 18 1 90 0.8 . 180

Note k~tilograru$ m3~tic meters.
Source HNUS 1995a.

Tdle E.2.2.M. GENIIAnnd Usage Parametem for Aq&Aetivities

Mfium hditidti Gened Popdation

WIt ~me -It he
to Usage Point Holdup We Usage Wte to Usage Point Holdup he Usage Wte

Actitity (days) (*-ys) @e;year) (days) (days)

DrinkingWater o 0 7301 0 0 Site dependent
Swimming o 0 100 hr o 0 Site dependent

Boating o 0 100 hr o 0 Site dependent

Shoretine o 0 500 h o 0 Site dependent

hgestion of Fish o 0 40 kg o 0 Site dependent
kgestion of Mollusks o 0 6.9 kg o 0 Site dependent
hgestion of bstac~s o 0 6.9 kg o 0 Site dependent
hgestion of Plants o 0 6.9 kg o 0 Site dependent

Som HNus 1995a

-——

I ————.——



_———— —

I

,’

,,

I
I

,

Human Health

E.2.3 NOW OPEWmON mLE~ES

This section presents source terms and descriptions
of radiological releases to the environment from
normal operation of the four potential sites (ORR,
SRS, B&W, NFS), which could assume incumbent
HEU blending process operations. Each site-specific
table presents the source terms for each individud
facility located on its particular site, as annotated in
site environment reports and referenced datacds.

In addition, the source terms associated with the
technology-specific blending process operations

I themselves are presented in Table E.2.3-1. It should
be noted that the volume of radioisotopes released
from the actual blending processes is smti compared
to that of norrnd site operation releases (as dlustrated

I in Tables E,2.3-2 through E,2.3-8).

All of the aforementioned values were used in
support of the public radiological dose (and
subsequent cancer risk) calculations, which are

I presented in Sections 4.2 and 4.3.

The “site-specific” source terms are assumed to be
the no action quantities that would exist at the time
HEU blending operations would supposedly
commence at the given sites; these source terms were
utilized in the promulgation of the no action doses
that are given in the respwtive environmentrd reports
and referenced datacalls, and are dso presented in

I Sections 4.2 and 4.3.

For further information on how source terms relate to
radiological dose, see Smtion E,2.1.

TableE.2.3-1. AnntiAtmospheti Radwactive
Release# From the Various Blending Process

Technobgtis (curies)

Techolow

hotope Meti ~6
U-235 1.1X1O-5 l.lxlo~ 6.9x10-5

U-238 2,5x104 6.2x104 3.2x104

* Thereare no tiquidreleasesanticipat~ fromthe various
blendingtwhnologyprowsses.

Note UF6= uraniumhexaflound~UNH= uranylnitrate
hexahydrate.

SourcwORLMM 1995XORLM~ 1995b
ORLMES1995c.

T&le E.2.3-2. AnnualAtmospheric Radwactive
~Relewes From the Oak Rkfge Reservation (cutis)

Site Facfitv

hotope O= K-25 Y-12
H-3
Be-7

K40
Ar41

co-57

C*6O

Sr-90a

Tc-99

RU-106

Cd-109

1-129

1-130

1-131

1-132

1-133

1-135

Xe-135

Xe-138

G-134
G-137

G-138
Ba-140

G-141

Eu-152

Eu-154

Eu-155

0s-191

P&212

Th-228

Th-230

Th-232

Th-234
U-234b

U-235b

U-236b
U-238b

NF237

Pu-238

Pu-23?

Arn-241

ti-244

240
3.8x10A

1,800

2.6x104
3.8x104

2.5x104
5.5X1O-5
5.3X1O-2
9.3X1O-1
2.OX1O-*
4.7X1O-1

50
71

5.2x10-7
5.1X104

71
4.8x10A

1.6x10-6
2.5x10%
5.2x104
1.7X1O-1
3.7X1O-1
1.5X104
5.7X1O-8
3.3X1O-8

8.6X104
4.7X1O-7
3.8x10-8
2.8x10-5

2.8x104
8.0x10%
4.6x10-6
7.3X1O-5

4.OX1O-2

1.2X104
4.4X1O-3

1.2X1O-1
4.5X1O-3
7.6x10-3

5.OX1O-3

2.OX1O4

3.8x104
5.9X1O-5
l.lxlo~

1.8x10-2
4.OX1O3

1.8x104

4,2x10-3

5.7X104

2.5x104

4.7X1O-2
1.5X1V3
1.9xlo~
6.5x103

a Grossbeta toti is includedtithin this vduq toti Sr is
assured to be Sr-90.

b Grossrdphatoti is includd Mtiln thesevalues.
Sour= OR DOE199k.

E-13
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Disposition of Surplus Highly
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I Tdle E.2.3-3. AnnwlAtmospheti Rdwmtive Releases From the
Savannah River Site (cutis)

Site FaWty
hotope DW~ SRTC K-Ructor L-Reactor F-tiyon H-Canyon

H-3

C-14
s-35
k41
Cr-51
CO-60
Ni-63
Se-79
Sr-89
Sr-90b
Y-90
Y-91
B-95
Nb-95
Tc-99
RU-106
W-106
Sn-126
Sb-125
Te-125m
Te-127m
Te-127
1-129
1-131
1-133
1-135
Xe-135
CS-134
CS-135
CS-137
Ce-144
R-144
Pm-147
Sm-151
Eu-152
Eu-154
Eu-155
U-235
Pu-238
PU-239C
Pu-240
Pu-241
b-241
Cm-244

G14

,- -———

20

2.1X1O-2

6.1x10-g

8.8X1O-9

2.3x10-5

2.4x10-5

3.8x10-7

3.2x10-5

6.9x10-8
6.7x10-7
1.OX1O-5
4.5X1O-9
4.4X1O-9
8.2x10-5

2.9X1O-5
9.4X1O-’
4.1X1O-3
3.OX1O4
3.OX1O4
7.6x104
1.6x10-7
1.4X1O-9
2.3x10-7
1.6x10-7

7.9X1O-’
7.1X1O-9
4.8x10-9
7.7X1O-7
8.6X109
2.7x10-8

1.2X1O-5

5.9X1O”5
2.OX1O-3

3.2x10-2

1.5X104

2.9X1O-8
1.OX1O-8
9.4xlo~

1.3X104
6.8X104

35,000

2.OX1O4

l.lxlo~

4.4X1O-8

1,900

1.8x104

4.OX1O4

l.oxlo~

4.1X104

1.5X1O-2

1.6x10-3

2,5x10-3
2,9X1O-6

1.4X1O-6
.

4.6x104

.

.

.

1.8x10-3
3,3X104
8.6X104

6.1x105
4,3X1O-5

2.1X1O-3

2,5x104

2,4x103
8.6X105

4,OX1O5

905X10-5
8.8X104
1.8x104

8,1x10-5
6.5x106

———— ..-
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I T&h E.2.3-3. AnnwlAtmospheti Radwwtive Releases From the

Savannah River Site (cutis~ontinued I f
i

H-3

C-14
s-35
k41
Cr-51
CO-60
Ni-63
Se-79
Sr-89
Sr-90b
Y-90
Y-91
B-95
Nb-95
Tc-99
RU-106
W-106
Sn-126
Sb-125
Te-125m
Te-127m
Te-127
1-129
1-131
1-133
1-135
Xe-135
CS-134
CS-135
CS-137
Ce-144
Pr-144
Pm-147
Sm-151
Eu-152
Eu-154
Eu-155
U-235
Pu-238
PU-239C
Pu-240
Pu-241
b-241
Cm-244

1,200 1.794,000
I

I

1.5X1O-2 I
1.4X104 5.9X1O-9I

I
6.0x10A
2.2X1O-2
7.6x10-5
4.5X104
4.7X104
1.5X1O-3

8.3x10-5

I

i

5.8x1091.8x10A
1.8x10A

1
!

.

1.1X1O-’

2.4x10q
2.3x10A
2.3x10A
9.1xlo~

2.1X1O-7 3.8x10A 2.2X1O-5

t

1.6x10-5 2.4x10A
1.4X104
5.2x10-7

3.4X1O-7
2.7x10-73.5X104

1.OX1O-’



T&le E.2.3-3. AnnwlAtmospheti Radwmtive Relemes From the

Y

b..

Savannah River Site (curies~Continued
~ Site Facfity

hoto~ D*e & figitive C-Reactor P-Reactor D-Area
H-3 43 150 1,300 450
C-14
s-35
k41
Cr-51
C&60
Ni-63
Se79
Sr-89
Sr-90b
Y-90
Y-91
B-95
Nb-95
Tc-99
Ru-106
M-106
Sn-126
Sb-125
Te-125m
Te-127m
Te-127
1-129
1-131
1-133
1-135
Xe-135
CS-134
CS-135
CS-137
Ce-144
R-144
Pm-147
Sm-151
Eu-152
Eu-154
Eu-155
U-235
Fu-238
PU-239C
PU-240
Pu-241
M-241
Cm-24

4.OX1O4
2,OX1O4

3.3X1O-*7
2.OX1O-7

l.lxlo~

2.4x10-*4

6.9x10-7

1.4X1O-17

4.3X1O-**

1.1X1O-13
.

.

3.4X1O-’3

1.6x10-13
4.7X1O-5
4.6x10-*2

4.7X1O-7

8.9x10-13
7.3X1O-12

1-

7.2x10-6

-,

.

1

I

8.4x10-7

a Valuesareprojwti, facititypresentlynot in operatingstatus.
b Grossbetatoti is includd withinthisvalue toti Sr is assumedto be Sr-90.
c Grossalphatotrdis includedwithinthesevalues.

I Note CIF<onsotidati InwnerationFatitity; DWPF=DefenseWasteFrowsing Facility;RBOF=RweivingBasinOffsiteFue~
SRTGSavannsh RiverTwhnologyCenter.

Soum WSRC1994f.
E16
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T&le E.2.34. AnnualAtmosphetia ’Rtiwmtive Releases From the
Babcock & Whox Stie (cutis)

Siti fa~w ‘

hotipe mb LTC

CO-60 3.2x10-S
13.4 ‘Kr-85

Sr-90 4.9X1O-6 ~

U-234 4.OX1O4

U-235 2.2X1O-7 ~ 1,8x10-7

U-238 903X10-7

a Therewasa releaseof 0,016curiesin 1994dueto tiquideffluentsfromNNFD.
b sPwific ra~onucfide relwe Wm for MS faciti~ were not utifid in supportOfthe imPact~~Yses P~ent~ in Chapter4 ‘f

thisEIS,dueto dosesbeingdirwtiy suppfid fim B&W.
Notti NNFD=NavdNuclearFuelDivisio~ C~ommercid NUCIWFuelPlanGLTGLynchburgTechnologyCenter.

Source BW 1995b:l;BWNRC 1991a

Table E.2.3-5. AnndAtmosphe& Rtiwactive
Relewes From the

Nuclear Fuel Servties Stie (CU+S)

hotipe Relwe

Th-228 6.62x10-7
Th-230 2.1OX1O7

Th-232 7.33X1O-7

U-234 7.12x10-S
U-235 1.21X104

U-236 7,23x10-9
U-238 5,23x10-7
Pu-238 2,71x109

PU-239 1.45X1O-9

PU-240 1.31X1O-9

Pu-241 1.78x107
Pu-242 1086X1012
Am-241 1.67x10-9

Source:NFS 1995b:2.

,.:

T&le E.2.34. Annul L@uti Rdwactive
Relemesfiom the

Oak Rtige Reservatr’onStie (cutis)

Siti FacWW
t

kotipe ORNL K-25 Y-12
H-3 1.8x103
K+O
CO-60

Sr-90

Tc-99

RU-106
CS-137
G-143
~-228
Th-230
Th-232
Th-234
U-234

4.OX1O-*
6.6X1OO

5.5X10-1

1.8x10-2
U-235 9.5xlo~
U-236
U-238 5.6x102
Np237 ‘ -
Pu-238 -

1.9X1O-2

3,OX1O-2
3.8x102
1.2X1O-3
2.OX1O-1
2,OX1O-1
2.4x10-S

3.6x10-2
7.7X1O-3
1.4X1O-2
5.8x104
6.0x1W3
1.2X1O-3
1.6x104

-.

+.

--

-’

1.5X101
4.6x103
6.1x104
2.1X1O-2

-

PU-239
Source ORDOE 1994c.

$
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Disposition of Surplus Highly
Enriched Uranium Final EIS

TableE,2.3-7. Annual L@utiRtiwaetive
Releases From the ~ ,

Savannah River Site (curies) .

kotipe Relwe,

H-3 1.3X104
Sr-90 4.8x10-*
1-129 2.2X1O-?,
CS-137 2.5x10-1
h-147 7.OX1O3
U-235 1.1X1O-5
h-239 9.6x103

SourcaWSRC1994f.

..

Tdle E.2.3+. Annual Liquid Radwactive
Rekases From the

Nuchar Fuel Servties Site (curies)

Eotipe Relwe
Tc-99 3.OX1O3
~-228
~-230
~-232
~-234
U-234
U-235
U-238
W-238

l,lxlo~
l.oxlo~ ,
8.4x105
3.5X103
1.7X1O-2
5,1X104
2,4x1U3
102X104

M-239 5.6x104
source Ms 1995b2.

I
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Eo3 ~ZA~OUS CHE~Cfi
WACTS TO -N HEfiTH

Eo3.1 BACKGRO~

~o general types of adverse human health effects are
assessed for hazardous chernicd exposure in this EIS.
These are ch~iogenic and noncarcinogenic effects.
For this reason, two tables were developed to assist
the risk assessor in the evaluation process. Table
E,3.2-1, Chemical Toxicity Profiles, characterizes
each chemical in terms of physical properties,
potential exposure routes, and the effects on Wget
tissues/organs that might be expected. It is to be used
qualitatively by the risk assessor to determine how
exposure might occur (exposure route), what tissue or
organ system might be impacted (for example, central
nervous system dysfunction and hver cancer), and
whether the chernicrd might possess other properties
affecting its bioavailability in a given matrix (for

I example, air, water, or soil). Table E.3.3-1, Exposure
Limits, provides the risk assessor with the necessary
information to calculate risk or expected adverse
effects should an individual be exposed to a
hazardous chemical for a long time at low levels
(chronic exposure) or to higher concentrations for a
short time (acute exposure). Where a dose effect
calculation is required (mgAg/day), the Reference
Dose (RfD) is applicable, and where an inhalation
concentration effect is required, the Reference
Concentration (that is, RfC in m~m3) is applicable
for chronic exposures. The Permissible Exposure
Limit GEL) vrdues,which regulate worker exposures
over 8-hour periods, determine the concentration
allowed for occupational exposures that would be
without adverse acute effeck. Other values, such as
the Threshold Limit Value (TLV) are presented
because they are prepared by the American
Conference of Governmental Industrird Hygienists
(ACGIH) for guidance on exposures of 8-hour
periods and can be used to augment PELs or serve as
exposure levels in the absence of a PEL. M currentiy
regulated chemicals associated with each site and
every hazardous chemical are presented in Table

I E,302-1.

It was assumed that under normal operation
conditions, members of the public would only

receive chronic exposures at low levels in he form of
air emissions from a centr~ly located source term at
each siw, since hazardous chemicals are not released “ ‘
into surface or groundwaters or onto sofl, inhalation
is assumed to be the ofly route of exposure, however,
all chemical quantities are accounted for aS air
emissions’ that are several orders of magnitude
greater thin’ dl other possible routes combined. It
was firther assumed that the ~1 member of the
public would be at the site boundary, and this
assumption was used when calculating all public
exposures, which under normrd operating conditions
are expected to be chronic and at very low levels. For
worker exposures to hazardous chemicrds, it was
assumed that individuals were exposed only to low
air emission concentrations during an 8-hour day for
a 4@hour wmk for a maximum working lifetime of
40 years. The point of exposure chosen was 100 m
(328 ft) from a centrdy located source term, since
the precise placement of source terms onsite could
not be made. Further, it could not be determined
where the involved and noninvolved workers would
be relative to the emission sources.

For every site involved in the analysis, Hazard
hdexes @s) were calculated for every alternative
action relative to the site. The exposure
concentrations of hazardous chernicrds for the public
and the onsite workers were developed using the
Industrial Source Complex Short-Term (ISCST)
model for point, area, and volume sources. This
model, which estimates dispersion of emissions from
these sources, has been field tested and recommended
by EPA. The modeled concentrations were compared
with the RfC and PEL values unique to each chemical
to yield Hazard Quotients @Qs) for the public and
onsite workers, respwtively. The HQs were summed
to give the ~s for each rdtemative action at each site,
as we~ as toti ~s (that is, no action ~ + dtemative
HI). For cancer risk estimation, the inhaled
concentrations were converted to doses in m@#day,
which were then multiplied by the slope factors
unique to each identified carcinogen, The risks for dl
carcinogens associated with each alternative
(increment risk) at each site were summed, and the
no action cancer risk for each site was added in order
to show the toti risk should that dtemative action be
implemented at a given site.

E-19
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I Table E.3.2-1 provides the reader with pertinent facti,
about each chemical that is included in the risk
assessment of this EIS. This includes the Chernicd
Abstracts Service (CAS) number, which aids in the
search for information available on any specific
chemical and ensures a positive identity regardess of
which name or synonym is used. It also contains
physical information (that is, solubfity, vapor pressure,
and flammability) as we~ as presents incompatibtity
data that are useful in determining whether a hazard
might exist and the nature of the hazard. The route of
exposure, target organs/tissues, and carcinogenicity
provide an abbreviated summary of how individuals
may get exposed, what body functions could be
affected, and whether chronic exposure could lead to
increasd cancer incidenm in an exposed population,

E20

Hazardous chemicals are regulated by various
agencies in order to provide protection to the public
@A) and to workers (OccupationalSafety and Health
Administration [OSHA]), while others (National
Institute for Occupational Safety and Health
[NOS~ and the ACG~) provide guidelines, The
~s hd WCS set by WA represent exposure limits
for long-term (chronic) exposure at low doses and
concentrations, respectively, that can be considered
safe from adverse noncancer effects. The PEL
represents concentration levels set by OSHA that are
safe for 8-hour exposures for the working lifetime
without causing adverse noncancer effects, The slope
factor or the unit risk are used to convert the daily
uptake of a carcinogenic chemical averaged over a
lifetime to the incremental risk of an individual

I developing cancer. Table E.3.3-1 presents the
information on exposure limits used to develop HQs
for each of the hazardous chemicals and the HIs
derived from their summation, and the slope factors
used to calculate cancer,risk for each chemicrd at the
exposure concentrations identified at the various sites
or associated witi a proposed rdtemative action.
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T&le E.3.>1. Chemkd Toxti@ Profiles-Continued

Vapor Route of
Compound CAS No. Solubtiw Pr=m ~ammabfiv hcompatibfities Exposureb TargetOrgans Carcinogenicityc

I [Textdeleted.]

I
Phosphoric acid 76~38-2 Miscibled 0.03 nund Noncombustible Strong caustics, most metis Inh, ing, Eyes, skin, resp Sysd Not classifi~

tiquidd @o not mix with solutions cond
containing bleach or
ammonia)d

I Sulfuric acid 76*93-9 Mlscibled 0.001 mm Noncombustible Organic materials, chlorates, Inh, ing, Resp sys, eyes, skin, Not cl~sified,–

Toluene

Trichloroethylene
(TCE)

_-- —--
tiquid,but capable
of ignitingfinely
divided
combustible
materids~

108-88-3 0.07% 21 mmd Class~ Hammable
(74md liquidd

79-01-6 O.0001% 58 mmd Combustibletiquid,
(77 qd but bums with

&fficul&d

carbides, fulminates, cond teethd -
water, powdered metalsd

Strong oxidimrsd Inh, abs, ing, CNS, eyes, resp sys, EPA Group Dg
cond liver, kidneys, skind

Strong caustics and dkdls; Inh, abs, ing, Eyes, resp sys, hem, EPA Group B2f
chemicrdly active metis cond liver, kidneys, CNS,
(for example, B.A., Ll, Na, skin on animals:
Mg, ~, and Be)d fiver and kidney

cancer)d
I

Uraniummetrd; 7440-61-1 Insolubled Omm Combustiblesolidd Carbondioxide,carbon Inh, ing, Sfin, kidneys,bone EPAGroupAh
insoluble (approx)d tetraehloride,nitric acid, cond marrow,lymphatic

I cmpds)d fluorined sys, (lung cancer)d

I [Text deleted.]

I [Text deleted.]

I
aHarnrnabletiquidsare classifiedby OSHA(29CFR 1910.106)as follows:ClassIA-N,Pbelow73 ‘F andBPbelow 100‘F, ClassIB-~.P below73 ‘F andBPat or above 100‘F, Class

IC-H.P at or above73 ‘F andbelow 100’~ Class11-H.Pat or above100‘F andbelow 140’~ ClassIIIA-~.P at or above 140‘F and below 200’~ Class IIIB-H.P at or above 200
‘F (DHHS 199%).

b Routes of exposure abbreviated as follows inh = inhrdation, abs = skin absorption, ing = ingestion, con = stin andor eye contact.

c EPA Groups for Mcinogenicity are Classifiti as FO11OWSEPA Group A Human Carcinogen; EPA Group B1: Probable Human Carcinogen-limited evidence in human studies; EPA
Group B2 Probable Human Carcinogen-sufficient evidence from animal studies, inadequate evidence or no data from human studies; EPA Group C Possible Human Carcinogen EPA
Group D. Not Classifiable as to Human Carcinogeticity.

1 d NOSH 1994a

I e EPA 1993a.

I f ORNL 1994b.

I g ORNL 1994a

I h EPA 1994a.

Not& O%FahrcnheiL
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g T&le E.3.3-1. Exposure bti

Chemid Reference
Abstracts Reference Concentration

I Service No. Dose (oral) ciation) Cancer ~assa SlopeFactor OccupatiomdExposure Levelb~c
Compound (m@@day) (m#m3) (m~~day~l

71-55-6 o.035d l.oe OSHA-PEL 1,900m~m3I 1,1,1-Trichloroethane
~C& methyl
c~oroform)

EPA &OUp Df None found

I Acetic acid

I
I Bext deleted.]

I Ammonia

I
Benmne

I Carbon monoxide

Ctiorofom

1 Chromium @rivdent)

.—— —.—.———.-—— —

W19-7

7W1-7

71+3-2

63@08-O

7782-5@5

67-63

16065-83-1

o.175g

0.0286i
(34 m~?
chronic~

2.28x10-2g

0.385g

o.~f

O.olf

~.of

0.6125h

o.~f

0.0796h

1.35h

o.35h

o.035h

3.5h

Not classified

EPAGroupDd

EPA&OUp Af

Not classified

EPA Group Dd

EPA&OUp B2f

Not C1=SfiCd

None found

None found

0.029 (Od)f
0.029 (inhrd~

None found

None found

6.1x10-3 (ord)f
0.081 (inhd~

None found

ACG~-TLV: 1,910 rn@m3,STEL 2,460 m~m3
~OSH-REL 1,900 m#m3, (ceiling, 15 min.)
DLH 3,885 m#m3

OSHA-PEL 25 m#m3
ACG~-TLW 25 m~m3, S~L 37 m#m3
NOSH-REL 25 m~m3, STEL 37 m#m3,
~LH 125 m#m3

OSHA-STEL 35 m#m3
ACG~-~Y 17 m~m3, STEL 24 m~m3
MOSH-REL 18 m~m3, STEL 27 m~m3,
DLH 213 m#m3

OSHA-PEL 3.25 m#m3,
STEL 16.25 m@m3,ACGM-TLW 32 m~m3,
NOSH-REL 0.325 m#m3, STEL 3,25 m~m3,
DLH 5 m~m3

OSHA-PEL 55 m#m3
ACGM-~~ 29 m#m3
MOSH-REL: 40 m#m3, DLH 1,392 m#m3

OSHA-PZ 3 m~m3 (ceiting)
ACG~-TLV: 1.5 m#m3, Sm. 2.9 m#m3
MOSH-REL 1.45 m~m3 (ceiling, 15 min.),
DLH 29.5 m@m3

OSHA-PEL 240 m@m3(ce~ng)
ACG~-~V: 49 m@m3 -
NfOSH-~ 9.78 m#m3 (60 min.),
~LH 2480 m~m3

OSHA-P~ 0.5 m~m3
ACG~-~V 0.5 m#m3
NfOSH-~ 0.5 m@m3,DLH 25 m~m3



Chemid Referenw
Aticts Refe~se Concentition

Serviw No. h (Od) cition) timr W Sope Factor Occupation Exposure Levd~ c
Compound (m-day) (m@m9 -. (m~day)-l

7xlo4gI Cobalt (meti dust and 7-84
fume)

2.45x10-’ n Not C1=S~& None found

I Copper(dusts and mists) 7W5@8

I
I

1

1

1
I

~ext deleted.]

Hydrogen c~oride

Hydrogen fluoride

~ext deleted.]

Mereury
(vapor + compound)

Methmol (methyl
dmhol)

Eext.deleted.]

Nickel (refine~ dust)

Nitric acid

~ext deleted.]

7a7a14

7=39-3

7439-97-6

67-5&l

744W4

7697-37-2

7X1O-3g

2x~0-3 i

0.06=

3X104
~iorgani~,
Chronicy

O.sf

o.oo7g

0.039

o.0245h

7X1O-3f

o.21h

3X104=

1.75h

o.0245h

0.1225h

EPAGroupDf None found

Not classified None found

Not classified None fou;d

EPA Group Df None found

Not classfiti None found

EPA&OUp Ak 0.84 finhrd)h

None None

OSHA-PEU. 0.1 m#m3
—

ACG~-~W 0.05 m#m3 “ ‘
~OSH-= 0.05 m#m3, DLH. 20 m@m3

OSHA-P= 1 m#m3
ACG~-~W 1 m#m3
NOSH-= 1 m#m3, ~LH 100 m@m3

OSHA-PEL 7 m#m3
ACGW-~V. 7.5 m~m3 (ceifing)
~OSH-REL 7 m#m3, DLH 76 m~m3

OSW-PEL 2.49 m#m3
ACG~-~W 2.6 m~m3 (ceifing)
~OSH-WL 2.5 m#m3, 5.0 m@m3(ceifing,

15 tin), ~LH 24.9 m@m3

OSHA-P~ 0.1 m#m3 (ceifing),
ACG~-~V 0.05 m@m3,
~OSH-ML 0.05 m@m3 (skin), DLH 10 m~m3

OSHA-P~ 260 m#m3
ACG~-~W 262 m#m3 (skin), S~L 328 m#m3
~OSH-~L 260 m~m3, S~L 325 m#m3 (skin),
DLH 7,980 m~m3

OSHA-P~ 1 m~m3 (meti and other compds)
ACG~-~W 1 m~m3
~OSH-=. 0.015 m#m3

OSHA-P= 5 m~m3 (meti and other cm ds)
JACG~-~V. 5.2 m#m3, S~L 10 m~m

~OSH-=5 m#m3, S~ 10 m#m3
DLH65.5 m#m3

I

I

—— —--— ————— ——
..



Disposition of Surpl~ Highly
Enriched Uranium Final EIS
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H~ Health

f
I

1
I

E.3,4 Wmous Cmcw Wti

E~E~ Ca-nONS

ITablesE.3.41 throughE.3.+15 show the chemicals
associatedwith the vtious rdtemativeactivities(that
is, no action or blend to low enriched uranium) and
Tables E.3.+16 through E.3.+19 summarize the
dtematives for each of the four sites and give the totis
associated with the activities fiimplemented at ~ch of

—— —

tie four sites (that is, 0~ SW, B&W, and ~S).
Table E.3.+20 contains the emission rates and the
corresponding P~s for hazardous chemicrds for the
k-Tti Precipitation Facfl& and the Consolidated
hcinerationFacfi~ at SW. The terms associatedwith
dctiations are given in the footnotes for each table so
that verification of each calculated value can be ‘
made.

S27
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R@ati ~ Vi-k
Fachrs E~lons ~ncen~tions Hmmrd@otient titer Risk

Boundary Worker Boundary Worker Boundary Worker
Sope Annd lW Me&m Annd 100 Metira bti lM Meters

Pma Factir m+ 8 hours ~l@
~etid

8 hoursd ~Ib,e 8 hod
(m~m~ (mtim~ (m~day)-l (m#m3) (m~m~ (m#m3) (m@m3) (m#m3) (m#m3)

1,1,1-TricNoroethane 1 1,900 - 7.26x10A 4.63x10-3 7.26x10% 2.29xlo~ o 0
Acetic acid

-n monoxide

~orine

Hydrogen ctioride

Hydrogen fluoride

Methanol

NItic acid

Sulfic acid
VW (toluene)

HAti ~k
_ hdexg

0.61M

1.35

0.35

0.007

0.21

1.75

0.1225

0.0245

0.4

25

55

3

7

2.49

260

5

1

766

3.3OX1O4

3.14X1O-3

5.78x10-5

2.12X104

2.31x104 ~

8.72x104

3.14X104

8.25x10-5

1.22X104

1.98x10-5

1.88

3.47X10-2

1.27x10-1

1.39X1O-3

5.23X1O-1

1.88X1O-1

4.95X1O-2

7.33X1O-2

5.39X1O-8

2.32x10-3

1.65x10q

3.03X10-2

1.1OX1O-5

4.98x104

2.56x10-3

3.37X1O-3

3.O5X1O4

3.95X1O-2

7.93X1O-7

3.42x10-2

1.16x10-2

1.82x10-2

5.57X104

2.O1X1O-3

3.76x10-2

4.95X1O-2

9.57X10-5

1.54X1O-*

o

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

a SeeAppendix~ TableK3.>1 for tie OSHA-P~, ACG~-~V, MOSH-~, andotier exposurefimitvdu~.
b ~~tiy exposedindividmdof tie pubfic.
c H- ~otient for ~~x annurdemissiodmferenm eoneentmtiom
d Harard ~otient for wo~l~rneter, &bremissioti-ssibIe exposure tiL

e Ufetime cancer risk for Mqtixons ~neentratiom) x (0.286 [eonveti eonmntradons to doses]) x (Slope Factor).

f UfWme eaneer risk for work- eons for &br) x (0.286 [converts eonuntmtions to doses]) x (0.237 [fraction of year exposed]) x (0.571 [fraction of fifetime woddng]) x
(Slope Factor).

g H- Mmsw of indiviw harard ~tie~.

h Toti eaneer ri~ of indiviti eaneer rik.

So- OR M 1995i.

I———. .—— —_ .. ____ .. . . . . _
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T&h E.3.62. RkkAssessments From Exposure to Hawrdous Chemtiah at Savannah River Stie: No Action-Continued

Re@ated ExposureLti-k
Factors Emissiom Concentrations HazardQuotient CancerRisk

Boundary Worker Boundary Worker Boundary
S1ope Annual

Worker
100Meters Annual 100Meters Ammd 100Meters

PELa MEIb 8 hours ~1 b,c 8 hoursd ~Ib,e
Chemical (mYm3) (m~m3) (m#j~ly)-l (m#m3) (m#m3)

8 hoursf
(m#m3) (m#m3) (m#m3) (m#m3)

Benzene@~~g 0.0796 3.25 0.029 1.23x10-5 1.35X1O-* 1.55X104 4.15X1O-2 1.O2X1O-7 1.51X104
Hydrogenfluoride~~~g 0.21 2.49 - 8.39x10-12 9.16x10-8 3.99X1O-11 3.68x10”8 o 0
Mercury@WF)g 0.0003 0.1 - 5.17X1O-* 5.65x10A 1.72x10A 5.65x10-3 o 0
Mercuryoxide@~F)g 0.0003 0.1 - 6.36x10-18 6.95x10-14 2.12X1O-14 6.95x10-13 o 0
Nickelcompounds@~~g 0.0245 1 0.84 3.16x10-*6 3.45X1O-’2 1.29X1O-14 3.45x10-12 7.60x10-17 1.12X1O-13
Hdth Risk

HazardIndexh 5.16x10-3 1.16
ToWCancerRis~ 1.31X1O-7 1.94xlo~

a SeeAppendixE,TableE,3,3-1fortheOSHA-PEL,ACGIH-TLV,NOSH-REL,and other exposure limit values.

b MEI=maxim~ly exposed individu~ of the pubfic.

c Hazard quotient for MEI=boundary annual ernissiondrefemnce concentration.

d Hazard quotient for worke~l~meter, 8-hr emissiontiperrnissible exposure timit.

‘ Lifetime cancer risk for MEI=(ernissions conwntrations) x (0.286 [converts concentrations to doses]) x (Slope Factor).

f Lifetime mcer risk for workers: (emissions for 8-br) x (0.286 [converts conmntrations to doses]) x (0,237 [fraction of year exposed]) x (0.571 [fraction of tifetime working]) x (Slope
Factor).

g The Defense Waste Processing Facility (DWP~, In-Tank Praipitation ~) facility, and Consolidated Incineration Facility (CI~ were not in operation during 1994, but potentird
emissions from DWPF based on limited trials are used to generate DWPF potential emissions.

The ~ and CIF data were not includedbwause ONYtheinventoryof chernicdstobe processd through these facilities was available. Table E.3.&20 presents the list of possible ~/
CIF chernicds and their rc~ated levels.

h H-d index~um of individud hti quotients.

i Toti cmccr risk=sum of individud cancer risks.

Notti 1994 acturd emissions sdti to the year 2005. Sdng Facto~l.O for dl excep~ Bwhtel (0.6), Separations (0.8), Power (0.8), and Reactors (0.1).

Note m~miM_ m3*ubic meter k~kilogram.

some SRS 1995a~ SRS 1996z1.

—
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Tdle E.3.43. RtikAssessmenfi From Exposure to Hawdous Chemtid ti Bdcock & Whox: No Actin

Redated ExposureLti=ik
Factors

Emtilons Concentrations H=ard Quotient CancerRisk
Boundaw OnSite Boundary Worker Boundary Worker

Slope Annu_d 100Meters Annual 100Meters Annual 100Mete=
PELa Factor MEIb 8 hours ~lb,C 8 Hoursd ~lb,e 8 Hoursf

Chemid (m~m3) (m~m3) (m~#day)-l (m~m3) (m~m3) (m~m3) (m~m3) (m~m3) (m~m3)
5.96x10-lo 1.O3X1O-5 1.70xlo-lo 2.07x10-5 o 03.5 0.5Chfofium

compounds m)

Cobalt compounds

Copper compounds

Hydrogen chloride

Hydrogen fluoride

Nickel compounds

Nltic acid

Sultic acid

Trichloroethylene
(T~)

Hdth Rwk
Hzard Indexg

0.00245

0.0245

0.007

0.21

0.0245

0.1225

0.0245

13.377

0.1

1

7

2.49

1

5

1

546

0.84

0.006

5.96x10-lo

1.43X1O-7

1.43X1O-8

2.98x10-g

8.94x10-lo

1.4OX1O-7

3.49X1O-*

9.66x10-6

1.O3X1O-5

2.48x10-3

2.48x104

5.17X1O-5

1.55X1O-5

2.43x10-3

6.05x104

1.67x10-1

2.43x10-7

5.84x10-6

2.O4X1O-6

1.42x10-8

3.65x10-8

1.14X1O-6

1.42x10-6

7.22x10-7

1.O3X1O4

2.48x103

3.54X1O-5

2.08x10-5

1.55X1O-5

4.86x104

6.05x104

3.07XI04

o

0

0

0

2.15x10-*o

o

0

1.66X1O-*

o

0

0

0

5.O4X1O-7

o

0

3.89x10-5

1.15X1O-5 4.O7X1O-3
1.68x10-8 3.94X1 O-5Total Cancer Riskh - -.--..—.

a SeeAppendixE, TableE.3.3-1 for the OSHA-PEL,ACGIH-~V, NIOSH-ML, and other exposurefimitvalues.
b ME1=rnmirn~lyexposedindividud Oftie pubfic.

c Harard quotientfor MEI=boundaryannualemissiondreferenceconcentration.
d Hurd quotientfor ~orkers=l~rneter, 8.hr efissiondpermissible eXpSUrelimit.

e Lifetimecancerrisk for MEI*missions concentrations)x (0,286[convertsconcentrationsto doses])x (SlopeFactor).
f LifetimeCmcerfiskfor ~orkem=(efissions for8 hr)x (0.286[conve~ concen~tions todoses])x (0.237[f~ction ofyem exposed])X(0.571[ffaCtiOnOflifetimeWOrking])X(SIOPe

Factor).
g H-d index=surnof indlvidud h-d quotients.

h ToM csnecr risk=sum of individud cancer risks.

Note m~milli~, m3=cublc mete~ k~kilogram.

Sourcti VA DEQ 1995a.
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Tdle E.3.H. RkkAssessments From Exposure to Hazardous Chemtia& at Nuchar Fuel Semties: No Actin

Re@ated ExposureLti-k Factors EmissionsConcentrations H~rd Quotient CancerRisk
Boundary OnSite Boundary Worker Boundaw Worker

Slope Annual 100Meters Annual 100Meters Annual 100Meters
PELa Factor ~Ib 8 hours ~lb,C

(m~m3)
8 Hoursd ~Ib,e 8 Hou#

Chemid (m~m3) (m~~day~l (m#m3) (m@m3) (m@m3) (m#m3) (m@m3) (m~m3) ~
Ammonia 0.1 35 9.17X10-3 1.5OX1O-* 9.17X10-2 4.27x10-3 o 0
Hydrogenfluoride 0.21 2.49 3.88x10A 6.33x10-3 1.85x10-3 2.54x10-3 o 0
Nitricacid 0.1225 5 2.32x10A 3.78x10-3 1.89x10-3 7.56x104 o 0
Hdth Risk

HamrdIndexg 9.55X10-2 7.57X1O-3
To~ CancerRiskh o n

I a SmAppendixE, TableE.3.>1 for the OSHA-PEL,ACGIH-~V, MOSH-~, and otherexposurelimitvdum.
I b MEI=maximdlyexposedindividurdof the public.
I c H-quotient for MEI=bound~ rmnud ernissiontirefercnm conmntration,

I
I

I
I

I

d Hamrdquotientfor worke~100-meter, 8-hrernissiondpefissible exposurefirnit.
c Lifetimecancerrisk for MEI~rnissions coneentmtions)x (0.286[convertsconcentrationsto doses])x (SlopeFactor).
f Lifetimeeanmr riskfor workers:@ssions for 8-hr)x (0.286[converts concentrations to doses]) x(0.237 [fraction of year exposed]) x (0.571 [fraction of ~fetime working]) x (Slope

Factor).
g H- index=sum of individud hamrd quotients.

h ToM mcer risk=sumof individud cancerrisks.
Note m~milli~, m3~ubic meteq k~kilogmm.
Som NFs 1995b2.

————..



1

I

I
1
I
I
I
I
I
I

I
I
I

I
1
I

I

f
w

—---- ----- -..—. .. . . . ..--—— ... ---- ..-.. .—. . . . . -——---.-. — —.- ---—- -——”— ————- “-- -. ———— ——. — ..—. —--— .—— —.. -— __. ——— —

T&h E.3.&5. Bkhsessme@ Fmm ~oswe h Hew &mti& d O& Wge Resewtin: Bhti b 4Perceti Urmyl N@@
H&yti for Commercti Reutir Fwl

R-ti ~ Ld=k Factirs E-em Gneentitiom ~ *otient titer ~k .

Bomz Worker Bomdary Worker Bomdary Worker
mope -d 100 Meters -d lW Metem bd 100 Meters

Pma Factor MEF 8 hom -w 8 Ho~d ~lb+ 8 Hod

Chdd (m#m3 (m~m~ (mwby)-l (~m~ (m#mz (m#m3) (m~m3) (m#m3) (m~m~

tin monoxide 1.35 55 3.7OX1O4 6.22x10-2 2.74x10q 1.13X1O-3 o 0

uranimn-235 0.0105 0.25 2.5x10-8 5.73X1O-9 9.62x10-7 5.46x10-7 3.85x104 4.17X1O-17 9.31X1O-16

Uranium-238 0.0105 0.25 2.4x10-8 1.71X1O-7 2.87x10-5 1.63x10-5 1.15X104 1.17X1O-15 2.66X1O-14

VW (tiluene) 0.4 766 3.7OX1O-5 6.22x10-3 9.26x10-5 8.12x10X o 0

Hdth Wk

- hdexg 3.84X104 1.26x10-3

ToM b= Ris~ 1.21X1O-15 2.75x10-14

—_ ———-— —
.
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~ TdhE.3.~. Risk&sessmenh From Exposure to Hmdous Chemti&atSavannah River Site: Blendto 4Percent UranylNitrateHexahydrate
u& for CommerctiRemtor Fuel

I Redated ExpmureLtimk Factora EtiIons Concentrations H-rd Quotient Wcer Wk

Boundary Worker Bonndav Worker Bomdary Worker
Slope Annual 100 Metira Annual lW Metirs Annual 100 Meters

PELa Factor MEIb 8 hours ~Ib,c

(m~m3)
8 Hoursd ~Ib,e 8 Hoursf

Chemid (m#m3) (m@@day~l (m#m3) (m#m3) (m~m3) (m@m3) (m~m3) (m#m3)

I Carbon monoxide 1.35 55 4.12x10-5 5.57X1O-2 3.O5X1O-5 1.O1X1O-3 o 0
I Uranium-235 0.0105 0.25 2.5x10-8 6.37x10-*o 8.61X10-7 6.06x10-8 3.44X104 4.55X10-*8 8.33x10-16
I Uranium-238 0.0105 0.25 2.4x10-8 1.9OX1O-8 2.56x10-5 1.81x10% 1.O3X1O4 1.3OX1O-16 2.38x10-14
I VK (toluene) 0.4 766 — 4.12x104 5.57X1O-3 1.O3X1O-5 7.27x10% o
I Hdth Mk

o

I H=d Indexg 4.26x10-5 1.13X1O-3
I Toti ~cer~sp 1.35X10-’6 2.47x10-14

I a SeeAppendixE,TableE.3.3-1 for the OSHA-PEL,ACGIH-TLV,NOSH-REL, andotherexposureKmitvduu.
I b MEI-aximtiy exposedindividud of tbe public.
I c Htiquotient forMEI=bo””daryannualemissiontireferenmconcentration.
~d Hsrard quotientfor workesl~meter, &hr emissiotipedssible exposurefimiL
I e Lifetimemmr risk for MEI=missions eonwntitions) x (0.286[mnvertsmneentrationsto doses])x (SlopeFactor).

I

f Lifetimeeaneerriskforworkers:@missionsfor 8-hr)x (0.286[wnverts mncentrationsto doses])x (0.237[fractionof yearexposed])x (0.571[fractionof fifetimeworking])x (Slope
Factor).

I g Hsmrd index=sumof individud haard quotients.
~h Toti canwr nsk=sumof individud amr risks.

NOWm~~~, m3*ubic mete~k~kilo~.
I Sourw OR LM~ 1995b.
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T&le E.3.L7. Rtikhsessments From E~osure to Hamdous ~emtia~ at B&cock & W&ox: Bknd to 4Percent Uranyl Ntiate Hetiydrate
for CommerctiReator Fuel

I R@ated Eqosure Lti*k Factirs Em=lons Gncentitiom H-d Quotient

I
Cancer ~k

Bonn- Worker Boundary Worker Boundary Worker
Slope -d 100 Meters b~ 100 Meters -d 100 Meters

PELa Factor ~lb 8 hours ~lb,c 8 Hoursd ~lb,e 8 Hod
Chetid (m~m3) (m~m3) (m@~day)-l (m~m3) (m#mt (m#m3) (m#m3) (m@m3) (m~m3)

I Carhn monoxide 1.35 55 1.34X104 2.32x10-2 9.89x10-7 4.21x10A o 0

i Uratium-235 0.0105 0.25 2.5x10-8 2.07x10-11 3.58x10-7 1.97X1O-9 1.43X104 1.48x10-19 3.47X1O-16

I Urmdum-238 0.0105 0.25 2.4x10-8 6.15x10-*o 1.O7X1O-5 5.86x10-* 4.27x10-5 4.22x10-18 9.91X1O-15

I VW (toluene) 0.4 766 1.34X1O-7 2.32x10-3 3.34X1O-7 3.02x104 o 0

i HMth Wk

I H-d Indexg 1.38x104 4.68x104

1 Toti Wcer ~s~ 4.37X1O-1* 1.O3X1O-14

I a SeeAppendixE, TableE.3.3-1 for tie OSHA-PEL,ACGIH-TLV,MOSH-REL,and otherexposuretimit vdu=.
I b MEI=maximrdlyexposedindividurdof the pubtic.
I c H-d quotientfor MEI=boundaryannurdemissiondreferenceeonmntration.
I d Hamrd quotientfor worke~l~meter, 8-hremissions/permissibleexposurefirni~
1 e Lifetimecancerrisk for MEI*missions eoncentmtions)x (0.M6 [convertsconmntmtionsto doses])x (SlopeFactor).

I fLifetimecancerriskforworkem @missionsfor8-hr)x (0.286[convertsconcentrationstodoses])x (0.237[fractionofymexposed]) x (0.571[fractionof fifetimeworking])x (Slope
Factor).

I g Hamrd index=um of inditidud hamrd quotients.
I h Totrdeaneerrisk=sumof individu~ eanwr risks.

Notti m~milti-, m3=ubic meteq k~kilograrn.

I Source OR LMES 1995b.
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Rkkhsessme~ From ~osure b H-us ~em~ tiNwhw Fuel Senties: Bhti b &Perceti UmylNh~
Hdy~ for CommemtiRemtir Fuel

Bonndary Worker Bomsdary Worker Bormdary Worker
~ope -d 100 Metem bd 100 Metem -d 100 Metem

Pma Factor mb 8 hom ~b,c 8 Homd ~Ibe 8 Hod
~etid (m~m~ (m~m~ (m~day)-l (m~m3) (m~m3) (m@m3) (m~m~ (m@m3) (m#m3)

-n monofide 1.35 55 1.95X10-3 3.18x10-2 1.44X1O-3 5.77X104 o 0
uranium-235 0.0105 0.25 2.5x10-8 3.01X10-8 4.91X1O-7 2.87x104 1.96x10% 2.15x10-16 4.75X1O-*6
Utimn-238 0.0105 0.25 2.4x10-8 8.97x10-7 1.46X1O-5 8.54x10-5 5.85x10-5 6.16X1O-’5 1.24x10-*4
VW (toluene) 0.4 766 — 1.95X104 3.18x10-3 4.87x10a 4.15X104 o 0
Hdti Wk

H-d kdexg 2.O2X1O-3 6.42x104
ToM beer Wp 6.37x10-15 1.41X10-*4

a SeeAppendixR TableE.3.>1 for tie OSHA-P~, ACGM-~V, MOSH-~, and otier exposurehmit vdum.
b ~arudmdy exposed intividu~ of tie pubtic.

I . c H-quotient for ~I=boun~ annti emissiodreferenw mnmntration.
~ d Hd quotientfor work-l~meter, 8-b emissiotipermissible exposure hmiL

I c Ufetimecanrerrisk forWarnissions eonwntmtions) x (0.~6 [converts eon~ntrations to do=]) x (Slope Factor).

I fUfetime eaneer risk for workew @missions for 8-k) x (0.2S6 [converts concentrations to do=]) x (0.237 [fraction of yw exposed]) x (0.571 [fiction of lifetime workin~) x
(Slope Factor).

I g Hamrd index~ of indivi~ H quotients.

~ h Toti eaneerri~ of individurdeaneerrisks..
NOW.m-~, m3=bic =~ k~~o~
SOH OR~ 1995b.,
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T&h E.3.&9. Rkk&sessments From Exposure to Hwrdous Chemtiah at Bdcock & Whox: Bhnd to 4Percent Urantim He@uo&e for
CommerctiReactor Fuel

Re@ated Ewosure Lti_k FactoH EtiIom Concentration H=rd Quotient Cancer Risk

Bountiu Worker Bountiry Worker Boundaw Worker
Slo,ue Annti lM Meters Annd lW Mete~ Annti 100 Meters

I PELa ~lb 8 hours ~Ib# 8 Hoursd ~Ib,e 8 HOUd
Chemid (m~m3) (m~m3) (m~jfJy)-l (m#m3) (m#m3) (m#m3) (m~m3) (m~m3) (m~m3)

Carbon monoxide 1.35 55 1.34X104 2.32x10-2 9.89x10”7 4.21x10q o 0

Uranium-235 0.0105 0.25 2.5x10-8 - 3.28x10-11 5.68x107 3.12x10-9 2.27x10-6 2.34x10-19 5.5OX1O-*6
Uranium-238 0.0105 0.25 2.4x10-8 1.2OX1O-9 2.07x10-5 1.14X1O-7 8.29x10-5 8.21x10-*8 1.93X1O-14
VOC (toluene) 0.4 766 1.34X1O-7 2.32x10-3 3.34X1O-7 3.02x10A o 0
Hdti Risk

Hamrd hdexg ‘ 1.44X1O-6 5.09xlo~
Toti CancerRiskh 8.44x10-18 1.98x10-14

a SeeAppendixE,TableE.3.%1fortheOSHA-PEL,ACGIH-TLV,NOSH-REL,andotherexposuretimitvalues.
I b MEI=maximdy exposed individud of the pubfic.

I c Hamrd quotient for MEI=boundary annual emissions/referenm concentration.

I d H=d quotient for workers=100-meter, 8-hr emissiondpennissible exposure timit.

1 e Lifetime cancer risk for MEI=ernissions conmntrations) x (0.286 [conve* concentrations to doses]) x (Slope Factor).

I
f Lifetime Cmcer fisk for Workem: ~~ssions for 8.hr) x (0.~6 [conve~ conmnhations to doses]) x (0,237 [fraction of year exposed]) X(0.571[fractionof lifetimewor~ng]) x (SIOP

Factor).

I g Hamrd index=sum of individud hamrd quotients.

I h ToM mcer risk=sum of individurd can~r risks.

Not& m~mi~~, m3=ubic meteq k~kilogram.

I SOUW. OR LMES 1995a.
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Tdle E.3.41O. Rtik&sessmenfi From Exposure to Hazardous Chemtiak at Nuclear Fuel Semties: Blend to 4-Percent Uranium HexaJuoride
for Commercial Reactor Fuel

Re@ated Exposure Lmi~k Factors Etilons Concentration H-rd Quotient Cancer Risk

Bowdary Worker Boundary Worker Boundary Worker
Slope Ammd 100 Meters Anmud lW Meters Annti 100 Meters

PELa Factor MEIb 8 hours ~lb,c 8 Hoursd ~lb,e 8 HOUrSf
Chemid (m~m3) (m~m3) (m@~day)-l (m~m3) (m#m3) (m@m3) (m#m3) (m#m3) (m@m3)

Carbon monoxide 1.35 55 1.95X1O-3 3.18x10-2 1.44X1O-3 5.77X104 o 0
Uranium-235 0.0105 0.25 2.5x10-8 4.78x10-8 7.80x10-7 4.55X1O-6 3.12x10-6 3.42x10-16 7.54X1O-16
Uranium-238 0.0105 0.25 2.4x10-8 1.74X1O-6 2.84x10-5 1.66X104 1,14X1O”4 1.20X10-*4 2.64X1O-14
VOC (toluene) 0.4 766 1.95X1O-4 3.18x10-3 4.87x104 4.15X1O-6 o 0
Hdth Risk

H-d Indexg 2.1OX1O-3 6.98x10A
Toti Cancer Riskh 1.23x10-14 2.72x10-14

a SeeAppendixE, Table E.3.3-1 for the OSHA-PEL, ACGIH-TLV, NIOSH-REL, and other exposure limit values.

b MEI=maximdly exposed individud of the public,

c H~ard quotient for MEI=bounda~ mmud endssiontireference concentration.

d Hamrd quotient for workers= l~meter, 8-hr emissiontipermissible exposure limit.

e Lifetime cancer risk for MEI=missions concentrations) x (0.286 [converts concentrations to doses]) x (Slope Factor).

f Lifetime canmr risk for worke~. (Emissions for 8-hr) x (0.286 [converts concentrations to doses]) x (0.237 [fraction of year exposed]) x (0.571 [fraction of lifetime working]) x
(Slope Factor).

g Hm~d index=sum of individud hmard qUOtients.

h Totrd canwr risk=sum of individud mmr risks.

Note m~milli~; m3~ubic meter k~kilogram.

Source OR LM~ 1995a.
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T&le E.3.411. Rtikhsessmenfi From Exposure to Hawdous Chemtid at Oak Rtige Resewatin: Blend to 0.9-Percent Uranyl Ntiate
Hexahydrtie and Dkcard as W~te

Re@ated ExposureCd-k Factors Etilons Concentrations H=ard Quotient Wcer Risk
Boundary Worker Boundary Worker Boudary Worker

Slope Annual 100Meters Annual 100Meters AMUd 100Meters
PELa Factor MEIb 8 hours ~lb,c 8 Hoursd ~Ib,e 8 Hoursf

Cheticd (m~m3) (m#m3) (m@#dayY1 (m@m3) (m~m3) (m~m3) (m~m3) (m~m3) (m#m3)
Carbon monoxide 1.35 55 3.70X104 6.22x10-2 2.74x10A 1.13X10-3 o 0
Uranium-235 0.0105 0.25 2.5x10-8 5.73X1O-9 9.62x10-7 5.46x10-7 3.85x10-6 4.1OX1O-17 9.31X1O-16
Uranium-238 0.0105 0.25 2.4x10-8 1.71X1O-7 2.87x10-5 1.63x10-5 1.15X104 1.17X1O-15 2.66x10-14
VW (toluene) 0.4 766 3.7OX1O-5 6.22x10-3 9.26x10-5 8.12x10-6 o 0
Health R~k

Hmard Indexg 3.84x104 1.26x10-3
Total Cancer Riskh 1.21X1O-15 2.75x10-14

a See Appendix E, Table E.3.3-1 for the OSHA-PEL, ACGIH-TLV, NIOSH-REL, and other exposure fimit values,

b MEI=maximdly exposed individu~ of the public.

c H=ard quotient for MEI=boundary annual emissiondreference conwntration.

d Hward quotientfor workers=l~meter, 8-hr emissiontipermissible exposure firnit.

c Lifetime cancer risk for MEIamissions concentrations) x (0.286 [converts conmntrations to doses]) x (Slope Factor).

f Lifetime canwr risk for workers: @missions for 8-hr) x (0.286 [converts concentrations to doses]) x (0.237 [fraction of year exposed]) x (0.571 [fraction of lifetime working]) x
(Slope Factor).

g H~md index=sum~f individud h-d quotients.

h Toti canwr fisk=sumof individud canwr risks.
Note m~milligw, m3+ubic meteq k~kilogram,

SoumtiOR LMES 1995d.
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T&le E.3.&12. RkkAssessments From Exposure to Hamrdous Chemtiah at Savannah River Site: Blend to 0.9-Percent Uranyl Nitrate
Hexahydrate and Discard as Waste

ReWlated Exposure Lmimk Factors E-lore Concentration H-rd Quotient Cmcer Wk

Boudary Worker Boundav Worker Bomdary Worker
Slope Annd lW Mete~ Annual lW Meters Armud lM Meters

PELa Factor ~lb 8 houm ~Ib,c 8 Hoursd ~Ib,e 8 HOUHf

Chemid (m~m3) (m@m3) (m@~day)-l (m@m3) (m~m3) (m@m3) (m~m3) (m@m3) (m~m3)

Carbn monoxide 1.35 55 4.12x10-5 5.57X10-2 3.05X10-5 1.01X10-3 o 0

Uranium-235 0.0105 0.25 2.5x10-8 6.37x10-lo 8.61X10-7 6.06x10-8 3.44X104 4.55X1O-1* 8.33x10-16

Uranium-238 0.0105 0.25 2.4x10-8 1.9OX1O-* 2.56x10-5 1.81x10-6 1.03X104 1.3OX1O-16 2.38x10”14

VOC (toluene) 0.4 766 4.12x10-6 5.57X10-3 1.03X10-5 7.27x104 o 0

Hdth Risk

H-d Indexg 4.26x10-5 1.13X10-3

Total Cancer Ris@ 1.35X1O-*6 2.47x10-14

a See Appendix E, Table E.3.3–1 for the OSHA-PEL, ACGIH-TLV, ~OSH-REL, and other exposure tirnit vrdues.

b MEI~aximdly exposed individud of the pubtic.

c H-d quotient for MEI=boun@ annual ernissiontireference concentration.

d H-d quotient for worke~l~meter, 8-hr emissiondpermissible exposure Hmit.

e Lifetime canmr risk for MH*rnissions mncentrations) x (0.M6 [converts eonmntrations to doses]) x (Slope Factor).
f Lifetime~mwr fisk for Workem@fissions for 8.~) x (0.286[~onvefi con~n~tions to doses])x (0.237[fiction of yew ex~s~]) x (0.571 [fmction Of fifetime WOrking]) X

(Slope Factor). . . .
g H~ index=sum of individu~ h- qUOtientS.

h Toti &mr risk=sumof individud esneerrisks.
Note m~milli~, m3-bic mete~k~kilogram.
Sourcti OR LMES 1995d.
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T&h E.3.&13. ~kksessmentsFrom ~posure to Hardous ChemtiahtiBdcock & Whox:Blendto 0.9-Percent UranylNtiateH&ydrate
and Dticard as Wwte
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R-= Exposure Lti-k Factors Etilons Concen~tions H-d Quotient hcer Risk
Boundary Worker Boundary Worker Boun@ Worker

Slope bti lW Meters -d 100Meters titi 100Meters
PELa Factor MEIb 8 hours ~b~ 8 Hoursd ~Ib# 8 Hod

~ernid (m~m~ (m#m3) (m~day)-l (m@m3) (m#m3) (m@m3) (m~m3) (m@m3) (m#m3)

=n monofide 1.35 55 1.34X10% 2.32x10-2 9.89x10-7 4.21x10A o 0
Utium-235 0.0105 0.25 2.5x10-8 2.07x10-11 3.58x10-7 1.97X1O-9 1.43X104 1.48x10-19 3.47X1O-I6
Uranium-238 0.0105 0.25 2.4x10-8 6.15x10-lo 1.07X10-5 5.86x10-8 4.27x10-5 4.22x10-*8 9.91X1O-*5
VW (toluene) 0.4 766 1.34X1O”’ 2.32x10-3 3.34X10-7 3.02x10% o 0
Hdth Wk

Hamrdhdexg 1.38x104 4.68x104
ToM beer Ns# 4.37X10-18 1.03X10-*4

a See Appendix E, Tale E.3.>1 for tie OSHA-P~, ACGIH-TLV, NOSH-~L, and other exposure timit values.

b ~=maxi~ly expod individd of the pubfic.

c Hd quotient for ~=boundary annti emissiotireferenw mnrentration.

d Hamrd quotient for worke~l~metcr, 8-hr emissiontipermissible exposure timi~

c Lifetime acer risk for MEI+missions concentrations) x (0.286 [converts mnmnmtions to doses]) x (Slope Factor).

f Lifetime eanmrrisk for workem Emissions for 8-hr) x (0.286 [anverts conmntrations to doses]) x (0.237 [fraction of year expusd]) x (0.571 [fraction of fifetime working]) x (Slope
Faaor). ~

g Ha index~um.of individud harard qUOtientS.

h Toti eanmr risk~um of individurd aur risks.

Now m~~~ m3-bic meteq k~kilo~.

Som OR L= 1995d
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Tdle E.3.&14. RkkAssessments From Exposure to Hawdous Chemti& at Nuckar Fuel Sewties: Bknd to 0.9-Percent Uranyl N~ate
Hexahydrate and Dkcard as Waste

Boudary Worker Bomdary Worker Bomdary Worker
Slope -d 100 Metirs tid 100 Metira bd 100 Metirs

PELa Facbr ~b 8 hours ~lb~ 8 Hoursd ~Ib,e 8 Hod
Chetid (m~m3) (m@m3) (m@#day)-l (m#m3) (m~m3) (m@m3) (m@m3) (m~m3) (m#m3)

C&on monoxide 1.35 55 1.95X1O-3 3.18x10-2 1.44X1O-3 5.77X104 o 0

Uranium-235 0.0105 0.25 2.5x10-8 3.O1X1O-8 4.91X1O-7 2.87x10-6 1.96x106 2.15x10-16 4.75X1O-16

Uranium-238 0.0105 0.25 2.4x10-8 8.97x10-7 1.46x10-5 8.54x10-5 5.85x10-5 6.16X1O-I5 1.36x10-14

VW (toluene) 0.4 766 1.95xlo~ 3.18x10-3 4.87x10A 4.15X104 o 0

Hdti Wk

Hamrd Indexg 2.O2X1O-3 6.42x10A

Toti titer Msp 6.37x10-15 1.41X1O-14

a See Appendix E, Table E.3.3-1 for the OSHA-PEL, ACGIH-TLV, NOSH-REL, and other exposure fimit values.

b MEI=maximdy exposed individud of the public,

c Hmard quotient for MEI=bound~ rumurdemissiontireference mncentration.

d Hamrd quotient for worke~l~meter, 8-hr emissiontipermissible exposure firuit

‘ Lifetime ~cer risk for MEI*missions concentrations) x (0.U6 [converts mncentrations to doses]) x (Slope Factor).
f Lifetime ~mr fisk for Workem @fis5iom for g-hr) x (0.286 [conve~ ~nmn~tio~ ~ doses]) x (0.237 [hCtiOn of year eXpOSed]) X (0.571 [fmction Oflifetime wor~ng]) x (SIOW

Factor). . .

g Hmard index=sum of individud h-d quotients.
h ToM canmr risk=sum of individud titer risks.

Note m~milli~ m3=ubic metec kekilogram.

Sourcti OR LMES 1995d.
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T&k E.3.615. Rkkksessments From Exposure to Hm&w Gemti& at Oak Rtige Resemtin: Bkti to 0.9-Percent Uranyl Meti ad
~cd as Wfrste

Re@aM Exposure Uti-k Factors Etilom Gncentrations H-Quotient &cer ~k

Boundary Worker Boundary Worker Boundary Worker
Slope Annual 100 Metem Annd 100 Meters ~ti 100 Meters

PELa Factor MEIb 8 hours ~lb& 8 Hoursd ~Ib,e 8 Hoursf
Chetid (m~m3) (m#m3) (m@@dayY1 (m~m3) (m#m3) (m@m3) (m@m3) (m#m3) (m#m3)

&bon monoxide 1.35 55 2.22X104 4.26x10-2 1.65x10A 7.74X104 o 0
Uranium-235 0.0105 0.25 2.5x10-8 9.1OX1O-*O 1.74X10-7 8.66X1O-* 6.97x10-7 6.50x10-*8 1.69x10-16
Uranium-238 0.0105 0.25 2.4x10-8 1.34X10-7 2.56x10-5 1.27x10-5 1.03X104 9.18x10-16 2.38x10-*4
VW (toluene) 0.4 766 1.85x10-5 3.55X10-3 4.63x10-5 4.63x10-6 O 0
Hdth Mk

Hamrd Indexg 2.24X104 8.82x104
ToM Cancer Ris@ 9.25X1O-16 2.40x10-*4

a SeeAppendixE,TableE,3.3-1 for the OSHA-PEL,ACGIH-TLV,MOSH-REL,and other exposurefimitvahrw.
b MEI=maximrdlyexposedindividud of the public.
c Hamrd quotientfor MEI=bourrdaryarrnudernissiontireferenceconmntration.
d Hamrdquotientfor worke~l~meter, 8-hrernissiondpermissibleexposure lirni~

c Lifetime cancer risk for MEI-missions concentrations) x (0.286 [converts conmntrations to doses]) x (Slope Factor).

f Lifetime cancer risk for worke~ @missions for 8-hr) x (0.286 [converts conwntrations to doses]) x (0.237 [fraction of yearexposcd]) x (0.571 [fraction of fifetime worting]) x (Slope
Factor).

g Hsmrd index=sum of individurd hasard quotients.
h ToM eanecr nsk=sum of individurd cancer risks.

Note m~milligmm; m3*ubic metec k~kilograrn.

Sourcti OR LM~ 1995c.
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Disposition of Surplus Highly
Enriched UraniumFi~l EIS

~le E,3,416. Risk Asessments From Exposure to H~rdous Chemicah
at Oak Ridge Reservation

1 Huard hdex Canwr Wsk

Boundary Workerc Boundary Workere
Annual 100 Meters Annual 100 Meters

Alternatives ~I%b 8 Hours ~Ia,d 8 Hours

i No Action 3.95X1W2 0.154 0 0

Blend to LEU as 4% UNH for cornrnercid reactor fuel 3.84x104 1.26x10-3 1,21x10”15 2,75x1W14

Blend to LEU as 0.9% UNH and discard as waste 3.84x104 1.26x10-3 1.21X1015 2,75x1W14

Blend to LEU as 0.9% meti and discard as waste 2.24x104 8.82x104 9.25xlW16 2.40x1W14

No Action+ Mternative

I NoAction+ 4% UNH 3.99X1O-2 0.155 1.21X1015 2.75x10-*4

I NoAction+ 0.9%UNH 3.99X102 0.155 1.21X1O-’5 2.75x10-*4

I NoAction+ 0.9%meti 3.97X1W2 0.155 9.25x10-16 2,40x1014

* ~I=maximWyexposedindividti ofthepubfic.
! b Hud index=urn of bdividurd Huard Quotients (noncancer adverse health effats) for ~1..,

c Hamrd index~um of hdividurd Hti Quotients (noncancer adve~ health effects) for Workers.

I d Ltietime cancer risk=@mhions Concentrations) x (0.286 [converts concenwtions to doses]) x (Slope Factor).

I e Lifetime cancer risk=(emissions for 8 hr) x (0.286 [convefi concentrations to doses]) x (0.237 [fraction of year exposed]) x (0.571
[fraction of Medme working]) x (Slope Factor [exposed]) x (0.571 Fraction of Metime working]) x (Slope Factor).

Note: ~=urrmyl nitrate hexahydrate.

I So-OR LM~ 1995b; OR W 1995c; ORL~S 1995& OR-S 1995i.

TableE.3.417. Riskksessments From Exposure to Hawdous Chemical at Savannah River Site

I H=ard hdex CanwrMk
,, Bomdary Workerc Boundary Workere

Annual 100Meters Annual 100Meters
MternativM ~I%b 8 Hours ~Ia,d 8 Hours

I NoAction 5.16x10-3 1.16 1031X1W7 1.94xlo~

Blend to LEU as 4% UNH for commercial reactor fuel 4.26x10-5 1.13X1O-3 lo35xlW16 2,47x1V14

Blend to LEU as 0.9% UNH and discard as waste 4.26x10-5 1.13X1O-3 l,35xl@16 2.47x1U*4
I Kext deleti]

No Action+ Alternative

I No Action+ 4% UNH 5.20xlti3 1.16 1.31X1O’ 1.94xlo~

1 NoAction+ 0.9%UNH 5.20x10-3 1.16 1.31X107 l,94xlo~
I Wext deleted.]

a MBI=maximWy exposed individud of the pubfic,
b H-d index~urn of kdividud Huard Quotients(noncanwradversehealtheffects)for ~1.
c H-d index=urn of kdividd H=ard Quotients(noncanmradverseherdtheffects)forWorkers.

I d Ltietirnecanwr risk=@mWlonsConcentrations)x (0.286[convertsconcentrationsto doses])x (SlopeFactor).
I e Ltietimecancerrisk=(emissionsfor8hr)x (0.286[conve~ concentrationstodoses])x (0.237[fractionofyearexposed])x (0.571

[fractionof Metirneworking])x (SlopeFactor[exposed])x (0.571Fraction of Metimeworking])x (SlopeFactor).
NOWUNH=uranylnitratehexahydrate.
Soum: ORLMN 1995b;ORL- 19954 SRS 1995z2 SRS 1996x1.
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TableE.3.&20. In-Tank Prec@Won Fuil@and ConsoltitedInciner&n Fmili@
Chemtiah and Regufated bvek—Continued

M-m Etilon Wte PEL
Chetid ~b~r) (m~m3)

Chromium(hexavdent)compounds 0.009 1

Cresols(m-,o-, p-) 0.0531 22

Cumene 0.0531 245

Dibutylphthdate 0.0531 5

Dichloroethylether 0.0531 90

Dimethylphthdate 0.0531 5

Dimethylsulfate 0.0531 5

Dioxane 0.0531 360

Epichlorohydrin 0.0531 19

Ethylbenzene 0.0531 435

Ethylenedibromide 0.0531 156.2

Ethylenedichloride 0.0531 411

Ethyleneglycol 0.0531 286

Ethyleneimine(aziridine) 0.0531

Ethyleneoxide 0.0531 1.83

Ethylenethiourea 0.0531

Formicacid 0.0531 9

Furfural 0.0531 20

Heptachlor 0.217 0.5

Hexachlorobenzene 0.0531
Hexachlorobutadiene 0.0531
Hexachloroethane 0.0531 10

HexachlorocyclopenWtiene 0.0531 1.3

Hydrazine 0.0531
Hydrochloricacid 4 7

Hydrogencyanide 3.81 11

Hydrogenfluoride 3.81 2.49

Lead 0.09 0.05

Undane (all isomers) 0.0531 0.5

Maleicanhydride 0.0531 1
Mercury(vapor) 0.02 0.1

MEK 0.0531
Methanol 0.0531 260
Methoxychlor 0.0531 15
Methylchloride 0.0531 210

Methylenechloride 0.0531 1765
Methylhydrazine 0.0531 0.35
Methyliodide 0.0531 28

Methylmethacrylate 0.0531 410
MBK 0.0531
Napthalene 0.0531 50
Nickeloxide 0.054
Nitrobenzene 0.0531 5
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Table E,3.&20. In-Tank Prec@Wn Fail@ and Consoltited Incinerating Facili@
Chemtiah atiRegutied hvek—Continued

Maxinmm Emission Rate PEL
Chernid Obhr) (m#m3)

Parathion 0.217 0.1
, Pentachloroni~obenmpe, , , 0.0531
Pentachlorophenol, 0.0531 0,5
Phenol ,J. 0.0531 19
Phosgene . ,, 0.0531 0.4
Phthtic anhydride > 0.0531 12
Selenium 0.0011 0.2
Sodiumhydroxide 0.05 2
Tetrachloroethylene 0.0531 ‘ 689
Toluene 0.0531 766
Toxaphene 0.217 0.5
Trichloroethylene~CE) 0,0531 546
Mnyl chloride 0.0531
Vlnytidinectioride 0.0531

*~ese ratesare themaximumpotentialetissions andwotid be in compliancewiththe moststringentapplicablestandards(for
example,SCDH~ Standards).

Note me ConsoHdatedhcinerationFacitityincineratesa widerangeofcombustiblehamrdousmixedandlow-levelwastessothat
thechemicalsincludedin thistablewouldkome irmmuous.me h-~ PrecipitationFacitityis partof the pre-treatment
to removemeti/meM saltsfrommaterialspotentitiy releasd fromthe DefenseWasteProcessingFacifity,Whenthese
facilitiesareintegratd intothe DefenseWasteRecessingFaciti~, h~dous chemicalreleasesareexpwtd to be reduced
by seved ordersof magnitude.

NOWlkpoun~ khow, m~mi~~ m3=cubicmeter.
Source SRDOE 1995b;SRPOE 1996a,

I

I

I
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Eo4 HEALTH EmCTS STUD~S:
EP~EMOLOGY

Various epidemiologic studies have been conducted
at some of the sites evaluated in this EIS due to
concern regarding potential adverse health effects
associated with the manufacture and testing of
nuclear weapons. With a few exceptions, most
epidemiological studies of the populations living
near the site have been descriptive in nature and are
what epidemiologists refer to as “ecologic” or
“correlational’ studies. Occupational epidemiologic
studies (that is, studies of works) have been mostiy
andyticd, The various epidemiologic studies, rdong
with their assumptions and firnitation are described in
Section E.4.2 through E.4.5. These studies focus on
the workforce and residents of communities
surrounding DOE and commercial sites. The
epidemiology articles related to the disposition of
surplus HEU include studies conducted at ORR,
SRS, B&W, and NFS and in communities
surrounding these sites. Currently, the only action
being taken with surplus HEU is interim storage,
which takes place only at the Y-12 Plant at Oak
Ridge, Tennessee. A number of options are under
consideration, which may affect activities at the Y-
12 facitity and the SRS. ~o other locations that are
not DOE facilities, but may be affected, are B&W
and NFS,

E,4,1 SmY D~IGNS

Adverse health effects associated with ionizing
radiation exposure were first identified about 60
years ago. Studies published in the 1930s first
documented cancer among painters who used radium
to paint watch dids from 1910 to 1920. Radiation
therapy for disease has been used since the 1930s,
and studies have shown that the risk of cancer is
related to the amounts of radiation received. Nuclear
weapons research and manufacture, and consequent
exposure to radiation, began in the late 1930s.
Exposure to radionuclides has changed over time,
with higher levels occurring in the early days of
research and production. Due to concern regarding
potential adverse health effects, numerous
epidemiologic studies have been conducted among
workers who manufactured and tested nuclear
weapons. More recently, concerns about offsite
radiologic contaminants have resulted in health
studies among communities that surround DOE

facfities. The following section gives an overview of
epidemiology followed by a review of epidemiologic
studies for sites evaluated in this EIS.

Epidemiology is the study of the distribution and
determinants of disease in human populations. The
distribution of disease is considered in relation to
time, place, and person. Relevant population
characteristics should include the age, race, and sex
distribution of a population, as well as other
characteristics related to health, such as social
characteristics (for example, income and education),
occupation, susceptibility to disease, and exposure to
specific agents. Determinants of disease include the
causes of disease, as well as factors that influence the
risk of disease.

E.4.1.1 Ecologic Studiw

&ologic studies compare the frequency of a disease
in groups of people in conjunction with simple
descriptive studies of geographical information in an
attempt to determine how health events among
populations vary with levels of exposure. These
groups may be identified as the residents of a
neighborhood, a city, or a coun~ where demographic
information and disease or mortality data are
avtiable. Exposure to specific agents maybe defined
in terms of residential location or proximity to a
particular area, such as distance from a waste
disposrd site. h example of an ecologic study would
bean examination of the rate of heart disease among
community residents in relation to the quality of their
drinking water.

The major disadvantage of ecologic studies is that the
measure of exposure is based on the average level of
exposure in the community, when what is needed is
each individud’s exposure. fiologic studies do not
take into account other factors, such as age and race,
that may dso be related to disease. These types of
studies may lead to incorrect conclusions, known as
“ecologic fallacies.” For the above example, it
would be incorrect to assume that the level of water
hardness influences the risk of getting heart disease.
Despite the obvious problems with ecologic studies,
they can be a useful first step in identifying possible
associations between risk of disease and
environment exposures. However, because of their
potential for bias ecologic studies should never be

,’,. ,. .,..



Disposition of Surplw Highly
Enriched UraniumFinal EIS

considered as more than an initial step in an
investigation of the cause of a disease.

E.4.1.2 Cohort Studies

The cohort study design is a type of epidemiologic
study frequently used to examine occupational
exposures within a defined workforce. A cohoti.study
requires a defied population that can be classified as
being exposed or not exposed to an agent of interes~
such as radiation or chemicals that influence the
probability of occurrence of a given disease.
Characterization of the exposure maybe qurditative
(for example, high, low, or no exposure) or very
quantitative (for example, radiation measured in rem,
chemicals in parts per million). Surrogates for
~xposure,such asjob titles, are frequently used in the
absence of quantitative exposure data.

,,

Individuals included in the study population are
tracked for a period of time and fatities recordd. h
general, overall fatality rates and cause-specific
fatrdity rates have been determined for workers at the
EIS sites. Fatality rates for the exposed worker
population are compared with fatality rates for
workers who did not have the exposure (internal
comparison), or are compared witiexpected fatiity
rates based on the U.S. population or State fatality
rates (extemd comparison). E the fatiityrates differ
from what is expmted, an association is said to exist
between the disease and exposure. k cohorts where
the exposure has not been characterized, excess
mortrdity can be identified. However, these fatilties
cannot be attributed to a specific exposure, and
additional studies may be warranted. More recent
studies have looked at other disease endpoints, such
w overrdland cause-specific cancer incidence (newly
iiagnosed) rates,

Most cohort studies at the EIS sites have been
historical cohort studies (that is, the exposure
]ccurred sometime in the distant past). These studies
rely on past raords to document exposure. This type
of study can be problematic if exposure records are
incomplete or were destroyed. Cohort studies require
extremely large populations that have been followed
for 20 to 30 years. They are generally difficult to
conduct and are very expensive. These studies are not
well suited to studying diseases that are rare. Cohort
studies do, however, provide a direct estimate of the
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risk of fatality from a specific disease, and allow an
investigator to look at many disease endpoints.

E.4.1.3 Case-Control Studies

The case-control study design starts with the
identification of persons with the disease of interest
(case) ad a suitable comparison (control) population
of persons without the disease. Controls must be
persons who are at risk for the disease and are
representative of the population that generated the
sases. The selection of an appropriate control group
is often quite problematic. Cases and controls are
Lhencompared with respect to the proportion of
individuals exposed to the agent of interest. Case-
:ontrol studies require fewer persons than cohort
;tudies, and, therefore, are usually less costly and less
ime consuming, but are limited to the study of one
disease (or cause of fatality). This type of study is
well suited for the study of rare diseases and is
genertiy used to examine the relationship between a
specific disease and exposure.

E.4.1.4 Definitions

Unfamiliar terms frequently used in epidemiologic
studies, including those used in this document, are
definedbelow.

Age, gender, and cigarette smoking are the principrd
determinants of mortality. Standardization is a
~tatisticd method used to control for the effects of
~ge, gender, or other characteristics so that fatality
:ates may be compared among different population
youps. There are two ways to standardize rates: the
ndirect method and the direct method. h Eenerd, the
ndirect method of standardization is mos~fiquently u

Indirect standardization: The disease
rates in the reference (comparison)
population are multiplied by the number
of individurds in the same age and gender
groups in the study population to obtain
the expected rate of disease for the study
population. ‘

Direct standardization: The disease rates
in the study population are multiplied by
the number of individuals in the same age
and gender groups in the reference

,C — —-z _ ——. ———... —
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(comptison) population. ~Is gives the
expected rates of disease for the reference
population if these rates had prevailed in
that group.

Standardized mofity ratio (SMR): The SMR is
the ratio of the number of fatiities observed in the
study population to the number of =pected fatrdities.
The expected number of fatalities is based on a
reference (or comparison population). Fatity rates
Forthe U.S. (or State) population are most fiquentiy
used as the comparison to obtain expected rates. An
SMR of 1 indicates a similar risk of disease in the
study population compared with the reference
population. An SMR greater than 1 indicates excess
tisk of disease in the study population compared with
tie reference group, and an SMR less than 1 indicates
a deficit of disease.

Relative risk The ratio of the risk of disease among
the exposed population to the risk of disease in the
unexposed population. Relative risks are estimated
from cohort studies.

Odds ratio: The ratio of the odds of disease if
~xposed to the odds of disease if not exposed. Under
:ertain conditions, the odds ratio approximates the
relative risk. Odds ratios are estimated from case-
:ontrol studies.

~,

E.4.2 OAK ~GE -ERVAnON, OAK
~GE, TN

E.4.2.1 Surrounding Communitiw

The population-based National Cancer Institute
mortatity survey for selected nuclear facilities ~
Publication No. 90-874, July 1990; JAMA
1991a: 1403-1408) examined the cancer mortality
within a 50-mile radius around several nuclear
facilities, including Anderson and Roane counties.
Yo excess cancer mortality was observed in the
?opulation living in the exposed counties when
>ompared to the U.S. white male population, nor
when compared to the population of the control
;ounties (Blount, Bradley, Coffee, Jefferson,
Hamblen, TN, and Henderson, NC), nor when time
kends were assessed. ‘

Tennessee Medical Management, Inc., used data
from the Tennessee Cancer Reporting System to
compare mortality and incidence data for counties

near Oak Wdge, Tennessee to the U.S. population for
the 3-year period 1988 to 1990 (TMM 1993a). For
Oak Ridge, total fatalities from all causes was
significantly lower than expected. For Anderson
County, the observed number of fatalities from
uterine cancer and from cancer of respiratory and
intrathoracic organs ~was statistically greater than’
expected, and’the number of fatalities from brain
cancer, breast cancer, and the “all other sites”
category were lower than expected for Anderson
County. For Roane County, the number of fatiities
from cancer of the respiratory and intrathoracic
organs was statistically greater than expected; the
number of fatalities from cancer of the digestive
organs and the peritoneum, from uterine cancer and .
from tip, ord cavity, and pharynx cancer was lower
than exp~ted.

Tennessee Medical Management, Inc., examined
new (incident) cancer cases and identified the
following statistically significant: For Anderson
County, the observed numbers of cases of cancer of
the prostate, lung, and bronchus were greater than
expected.’ Leukemia, stomach and small intestine ‘
cancers, and cancers of the colon and intestinal tract
were lower than expected. For Roane County, the
number of cases of cmcer of the lung and bronchus
was greater than expected. Non-Hodgkins
lymphom% female breast cancer, esophageal cancer,
cancer of the pancreas, and cancer in dl sites were
lower than expected. The only consistent excess
reported for both cancer mortality and cancer
incidence was for cancer of respiratory and
intrathoracic organs.

Because of a concern for possible contamination of
the population by mercury, the Tennessee
Department of Environment and Conservation
Previously the Tennessee Department of Health and
Environment) conducted a pilot study in 1984 (TN
DHE 1984a). The study showed no difference in
tie or hair mercury exposures (residence or activity
in contaminated of fish caught in the contaminated
areas) compared to those with little potential
exposure. Mercury levels in some soils measured as
high as 2,000 parts per miflion @pm). Analysis of a
few soil samples showed that most of the mercury in
the soil, however, was inorganic, thereby lowering
the probability of bioaccumulation and health effects.
Examination of the long-term effects of exposure to
mercury and other chernicrds continues.
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E,4,2.2 ~ State Health Agreement Program

Under the State Heakh Agreement program managed
by the DOE’s Office of Epidemiologic Studies, a
grant was awarded to the Tennessee Department of
Environment and Conversation (previously the
Tennessee Department of Heakh and Environment).
The purpose of the grant was to determine the extent ~
of exposure to contaminants among workers and
residents of the surrounding community as a result of
ORR operations, and to assess the current status of
health outcomes and determine their potential
association with these exposures.

A dose reconstruction feasibility study began in
1992, with the contract awarded by the State of
Tennessee to ChemRisk. After performing an
extensive review of Oak Ridge documents ChemRisk
concluded that sufficient information exists to
reconstruct past releases and offsite doses caused by
radioactive and hazardous materials. They also
concluded that doses from mercury, polychlorinated
biphenyl @CBs), radioactive iodine, and radioactive
cesium may have been great enough to cause harmful
heakh effects in the offsite population. Based on this
information, a full dose reconstruction study was
initiated in August 1994.

Other activities supported under the grant include
development of a birth defects registry; a quality
improvement program for the Tennessee cancer
registry; a review and evaluation of the DOE
~ccupational medical program; and the
implementation of a community participatiotipublic
information program,

rechnicd support to the State health department is
?rovided by a 12 member Oak Ridge Health
4greement Steering Panel. The Health Advisory
?anel provides direction and oversight to those
working on heakh studies, ensures public input, and
nforms the public of activities related to the heakh

studies. A representative of the Centers for Disease
Control and Prevention’s National Center for
Environmental Health is a member of the advisory
panel. A representative from DOE serves as an ex-
~ficio member.

E.4,2.3 Workers

Between 1943 and 1985, there were 118,588 male
and female individuals of rdl races who were ever
employed in any of the Oak Ridge facilities. These
included Oak Ridge National Laboratory (ORNL)
for nuclear research (also crdled the X-10 Facility),
Y-12 under management of the Tennessee-Eastman
Corporation (1943 to 1947) which produced enriched
uranium by the electromagnetic separation process,
Y-12 under management of Union Carbide (1948 to
1984) which fabricated and certified nuclear
weapons parts, and K-25 (Oak Ridge Gaseous
Diffusion Plant) which produced enriched uranium
through the gaseous process, Analyses at the Oak
Ridge facilities have been carried out mostly for
white males, and for specific cohorts taking into
consideration time-related exposure risks,

Oak Ridge National Laboratory, The mortality
?xperience of 8,375 white males employed at least a
month between 1943 and 1972 at ORNL was
:ompared with the U.S. white mde population using
3MR analyses in a 1985 paper by Checkoway, et d,
[B~ 1985~525-533). rncreases in fatalities from
leukemia (SMR=l .49, 16 observed, 95 percent
:onfidence intervrd [Cm for range 0,31-4.38), cancer
>f the prostate (SMR=l .16, 14 observed, 11,9
>xpected), and Hodgkin’s disease (SMR=l ,10, 5
)bserved, 3,7 expected) were observed, although
lone were statistically significant. Dose response
mrdyses were performed for all causes of fatalities
>ombined, all cancers combined, leukemia, and
?rostate cancer comparing exposed worker fatality
.ates with non-exposed worker fatality rates.
>osimetry data were available for the entire period of
he study with the totrd population external radiation
iose measuring 13,500 person-rem, No dose
‘esponsegradients were observed. Fatrdity rates were
:rdculatedfor 11 different job categories by length of
ime in each job in an attempt to determine whether
;pecific work environments were related to cancer
md leukemia, Leukemia mortality was observed to
be related to length of employment in engineering
md maintenance jobs.

Followup of this cohort was expanded through 1984
in an updated study by Wing et al. (JAMA
1991a 1397-1402). Again, fatrdity rates in the worker
population were compared with those in the U,S,
population. Non-statistically significant increases
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were noted for cancers of the pancreas (SMR=l.09,
25 observed, 95 percent CI for range 0.71-1.61),
prostate (SMR=l.05, 26 observed, 95 percent CI for
range 0.68-1.53), brain (SMR=l.04, 15 obsemed, 95
percent CI for range 0.58-1.72), and lymphosmcom
andor reticulosarcoma (SMR=l.05, 9 obsemed, 95
percent CI for range 0.48-1.99). There was a
significant increase in fatalities from leukemia
[SMR=l.63, 28 observed, 95 percent CI for range
1.08-2.35). The total population external radiation
dosewas 14,400 person-rem. Dose response analyses
performed for dl causes except cancer, lung cmcer,
and leukemia did not demonstrate a relationship
between level of extemrd radiation and increased risk
of fatality from these outcomes. There was a
significant dose response relationship (4.94 percent
per rem) between cancer fatalities and level of
extemd radiation dose using models with a 20-year
lag. A subgroup of workers who were monitored for
intemd contamination had non-statisticdy elevated
SMRS for cancer of the prostate (SMR=l.12,
10 observd, 95 percent CI for range 0.53-2.05) and
lymphosarcoma andor reticulosarcoma (SMR=l.65,
6 observed, 95 percent CI for range 0.60-3.59). The
workers monitored for intemd contamination had a
statistically significant elevated SMR for leukemia
(SMR=2.23 16 observed, 95 percent CI for range
1.27-3.62).

A second publication on the above data set examined
the effect of controlling for a number of possible
selection and confounding factors on the risk
coefficient for all cancer dose responses
(AJM 1993a265-279). Models were adjusted for
the following variables with little change in the
previously reported risk coefficien~: employment
during the World War ~ era shoti-term employment
iob category, and exposure to beryllium, lead, and
mercury. The authors concluded that the previously
calculated dose response estimate was fairly stable
when adjustments were made for a wide range of
potential confounders that were not explored in the
earlier study.

Y-12 Plant. The Y–12 Plant is a nuclear weapons
materials fabrication plant where the radiologic
exposure of greatest concern is internal exposure
from the inhalation of uranium compounds. The
rennessee Eastman Corporation managed the plant
~rom1943 to 1947. Polednak and Frome reported a
followup through 1974 of all 18,869 white male

workers employed at Y-12 from 1943 to 1947 (JOM
1981a: 169-178). The workers included those
exposed to internal (alpha) and external (beta)
radiation through the inhalation of uranium dusts,
electrical workers who performed maintenmce in the
exposed areas, and other non-exposed workers.
rndividud measures of exposure were not available
for any members of Wls cohort, so exposure levels
were inferred horn plant areas of work and jobs. Mgh
average air levels of uranium dust were documented
in departments employing chemical workers.
Elevated SMRS were observed for mental,
psychoneurotic, personality disorders (SMR=l .36,
33 observed, 24.2 expected), emphysema
(SMR=l.16, 100 observed, 85.89 expected), diseases
of the bones ad organs of movement (SMR=l.22, 11
observed, 8.49 expected), lung cancer (SMR=l .09,
324 observed, 296.47 expected), and extemd causes
of fatality (SMR=l.09, 623 observed, 571.77
expectd). The lung cancer SMR was greater among
workers employed for 1 year or more compared with
workers employed less than 1 year and was more
pronounced in workers hired at the age of 45 or older
(SMR=l.51; 95 percent CI for range 1.01-2.31). Of
the workers employed after the age of 44, the SMR
for lung cancer was greatest for electrical workers
(S~=l.55, 7 observed, Freeman-~key deviation
D] is 1.11), dphachetis~ workers (SMR=3.02, 7
observed, D is 2.27) and beta process workers
(SMR=l.51, 11 observed, D is 1.30).

During the early operation of the Y-12 Plant, from
1942 to 1947, a group of mde workers was exposed
to phosgene gas on a chronic basis @=694), and a ~
smaller group of males received acute exposures
(N=106) along with a group of females (N=91)
@R 1980a357-367; ~ 1985a137-147). A control
group of 9,280 workers who dso worked at Y-12
during the same er% but who did not have phosgene
exposure, was also described. All groups were
foflowed through the end of 1978. The SMRS for the
chronically exposed group and the control group
were stiar for dl causes examined. There was no
evidence of increased mortality from respiratory
diseases in this group, and the SMR for lung cancer,
whfle elevated, was similar to the lung cancer SMR
for workers in the rest of the plant. Among those with
acute exposures, the SMR for respirato~ diseases
was elevated (SMR=2.66, 5 observed, confidence
factor not provided), and this elevation may be
related to residual lung damage from the acute
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phosgene exposure. It was difficult to trace the viti
status of the 91 women; therefore, description of
these highly-exposed workers was limited to listing
the frequency of their initial symptoms after
exposure. As expected, nause~ votiting, and cough
were the most frequently reported symptoms.
Unexpectedly, the women experienced a lower
frequency of pneumonitis than their male
counterpm.

The portion of the Y–12 cohort employed between
1947 and 1974 was described in a study by
Checkoway et al. (AJE 1988a:255-366). This study
included 6,781 white mde workers first employed at
Y-12 between 1947 and 1974 who were employed
Forat least 30 days. Mortrdity data were co~ected for
the cohort through the end of 1979 and were used to
perform SMR and cause-specific dose-response
mrdyses, Non-statisticrdly significant increases were
)bserved for rdl cancers (SMR=l .01, 196 observed,
)5 percent CI for range 0.88-1.17), diseases of the
)Iood-forming organs (SMR=l .48, 3 observed,
95 percent CI for range 0.31-4.38), kidney cancer
(SMR=l ,22, 6 observed, 95 percent CI for range
0.45-2.66), brain cancer (SMR=l.80, 14 observed,
95 percent CI for range 0.98-3.03), and other
lymphatic cancers (SMR=l .86, 9 observed,
95 percent CI for range 0.85-3.53). A statistically
significant increase in fatalities from lung cancer
(SMR=l.36, 89 observed; 95 percent CI for range
1,09-1.67) was observed compared with the U.S.
lung cancer rates, but not with Tennessee lung cancer
rates (SMR=l.18, 95 percent CI for range 0.95-1.45).
Dose-response analyses for lung cancer and internal
alpha radiation dose and extemrd gamma radiation
iose did not reverda positive relationship for a O-year
jr 10-year lag. Examination of lung cancer rates
distributed across both internal and external dose
:ategories suggested a dose-response with external
.adiation dose among individurds who had 5 rem or
nore of intemrd dose. Brain cancer was not related to
he level of intemrd or extemrd radiation dose.

rhe Y-12 cohort studied by Checkoway was updated
hrough the end of 1990 by Loomis and Wolf and
ncluded African-American and white female
Yorkers(AJ~ 1996a 131-141). The dose-response
ndyses were not included in the update; therefore,
~nlySMR analyses are reported here. For rdlworkers
sxamined as a group, non-statistically significant
?Ievations were observed for cancer of the pancreas

(SMR=l.36, 34 observed, 95 percent CI for range
0.94-1.90), skin cancer (SMR=l .07, 11 observed,
95 percent CI for range 0.59-1.92), breast cancer
(females only, SMR=l.21, 11 observed, 95 percent
CI for range 0.60-2.17), prostate cancer (SMR=1,31,
36 observed, 95 percent CI for range 0.91-1.81),
kidney cancer (SMR=l.30, 16 observed, 95 percent
CI for range 0.74-2.11), brain cancer (SMR=l.29, 20
observed, 95 percent CI for range 0.79-2.00), cancers
of other lymphatic tissues (SMR=l .32, 22 observed,
95 percent CI for range 0.82-1.99), and diseases of
the blood-forming organs (SMR=l .23, 6 observed,
95 percent CI for range 0.45-2.68). The SMR for lung
cancer was statistically significant (SMR=l ,17, 202
observed; 95 percent CI for range 1.01-1.34),
particularly in the white male segment of the
population (SMR=l.20, 194 observed 95 percent CI
for range 1.04-1.38). Examination of the lung cancer
mortality by year of hire, latency, duration of
employment, and crdendar year at risk indicated the
excess was confined to those who were first hired
before 1954 (SMR=l .27, 161 observed, confidence
factor not provided), and was greatest in persons
employed 5 to 20 years with 10 to 30 years of
followup. Elevated lung cancer fatalities were first
evident between 1955 and 1964 and continued to
increase from 1975 to 1979, followed by a decrease
in lung cancer fatrdity rates,

Between 1953 and 1963 the Y-12 Plant used
mercury in a process to produce large quantities of
enriched lithium. Cragle et al. studied all workers
employed at Y–12 at least 5 months between
January 1, 1953, and April 30, 1958 (N=5663)
(JOM 1984a:817-821). This group was categorized
into workers exposed to mercury and workers not
exposed to mercury based on results of urinalysis
data supplied by the plant, Vltd status followup was
complete through the end of 1978, and SMRS were
calculated. Compared with non-exposed workers,
fiere were no differences in the mortality patterns for
(1) mercury exposed workers as a whole, (2) workers
with the highest mercury exposures, and (3) workers
employed more than a year in a mercury process. The
authors of this study acknowledge that mortality is
not the optimal endpoint to assess health effects
related to mercury exposure.

The mercury workers were involved in a clinical
study by Albers et al. who examined 502 Y-12
workers, 247 of whom worked in the mercury
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process 20 to 35 years prior to the examination (AN
1988a:651-659) . Correlations between declining
neurological function and increasing exposure were
identified. An exposure assessment was determined
for each mercury worker during the time of
employment in the mercury process. Study subjects
who had at least one urinalysis equal to or greater
than 0.6 mg/1of mercury showed decreased strength,
coordination, and sensation along with increased
tremor, and prevalence cf Babinski and snout
reflexes when compared with the 255 unexposed
workers. Clinical polyneuropathy was associated
with the level of the highest exposure, but not with
the duration of exposure.

K-25 Site. The K–25 Site enriched uranium
beginning in 1945 using a gaseous diffusion process.
There was potential exposure to uranium dust,
oxidized uranium compounds, uranium hextiuoride,
and a number of chemical compounds used in the
process. h later years of operation, the gas centrifuge
process was used to enrich urmium. No anrdyses of
fatality rates for this population have been publishem
however, health effects have been studied.

Powdered nickel was used at K–25 in the production
of the barrier material used to separate and enrich
uranium. Workers who fabricated the barrier material
were exposed to nickel powder through inhalation.
Cragle et rd. (WC 1984X57-63 updated an earfier
study by Godbold et d. (JOM 1979a799-806) of 814
workers who were employed in the manufacture of
barrier material between 1948 and 1953. A
comparison group of whhe males employed at K–25
sometime between 1948 and 1953 (N=7552) was
also selected. The SMRS in the barrier group were
similar to those in the non-barrier worker group for
most noncancer outcomes. The nickel workers were
noted to have a higher rate of fatihy from cancers of
the buccal cavity and pharynx (SMR=2.92,
3 observed, 95 percent CI for range 0.59-8.54) than
the non-nickel workers (SMR=O.23, 3 observed,
95 percent CI for range 0.05-0.67). When the directly
standardized rates were compared, the rate of buccd
cavity and pharynx cancer in the nickel workers was
approximately 19 times higher than the rate in the
non-nickel workers. The authors of this study
acknowledged that the number of cases is quite small
and recommended additionrd followup to determine
if this trend continued. There were no nasal sinus
cancers observed in the worker population exposed

to metiic nickel, in contrast to the results of studies
of workers in nickel refineries, where the rates of
sinus cancer related to nickel compounds are quite
high.

K-25 workers employed in the gas centrifuge
process were the focus of an interview study by
Cragle et d. (AOEH 1992a826-834). The study was
conducted in order to determine the incidence rate for
cancer and illness symptoms among workers
exposed to epoxy resin and solvents prevrdent in the
process. A toti of 263 workers determined to have
worked longest and closest to the process were
compared with 271 employees employed at the plant
during the same time, but who did not work in the
centrifuge process. The centrifuge workers and the
non-centrifuge workers had similar overall cancer
incidence rates. However, the centrifuge workers
reported five incident bladder cancers versus none
reported by the non-centrifuge group. The centrifuge
workers also reported significantly more rashes,
dizziness, and numb or tingling limbs during
employment, which are symptoms associated with
high solvent exposure. One of the epoxy resins used
in the early years of the process was a potential
bladder carcinogen, but none of the workers with
bladder cancer had jobs that required routine, hands-
on work with that material. A specific causative agent
for the increase in bladder cancer was not identified.

Combined Oak Ridge Reservation Facilities.
Frome et d. reported on the motity experience of
World War II workers employed at three ORR
facilities between 1943 and 1947 (RR 1990a138-
152). Poisson regression analyses were used to
control for potential confounders such as facifity of
employment, socioeconomic status, period of
fo~owup, and birth year. The cohort included white
males employed at any Oak Ridge facflity at least 30
days between the start of the operation and 1947 and
were never employed at an Oak Ridge facility after
1947 (N=28,008). Elevated mortality was
statistically significant for all causes (SMR=l. 11,
11,671 observed, 10,537 expected), tuberculosis
(SMR=l.37, 108 observed, 78 expected), mental,
psychoneurotic, and personality disorders
(SMR=l.60, 81 observed, 50 expected),
cerebrovascular disease (SMR=l .11, 833 observed,
753 expected), diseases of the respiratory system
(SMR=l .25, 792 observed, 634 expected),
emphysema (SMR=l.24, 209 observed, 168
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expected), dl accidents (SMR=l ,28, 694 observed,
542 expected), and motor vehicle accidents
(SMR=1,44, 339 observed, 235 expected). The only
elevated site-specific cancer that was statistically
significant was lung cancer (SMR=l .27, 850
observed, 667 expected). A surrogate for radiation
exposure based on a worker’sjob and department was
used to indicate the probability of exposure. This
surrogate for actual radiation exposure was not
associated with increased rates of cancer.

Carpenter investigated earlier reports of an
association between brain cancer and employment at
Y-12 by conducting a case-control study of workers
employed between 1943 and 1977 at ON or Y–12
(JOM 1987a:601-604). Cases consisted of 72 white
mrdes and 17 white females with brain cancer. Four
:ontrols were selwted for each case matched on age,
sex, cohort, year of birth, and year of hire, Analyses
with respect to internal and external radiation
exposures indicated no association with brain cancer,
Two companion papers were dso pubfished from this
case-control study, one examined relationships
between brain cancer and chernicd exposures (~
1988a:351-362), and the other examined
nonoccupational risk factors (AJPH 1987a: 1180-
1182), No statistically significant association
between the use of 26 chemicrds evaluated and the
risk of brain cancer was observed. The chemicals
evaluated included those encountered in welding
fumes, beryllium, mercury, 4,4-methylene bis 2-
chloroaniline or MOCA, cutting oils, thorium,
methylene chloride, and other solvents. Excess brain
cancer was observed, however, among individurds
smployed for more than 20 years (odds ratio=7.0, 9
sases; 95 percent CI 1.2-41.1). Analysis of 82 cases
with complete medical records revealed an
~ssociation with a previous diagnosis of epilepsy
:odds ratio=5.7, 4 cases; 95 percent CI 1.0-32.1)
:ecorded for pre-employment and health status
:Ollowup.

Causes of fatality among white male welders
(N=1,059) employed between 1943 and 1973 at the
Y-12 Plant, the K–25 Site, and 0~ were studied
by Polednak (AEH 1981a:235-242). Based on
fatalities reported through 1974, motiity from rdl
causes for welders was slightly lower than that
expected based on fatii~ rates for U.S. white males
(SMR=O.87,173 observed, 199 expected, 95 percent
confidence for range 0.75-1 .01). Non-statistically

significant decreases in mortrdity were dso observed
for all cancers (SMR=O.88, 32 observed, 36,57
expected, 95 percent confidence for range 0,60-1.23),
especirdly digestive cancer (SMR=O.49, 5 observed,
10.3 expected, 95 percent confidence for range 0,16-
1.14); diseases of the circulatory system (SMR=O.74,
72 observed, 97.51 expected, 95 percent confidence
for range 0.58-0.94); diseases of the digestive system
(SMR=O.76, 9 observed, 11.86 expected, 95 percent
confidence for range 0.35- 1.44); and accidents
(SMR=O.89,16 observed, 17.86 expeoted, 95 percent
confidence for range 0.51-1 .44). Non-statistically
significant increases were noted for lung cancer
(SMR=l.50, 17 observed, 11.37 expected, 95 percent ‘
confidence for range 0.87-2.40); diseases of the
respiratory system (SMR=l .33, 13 observed, 9.77
?xpected,95 percent confidence for range 0,71-2.27),
:specitiy emphysema (SMR=2,21, 6 observed, 2,71
expected, 95 percent confidence for range 0,81-4.82);
and suicide (SMR=l.64, 10 observed, 6.09 expected,
95 percent confidence for range 0.79-3,02). A sub-
group of welders N=536) exposed to nickel oxides
(possible respiratory carcinogens) at K-25 were
compared with welders at the other two facilities
(N=523). The risk of lung cancer and other
respiratory diseases did not differ between the two
groups.

Combined Nuclear Sites. Workers at ORR have
been included in several studies that have examined
occupational risks across the nuclear complex, both
in the United States and internationally. These
sombined studies have been undertaken in an attempt
[o increase the statisticrd power of the studies to
ietect the effects of low-level chronic radiation
>xposure.

Y-12 workers were included in a lung cancer case-
:ontrol study of workers from the Fernald Feed
Uaterials and Production Center cohort and the
Wdlinckrodt Chemicrd Works cohort. Dupree et rd.
~onducted a nested case-control study of lung cancer
~=787) to investigate the relationship between lung
cancer and uranium dust exposure
@epidemiology1995a370-375). Eligible cases were
smployd at least 183 days in any of the facilities and
died before January 1, 1983, with lung cancer listed
anywhere on the death certificate. Inclusion of
fatalities through 1982 allowed over 30 years of
~bsemation at each facility. One control was matched
[o each case on facility, race, gender, and birth and
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hire dates within 3 years. Data collected on ti study
members included smoking history, first pay code (a
sutiogate for socioeconomic status), complete work
histories, and occupational radiation monitoring
records, Annual radiation lung dose from deposited
uranium was estimated for each study member.
Annual external whole body doses from gamma
radiation were determined for workers who had
personal monitoring data available, Potential
confounders considered in the analysis were smoking
(ever/never used tobacco) and pay code (monthly/
non-monthly), With a 10-year lag, cumulative lung
doses ranged from 1 to 137 rad for cases and from O
to 80 rad for controls. The odds ratios for lung cancer
mortality for seven cumulative internal dose groups
did not demonstrate increasing risk with increasing
dose. An odds ratio of 2.0 was estimated for those
exposed to 25 rad or more, but the 95 percent
confidence interval of -.20 to 20 showed great
uncertainty in the estimate. There was a suggestion of
an exposure effect for workers hired at age 45 years
or older.

A combined site mortality study included workers
from ORNL, the Hanford Site, and the Rocky Hafi
Plant (RR 1993m408-421). Ear~er analyses of these
cohorts indicated that risk estimates calculated
through extrapolation from high-dose data to
low-dose data did not seriously underestimate risks
of exposure to low-doie radiation (~ 1990a:917-
927; RR 1989ti19-35). The updated anrdyses were
performed in order to determine whether the
extrapolated risks represented an overestimation of
the true risk at low doses. The study population
consisted of white males employed at one of the three
facilities for at least 6 months and monitored for
external radiation. The Hanford population also
included females and nonwhite workers, The total
population dose was 123,700 person-rem, Analyses
included trend tests for site-specific cancer fatalities
and several broad noncancer categories, Statistically
significant trends were noted for cancer of the
esophagus, cancer of the larynx, and Hodgkin’s
disease, These cancers were not related to radiation
exposure levels in previously published studies.
Excess relative risk models were calculated for the
combined DOE populations and for each DOE site
separately. Without exception, all risk estimates
included the possibility of zero risk (that is, the
confidence interval for the risk coefficient went from
below zero to above zero). There was evidence of an

increase in the excess relative risk for cancer with
increasing age in the Hanford and ORNL .
populations; both populations showed significant
correlations of dl cancer with radiation dose among
those 75 years and older. ~ ‘

An international effort to pool dab from populations I
exposed to external radiation included the ORNL
population, in addition to other radiation worker
populations in the United States, Canada, and Britain
@ 1995a:l17-132). The cohort comprised 95,673
workers (85.4 percent men) employed 6 months or
longer, and the population dose was 384,320 person-
rem. There was no evidence of an association
between radiation dose and mort~ty from dl causes
or from dl cancers. There was a significant dose-
response relationship with leukemia, excluding
chronic lymphocytic leukemia (excess relative
risk=2.18 per SV 90 percent CI for range 0.1-5.7)
and multiple myeloma (excess relative risk not
computed; 44 observed). The study results do not
suggest that current radiation risk estimates for
cancer at low levels of exposure are appreciably in
enor.

E.4,2.4 Memorandum of Understan~ng

The Department of Energy entered into a
Memorandum of Understanding with the
Department of Health and Human Services to
conduct health studies at DOE sites. The NOSH is
responsible for the conduct and management of
worker studies.

The following studies at ORR are managed by
NOSH with funding from DOE: a study of multiple
myeloma among workers at the K-25 Site at Oak
Ridge (expected completion date 1996); a multisite
study to assess the potential association between
paternal exposure to ionizing radiation and the risk of
leukemia in offspring of exposed male workers; a
study of necrologic health outcomes in workers
exposed to high levels of mercury between 1953 and
1963; studies of mortality among Oak Ridge
workers; a mdtisite study of mortality among femrde
nuclear workers; a multisite exposure assessment of
hazardous waste/cleanup workers; a chronic
beryllium disease study; and a multisite study of heat
stress and performance among cqenters.
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E.4,3 SAVANN~ WER Sm, -N, SC

The SRS, established in 1953 in Aiken, South
Carolina, produces plutonium, tritium, and other
nuclear materirds. There are reports that dlions of
curies of tritium have been released over the years
both in plant exhaust plumes and in surface and
groundwater streams @D 1982a135-152).

E.4.3.1 Surrounding CommutitiW

[n 1984, Sauer and Associates examined morttity.
rates in Georgia and South Carolina by distance from
the Savannah River Plant (now known as the
Savannah River Site) (SR duPont 1984a). Mortrdity
rates for areas near the plant were compared with
U.S. rates and with rates for counties located more
than 50 miles away. Breast cancer, respirato~ cancer,
leukemia, thyroid cancer, bone cancer, indignant
melanoma of the skin, non-respiratory cancer,
congenital anomalies or birth defects, early infancy
fatrdityrates, stroke, or cardiovascular disease in the
populations living within 50 ties of the plant did not
show any excess risk compared with the reference
populations,

E.4.3,2 Stite Health Agreement Progrmn

Underthe State HerdthAgrwment program managed
~ythe DOE Office of Epidemiologic Studies, a ~ant
was awarded to the Medical University of South
Carolina in 1991 to develop the Savannah River
Region Health kformation System. The purpose of
the Savannah River Region Health Information
System database was to assess the health of
populations surrounding SRS by tracking cancer
rates and birth defects rates in the area. hformation
from the registry is available to public and private
health care providers for use in evrduating cancer
:ontrol efforts. A steering committee provides advice
:0 the Savannah River Region Herdth kformation
System and communicates public concerns to
$avannah River Region Health hforrnation System,
:t consists of 12 community members and persons
Withtechnical expertise representing South Carolina
~d Georgia.

3.4.3,3 Workers:

A descriptive mortality study was conducted that
included 9,860 white mde workers who had been
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employed at lease 90 days at SRS between 1952 and
the end of 1974 (~ 1988b:379401). Vital status
was fo~owed through the end of 1980, and motiity
was compared with the U.S. population, SMRS were
computed separately for hourly and salaried
employees. For hourly employees, non-statisticrdly
significant increases were seen for cancer of the
rectum (SMR=l.09, 5 observed, 95 percent CI for
range0.35-2.54), cancer of the pancreas (SMR=1,08,
10 observed, 95 percent CI for range 0.59-2,13),
leukemia and deukemia (SMR=1,63, 13 observed,
?5 percent CI for range 0,87-2,80), other lymphatic
:issue (SMR=l .06, 5 observed, 95 percent CI for
range 0.34-2.48), benign neoplasms (SMR=l ,33, 4
observed, 95 percent CI for range 0.36-3,40), and
motor vehicle accidents (SMR=1.1O,63 observed, 95
percent CI for range 0.84-1.40). Salaried employees
exhibited non-statistically significant increases in
cancer of the liver (SMR=l ,84, 3 observed, 95
percent CI for range 0.38-5,38), cancer of the
prostate (SMR=1,35, 5 observed, 95 percent CI for
range 0.44-3.16), cancer of the bladder (SMR=l ,87,
$observed, 95 percent CI for range 0.51-4,79), brain
:ancer (SMR=l .06, 4 observed, 95 percent CI for
:ange 0.29-2.72), leukemia and aleukemia
:SMR=l.05, 4 observed, 95 percent CI for range
).29-2.69), and other lymphatic tissue (SMR=1,23, 3
)bserved, 95 percent CI for range 0.26-3.61), No
rends between increasing duration of employment
md SMRS were observed. A statistically significant
~xcessof leukemia fatrdities was observed for hourly
workers employed between 5 and 15 years
(SMR=2.75, 6 observed, “95percent CI for range
1.01-5.99),Review of the Dlantrecords andjob duties
ofthe workers who died ti~m leukemia indicated that
:WOof the cases had potential routine exposure to ,
solvents, four had potential occasioned exposure to
;olvents and one had potential for rninimd exposure,
3enzene, a known carcinogen, was reportedly not
lsed at the plant,

me Department of Energy’s Office of Epidemiologic
ltudies has implemented an Epidemiologic
lurvefilance Program at SRS to monitor the health of
:urrent workers, This program will evaluate the
)ccurrence of i~ness and injury in the workforce on
1continuing basis, and the results will be issued in
mud reports. The implementation of this program f
will facilitate an ongoing assessment of the health
md safety of SRS’Sworkforce and will help identify
>mergingherdth issues,
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Currently operational at a number of DOE sites,
including production sites and research and
development facilities, epidemiologic surveillance
uses routinely collected health data, including
descriptions of ilhess resulting in absences lasting 5
or more consecutive workdays, disabilities, and
OSHA recordable injuries and illnesses abstracted
from the OSHA 200 log. These’health event data,
coupled with demographic data about the active
workforce at the participating sites, are analyzed to
evaluate whether particular occupational groups are
at increased risk of disease or injury when compared
with other workers at a site. As the program
continues and data for an extended period of time
become available, time trend analysis WMbecome an
increasingly important part of the evaluation of ‘
worker health. Monitoring the health of the
workforce provides a baseline determination of the
illness and injury experience of workers and a tool
for monitoring the effects of changes made to
improve the safety and health of workers.
Noteworthy changes in the heakh of the workforce
may indicate the need for more detailed study or
increased health and safety measures to ensure
adequate protection for workers.

E.4.3.4 Memorandum of Understanding

The Department of Energy entered into a
Memorandum of Understanding with Health and
Human Services to conduct health studies at DOE
sites. The Centers for Disease Control and
Prevention’s NCEH is responsible for dose
reconstruction studies, and NOSH is responsible for
worker studies. These activities are funded by DOE.

A study of motiity among SRS workers employed
from 1952 to 1974 that examined whether risks of
fatalities due to selected causes may be related to
occupational exposures at SRS is being conducted by
NOSH. SRS is dso included in several multisite
studies managed by NOSH. The first study is to
assess the potential association between paternal
work-related exposure to ionizing radiation and the
risk of leukemia in offspring of exposed male
workers. The second study is to examine causes of
fatality among female workers at nuclear weapons
facilities to develop risk estimates based on
exposures to external and intemd ionizing radiation
and to hazardous chernicds. A third multisite project

.

is a case-control study of mukiple myelom% a type of
blood ce~ cancer.

A dose reconstruction project around the SRS is
being conducted by NCEH to determine the type and
amount of contaminants to which people living
around the site may have been exposed, to identify
exposure pathways of concern, and to quantify the
doses people may have received as a result of SRS
operations. The’estimated completion date is 1999 or
2000.

E.4.4 BmCOCK & Wmcox Sm,
L~CnURG, VA

E.4.4.1 Surrounding Communities and
Workers

Several potential sources of information were
searched for epidemiologic or health studies of
persons living near or working at the B&W site, No
information was found in the medlcd literature or
otier accessible databases (for example, Toxline).
The Campbell County Health Department has no
infomtion regarding studies conducted at the local
level. The Viiginia State Heakh Department Office of
Health Hazards Control and the Virginia State
Department of Environmental Quality had no
information on any studies conducted by the State of
Viginia.

E,4.5 NUCLW ~L SE~wCm S~
ER~, TN

E.4.5.1 Surrounding Commtitiw and
Workers

Several potential sources of information were
searched for epidemiologic or health studies of
persons tiving near or working in the ~S site. No
information was found in the medicd literature. One
report was found in Tofiie. A study was conducted
of kidney disease among plant workers, with guards,,
and local dairy farmers used as comparison groups
NOSH 1988al). Workers had a higher prevalence
of kidney stones than the guards, but a lower
prevalence than the dairy workers. ~S employees
had a higher prevrdence of urinary tract infections
than both the guards and dairy farmers. Kidney
function was similar in all groups. The authors
concluded that the urinary tract disorders in the MS
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workers were not the result of occupational hmards.
h 1979, the Centers for Disease Control investigated
newspaper reports of increased rates of cancer
fatalities in Unicoi County. The investigators
compared the rates with four surrounding counties
and dso conducted occupational and environment
surveys. The investigators found that increasing
cancer rates over time were due to ‘aging of the
population, that age-adjusted rates had not changed

,.

significantly, and that there did not appear to be any
observable risks from exposures or emissions from
the WS site.

The Unicoi County Health Department and the
Tennessee State Health Department Epidemiology
Program Office were not aware of any studies
conducted by locrd or State personnel.

I
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2,5 FAC~~ ACCDENTS

3.5.1 EVALUAnON ME~ODOLOG~ AND
ASS~ONS

rhe potential for facility accidents and the
magnitudes of their consequences are important
!actors in the evaluation of the alternatives being
lddressed in this EIS. The health risk issues are
wofold and consider the following:

Whether accidents at any of the blending
sites pose unacceptable health risks to
workers or the general pubfic.

Whether alternative locations for
facilities can provide lesser public or
worker health risks. These lesser risks
may arise from differences in
meteorology that reduce environmental
concentrations, from a greater isolation of
the site from the public, or from a reduced
frequency of such external accident
initiators as seismic events and aircraft
crashes.

E.5.1.1 Analysis Methodology

~he MELCOR Accident Cowequence Code System
:MACCS) (NUREG/CR-6059, SAND92-2146,
2ctober 1993)was used to estimate the consequences
)f accidents involving the release of radioactivity.
:The GE~ code was dso exercisd for one case to
~nvestigate the effect of using different
meteorological data at one site. A discussion of the
GE~ code is providd in Section E.2.2.1.)

rhe enhanced Chemical Hazard Evaluation
tiethodologies computer code was used to estimate
he consequences of accidents involving the release
)fhazardous chemicals. The program was developed
o provide several integrated estimation methods to
Lssesstoxic vapor dispersion, fire, and explosion
mpacts associated with episodic discharges of
iazardous materials into the environment. The
nodules of Chemical Hazard Evaluation
tiethodologies used in MISanalysis were estimation
)f the discharge rate and duration of a gas or tiquid
‘eleased from a tank or pipeline, the size of liquid
)OOISthat form on the ground, and the size of the
lownwind area impacted by the release of a toxic gas

jr vapor into the air. The vapor dispersion model is
he straight tie Gaussian type, which is similar to
hat usd in GM.

E.5.1.2 MELCORAccident Consequence
Code System Ovefiew

mCCS models the onsite and offsite consequences
of an accident that releases a plume of radioactive
materials to the atmosphere. Should such an
~ccidentd release occur, the radioactive gases and
aerosols in the plume would be transported by the
prevfig wind wtie dispersing in the atmosphere.
rhe environment would be contaminated by
mdioactive materials deposited from the plume, and
the population wotid be exposed to radiation. The
objectives of a MACCS calculation are to estimate
the range and probability of the health effects
induced by the radiation exposures not avoided by
protective actions, and to estimate the economic costs
and losses that would result from the contamination
of the environment.

horder to understand MACCS, one must understand
its essential elements: the division of the time scrde
after the accident into various “phases,” and the
division of the region surrounding the nuclear facility
into a polar-coordinate grid.

me time scale after the accident is divided into three
phases: emergency phase, intermediate phase, and
long-term phase. The emergency phase begins
immediately after the accident and could last up to
7 days following the accident. In this period, the
exposure of a population to both radioactive clouds
and contaminated ground is modeled. Various
?rotective measures can be specified for this phase,
ncluding evacuation, sheltering, and dose-dependent
:elocation.

me intermediate phase can be used to represent a
?eriod in which evaluations are performed and
i=isions are made regarding the types of protective
measure actions which need to be taken. In this
~eriod, the radioactive clouds are assumed to be
gone,and the only exposure pathways are those from
he contaminated ground. The protective measure ~
hat can be taken during this period is temporary
Elocation.
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The long-term phase represents rdl time subsequent
to the intermediate phase. The only exposure
pathways considered here are those resulting from
the contaminated ground. A variety of protective
measures can be taken in the long-term phase to
reduce doses to acceptable levels: decontamination,
interdiction, and condemnation of property.

The spatial grid used to represent the region is
centered on the facitity itself. The user specifies the
number of radid divisions as we~ as their endpoint
distances. Up to 35 of these divisions may be defined,
extending out to a maximum distance of 9,999 km
(6,213 rni). The angular divisions used to define the
spatial grid correspond to the 16 directions of the
compass.

Since the emergency phase calculations utie highly
nonlinear dose-response models, due to higher doses
for early fatrdity and early injury, those calculations
must be performed on a finer grid than the
calculations of the intermediate and long-term
phases. For this reason, the 16 compass sectors are
divided into 3,5, or 7 user-specified subdivisions in
the calculations of the emergency phase.

The increased likelihood of cancer fatality to a
member of the public is taken as 5x10q times the
dose in rem for values of dose less than 20 rem or
when the rate of exposure is less thm 10 rati. For
doses greater than 20 rem or dose rates greater than
10 rad/hr, the cancer fatalities are doubled. The
MACCS code was appfied in a probabilistic manner
using a weather bin sampling tectilque. The weather
bins consist of hourly data for the windspeed, wind
direction, and stabifity class. Centerline doses as a
function of distance were calculated for each of
approximately 100 meteorological sequence
samples; the mean value of these doses and increased
likelihoods of cancer fatality for the distance
corresponding to the location of the MEI at each site
were reported for that indlvidud. Mean values were
selected instead of median values because they
yielded higher dose values for each candidate site.

Offsite population doses, noninvolved worker
population doses, and latent cancer fatalities are
calculated by MACCS using a methodology similar
to that described for the indlviduds. h the case of a
population, each of the sampled meteorological
sequences was applied to the population distribution

across 16 sectors. The weather bin sampling
technique accounted for the frequency of occurrence
of the wind blowing in each direction. Population
doses are the sum of the individual doses in each
sector. Once again, the mean value of the calculated
population doses and latent cancer fatrdities for each
of the trials were reported. Mean values were
selected instead of median values because they
yielded higher dose values for each candidate site,
Doses to noninvolved workers were calculated
similarly, except that these workers will experience
cancer fatities of 4X10Atimes the dose in rem for
doses less than 20 rem or exposure rates less than 10
rati. For larger doses, above 20 rem and when the
dose rate of exposure is greater than 10 ratihr, the
cancer fatrdities are doubled.

A detailed description of the MACCS model is
available in a three-volume report (NUREG/
CR-6059, SAND92-2146).

E.5.1.3 Application of Models

For the analysis of accidents involving the release of
radioactivity at the four facilities of interest (ORR
Y-12, SRS H-Canyon, B&W, and NFS), the
MACCS calculations used the source term data
presented in Section E.5.2. Elevated releases were
assumed to be from existing stacks at B&W (11 m
[36 ft]) and NFS (33 m [108 ft]); SRS and ORR stack
releases were crdculated at 10 m (33 ft). For each of
the latter three sites, sequences from 1 year of hourly
onsite meteorological data were sampled; for B&W,
the closest avtiable complete (24 hour) data set was
that from Woodrum Airport in Roanoke, Virginia,
93 km (61 mi) west of B&W and Richmond
htemationd Airport, 144 km (90 mi) east of B&W,

Since.the only B&W onsite digital data consisted of
a (windspeed-wind direction-stability class) joint
frequency distribution file, which is suitable input to
the GE~ code (but not to MACCS), data from the
Roanoke airport and the Richmond International
Airport were obtained and reduced to joint frequency
distribution files. Each of these distributions was
used as input to the GE~ code with all other B&W
site data (for example, population) being equivalent.
The evaluation basis earthquake for the uranium
hextiuoride (~6) process was the scentio chosen
for comparing GENH and MACCS results since it
gave the maximum dose to workers and the public,
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me dose to the ~1 from the GE~ code is 0.034,
0,072, and 0.080 rem and to the general population
within 80 km (50 rni) is 17, 46, and 28 person-rem
using meteorological data from the B&W site,
Roanoke, and Richmond, respectively. From this it is
:oncluded that use of the Roanoke airport data in the
MACCS code may result in a factor of 2 to 3 higher
doses than if onsite B&W data were used.

The dose to the ~1 and to the general population
within 80 km (50 rni) was calculated with the GEM
sode using meteorological data from both B&Wand
Roanoke airport for dl six accidents (a filter fire, an
?arthquake induced criticality, an evaluation basis
earthquake for the uranyl nitrate hexahydrate _
process, a fluid bed, an evaluation basis earthquake
fOr the ~6 process, and a~6 cytider release). me
dose for dl six accidents to the ~1 and the gened
population was an average 2.1 and 2.7 times larger,
respectively, using the Roanoke airport
meteorological data. This is consistent with the
previous analysis reported in the B&W EA, which
notes:

The onsite information is extremely valuable
due to the unique nature of the site. The site has
an unusual microclimate that would not mirror
that of Lynchburg in terms of wind speeds,
directions, or stabilities. The presence of a river
on three sides of the site imposes unusual tem-
perature conditions and reduces the stabfiity of
the air mass. The river wfll be cooler than the
peninsula during the spring and the summer and
warmer during the fa~ and winter. Diumrd varia-
tions of the river are minirnd whfie the laud sur-
face will normrdly experience a 21-degr=
Fahrenheit diurnal variation. On clear cloudless
nights, the vdley bottoms in the area are often
10 to 15 degrees cooler than higher elevations.
This can cause periods of both high stabifity and
unstable condhions depending on cloud cover
and wind sped during the following day. The
deep river valley will dso tend to divert the
winds near surface level from the prevtiing
wind direction and cause additional instability.
However, the river valley wi~ tend to hrnit the
directionality of the wind as compared to condi-
tions observed at Lynchburg @W NRC
1991a38).

Radiation doses to the affected individuals and
populations were calculated in the dosimetry models
using the concentrations of radlonuclides obtained
from the dispersion models. Dose conversion factors
were used to convert the radionuctide concentrations
to organ dose equivalents and whole-body effective
dose equivalents. Exposure pathways considered in
the ~CCS crdculations for the period following m
accident were direct radiation from the passing
plume and from radioactive material deposited on the
ground, inhalation from the plume, deposition on
skin and inhalation of resuspended ground
contamination. Ingestion of produce and animal
products raised withii 80 km (50 mi) of the release is

not considered; this pathway would be easily
interdicted in the case of an accident by bringing food
in from outside this area. Liquid exposure pathways
were not considered because interdiction is assumed.
No crdit was taken for short-term reactions such as
evacuation and relocation. However, it was assumed
that noninvolved workers would be shielded from the
inhrdation of radioactive materirds for approximately
hdf the time that the radioactive plume would be
present at the site.

Three types of receptors were considered for
quantitative evaluation of impacts: the offsite
population, the WI of the generrd public, and the
noninvolved (collocated) worker. The offsite
population consists of individuals residing within
80 km (50 mi) of a site. The ~1 at ~S was taken
as the nearest residence, located 250 m (820 h) south
of the plant and, in essence, across the street from the
site fence ~ NRC 1991a433). The ~1 at B&W
was assumed to be along the site boundary, 540 m
(1,772 ft) west-southwest of the plant (BW NRC
1991a:73). For the SRS and ORR sites, the site
boundary in the direction of minimum atmospheric
plume attenuation was chosen; these values were
found (from perusal of GENH runs) as 11,750 m
(38,550 ft) north-northwest and 619 m (2,031 ft)
north-northwest respectively.

Noninvolved worker populations, used in the
radiation dose calculations, were based on total site
worker populations less those involved in the
blending process. Workers withii the processing area
are dl of NFS and B&W, H-&ea at SRS, ad Y–12
at ORR. Workers in the processing areas were

Ispatially distributed based on local building
locations. Workers at facilities distant from the
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process area (for example, M-Area at SRS, ORNL at
ORR) were considered to be concentrated within one
sector. The total worker populations used in the
MACCS calculation were approximately 325 at NFS,
2,200 at B&W (including the Naval Nuclear Fuel
Division (NNFD) Research Laboratory and the
Commercial Fuel Facility), 17,000 at ORR
(including 6,400 at Y-12), and 12,000 at SRS
(including 3,800 in H-Area).

Data on the surrounding population by sector at Y-12
and SRS are listed in Health Risk Data for Storage
and Disposition of Weapons-Usable Fissile
Materials Programmatic Environmental Impact
Statement technical report @ebruary 1996). Data on
the surrounding population at NFS were obtained
from Table 3.4 of the NRC Environmental
Assessmentfor Renwal of Special Nuclear Material
LicenseNo. SNM-124 prepared for ~S (Docket No.
10-143, August 1991). Data on the surrounding
population at B&W were obtained from Table 3.7 of
the NRC Environmental Assessment for Renwal of
Special Nuclear Material License No. SNM-42
prepared for B&W (Docket No. 70-27, August
1991). Data on meteorology and stack heights at each
site are given in Appendix C.

For SRS, the accident analysis was performed for the
H-Area, If blending were to occur k the F-Area, the
doses from an accidenti release wotid be stiar to
an accidenti release in H-Area. The dose to the MEI
would be slightly larger due to the decreas~ distance
of 9,646 m (31,649 ft) from F-Area to the site
boundary. The dose to the offsite population within
80 km (50 mi) would be slightly smaller due to
F-Area being further from the offsite population than
H-Area.The dose to the noninvolved workers would
be smaller due to the smaller workforce in the
F-Area, The dose to noninvolved workers in the
?rocessing area is the dominant portion of the dose to
:he total site noninvolved workers. The dose to
loninvolved workers not in the processing area
wouldbe a rninimd effect due to the distance to the
]ther areas.

me noninvolved (collocated) worker was considered
for the chernicrd accident impact analysis. Al of the
workers at NFS are in the immediate vicinity of the
blending process; because of the short distance to the
siteboundary and for the purpose of comparison with
he other sites, the distance ad direction to the MEI

was also used for the noninvolved worker. For the
B&W site, the noninvolved worker is 230 m (755 ft)
northeast of the facility being analyzed (at the
experiment facility). For both SRS and ORR, the
noninvolved worker was located 644 m (2, 113 ft)
from the facility. The direction of minimum
atmospheric plume attenuation (southeast and
north-northeast, respectively) was chosen,

Estimates of release durations from the chemical
tanks involved in the accidents described in
Section E.5.2 were performed using C~MS-PLUS.
It was found that assuming a release of the entire
contents of any of the chemical tanks over 1 hour was
reasonable. Atmospheric chemical concentrations
experienced by the MEIs and noninvolved workers
described above were calculated and compared with
health-based criteria, Immediately Dangerous to Life
or Health (IDLH) concentrations, TLV for 15-rein
Short Term Exposure Limits (STEL) and 8-hour
Tie Weighted Average (TWA) concentrations. The
latter two timits are included to indicate exposure to
[evelswhich are occupationdy acceptable for short-
md long-term exposure, respectively.

rhe meteorological conditions used to estimate
>hemical impacts were approximations of mean
conditions. The average site windspeeds given in
Chapter 3 of this EIS were used together with the
median stabifity class for each site (as obtained from
the joint frequency distribution described above),
me windspeeds for ORR, SRS, B&W, and NFS were
2,0,2.9,3.4, and 2.5 dS (4.4, 6.5,7.7, and 4.4 ftis),
respectively, and the stability classes were D, C, D,
md A, respectively.

1
E.5.2 BOW~G Ac~E~

I,

rhe postulated accidents for each conversion/
]lending process were analyzed at each of the
:andidate sites (a subset of Y-12, SRS, NFS, and
3&W). It was assumed that the inventory of
lazardoudradioactive materials, the process, and the
‘acilities were the same at all four facilities, The
differentiating parameters of the analyses were
distances to the site bound~ (or nearest resident),
surrounding population, distribution of collocated
workers, meteorology, and stack height.

I

I

Aset of potentird accidents was postulated for which 1
I

here may be releases of radioactivity and hazardous ,
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chemicals that could impact noninvolved onsite
workers and the offsite population. A set of accident
scenarios was selected to represent bounding cases.
In assessing the bounding accident scenarios for the
Conversion and Blending Facility, the following
parameters were evaluated: (1) material at risk; (2)
energy sources (fires, explosions, earthquakes, and
process design-related events); (3) btiers to release;
and (4) protective features of the facility. It is
expected that each of these parameters would be
unchanged for the range of LEU enrichment
considered, except in the case of the evaluation basis
earthquake accident scenario.

The bounding chemical release accidents could
include a spill from nitric acid and sodium hydroxide
storage tanks, and the rupture of processing lines
resulting in the emp~ing of a hydrogen fluoride tank
and a fluorine cylinder, depending on the dtemative
process considered. The details of chemicrd release
quantities and resulting impacts are provided under
each alternative in Chapter 4.

E,5,2.1 Factiity Accidents Postdated for
Blending HigMy Enriched Urardum
to Low=Enriched Uratium as
Uranyl Nitrate Hexahydrate

The accident scenarios that were considered included
a tornado, straight winds, an aircraft crash, a truck
crash, nuclear criticality, process-related accidents,
and an evaluation basis earthquake. With the
exception of the filter fire (with continuous exhaust
flow), dl of the accident scenarios that are considered
potentially bounding can be initiated by the
evaluation basis earthquake. Therefore, it is
concluded that the evaluation basis earthquake would
result in the highest atmospheric release of
radioactivity and hazardous chemicals. The
evaluation basis earthquake is assumed to initiate the
nuclear criticality and other release scenarios,

In a filter fire accident, it is assumed that a fire occurs
that releases all the uranium in the bag filters, traps,
and the high-efficiency particulate air filters and
releases it to the atmosphere through the stacks in a
matter of minutes, The quantity of material assumed
to be released is 0.15 kg (0,33 lb) of HEU. The
accident annual frequency was estimated to be in the
range of 104 to 102; 1~3 was chosen for use in
comparing alternatives. The source term analyzed

and the resulting doses are shown in Tables E,5.2.I-1
and E.5.2.1-2.

TableE,5.2.1-1. Source Tem for a Filter Fire
AccZent .

.- ——--—,
.,

U-232 “ 1.3X104
U-234 4.OX1O-3
U-235 1.6xJOa

U-236 202X10-5

U-238 2,4x10-5
SOWCC ORLE 1995b.

,.

h an earthquake-induced criticality accident, it is
assumed that storage racks containing multiple
criticrdmasses of uranium powder and uranyl nitrate
solution are damaged directiy by seismic shting and
indirectly by frdling debris. Safe spacing is lost and
moderators are added as water from the fire system or
organic solutions. This results in the possible
formation of one or more criticrd assemblies, h an
~ccidental criticality, it is assumed that 1x1019
fissions occur before reaching a stable, subcritical
condition and that W materird releases occur within a
2-hour period. The amount of radioactive material
released as fission products created by the nuclear
critictity is 46,000 Ci of krypton isotopes, 65,000 Ci
of xenon isotopes, and 1,600 Ci of iodine isotopes.
rhe accident annual fre uency was estimated to be in

7be range of 105 to la ; 10+ was chosen for use in
comparing alternatives. The source term analyzed
and the resulting doses are shown in Tables E.5.2.1-3
md E.5,2.14. ~

b the evrduation basis earthquake accident scenario,
it is assumed that the building collapses, resulting in
ruptured containers, piping and tanks releasing
uranium solutions, water, toxic gases, flammable
gases, and toxic and reactive liquids. This is assumed
to result in the release of 0.076 Ci of uranium
isotope? for processing to 4-percent UNH’
(67 percent of the activity is U-234); and the release
Df0.19 Ci of uranium isotopes for processing to
0.9-percent UNH (54 percent of the activity is
U-234). The accident annual frequency was
~stimated to be in the range of l@5 to 1T3; 104 was
chosen for use in comparing rdtematives. me source
terms analyzed and the resulting doses are shown in
rabies E,5,2,1-5 through E,5,2.1-8,
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IT&le E,5.2.1-2. Resulting Doses for a Fitier Fire
Accident

1 Receptor Dose

I

Mtiy

Nonkvolved Exposed Poptiation
Workers hditidti Witi 80km

Site @erson-rem) (rem) @erson-rem)
I Y-12 11 1.OX1O2 1.5
I SRS 6.6X1W5 0.37
I B&W 2:.3 1.2X102 0.9
I Ws 1.6 2.3x10-3 1,3
I Source:ResulkshownmederivedfromMACCSruns.

I

T&le E.5,2.1-3, Source Termfor a Critical@
Acctient

I ReleaseActiti&

I NucMde (Cuties) -

‘1 fi-83m

I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I

fi-85m
K-85
R-87
M-88
W-89

Xe-131m
Xe-133m
Xe-133

Xe-135m
Xe-135
Xe-137
Xe-138
1-131
1-132
1-133
1-134

160
150

l,6@
990
650

42,000 ,
8,2x10-2
1.8

27
2,200

360
49,000
13,000

2,2
280
40

1,100

I 1-135 130
[ sourcti ORLM~ 1995b,

~TableE.5,2.14. ResuMngDosesfora Critical@
Accident

1 Receptor Dose

I
Mtidy

Notivolved Eqosed Popdation
Workers htitidud Witi 80km

] Site Qerson.rem) (mm) @e~on.mm)

I Y-12 38 5.1X1O-2 3
I SRS 3.OX1O4 0,33
I B&W 8V 5.6x10-2 1.9
[ MS 8.7 1.4X102 2,2
I SourceResulkshownae detivd fromMACCSruns.

E+6

I
T&le E.5.2.1-5. Source Termfor an Evaluatin

Basis EarthquabAcctient (4-percent Uranyl
Nhate Hexahydrate)

I ReleaseActiti&
I Nudde (Cuties) -

1 U-232 1.7X102

i U-234 5.1X102

1’ U-235 2,1X1O-3
I U-236 2,5x104

i U-238 5.9X103
I source ORLMBS1995d.

I Tdle E.5.2.14. ResuMng Doses for an
Evaluation Basis Earthauah Accident

[ (4percent UranylNitrat; Hexahydrate)

Receptor Dose

MtiWy
Notinvolved Exposed Popdation

Workers hditid~ With 80 km
Site @erson.rem) (rem) (person=mm)

Y-12 320 , 0.31 44
SRS 70 . 109X103 11

B&W 760 0,36 26
NPs 67 708xl&2 38

SourcCResulKshow aredetivd fromMACCSruns,

Tabk E.5.2.1-7. Source Termfor an Evaluatin
Bask Earthquab Accident (0.9-percent Uranyl

Nitrate Hexahydrate)

Release Actiti&
NuWde (Cuties) -
U-232 6,0x102
U-234 0.1
U-235 4Q1X103
U-236 4,3X104

I

I

U-238 2.2X1O-2
source ORLMBS1995d.

I

I
I
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Tdle E.5.2.1~. Resulting Doses for an

Evaluation Basis Earthqwke Accident
(0.9-percent UranylNitrate Hexahydrate)

Recentor Dose

MaximMy
Noninvolved Exposed Popdation

Workers hdividud Witi 80 km
Site @erson-rem) (rem) @emon-rem)

Y-12 960 0.94 130

SRS 210 W@ 32
B&W 2,300 1,1 79
Ws 200 0.23 110-.——

Sourcti Resulk shownme detivedfrom~CCS inns.

E,5.2.2 Facflity Accidenk Postiated for
Blending Higtiy Enriched Uranium
to Low-Enriched Uranium as
Uranium Hexafluoride

The accident scenarios pat were considered included
a tornado, straight winds, an aircraft crash, a truck’
crash, nuclear criticrdity, process-related accidents,
and a evaluation basis earthquake. With the exception
of the fluidized bed release and the filter fire (with
continuous exhaust flow), all of the accident
scenarios that are considered potentially bounding
can be initiated by the evaluation basis earthquake.
Therefore, it is concluded that the evrduation basis
earthquake would result in the highest atmospheric
release of radioactivity and hazardous chemicals.
The evaluation basis earthquake is assumed to
initiate the nuclear critictity, ~6, and other release
scenarios.

In a fluidized bed release, it is assumed that the high
temperature filters are removed for replacement but
the filter housing is closed without new filters inside.
The inventory of one bed is swept out of the stack by
the nitrogen used to fluidize the bed. The quantity of
material assumed to be released is 7.5 kg (16.5 lb) of
~U, The accident annual fr uenc was estimated

?Jto be in the range of 10Ato 10- ; 10- was chosen for
use in comparing alternatives. The source term
analyzed and the resulting doses are shown in Tables
E,5.2.2-1 and E.5,2.2-2.

[n a filter fire accident, it is assumed that a fire occurs
that releases all the uranium in the bag filters, traps,
and the filters, and releases it to the atmosphere in a
matter of minutes. The quantity of materird assumed

i,
,.

to be released is 0.15 kg (0.33 lb) of HEU. The source
term analyzed and the resulting doses are shown in
Tables E.5.2.1-1 and E.5.2.1-2.

TabfeE.5.2.>1. Source Tem fora FluidtiedBed
Release

Relwe Activity
Nudide (curies)

U-232 5.5X1O-3

U-234 0.16
U-235 6.5x10-3
U-236 9.1xlo~
U-238 1.0X1W3

Souce ORL~ 1995a,

h an earthquake-induced criticality accident, it is
assumed that storage racks containing multiple
criticrdmasses of uranium powder and uranyl nitrate
solution are damaged directiy by seismic shaking and
indirec~y by f~g debris. Safe spacing is lost, and
moderators are added as water from the fire system or
organic solutions. This results in the possible
formation of one or more critic~ assemblies. h an
accidental criticality, it is assumed that 1X1019
fissions occur before reaching a stable, subcritical
condition and that ~ material releases occur within a
2-hour period. The amount of radioactive material
released as fission products created by the nuclear
critictity is 46,000 ci of krypton isotopes, 65,000 ci
of xenon isotopes, and 1,600 ci of iodine isotopes.
The source term anrdyzed and the resulting doses are
shown in Tables E.5.2.1-3 and E.5.2.14.

h the evrduation basis etiquake accident scenario,
it is assumed that the building collapses, resulting in
ruptured containers, piping, and tanks releasing
uranium solutions, water, toxic gases, flammable
gases, and toxic and reactive fiquids. This is assumed
to result in the release of 0.061 Ci of uranium
[76 percent of the activity is U-234). The source term
anrdyzedand the resulting doses are shown in Tables
E.5.2.2-~ and-E.5.2.24.

h the ~6 accident release, the evaluation basis
earthquake causes equipment failures and a
pressurized release of a ~6 cyhder. Thirty percent
of a cylinder containing ~6 gas is assumed to be
released into the atmosphere consistent with the
NRC’s Nuclear Fuel Cycle Facility Accident
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Analysis Handbook (N~G-1320, May 1988).
Nter the accident, it is estimated that there wotid be
a release of thirty percent of the material to qufize
the pressure inside and outside the cylinder. The
thirty percent release of ~6 gas was derived from
the relationship provided in NRC’s Handbook:

Percent Release =30 ~goagl ~

h this relationship, MFg is the mole fraction of tie
pressurized gas. It is reported in the NRC Handbook
that this relationship was developed using measured
data, and bounds observed releases of aerosols
produced from pressurized powders, When MFg

T&le E,5.2,>2. Resuting Doses for a FluZized
Bed Release

Receptor Dose

M-y
Nonkvolved Exposed Popdation

Workers hdtidud Witi 80 km
Site @erson=rem) (rem) @erson.rem)

B&W 990 0.49 38
NFs 68 9,7X102 53

SourctiResultsshownaredetivedfromMACCSruns.

TableE.5,2,>3, Source Termfor an Evaluation
Basis Earthquake Acctient (Umnium

Hex@uoride)

Release Actitity
Nuclide (Cuds)
U-232 9.3X103
U-234 4,6x102
U-235 1.8xl~3
U-236 2,4x10d
U-238 3.2x103

Source:ORL~S 1995a,

T&le E,5.2.U. ResuMng Doses for an
Evaluation Basis EarthquakeAccident

(Uranium Hexafiuotie)

1 Receptor Dose

MtiMy
Notivolved Exposed Poptiation

Workers htitidti Witti80km
I Site @erson-rem) (rem) (person-mm)

] B&W 5M 0,25 18
I NPS 46 5.4x102 26
] SourceResulkshownarederivedfromMACCSruns,

.,

quds one, dl the material in the cylinder would be a
gas under normal temperature and pressure, which is
a conservative assumption for the analysis in this
EIS, Therefore, for a pressurized release during
cylinder fil~ig operation, the source is calculated to
be 30 percent of 6,300 kg (13,600 lb), which is 1,900
kg (4,100 lb) of 1.5 percent assay LEU. The accident
annual fre uency was estimated to be in the range of

510-5 to 10- ; 104 was chosen for use in comparing
alternatives, The source term analyzed and the
resulting doses are shown in Tables E,5,2,2-5 and

I
I
I
I
I
I
I
1

I
I

I
I
I

E,5,2.ti.

T&le E.5,2,>5, Source Termfor a Umnium
Hex@uotie QlinderAcctient

ReleaseActivity
Nudide (Cuties)
U-232 1,6
U-234 1.6
U-235 5,8x102
U-236 6,5x103
U-238 0,6

Some ORL~S 1995a,

Table E,5,2,~. Resulting Doses for a Uranium
Hex@uoMe QlinderAcctient

Receptor Dose

MtiOy
Nodnvolved Exposed Popdation

Workers hdividud Within 80 km
site Qerson.rem) (rem) (person=rem)

B&W 54,000 26 1,900 ,
MS 5,000 5*7 3,000

SourcaResultsshownw dedvedfromMACCSruns,

I
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Eo50203 Factiity Accidents Postiated for
Blending ~gtiy Enriched Uranium
to Low-Enriched Uranium as Meti

The accident scenarios that were considered included
a tornado, straight winds, an aircraft crash, a truck
crash, nuclear criticrdity, process-related accidents,
and an evaluation basis earthquake. With the
Sxception of the filter fire (with continuous exhaust
flow),W of the accident scenarios that are potentitiy
bounding can be initiated by the evaluation basis
earthquake. Therefore, it is concluded that the
evaluation basis earthquake would result in the
worst-case atmospheric release of radioactivity and
hazardous chemicals. The evaluation basis
earthquake is assumed to initiate the nuclear
criticality and other release scenarios.

In a filter fire accident, it is assumed that a fire occurs
that releases dl the uranium in the bag filters, traps,
and the high-efficiency particulate air filters, and
:eleases it to the atmosphere in a matter of minutes.
me quantity of materird assumed to be released is
3.15kg (0.33 lb) of ~U. The source term mrdyzed
md the resulting doses are shown in Tables E.5.2.1–1
and E,5.2.1-2.

h an earthquake-induced criticrdity accident, it is
assumed that storage racks containing multiple
critical masses of uranium metal are damaged ‘
d~ectiy by seismic shaking and indirectly by fdting
debris. Safe spacing is lost and moderators added as
water from the fire system. This results in the
possible formation of one or more critical assemblies, ~
h an accidenti critictity, it is assumed that 1X1019
fissions occur before reaching a stable, subcritical
condition and that d materird releases occur within a
2-hour period. The amount of radioactive material
released as fission products created by the nuclear
criticfity is 46,000 Ci of krypton isotopes, 65,000 Ci
of xenon isotopes, and 1,600 Ci of iodine isotopes.
The source term analyzed and the resulting doses are
shown in Tables E.5.2.1-3 and E.5.2.14.

k the evaluation basis earthqu~e accident scenario,
it is assumed that the building co~apses resulting in
ruptured containers, piping and tanks releasing
uranium mixtures, water and reactive tiquids. This is
assumed to result in the release of 2.1x10-3 Ci of
uranium isotopes (48 percent of the activity is U-232
and 33 percent of the activity is U-234). The source

E49
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Appendk F
Socioeconotics

F.1 ~TRODUCTION

Appendix F includes the supporting data used for
assessing potential impacts in the socioeconomic
sections of this environmental impact statement
(EIS). The socioeconomic analysis involved two
major steps: 1) the characterization and projection of
existing social, economic, and infrastructure
conditions surrounding each of the candidate sites
(that is, the affected environment) and 2) the
evaluation of potential changes in socioeconomic

conditions that could result from the operation of
highly enriched uranium @~ blending facilities in
the regions addressed (that is, the environmental
cons~uences). Data and analyses used to support the
assessments made for the Katd Environment and
Environment Consequences sections are presented
in the fo~owing tables. The tables are organized by
resource area and site. For example, Table F.1-2 is
the first resource area, Employees by Place of
Residence, and the four sites: Oak Ridge Reservation
(ORR); Savannah River Site (SRS); Babcock &
Wilcox @&~; and Nuclear Fuel Services ~S).

F-1
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Socioeconomic

T&le RI-2. Dktiutin of Empbyees by Ptie of Restience in Oak Rtige Reserv&n
Regwn of Influence, 1990

County/City Number of EmpIoy- Toti Site Employment(%)

AndersonCounty 5,053 33.1

Clinton 1,035 6,8

OakRidge 3,292 21.6

fiox County 5,490 36

fioxville 4,835 31.7

budon County 848 5.6

Unoir City 638 4.2

RoaneCounty 2,537 16.6
Harriman 802 5.3
fingston 1,033 6.8

ToW ROI 13,928 91.3

Toti Employea 15,273 100

Note:Cityvaluesare includedwitiin wunw totals.
Soun: ORR 1991X4.

TableE1-3. Dktiutin of Employees by Pke of ResZence in Savannak River Stie
Regwn of Influence, 1991

County/City Number of Employ= ToM Site Employment (%)
AikenCounty 9,978 51.9

Aiken 4,928 25.7
Nofi Augusta 2,666 13.9

AllendaleCounty 217 1.1

Bamberg County 329 1.7

Barnwell County 1,401 7.3

Columbia County 2,036 10.6

Richmond County 3,358 17.5

Augusta 2,780 14.5

Toti ROI 17,319 90.1

ToM Employe~ 19,208 100

Note:CiWvaluesareincludedwihin aun~ totals.
Sourw: SRS 1991z3.
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Table EIA. Distiution of Employees by Phe of Residence in Babcock & Whox
Region of Influence, 1995

Coun&/City Number of Employees Toti Site Employment(%)

AmherstCounty 220 11.9

Appomattox County 177 9.6

Bdford County 261 14.1

Campbell County 341 “ 18,5

Lynchburg 681 36.9

Toti ROI 1,680 91

ToM Employew 1,846 100

No@ Lynchbu~is not includedin countyvrdues.
I Sourw BW 1995b:l.

Tdle El-S. Dish”bution of Employees by Phe of Restience in Nuchar Fuel Senties
Regwn of In@uence,1995

County Number of Employees Toti Site Employment (%)

CarterCounty 27 8.3

SullivanCounty 9 2,8

Unicoi County 133 40.9

Washington County 129 39.7

ToM ROI 298 91.7

ToM Employew 325 100

Sourw NFS 1995b2.
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T&h El&. O&Ridge Reservation Regioti EconomtiArea Employment andhcd &onomy, 1995-2000, No Action Afte&.ve

R@onrd =onondc
Area W5 W6 1997 1998 m9

~vitian Iahr form 486,400 491,800 497,100 502,600 508,000 513,600
ToM employment 462,900 467,900 473,000 478,200 483,400 488,700
Unemployment rate 4.9 4.9 4.9 4.9

@mentage)
4.9 4.9

Personal income 16,498,303 16,860,612 17,230,877 17,609,273 17,995,979 18,391,177
(tiousand dollars)

Per Mpita income 18,198 18,397 18,598 18,801 19,007 19,214
(dollarsper person)

Sou~ Gnsus 19933 Gnsus 1993h W 19%, ~ 1990d;DK 1994j;DW 19953 DOL1991~ DOL 1995a

T&h RI-7. Savannah River Sde Regiod EconomtiArea Empbyment and tied EconomA 1995-2000, No Actin Atiernative

Am 1995 1996 1997 1998 1999 2W
Civitian lakr form 261,400 264,600 267,900 271,300 274,700 278,100
Toti employment 243,800 246,800 249,900 253,100 256,200 259,400
Unemployment rate 6.7 6.7 6.7 6.7

@mentage)
6.7 6.7

Personal inwme 10,608,794 10,875,892 11,149,716 11,430,433 11,718,219 12,013,250
(tiousand doll~)

Per Mpita income 17,789 18,011 18,237 18,465 18,696 18,930
(dollarsper person)

Source Gnsus 1993wGnsus 1993~ Gnsus 1993%~ 19W, ~ 19~, D~ 1994j;DN 1995WDOL 1991~ DOL 1995a.
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Tdh R14. B&cock & W&ox Re@d Economtihea Empbyment d bd Economy, 1995-2000, No ActinAUede

R@od hnotic Am Ws 19% 1998 D99 2W
~vitim Ihr force 338,100 340,900 343,600 . 346,400 349,300 352,100
Toti employment 321,400 324,000. 326,700 329,400 332,000 334,700
Unemplopent mte 4.9 4.9 4.9 4.9 4.9 4.9

@rcenwge)

Personal income 14,357,210 14,592,163 14,830,960 15,073,665 15,320,342 15,571,056
(&oumd dollm)

Per =pia income - 18,041 18,188 18,336 18,486 18,636 : 18,788
(dollm per pemn)

Mm Gnsus 1993z Gnsus 1993&Gnsus 1993GGnsus 1993k ~ 19W, ~ 19W, DK 1994j;DOC1995q DOL19913 DOL 1995a

T&h E1-9. Nucho Fuel Sedes Regwd Economti hea Empbyment ad bed Economy, 1995-2000, No Aetiri AUemti”ve

R@ond Wonornick 1995 19% 1997 ~ 1998 1999 ~ 2m

Clvifim Itir fo= 269,600 272,000 274,500 277,000 279,500 282,100
Toti employment 253,800 256,100 258,400 260,800 263,100 265,500
Unemplopent mte 5.9 5.9 5.9 5.9 5.9 - 5.9

@rcentige)
Personal inmme 9,355,762 9326,817 9,700,999 9,878,366 10,058,976 ‘ 10,242,887

(tioumd dollm)

Per ~ih income 16,814 16,967 17,122 17,278 17,435 17,594
(dolIm per person)

~ Gnsus 19933 Gnsus 1993&-us 1993&~ 1*, ~ 1~, ~ 1994j;~ 19953 DOL1991%~L 1995a
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Table E1-10. Oak Rdge Reservti.on Regwn of InJuence Poputin, 1990-2000,
No ActinAfieM.ve

coun@/ciw 1990 1992 1994 1996 1998 2000
AndersonCounty 68,250 70,525 72,400 74,100 75,800 77,400

Clinton 8,972 9,484 9,700 10,OOO 10,200 10,400

Oak Ridge 27,310 25,313 26,000 26,600 27,200 27,800

tiox Coun& 335,749 347,583 356,700 365,300 373,300 381,500

tioxville 165,121 167,287 171,700 175,800 179,700 183,600

budon County 31,255 33,242 34,100 34,900 35,700 36,500

tinoir City 6,147 6,807 7,000 7,200 7,300 7,500

Roane County 47,227 48,094 49,400 50,500 51,700 52,800

Harriman 7,119 7,157 7,300 7,500 7,700 7,900

Engston 4,552 4,631 4,800 4,900 5,000 5,100

ToM ROI 482,481 499,444 512,600 524,800 536,500 548,200
Note:Cityvaluesare incIudd in aunty totis,
Sourw: Census1993x Census1993MDOC 199@ DOC199M,DOC 1994j.

Tabh El-n. Savannah River Stie Regwn of Influence Poputin, 1990-2000,
No Actin AfieMOve

Coun@/Ci& 1990 1992 1994 1996 1998
Aiken County 120,940 128,566 133,000 137,000 140,400 144,000

Aiken

North Augusta

Allendale County

Bamberg County

Barnwell County

Columbia County

Richmond County

Augus@

19,872

15,351

11,722

16,902

20,293

66,031

189,719

44,639

22,429

16,379

11,744

16,991

21,089

73,000

202,434

44,467

23,200

16,900

12,200

17,600

21,800

75,500

209,400

46,000

23,900

17,500
12,500

18,100

22,500

77,800

215,700

47,400

24,500

17,900

12,800

18,600

23,000

79,700

221,100

48,600

25,100

18,300
13,200

19,000

23,600

81,800

226,700

49,800

Totil ROI 425,607 453,824 469,500 483,600 495,600 508,300
NOW.Cityvaluesare includedin countytotis.
Sourw Gnsus 19933 Census1993q Census1993e;DOC 199k, DOC199U DOC 1994j.

Tabk X1-12. Babcock& Whox Regwn of Infiuence Poputin, 1990-2000,
No Actin AUe~.ve

Coun&/Ci& 1990 1992 1994 1996 1998
Amherst County 28,578 29,031 29,800 30,500 31,000 31,500
Appomattox County 12,298 12,542 12,900 13,200 13,400 13,600

Bedford County 51,729 54,562 56,100 57,300 58,300 59,200

Campbell County 47,572 48,703 50,100 51,200 52,000 52,900
Lynchburg 66,049 66,097 68,000 69,500 70,600 71,800

Totil ROI 206,226 210,935 216,900 1221,700 225,300 229,000
NOWLynchburgis notincludedin countytotals.
Sourca Census1993%Census1993&DOC19* DOC199W,DOC1994j.
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Table K1-13. Nuclear Fuel Servties Regwn of Influence Popuhtion, 1990-2000,
No Action Afiernative

Coun& 1990 1992 1994 1996 1998 2000

CarterCounty 51,505 52,029 53,400 54,600 55,600 56,600

Sullivan County 143,596 146,676 150,500 153,800 156,600 159,500

Unicoi County 16,549 16,791 17,200 17,600 17,900 18,300

Washington County 92,315 94,934 97,400 99,600 101,400 103,200

I Totil ROI 303,965 310,430 318,500 325,600 331,500 337,600

Source Census1993wCensus1993h DK 199W D~ ~990a Da 1994j.

Table EI-14. Oak Ridge Reservation Region of Infiueuce Housing Units, 1990-2000,
No Action Alternative

Coun&/Ci~ 1990 1992 1994 1996 1998 2000

AndersonCounty 29,323 30,300 31,100 31,800 32,500 33,300

Clinton 4,006 4,200 4,300 4,500 4,500 4,600

I Oak Ridge 12,694 11,800 12,100 12,400 12,600 12,900

tiox County 143,582 148,600 152,500 156,200 159,700 163,200

1 ~oxville 76,453 77,500 79,500 81,400 83,200 85,000

hudon County 12,995 13,800 14,200 14,500 14,800 15,200

Unoir City 2,734 3,000 3,100 3,200 3,300 3,300

Roane County 20,334 20,700 21,300 21,800 22,200 22,700

Harriman 3,234 3,300 3,300 3,400 3,500 3,600

Gngston 2,071 2,100 2,200 2,200 2,300 2,300

I Totil ROI 206,234 213,400 219,100 224,300 229,200 234,400
Note:Cityvaluesare includedin eounwtotis.
Sours Census1991q Census1993&Census1993h DOC199W,DOC199M,DOC 1994j.

Table E1-15. Savannah River Site Region of In$uence Housing Units, 1990-2000,
No Action Afiernative

Coun@/Ci@ 1990 1992 1994 1996 1998 2000
Aiken County 49,266 52,400 54,200 55,800 57,200 58,700

1 Alken 8,543 9,600 10,OOO 10,300 10,500 10,800

i Nofi Augusta 6,810 7,300 7,500 7,700 7,900 8,100

I Mlendrde County 4,242 4,300 4,400 4,500 4,600 8,100

Bamberg County 6,408 6,400 6,700 6,900 7,000 7,200
Barnwell County 7,854 8,200 8,400 8,700 8,900 9,100

Columbia County 23,745 26,300 27,200 28,000 28,700 29,400

Richmond County 77,288 82,500 85,300 87,900 90,100 92,400

I Augusta 21,588 21,500 22,300 22,900 23,500 24,100
[ Toti ROI 168,803 180,100 186,200 191,800 196,500 201,600

Note Cityvaluesare includedin countytotals.
[ Source Census1991q Census1991&Census1993x Census1993q Census1993q ~ 199k, DOC 1990d;DOC 1994j.
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Tabh E1-16. Babcock &Wdcox RegwnofInfluence Housing Unti,l99b2OOO,
No Action Atiernti”ve

County/City 1990 1992 1994 1996 1998

AmherstCounty 10,598 10,800 11,100 11,300 11,500 11,700

AppomattoxGunty 4,913 5,000 5,200 5,300 5,400 5,400

Bedford County 22,226 23,400 24,100 24,600 25,000 25,500

Campbell County 19,008 20,300 20,900 21,400 21,700 22,100

Lynchburg 27,233 27,300 28,000 28,600 29,100 29,600

ToM ROI 83,978 86,800 89,300 91,200 92,700 94,300
NomLynchbu~is not includedin the countytotis.
Sourw Census1991wCensus1993* Census1993S DOC 199W,DOC 199~ DOC 1994j.

T&le E1-17. Nuclear Fuel Services Regwn of Influence Housing Unti, 199b2000,
No Action Afiemti-ve

Coun@ 1990 1992 1994 1996 1998

CarterCounty 21,779 22,000 22,600 23,100 23,500 23,900

SulfivanCounty 60,623 61,900 63,500 64,900 66,100 67,300

Unicoi County 7,076 7,200 7,400 7,500 7,700 7,800

Washington County 38,378 39,500 40,500 41,400 42,100 42,900

Toti R-O1 127,856 130,600 134,000 136,900 139,400 141,900

Sour= Census1991q Census19933 Gnsus 1993@D~ 199k, D~ 19W, DOC 1994j.

T&b E1-18. Candidate Sites-Toti Student Enrollments, 199$2000,
No Action Atiernative

Site ROI 1995 1996 1997 1998 1999 2000

ORR 83,400 84,300 85,200 86,100 87,100 88,000

SRS 88,200 89,300 90,400 91,600 92,700 93,900

B&W 34,200 34,400 34,700 35,000 35,300 35,600

Ws 52,500 53,000 53,500 53,900 54,400 54,900

Sourw BWSchool19953 NF School1995wORSchool1995wSR School1995wAppendixTablesF.1-10 through13.

Table E1-19. Candtie Sites-Toti Teachers, 199S2000, No Actin Afiemative

Site ROI 1995 1996 1997 1998 1999 2000
ORR 5,140 5,190 5,250 5,310 5,370 5,420
SRS 5,060 5,120 5,180 5,250 5,310 5,380

B&W 2,400 2,420 2,440 2,460 2,480 2,500

MS 2,920 2,950 2,980 3,000 3,030 3,060

Sourw BWSchool1995~NFSchool1995a;ORSchool1995wSR School1995wAppendixTablesF.1-10through13.

F-9
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T&k R1-20. Candidate Sites-TotiNumber of Sworn Poltie O@ers, 1995-2000,
No Action Afiernative

Site ROI ‘ 1995 1996 1997 1998 1999 2000 ~

ORR 792 801 809 818 827 836

SRS 956 968 980 992 1,010 1,020

B&W 358 361 364 367 370 373

MS 556 561 566 571 577 582
Sourw BWPotiee 1995wDOJ 19943 NF Police1995wORPotiw 1995wAppendixTabl~ R1-10 through13,

T&le R1-21. Candtite Sites-Total Number of Firefighters, 1995-2000,
No Action Afiernative

Site ROI 1995 1996 1997 1998 1999 2000
ORR 1,120 1,130 1,150 1,160 1,170 1,180

SRS 1,363 1,380 1,400 1,420 ~ 1,430 1,450 ~

B&W 960 968 976 984 992 1,000

Ws 1,201 1,210 1,220 1,230 1,250 1,260
Now KngsportFireDep~ent in SulfivanCoun&andLimestoneCoveVolunteerFireDepartmentin UnicoiCoun&were

excludedfromtheNFSROItoti huse firefighterdah wereunattaimbIe.
Sourm BWFire 1995~NF Fire 1995~ORFire 19953 SRFire 1995~AppendixTablwE1-10 tirough 13.

T&k E1-22. Candtie Sites-Toti Number of Physhbs, 1995-2000, No Action Afiernative

Site ROI 1995 1996 1997 1998 1999 2000

ORR 1,300 1,320 1,330 1,350 1,360 1,380

SRS ~ 1,370 1,390, , . ,1,410 ‘ 1,420 1,440 1,460

B&W 299 302 ~ 304. 307 309 312

MS 870 878 886 894 902 910

Souw AMA19943AppendixTablesR1-10 through13.

Table RI-23. Candidate Sites-HospW Occupancy Rates, 199S2000, ~
No Actin Alternative

Site ROI 1995 1996 1997 1998 1999 2000
ORR 73 74 75 76 77 78
SRS 65 66 66 67 68 69
B&W 70 71 71 ‘ 72 72 73
NFs 61 62 63 63 64 64

Sour&:AHA19943AppendixTabl- F.1-10 through13.
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Table E1-24. Changes to Toti Employment, Unemployment Rate, and Per Capita Income During Full

site NoAction Per@nt Change

Oak ~dge Reservation
Unemploymentrate 4.9 4.8 NA

ToM employment 488,700 ~ 489,144 0.1

Operation of the U;anyl Nitrate hexahydrate Blending Facili~

I

I
Per capita income (doUarsper person) 19,214 19,225 0.1

Savannah ~ver Site

Unemployment rah 6.7 6.6 NA

I ToM employment 259,400 259,770 0.1

Per capita income (doUarsper person) 18,930 18,952 0.1

Babeoek & Wflcox

Unemployment rate 4.9 4.8 NA

I Toti employment 334,700 335,111 0.1

I Per capita income (doUarsper person) 18,788 18,802 <0.1

Nuclear Puel Services

Unemployment rate 5.9 5.7 ~ NA

I Toti employment 265,500 ‘ 265,879 ~‘ 0.1

Per capita income (doUarsper person) 17,594 17,612 : ‘ ~ 0.1

Nom NA=ot applicable.

I Sour- BEA 1995GBW1995bl;Census1992vCensus1993hCensus199Z Census1993d;~ns~ 1993GCensus1993s
Cemus1993kDOC19~, DOC1990dDOC1994j;DOC1995wDOL1991w~S 1995b2;ORL~S 1995b;
ORR1991X4SRS1991X3.

Tdle E1-25. Changes to Toti Empbyment, Unemployment Rate, and Per Capiti Income
During Full Operation of the Uranium Hexafluoride Blending Facili@

I Site No Action UPC Pereent Change

Babcock & Wflcox
UnemploymentRate 4,9 4.8 NA

I Toti employment 334,700 335,111 0.1

I Per capita income (doflar per person) 18,788 18,802 Co.1

Nuclear Puel Services

Unemploymentrate 5.9 5.7 NA

Totrdemployment 265,500 265,879 0.1

Per capitaincome(doUarperperson) 17,594 17,612 0.1
Note:NA=ot applicable.

I

Sourcti BEA 1995c;BW 1995bl; Census1992wCemus 1993MCensus1993d Ceasus1993g; Census1993h;DOC1990c;
DOC 1990d DOC 1994j;DOC 1995%DOL1991X~S 1995bZ ORL~S 1995a
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T&k E1-26. Changes to TotiEmpbymen~ UnempbymentRati, and Per Capiti Income Duting Full
Operation of the MetiBknding Facil@

Site No’A&on Me@ Pemnt Change
Oak Ridge R=mation

Unemplopentr@ 4.9 4.8 NA
ToM emplopent 488,700 489,144 0.1
Per capitaincome(doflarper pemon) 19,214 19,220 Co,l
Wextdeleti.] .’ ,.

Now NA=ot applicable.
Som BW 1995GGmw 1992q Cem& 1993b;Gmm 1993c;Cem 1993%~ l~; D~ lW, DW 1994j;

D~ 1995x DOL1991~ ORL~S 1995q ORR 1991x4.
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Intersite Transportation

Appendk G ~
Intersite hansportation

G.1 ~NSPORTA~ON ~K
ANALYSM ~~ODOLOGY

.

Herdth impacts from transportation are presented h
this appendix for four blending options: 1) uranyl
nitrate hexahydrate (UNH) crystals as commercial
reactor fuel feed matefid, 2) UNH as low-level waste
(LLm, 3) uranium hextiuotide (~6) as fuel feed
material, and 4) meti LLW.

This assessment estimates the health effects, in terms
of annual fatalities, from the transportation of
radioactive materials needed for blending higtiy
enriched uranium (HEW to low-enriched uranium
@Ew with appropriate blendsteck material and from
the transportation of the blended products to a site for
either fuel fabrication or disposal as LLW.
Calculations were performed using RADTRAN

I Version 4 to estimate unit risks, that is, the risk of
transporting each type of material over a distance of
1 kilometer m) (0.62 mfles [~1) ~ough ~erent
poptiation zones. h a series of wed spreadsheets,
the impacti were cdctiatti for each alternative using
actual distances and population zones, and summed
for toti health effects. The data used md herdth risk

impacts are summarized in Tables G.1-l through
G.1*.. . . . . ,

HigMy enriched uranium wotid be transported via
safe smure trtiers (SSTS). The blendstock would
consist of naturrd uranium ~, depleted uranium
(DU), or LEU in oxide as triuranic-octaoxide
(U30g), me~, or ~6 fo~. me s~pmen~ of LEU
and LLW would be transported in Department of
Transportation (DOT) -approved packages by
commercial carriers. The number of packages per
shipment would be in accordance with regulatory
requirements. Trucks would be Ioadd to capacity, as
determined by either weight or radiological dose
Mtations.

RADTRAN combines user-determined
demographic, transportation, packaging, and
material factors with hdth physics data to cdcdate
the expected radiological consequences of accident-
free and accident risk of transporting radioactive
materiaL Tables G.1-l and G.1-2 give the isotopic
compositions used for wh materird type considered.
HEU was assumed to be 93-percent U-235; even
though the average assay of surplus HEU was

Tdle G.1-l. Isotopic Composition by Percent of Uranium Mate&k

Wkrti U-232 u-234 U-235 u-236 U-238

~U (93%U-235) o 1 93.1 0.5 5.4

DU (0;2% U-235)” 4.OX1O-6 3.6x103 0.2 0 99.8

NU (0.71% U-235) 4.OX1O4 5.4X1O-3 0.71 0 99.3

LEU1 (0.9% U-235) 4.OX1O4 9.5X1O-3 0.9 3.3X1W3 99

LEU4 (4% U-235) 4.OX1O-6 3.3X10”2 4 1.5x10-2 96

Spec%c activi@ 2.2X104 6.2 2.1X1O-3 6.3x102 3.3X104

‘(curieklop)

SoumwOm 1995W3.
T&le G.1-2. Contribution by Isotope to Toti Speci@ActiviQ (curies per Hlogram)

Ma@rM U-232 u-234 U-235 U-236 U-238 Toti

HEU (93%U-235) o 6.2x10-2 2.OX1O-3 3.2X104 1.8x1V5 6.4x102

DU (0.2% U-235) 8.8X104 2.2X104 4.2x104 O 3.3X104 1.4X103

~ (0,71% U-235) 8.8X104 3.4X104 1.5X105 o 3.3X104 1.6xl~3

LEU1 (0.9% U-235) 8.8X104 5.9xlo~ 1.9X1O-5 2.1X104 3.3X104 1.8xl&3

LEU4 (4% U-235) 8.8X104 2.1X1O-3 8.4x10-5 9.5xlo~ 3.2X104 3.4X1O-3

Sourcti 0~ 1995X3.
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estimated to be lower, 93 percent was used in
transportation analyses to assess the highest potential
impact. The blendstock materials were NU with
0.71-percent U-235 or DU with 0.2-percent U-235.
The product materials were fuel feed material with
Apercent U-235 or LLW with 0.9-pement U-235.

The transport index is a iegulato~ charwteristic of a
package and is equal to the radiation dose rate in
mi~rem per hour at a distance of 1 meter (m) (3.3
feet [ft]) from the outside of the package. The
transport index values were estimated to be the
maximum allowed by regulatory requirements, as
indicated by regulatory checks incorporated in
RADTRAN. These regulatory checks limit the
product of the number of packages and the transport
index (of each package) to a value of about 16. The
quantity of material per package, number of
packages per truc~oad, and number oftructioads
per year were estimated.

The transportation accident model in RADTRAN
assigns accident probabilities to a set of accident
categories. For the ~ck analysis, the eight accident-
severity categories defined in Nuclear Regulatory
Commission’s (NRC) Final Environmental
Statement on the Transportation of Radioactive
Material by Air and Other Modes (NUREG-0170,

[ Dwember 1977)wereused.Theleast severe accident
category (Category ~ represents low magnitudes of
crush force, accident-impact velocity, fire duration,
or puncture-impact speed. The most severe category
(Category ~) represents a large crush force, high-
impact velocity, high puncture-impact speed, an

I88-kilometer per hour -) (54.6-mti) co~sion
into the side of the vehicle, and a 982 Celsius ~C)
(1,800 Fahrenheit ~F]) fire lasting 1.5 hrs to produce
a release of HEU. The release fractions for Category
WII accidents were conservatively estimated to be
0.1 for the stricfly controfied SST shipments of ~U
and 1 for other shipments.

Unit risk factors for radiological exposure from
transportation were calculated in terms of fatal
cancers for each type of material to be shipped a
distance of 1 km (0.62 mi) in mr~, suburban, tid
urban population zones. These unit risk factors are
presented in Table G.1-3. The RADTWN code was
used to estimate population and occupational doses
(unit dose factors) for transportation of each material
over 1 ti (0.62 mi) in each population zone. The unit

G-2

,.. ~.,’ ;.-- . ... . -’,. :.’-,,,,. ; -4-...’.,

dose factors were converted to unit risk factors by
mtitiplying the occupational accident-free unit dose
factors by 4.0x104 cancers per person-rem and the
pubfic accident-free and accident unit dose factors by
5.0x10A cancers per person-rem ~CW 1991X22),

Radiologicd exposures from handting of uranium
materials during loading and unloading of trucks
were estimated per shipment (trucUoad) as shown in
Table G.1+. It was estimated that there would be

‘two cargo banders and 35 other workers within 50 m
(165 ft) of the loading/unloading operations.
Accident-free risks to cargo handlers and other
workers were summed for determining total health
impacts.

Table G.1-5 presents the computed health risks per
year from the trmport of HEU to blending sites for
each dtemativ~ Table G.1+ presents the risks from
the transport of blendstock materials; and
Table G.1–7 presents the risks from transporting
commercial reactor fiel feed material and LLW from
blending sites to either a fuel fabrication plant or
LLW disposd site.

For these calculations, distances and the fractions for
rural, suburban, and urban populations for each
intersite route were estimated using the ~ERSTAT
routing code. Among the routes considered, the
average population distribution for rural, suburban,
and urban were 78, 20, md 2 percent, respectively.
Annual radiological transportation impacts were
calculated by multiplying route distance by the
number of shipments and then multiplying by the
sum of the products of the rurrd distance fraction and
rud unit risk factor, the suburban distance fraction
and suburban unit risk factor, and the urban distance
fraction and urban unit risk factor. Tables G.1-5,
G.1-6, and G. 1-7 also include estimates of
nonradiological impacts due to air pollution and
highway accidents. Fatalities from potential air
pollution were estimated using 1.0x10-7 cancer
fatalities per urban kilometer. Highway accident
fatalities were estimated from national statistics
using 1.5x10-8rud, 3.7x10-9suburban, and 2.1x109
urban for occupational risks per kilometer, and
5.3x10-8 rural, 1.3x10-8 suburban, and 7.5x10-9

I urban for nonoccupational risks per kilometer.

Table G.1-8 presents a summary of the cumulative
annual ~sportation health impacts for all blending
options.
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Tdle G.1-5. Annual Heatih Effects From ~ansportation of High@ Entihed Uranium (93-Percent U-235) From Y-12 Phnt b Blending Pbnts

Radiologida Nonradiologidb

Air
Population Accident Accident-Free Accident Pollution

Total

I H@th
Sbipmentsc Distance Rural Suburban Urban Pubfic crew Pubfic crew Effectd

D-tination (per year) (h) (%) (%) (%)
UNH Blending to Fuel Feed Material

2.5x10+

1.2X104

2.4x10A

o

7.2x10-5

3.4X1O-5

6.7x10-5

o

6.9x10-6

3.3X1O-6

1.1X1O-5

o

7.4X104

501X104

7.2x10A

3,1X104

1

1

2

0

1.3X1O-6

6.2x10-7

1.2X1O-6

o

l.lxlo~

6.0x10-5

9.8x10-5

1.9X1O-5

3.OX1O4

3.OX1O4

3.0X104

2.9X104

B&W - 6 526

NFs 6 247

SRS 6 479

Y-12 6 0

UNH Blending to LLW

B&W 22 526

MS 22 M7
SRS 22 479

Y-12 22 0
~6 Blending to Fuel Feed Material

B&W 105 526
MS 105 247

Meti Blending to LLW
Next deleted.]

68

68

71

0

31

31

27
0

2.6x10-5

1,2X1O-6

4.1X1O-5

o

1.1X1O-3

1.1X1O-3

1.1X1O-3

1.1X1O-3

9.3X104

4.4X104

8.7x104

o

2.6x104

1.2X104

2.5x104

o

2.7x10-3

1.9X1O-3

2.6x10-3

1.1X1O-3

2.7x10-7

1.3X1O-7

2,3x10-7

o

3.9xlo~

2,2X104

3.6x10q

7.1X1O-5

68

68

71

0

31

31

27

0

1

1

2

0

1.2X104

5.7X1W5

1.3X1O-2

8.9x103
5.3X1O-3

5,2x10-3

4.4X1O-3

2.1X1O-3

1.3X1O-3

5.9xlo~
1.3X1O-6

6.0x10-7

1.9X1O-3

1.1X1O-3
68

68

31

31

1

1

Y-12 33 0 0 0 0 0 1.1X104 1.6x10-5 o 0 0 1.7X10-3

a Cancerfatilties.
b Fatilties.
c A stipment is a mc~oad.

I d Rtimated fattities peryear.
Sowti Nm modelresults.
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maiol~da Nonradiolo@db

Air
A&dent A&dent-_ A&aent PoUution

TotiHdti
Destination Makri~ Sbipmen& Distanm Pubtic crew Pubtic Cmw Effdd

ori@ (per year) ~)
Meti

Fedd Y-12 DU~.2 20 466 2.OX1O-5 3.2x10A 1.OX1O-3 7.4X104 2.1X104 2.2X1O-5 2.3x10-3
I ~ext deleti.]

a Caomrftitics.
b F@tics.
c A stipmcntis a tictioti

IdRdmatcdfatrditicspcryear.
NOWG-n@ Htic Wti@oL
So= ~ modelmalts.

T&k G.I-7. &n&He&h E#ects From ~apotin of Fuel FeedM&ti & tiw-~el Wmti
From the Bk&g Pbt to Des-n

maiol@da Nonradiol@db

Awiaent Awident-h Accident Air PoUution

ToM Hdtb

I Destination D-w PubEc crew Pubfic crew EffMc
ori@ b)

Uranyl Nitrate Hexabydrated (&Pe~t Enriebment)

B&W ABB-CE 1,301 1.2X104

B&W B&W o 0
B&W GE 801 6.4x10-5

B&W . SNPC 4,422 2.8xl@

B&W WCFF 607 4.9X1O-5

NFs ABB~ 1,095 9.7X1O-5
B&W 595 5.OX1O-5
GE 860 6.8X1O-5
SNPC 4,216 2.5x10A

NFs WCFF 519 4.1X1O-5

2.7x10-3
2.3xlti
1.8x10-3
8.6X1O-3
1.4X1O-3
2.3x10-3

1.4X1O-3
1.9X1U3
8.2x10-3
1.2X1W3

3.8x10-3
3.4X1O-3
3.6x10-3
4.7X1O-3
3.6x10-3

3.7X1O-3
3.6x10-3
3.6x10-3
4.6x1W3

35X1W3

7.1X1O-3

o
4.6x10-3
2.7x10-2
3.5X1O-3

6.0x10-3
3.3X1O-3
5.1X1O-3
2.6x102
3.OX1O-3

2.OXIO-3
o

1.3X1O-3
7.7X1O-3
9.9xlo~

1.7X1O-3
9.4xlo~
1.4X1O-3
7.4X1O-3

85xl@

3.1X104
o

2.1X104
8.7x10q
1.5X104

2.3x104

9.2X1O-5
2.7x104
8.3xlti
15X104

1.6x10-2
3.6x10-3
1.2X10-2
4.9X1O-2

9.6x10-3
1.4X1O-2

9.3X1O-3
1.2X1O-2
4.7X1U2

8.8X1W3

I
I

I

—— .-————-—.————.——. —
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T&k G.1-7. Annti He& E#ecti From ~po~n of Fuel Feed M@@ and bw-tiel Wwte
From the Bhmding Pti to Destination40tiued

mdiologitia Nomdiologidb .

Addent Auident-k Accident * PoMution

~~ Hdti

~tion Wme Pnbfic Cmw Pnbfic Cmw Eff-tc

Ofigin m)
MeMg (0.9-Pement Etitient)

Y-12 NTs 3,181 1.2X104 5.2X1O-3 3.6x10-3 1.7X1O-2 4.8x10-3 4.1X104 3.1X102

~ext deleted.]

a mcer ftities.
b F~tim, -

c Wtimatedfa~ties per y-.
d ~em ~o~d ~ 70 ~fip~~ (~cMti) ~r y-. ,’

e ~ere wodd & 40 stiprnentsperYW. .

f mm wotid ~ 20 tipments perym.
g ~em wo~d ~ 5g stipmen$ pery~.

NOW~B-C~~ Brown-Boverititivation En@eerin& G~ned Mutic Wltin@o~ S~iemm NuclearPower~rporatio~ WCFF=Wmtin@ometilumtia Fuel .
Facifity.

so~ ~ mtiel ~~~. ,.

T&k G.14. CumutiveAnnd He&h Im~ts From Wanspotin of High~, Entihed Uranium and Other M@& ~
for tih Bknding Option

mdiologiaa Nomdiolo@dD

*
Accid&t Accident-k Accident PoUution

Ofigin of
,!

Blending Co&e~on B1~tig Toti H~h :

Wte@ site site Ktitionc Pnbtic Cmw PubEc Cmw Effwtd 2~
~ Blending to Fud Feed Wteti m

1.7X104 4.1X1O-3 6.1x10-3 1.1X1O-2 3.OX1O-3 4.6x104 2.4x10-2
~ .-

Pdud GE B&W ~B-CE
4.7X1O-5 1.6x10-3 1.OX1O-3 1.5X104 1.2X1O-2 9

PaduA GE B&W B&W 5.6x10-3 3.5X1U3 g
Paduti . GE B&W GE l.lxlo~ 3.1X10-3 5.9X1O-3 8.2x10-3 ‘2.3x10-3 3.6x10A 2,OX1O-2 g’
Paducab GE B&W SNPC 3.2X104 9.9X1O-3 6.9x10-3 3.1X1W2 8.7x10-3 1.OX1O-3 5.8x10-2 =.

. 7.OX1O-3 2.oxla3 3.OX1O4 1.8x10-2 sMUA ~ GE B&W Wm 9.6x10-5 2.7x10-3 5.8x10-3
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T&h G.14. CumuMvehnti Heati Impacts From ~ansportation of High@ Entihed Uranium and Other Matetih
forEwh Blending OptionAontinued

~diologicrda Nonradiologidb

Kir
Accident Accident-Free Accident Pollution

Origin of
Blending Convemion Blending Toti HaJth
Materird Site Site - D@tinationc Pubfic Crew Pubtic Crew Effectd

~H Blending to Fuel Feed Materbd (Continued)

Piketon

Piketon

Piketon

‘Piketon

Piketon

Piketon

Piketon

Piketon

Piketon

Piketon

Piketon

Piketon

Piketon

PAeton

Hanford

Hanford

Hanford

Hanford

H~ford
Honford

Hanford

Hanford

Hanford

Hanford
~ Hanford
w

Hanford

GE

GE

GE

GE

GE

GE

GE

GE

GE

GE

GE

GE

GE

GE

ms

ms

NPs

NPs

SRS

SRS .

SRS

SRS

SRS

Y-12

Y-12

Y-12

Y-12

Y-12

B&W

B&W

B&W

B&W

B&W

NPs

ms

NPs

ms

NPs

SRS

SRS

B&W

GE

SNPC

Wcm

ABB-CE

B&W

GE

SNPC

WCPP

~B-CE

B&W

GE

SNPC

Wcm

~B-CE

B&W

GE

SNPC

Wcw
ABB-CE

B&W

GE

SNPC

Wcw

ABB-CE

B&W

9.9X1O-5

1.2X104

3.OX1O4
9.1X1O-5

1,6x10A

9.9X1O-5
8.9x10-5

3.2x10A
4.9X1O-5

1.2X104
9.1X1O-5
l.lxlo~

2.8x10q
8.3x10-5
2.3x10A
l.lxlo~

1.7X104
3.9xlo~
1.6x10q
2,OX1O4
1.5X104

1.7X104
3.5X104
1.4X104

2.2X104
1.7X104

2.7x10-3

3.2x10-3

9.5X1O-3

2.6x10-3

4.OX1O-3

2.8x10-3

2,6x10-3

9.9X1O”3

1.7X1O-3

3.1X1O-3

2.5x103

3,OX1O-3

9.OX1O-3

2.4x10-3

4.7X1O-3

2.2X1O-3

3.7X1O-3

1.1X102

3.3X1O-3

4.1X1V3

3.2x10-3

3.7X1O-3

1.0X10-2

3.OX1O-3

4.7X1O-3

3.5X1O-3

5.8x10-3

5.9X1O-3

6.9x10-3

5.8x10-3

6.1x10-3

5,8x10-3

5.8x10-3

6.9x10-3

5.7X1O-3

5.9X1O-3

5.8x10-3

5.9X1O-3

6.8X1W3

5.7X1O-3
5.1X1O-3

4.7X1O-3

4.9X1O-3

6.0x1U3

4.9X1O-3

5.OX1O-3

4.8x10-3

4.9X1O-3

5.9X1O-3

4.8x10-3

5.1X1U3

4.9xlo-3-

6.9x10-3

8.6X1O-3

3.OX1O-2

6.6X1O-3

1.ixlo-2

7.4X1O-3

6.8X1O-3

3.1X1O-2

3.9X1O-3

8,0x10-3

6.3x1U3

7.9X1O-3

2.8x10-2

5.9X1O-3

1.3X1O-2

6.1x10-3

1.1X1O-2

3.3X1O-2

9.5X1O-3
1.2X1O-2

9.OX1O-3

1.1X1O-2

3.2x10-2

8.7x10-3

1.4X1O-2

1.OX1O-*

2,OX1O-3

2.4x10-3

8.4x10-3

1.9X1O-3

3.1X1O-3

2.1X1O-3

1.9X1O-3

8.7x10-3

1.1X103

2.3x10-3

1.8xi0-3

2.2X103

7.9X1O-3

1.7X1O-3

3.7X1O-3

1.7X1O-3

3.OX1O-3

9.4X1O-3

2.7x10-3
3.3X1O-3

2.6x1U3

3.OX1O-3

9.OX1O-3

2,5x10-3

3.8x10-3

2.9X1O-3

2,6x10A

4.4X104

1.OX1O-3

3.2x10A

5.1X104

3.5X104

3.6x10a

1.1X1O-3

1.9X104

3.5X104

2.4x104

3.9xlo~

9.4xlo~

2,8x104

5.OX1O4

1.9xlo~

4.1X104

1.1X1O-3

3.5X104
4.1X104

2.7x10A

4.5X104

1.OX1O-3

3.3X104

5.6x10A

4.OX1O4

1.8x10-2

2.1X1O-2

5.6x10-2

1.7X1O-2

2.5X10-2

1.9X1O-2

1.8x10-2

5.8X1O-2

1.3X1O-2

2.OX1O-2

1.7X1O-2

2.OX1O-2

5,3X102

1.6x10-2
2,7x10-2

1.5X1O-2

2,3x10-2

6,1x102

2,1X1O-2

2.5x1U2

2.OX1O-*

2.3x102

5.8x10-2

2.OX1O-2

2.8x10-2

2.2X1O*
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Disposition of Surplus Highly
Enriched UraniumFinal EIS

G.2 6M, WE B RADIOAC-
~TEWS S~~NT
PACmG~G ~ST SEQ~NCE

h addition to meeting standards demonstrating it can
withstand normal conditions of transport without loss
or dispersd of its radioactive contents, the model 6M,

~pe B packaging used for Department of Energy
(DOE) shipments must survive certain severe
hypothetical accident conditions that demonstrate
resistance to impact, puncture, fire, and, water
submersion. Test conditions do not dupticate =ident
environments but, rather, produce damage equivalent
to extreme and ufiely accidents. The 6M, Type B
packaging is judged as surviving extreme sequentird
testing if it retains all its contents except for
minuscule allowable releases, and the dose rate
outside the packaging does not exceed 1 reti at a
distance of 1 m from the package surface. Drum sizes
(outer package) can vary from 38 to 416 liters
(10 to 110 gflons).

The complete sequence of tests is fisted below:

●

●

Drop TML A 9-m (3@fi) drop onto a flat
essentially unyielding, horizontal
surface, striking the surf~e in a position
for which maximum damage is ex~td

Puncture Test. A l-m (40-inch) drop
onto the upper end of a 15-centimeter
(6-inch) diameter solid, vertical,
cyfindricd, mild steel bar mounted on an
essentially unyielding, horizontal
surface.

G-14

.,*

●

Thermal T&t. An exposure for not less
than 30 minutes to a heat flux not less
than that of a radiation environment of
800 ‘C (1,475 ‘F) with an emissivity
coefficient of at least 0.9.

Water-kmersion Test A subjation to
water pressure equivalent to immersion
under a head of water of at least 15 m
(50 ft) for not less than 8 hours.

The reWlatory test conditions for the 6M, ‘~pe B
packaging and other similar packaging are much
more demanding than they might appear. For
example, au impact on a very hard surface (desert
ctiche) at over 322 W (200 mph) is not as Wely
to deform the packaging as would a drop of 9 m
(30 ft) onto an unyielding -et.

A ~picd 6M, me B packaging approved for use by
DOE is covered by Certificate of Compliance

I Number 9965, dated February 16,1996.

The 6M, Type B packaging is made up of severrd
component parts each playing an integd engineered
role in containment and confinement of the
radioactive material being shipped. The applicable
DOE Safety Amdysis Report for Packaging provides
additiond detail that shows that the package provides
a high level of public safety regardless of the
accidental conditions it might encounter during
transportation. Nthough 6M, ~pe B packaging
have been involved in severe accidents, the integrity
of the p~kaging has never been compromised.
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Federal, State; and bcal Agencies/
OrganiwtionsAndividw~s contacted

Appen& H ~
Federal, Stite, and Local

Agencies/Orgatizatiomflnditiduals Contacted

This appendix identifies the various agencies
contacted during the preparation of the Disposition of
Surplus Highly Enriched Uranium Environmental
Impact Statement (HEU EIS). The various agencies
were contacted to actively soticit site-specific data
regdatory compliance requirements; Feded, State,
and local laws; or Executive Orders’ that may be
applicable to the proposed alternatives considered in
tis EIS. ,>

Babcock &Wilcox
Naval Nuclear Fuels Division

Babcock &Wilcox Fuel Company
Commercial Nuclear Fuel Plmt

Campbe~ County, Virginia
Office of County Administrator .

City of GreenviUe,Tennessee
Water Department

City of Jonesborough, Tennessee
Water Dep~ent

Commonwealth of Virginia
Department of Environment @titY
Water Regiod Office

Commonwealth of Virginia
Department of Health

I Office of Water Programs

Commonwealth of Virginia
Department of Historic Resources

Commonwealth of Virginia
Department of Transposition

Commonwealth of Virginia
Game and Mand Fisheries

Department of Environment and Conservation
Regional Office
Environment Epidemiologic Program

The Department of Energy has dso requested certain
agencies and organizations to cooperate during the
preparation of the HEU EIS. The Environmental
Protection Agency and the Utited States Enrichment
Corporation have agreed to cooperate with the
Department of Energy and signed memorandums of
understanding, which are included in this appendix.

Erwin Chamber of Commerce
Erwin Tennessee .

Erwin Utities
Erwin, Tennessee

Hood Distribution Center
National flood hurance Program

Dr. Kerry Gatie, M.D.
Tennessw State Herdth Department, Epidemiology

H4th Hazard Control

Lynchburg Airport
Airport Director

Lynchburg Chamber of Commerce
I Lynchburg, Virginia

Nationrd ~atic Data Center

Nuclear Fuel Services
Erwin, Tennessee

Patrick A. W, Epidemiologist
Environmbntrd Epidemiology
NashviUe,Tennessee

State of South Carotia
Department of Health and Environment
Protection Division
Bureau of Air @tity

H-1
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Disposition of Surplus Highly
Enriched UraniumFinal EIS

State of Tennessee
Attorney General’s Office
Environment Protwtion Division

I State of Tennessee
Department of Health and Environment

State of Tennessee
Division of Underground Storage Tanks

I State of Tennessee
Department of Transportation
Map Sales Department

I State of Tennessee
State Wlldtife Division

Tri-Cities Airport
FfiAirport Dir~tor

Urdcoi County, Tennessee
County Executive, Paul Mom

Unicoi County, Tennessee
Department of Health

U.S. Department of Agrictiture
National Resources Conservation Service

U.S. Department of Agricdture
Soil Conservation Service

U.S. Department of the Interior
Geologicrd Survey
NashviHe, Tennessee

U.S. Department of the Interior
Geologicrd Survey
Reston, Virginia

U.S. Department of the Interior
Geological Survey
Richmond, Virginia

U.S. Department of the Interior
Nationrd Park Service

1U.S. Department of Transportation
Federrd Aviation Administration

Virginia Game and Hand Fisheries

Virginia Polyt=hnic Institute and State University
Department of Crop and Soil Environmental
Sciences

Viginia Polytmhnic kstitute and Stite University
Viginia Water Resoumes Resemh Center

Wayne Scott
Scott’s Farm
Ewin, Tennessee

U.S. Department of Commerce
Federrd Emergency Management Agency

I

I

H-2

I
-—... — — —— -- —,-—- ——__ . ,—__ _~

,: ,-q.—. -:~. .’..
-——— ..’

,.. ,-. :’:’. ,,’, .,-.. ,:,:’ : ;,: ;;,
.,

,, .,.. ,..
.,

.,
-.,:,,,.-, ,,- ‘.,’,



.—

I

I

1

I

UNITED STATES ENVIRONMENTAL PROTEC~ON AGENCY

. WASHINGTON, D.C. 20460

Mr. J. David Nulton, Director
NEPA Compliance and Outreach

‘Office of Fissile Materials Disposition
U:S. Department of Energy
,1000 Independence Avenue, S.W.
Washington, D;C, 20585

OFFC-E &
ENFORCEWWAND

mMnWCEASU~E

Dear, Mr. Nulton:

Thank you for your letter dated May 2, 1995, fiviting our ~
participation as.a potential cooperating agency in the
preparation of the Environmental Impact Statement (EIS) for the

‘Disposition of Surplus. Highly Enriched Uranium (HEU). We would

be pleased to be a cooperating agency.

In order to define our specific involvement, we have
enclosed a Memoran~um of Understanding (MOU) to be signed by both
agencies. This MOU has been coordinated by the staffs a$ EPA and
DOE. . After signature, we, .request’that the MOU be sent to the .EPA
point of contact. EPA Office of Federal Activities will
distribute copies of the MOU internally.to the appropriate.
program offices.

. . .

.,

In response to the questions posed in your May 2, 1995,
memorandum, we offer the following response. We were. asked to

comment on the issues. identified for analysis and if there were
., any additional issues. .Concerning the “EIS alternatives,.we

suggest that DOE discuss: the form of the material, the location

for treatment and storage of the matertal, any uses of the
blended down material, and if applicable, how and where it will
be disposed. Through the Clean Water Act Section 102, and the “
Safe Drinking Water Act Section .1428, s~a,tes have developed
comprehensive state groundwater protection programs and state
wellhead protection programs to protect priority areas for future
water supplies. We recommend that DOE work with the appropriate
state agencies to ensure that adequate groundwater .prote’ction
approaches are developed in determining the disposal and .Storage
locations for the material.

J...—
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We appreciate the opportunity to work along with DOE on this
projegt. If you have any questions, please ‘call me at (202), 260-
5053. Our staff contact on the issue is SusanOffer,dalat (2o2)
260-5059.

Sincerely, . .5

Enclosure
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f
chard E. Sanderson .

irector
,. Office of Federal .Act~vities .. . .
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MEMORANDUM OF UNDERSTAND~G
BET,WEEN THE DEPARTMENT OF ENERGY AND THE

ENV~O~TAL PROTECTION AGENCY AS A COOPERAT~G AGENCY
oNmE ENV~ONMENTAL ~pACT STATEMENT FOR THE
DISPOSITION OF SURPLUS HIGHLY ENRICHED URAN~

. .

The purpose of this document is to establish a framework for technical cooperation between
the Department of ,Energy (DOE) and the Environment Prot~tion Agency (EPA)
concerning the ‘development of the. Environment Impact Statement (EIS) for the Disposition
of SUrplus Highly Enriched Uranium @EU). DOE is the. lead agency and EPA is a

,cooperating .agency. When countersign by both parties, the following paragraphs will .
provide the basis’ for the roles between the two agencies as they conduct techni~
coordination, on issues of .mutud concern.

This memorandum of understanding ~0~ pertains to the exchange of information on
technid issues. It does not abrogate, rdter, or ‘in my way rnodi& existing or fiture
environment compliance.or clwup agreemenfi, other enfor~ble agr~ments, any .
permitting or regulatory requirement, or enforcement! actions. Further, it will not rdter
EPA’s responsibilities. under the National Environment Poficy Act ~PA) and .Section 309
of the Clm” Air Act to provide scoping comments and conduct an official review of the draft
and find EIS. This MOU will in no way affect state actions’ or policy with respect to
specific DOE sites. Funds and other resotirces will not be exchanged as a result of this
MOU.

. .

The DOE has responsibility for compliance with the r~uirements of NEPA and preparation
of the draft and final EIS. Accordingly, DOE agrees:

to provide EPA with “EIS information on ar=s for which DOE would like EPA
. .technid review and comments. These arm include but are not limited to

radiation; mixed waste, risk management, transpo@tion, ground water, and .
NEPA implemeritation;

to invite EPA to participate in intemd and extemrd m=tings concerning areas
that DOE would like EPA technid review and comments. These areas
include; but are not limif~ to, radiation, mixed waste, risk management,
transportation, ground water, md NEPA implementation;

? to provide copies of the draft and find EIS as soon as practical to allow EPA
sufficient time to review and comment on these documents;

1

Enclosure

—



NOTE. The m=tings mentioned above will: assist EPA’s understanding of
the HEU EIS. and relatd ‘issues, assist DOE in =rly identification and
resolution. of EPA issues, and thereby exP~ite review of ~~ d~ft ad find
EIS..

to consult with EPA reg~ding mitigative m=sures to be included in the EIS;

to indicate in the draft and find EIS cover page that EPA is a cooperating
agency. Also, the draft and find EIS will include, in the introductory section,
a statement that describes EPA’s role as a cooperating agency, and EPA’s

, NEPA and Section 309. CAA authorities.
. .

. The EPA agrees:..

~ to assist DOE in defining issues and concerns to be addressed in the EIS. This
will be done as part of EPA’s participation in document review m~tings.

to provide information in those areas that EPA has regulatory authority and/or
technical expertise, fiat include, but =e not. limit~ to, radiation~ mix~ waste~
risk ‘management, transportation; ground water, and NEPA implementation.

to review &d comment, in a timely manner, on those sections of the draft and
find EIS document where EPA has specific technicrd. expertise and/or
regulatory authority.

The Agency points of contact for this MOU are

EPA

Mr. Richard E. Sanderson
Director ~
Office of Federal Activities
Environmental Protection Agency
401 M Str&t, SW
Washington, D.C. 20460

202-260-5053

DOE

Mr. J. David Nulton
Director
Office of NEPA Compliance and

Oytrach
Office of Fissile Materials Disposition
Department of Energy
1000 Independence Avenue, SW
Washington, D.C. 20585

202T586-4513

2
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This agreement will be eff=tive upon signature by both EPA and DOE. It mn be modifid
by mutual agreement only and in writing. It can be terminated either when the NEPA
process is completd fissuance of DOE’s rword of dwision), or when written notice is given
by either agency.

EPA Approval: DOE Approval:

Dir=tor ~Dir=tor
Office of Fderal Activities Offi= of NEPA Compliance and
Environmental Protwtion Agency Outreach
401 M Street, SW Office of Fissile Materials Disposition
Washington, D.C. 20460 Department of Energy “

1000 Independence Avenue, SW
Washington, D.C. 20585
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USEC
United States

- Enrichment Corporation

July 21, 1995

!“

Mr. J. David Nulton ‘
Office of Fissile Materials Disposi~on ~-l)
Forrestd Building
U. S. Department of Energy
1000 Independence Avenue S.W..

~ Washington, D.C. 20585

Dear M. Nulton:

‘.
United States
Enrichment Corporation

2 Democracy Center
6903 Rockledge Drive ~
Bethesda, MD 20817

Tei: (301)564-3200
Fax (301).564-3201

Enclosed is the signed Memorandum of Understandi~ concerning cooperation on the ~
Environmental Impact Statement ~or.Di~osition of High& Enriched Uranium. We look forward
to working with your agency in this important endeavor.

Please contact meat (301) 564-3409 or Pat~ck ‘Gotian at”564-3412, to discuss matters
related to the addressed above. . .

Sincerkly,

T. Michael Taimi
Envirunmentd Poticies and Assurances Nfidnager

Enclosure

1

Otices in Paducah, Kentucky Pofismouth, Ohio Washington, DC
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MEMORANDUM OF UNDERSTANDING. :
.. .BEtiEEN THE DEPARTMENT OF ENERGY AND THE “

UNiTED STATES E~RICHMENT CORPOWTION FOR COOPEWTION ON THE
PREPARATION OF AN ENVIRONMENTAL IMPACT STATEMENT FOR THE

DISPOSITION OF SURPLUS HIGHLY ENRICHED u~NluM .

. .

July ’7, 1995 :

. . .,

The purpose of, this ‘document is. to establish a framework for technical cooperation
between the Depatient of Energy (DOE) and the United States Enrichment Corporation
(USEC) concerning tie development of the, Environmental Impact Statement (EIS) on the
disposition of surplus highly erifitihad uranium descibed in DOE’S No~ce Of Intent ~ .
published in the Ftiera/Reglsfer. DOE’is the iead agency in the preparation of this EIS,
with USE,Ccooperating on relevant portions. When signed by both parties, the following
paragraphs will govern the coordination between the two agencies as they conduct o
technical coordination on issues of mutual concern. ‘,. . .

This memorandum of understanding ‘(MOU) pertains to the exchange of information on ‘
technical issues. It does not abrogate, alter, or in any way modify existing or future c
agreements between DOE and USEC .or in anyway alter their rights or responsibilities.
DOE and USECwill each fund their OM a@vities under this MOU and no funds and other
resources will be exchanged as a result of this ~QU.,.

The Department “has respons~tility for compliance with the requirements of NEPA and
preparation.of the draft and,final EIS. Therefore, DOE agrees: ... .

●

●

●

●

.,

To provide.USEC~tii~ormation:on areas for which DOE would like USEC
technioal review and W-mments.,.

To invite :USECto pa~cipate in internal and external meetings concerning
scheduling and in areas for which DOE would like USEC technical review
and comments. These technical areas include, but. are not. limited to, o
uranium materials, “blending services; and transpofiation.

To provide copies of all drdfts as soon as practical to help allow USEC
suticient time to review and comment on these documents.

To consult with U.SECregarding mitigative measures to be included in the
EIS.

—— - -——.-— -. . .-.-,. —. --=----- --.,—. ..-—
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The USEC agrees:

● To assist DOE in.defining issues.and mnmrns to be addressed in the EIS.
This will be done as part. of USEC’S participation in document review
meetings. ~ . .

.. . .

● ✎ To,provide information in those areas that USEC has responsibility and/or
technical expertise,

● ~~TQ ‘review and comment, in a timely rnanher,~on. all drafts of the EIS
~document. ,~,. ~,

.

The agency points of @ntact for this MOU are:

USEC’

Mr. T. Michael Tairni .
Environmental Assurance and Policies .
Manager. ~

,United States Enrichment Corporation ,
Two Democracy Center . .
6903 Rockledge Drive
>Bethesda, Maryland 20817

(301) 564-3409 ~ ‘.’

DOE

Mr. J, David Nulton
Director; NEPA Compliance&Outreach
Office of Fissile Materials Disposition
U:S. Depaflment of Energy
1000 Independent@.Avenue, S.W.
Washington, D.C. 20585. .

(202) 5864513

,.
. .

This ag~eement will be effective upon Signature of both USEC and DOE. It can be
modified by ,mutualagreement only and in writing. If can be terminated either when the
NEPA process is completed (issuanceof DOES.record of.decision) or when written notice
is g’iveby either agency.

USEC Approval: DOE”Approvai:

‘ ?k . 2\ \-8 Y
.

Mr. ~. Michael Taimi ~ ~
. .

United States Enrichment
Corporation

1

—— ——
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Applicable tis, Regubtions,
d Otbr Requirements

AppenW I
Applicable Laws, Re@ations, and Other Reqtiremenk

1.1 mODUC~ON

This appendix identifies and presents the
environment standards and statutory r~uirements
that may apply to the disposition of surplus higtiy
enriched uranium (HEU). These statutes and
regulations provide the standard against which to
evaluate the abifity of potential blending sites to meet
environment, safety, and herdth requirements.

Table 1.1-1 lists applicable Federd environment
statutes, regulations, and Executive Orders for tie

proposed action. The table also identifies the
associated permit, approval, and consultation
requirements gener~y required to implement any
alternative. Table I. 1-2 lists applicable State
environmental, safety, and health statutes and “
re@ations for Tennessee, South Carolin& Viginia,
North tiohz Ohio, and ~ntuc~, and Table 1.1-3
provides a list of selected Department of Energy
@OE) environmen~ safety, and h~th orders.

I-1
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Federal Envtionmental S~tes, Re@Mns, and Orders

I R60urce EM-hveI Potential Appticabih&. Permits,.
Category Statut*egulatiotiOrder Citation R=ponsible Agency Approvals, Consultations, and Notifications

Air Resources CleanAirAct,
as amended

National Ambient Air Qudi~
Standards mAAQSIState
Implementation Plans

Standards of Performance for
New Stationary Sources

National Emission Standards
forHazardousAir Pollutants
~HAP)

Prevention of Significant
Deterioration @SD)

Noise ContmlAct of 1972

Water CleanWaterAct
Resources

National Pollutant Discharge
Ehation System
~DES) (Swtion 402
of Clew WaterAct)

Drtiged or Ffl Material -
(SNtion404 of Ckan Water
ActlRiversandHarbors
AppmpriationsActof 1899)

42 USC 7401 et seq. Environment
ProtectionAgency
@PA)

42 USC 7409 et seq. EPA

42 USC 7411 EPA

42 USC 7412 EPA

42 USC 7470 et seq. EPA

42 USC 4901 et seq. EPA

33 USC 1251 et seq. EPA

33 USC 1342 EPA

33 Usc 1344 Us. Army corps of
33 USC 401 et seq. Engineers

Requires sources to meet standards and obtain permits to satisfy:
National Ambient Air Qutity Standards, State kplementation
Plans, Standards of Performance for New Stationary Sources,
~HAP), and Prevention of Significant Deterioration @SD).

Requires compliance with primary and swondary ambient air quality
standards governing S02, NOX,CO, 03, Pb, and PMIO and emission
Kmits/reduction measures as designated in each state’s State
hplementation Plan.

Establishes contro~emission standards and recordkeeping
requirements for new or modified sources specifically addressed by
a standard.

Requires sources to comply with emission levels of carcinogenic or
mutagenic pollutants; may require a preconstruction approval,
depending on the process being considered and the level of emissions
that will result from the new or mdlfied source.

Appfies to areas that are in compliance with National Ambient Air
Quti~ Standards ~AAQS). Requires comprehensive
preconstruction review and the application of BestAvailable Control
Technology to major stationary sources (emissions of 100 tons/year)
and major modifications; requires a preconsmction review of air
quality impacts and the issuance of a cons~ction permit from the
responsible State agency setting fofi emission timitations to protect
the PSD increment.

Requires facilities to maintain noise levels that do not jeopardize the
health and safety of the pubtic.

Rquires EPA or State-issued permits and compliance with provisions
of permits regarding discharge of effluents to surface waters.

Requires permit to discharge ernuents Pollutants) to surface waters
and stormwatew, permit modifications are requird if discharge
effluents are altered.

Rquires permits to autioti tie discharge of dredgti or fill matend
into navigable waters or weflands md to authorize certain structures
or work in or tiwting navigable waters.
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Tdle 1.1-1. Federal Envkonmentil SWtes, Re@titins, and Orders—Continued

R=ource E~-Uvel Potential Appficabifi~: Permits,
Category S@tut~egulatiotiOrder Citation Responsible Agency Approvals, Consulhtions, and Notifications

Water WildandScenicRiversAct 16 USC 1271 et seq. Fish and Wildlife Consultation rwuired before construction of any new Federd proj=t
associated wi~ a river designated as wild and-scenic or under study
in order to minimim and mitigate any adverse effects on the physicrd
and blologicrd properties of the river.

Service wSFWS),
Bureau of Land
Management
Forest Service,
Nationrd Park
Service

EPA

Water Resources
Council, Federal
Emergency
Management

Resources
(continued)

Requires permits for constructiotioperation of underground injection
wells and subsequent discharging of effluents to ground aquifers.

Requires consultation if project impacts a floodplain.

Safe DrinkingWaterAct 42 USC 300f et seq.

Executive Order 11988:
Hoodplain Management

3CFR,1977 Comp.,
p. 117

Agen~y, Council on
Environmentrd
Quatity (CE@

U.S. Army corps of
Engineers~SFWS

DOE

Executive Order 11990:
Protection of Wetlands

Compliance with Hoodphdti
Wetlands Environmental
Review Requirements

3 CFR, 1977 Comp.,
p. 121

10 cm 1022

Requires Federd agencies to avoid the long- and short-term adverse
impacts associated with the destruction or modification of wetbmds,

Requires DOE to comply with rdl applicable floodplrdflwetlands
environmental review requirements.

42 USC 6901
et seq.~L 98-616

EPA Requires notification and permits for operations involving huardous
waste treatment, storage, or disposal facilities; changes to site
hmardous waste operations could require amendments to RCRA
hmardous waste permits involving public hetings,

Hwardous
Wastes and
Soil “
Resources

Resource Conservation and
Recove~ Act (RCRA)/
Hmardous and Solid Waste
Amendments
of 1984

42 USC 9601
et seq.~L 99499

EPA Requires cleanup and notification if there is a release or threatened
release of a hmardous substanc% requires DOE to enter into

Comprehensive
Environmental Response,
Compensation, and
Liability Act of 1980
(CERCLA)/Supe@nd
Amendments and
ReauthoriutionAct of 1986
(SARA)

Interagency Agreements with EPAand state to control the cleanup of
each DOE site on the National Priorities List ~PL).

——.
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E Ttile I.I-I. Federal Environmental Stitutes, Re@btins, and Orders—Continued

R=ource EIS-Level Potential Applimbility: Permi@,
Category Statut~egulatiodOrder Cihtion Responsible Agency Approvals, Consultati;;s, and Notifications

Communitv Environmental PL 102426 EPA Amends CERCLA(40 CFR 300) to establish a process for identifying,Hazardous
Wastes and
Soil
Resources
(continued)

Biotic
Resources

Respons; Facilitation Act

Farmland Protection Policy
Act of 1981

Federal Facility Compliance
Act of 1992

Federal bnd Policy and
Management Act

Fish and Wildl~e
Coordination Act

Bald and Golden Eagle
Protection Act

Migratory Bird TreatyAct

WildernessAct of 1964

WildFree-Roaming Horses
and Burros Act of 1971

7 USC 4201 et seq. Soil Conservation
Service

42 USC 6961 States

43 Usc 1701 Federal and State land
planning agencies

16 USC 661 et seq. USFWS

16 USC 668 et seq. USWS

16 USC 703 et seq. USFWS

16 USC 1131 et seq. Department of
Commerce (DOC)
and Department of
Interior @O~

16 USC 1331 et seq. DOI

prior to the termination of Federal activities, property that does not
contain contamination. Requires prompt identification of parcels that
will not require remediation to facilitate the transfer of such property
for economic redevelopment purposes.

DOE shall avoid any adverse effects to prime and unique ftiands.

Waives sovereign immuni~ for Federal facilities under RCRA and
requires DOE to develop plans and enter into agreements with states
as to specific management actions for specific mixed waste streams,

Requires Federd andor State land-planning agencies to retain Federal
ownership of public lands unless it is determined that disposal of
such parcel will serve the national interest.

Requires consultation on the possible effects on wildlife if there is
construction, modification, or control of bodies of water in excess of
10 acres in surface area.

Consultations should be conducted to determine if any protected birds
are found to inhabit the area. If so, DOE must obtain a permit prior
to moving any nests due to construction or operation of tritium
supply and recycling facilities.

Requires consultation to determine if there are any impacts on
migrating bird populations due to cons~ction or operation of tritium
supply and recycling facilities. If so, DOE will develop mitigation
measures to avoid adverse effects.

DOE shrdl consult with DOCDOI and minimize impact.

DOE shrdl consult with DOI and minimize impact.

-. .—.-——.—
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Tdle I.I-l. Federal Environmental Statutes, Re@btions, and Orders—Continued

Resource EM-Uvel Potential Apphubitity: Permits,
Category Statut~egulatiotiOrder Citation Responsible Agency Approvals, Consultations, and Notifications

Biotic Endangered Species Act of
Resources 1973
(continued)

Cultural National Historic
Resources Preservation Act of 1966, as

amended

Archaeological and Historical
Preservation Act of 1974

Archaeological Resources
Protection Act of 1979

American Indian Religious
Freedom Act of 1978

Native American Graves
Protection and Repatriation
Act of 1990

Executive Order 11593:
Protection and Enhancement
of the Cultural Environment

Worker Safety Occupational Safety and
and Health Health Act (OSHA)

OSHA Guidelines

Hazard Communication
Standard

Other Atomic Energy Act of 1954

National Environmental
Policy Act (NEPA)

16 USC 1531 et seq. USFWSNational
Marine Fisheries
Service

16 USC 470 et seq. President’s Adviso~
Council on Historic
Preservation

16 USC 469 et seq. DOI

16 USC 470aa DOI
et seq.

42 USC 1996 DOI

25 USC 3001 DOI

3 CFR 154,1971- DOI
1975 Comp., p.
559

5 USC 5108 OSHA

29 Usc 660 OSHA

29 CFR 1910.1200 OSHA

42 USC 2011 DOE

42 USC 4321 et seq. CEQ

Requires consultation to identify endangered or threatened spmies and
their habitats, assess DOE impacts thereon, obtain necessary
biological opinions and, if necess~, develop mitigation measures to
reduce or eliminate adverse effects of construction or operation.

DOE shall consult with the State Historic Preservation Officer (SHPO)
prior to construction to ensure that no historicrd properties will be
affected.

DOE shall obtain authorization for any disturbance of archaeological
resources.

DOE shall obtain authorization for any excavation or removal of
archaeological resources.

DOE shall consult with local Native American tribes prior to
construction to ensure that their religious customs, traditions, and
freedoms are preserved.

DOE shall consult with local Native American tribes prior to
construction to guarantee that no Native American graves are
disturbed.

DOE shall aid in the preservation of historic and archaeological data
that may otherwise be lost during construction activities.

Agencies shall comply with all applicable worker safety and health
legislation (including guidelines of 29 CFR 1960) and prepare, or
have available, Material Safety Data Sheets.

Agencies shall comply with all applicable worker safety and health
legislation (including guidelines of 29 CFR 1960) and prepare, or
have available, Material Safety Data Sheets,

DOE shall ensure that workers are informed of, and trained to handle,
all chemical hazards in the DOE workplace.

DOE shall follow its own standards and procedures to ensure tie safe
operation of its facilities.

DOE shrdl comply with NEPAimplementing procedures in accordmce
with 10CFR 1021.

.
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Tdle I.I-I. Federal Envkonmentil Statutes, Re@btins, and Orders—Continued

Resource EM-~vel Potentird Applicability: Permits,
Category Statut~egulatiotiOrder Citation Responsible Agency Approvals, Consultations, and Notifications

Otier ToxicSubstances Control Act 15 USC 2601 et seq,
(continued) CSCA)

Hazardous Materials 49 USC 1801 et seq.
Transport
Action Act

Hazardous Materials 49 USC 1801
Transportation Un#orm
Safety Act of 1990

Emergency Planning and 42 USC
Community Right-To-Know et seq.
Act Of 1986

1001

Executive Order 12088: 3 CFR, 1978 Comp.,
Federal Complimce with p, 243
Pollution Control Standards

Executive Order 11514 3 CFR, 1966-1970
Protection and Enhancement Comp., p, 902
of Environmental Quality

Pollution Prevention Act of
1990

Executive Order 12114
Environment Effects
Abroad Major Federd
Actions

Executive Order 12843:
Procurement Requirements
and Poticies for Feded
Agencies for Ozone-
Depleting Substances

- -.

42 USC 11001-
11050

January 4,1979

April 21,1993

EPA DOE shall comply with inventory reporting requirements andchemicd
control provisions of TSCA to protect the public from the risk of
exposure to chemicals; TSCA imposes strict limitations on use and
disposal of PCB-contarninatd equipment.

Department of DOE shall comply with the requirements governing hazardous
Transportation materials and waste transportation.
@OT)

DOT Restricts shippers of highway route-controlled quantities of
radioactive materials to use only permitted carriers.

EPA Requires the development of emergency response plans and reporting
requirements for chemical spills and other emergency release, and
imposes right-to-how reporting requirements covering storage and
use of chemicals which are reported in toxic chernicrd release forms.

Office of Management Requires Federrd agency landlords to submit to OMB an annual plan
and Budget -

CEQ

EPA

Department of State
CEQ

EPA

f~r the control of~nv~ronmentd pollution and to consult with EPA
and State agencies regarding the best techniques and methods.

Requires Federd agencies to demonstrate leadership in achieving the
environmental quality goals of NEPA; provides for DOE
consultation with appropriate Federal, State, and local agencies in
carrying out their activities as they affect the environment.

Establishes a national policy that pollution should be reduced at the
source and requires a toxic chemical source reduction and recycling
report for an owner or operator of a facility required to file an annual
toxic chemical release form under Section 313 of SARA.

Enable responsible officirds of Federal agencies having ultimate
responsibility for authorizing and approving actions encompassti by
this order to be informed of pertinent environment considerations
and to tie such considerations into account, with other pertinent
considerations of nationrd policy, in ting decisions regarding such
actions.

Requires Feded agencies to minimize procurement of ozone
depleting substances and conform their practices to comply with
Tifle M of CfeanAirActAmendments reference stratospheric ozone
protection and to r~ognize the increasingly tited avdabtity of
~ass I substances unti find phaseouL

l
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Tdle 1.1-1. Federal Envtionmentil Statutes, Repktins, and Orders—Continued

R~ource EIS-Uvel Potentird Applimbility: Permits,
Category Statut~egulatiotiOrder Citation Rwponsible Agency Approvak, Consultations, and NotifiMtiom

Requires Feded agencies to achieve 50 permnt reduction of agency’s
totrd releases of toxic chemids to the environment and offsite
transfers, to prepare a written faci~ty pollution prevention plan not
later than 1995, and to pubticly report toxic chemicals entering any
waste stream from Feded faci~ties, including any releases to the
environrnen6 and to improve lmrd emergency planning, response,
and accident notification.

Requires Feded agencies to develop affirmative pr~urement poticies
and establishes a shared responsibility between the system program
manager and the recycting commutity to effect use of rwycled items
for prmurement.

Requires Feded agencies to identify and address as appropriate,
disproportionately high and adverse human health or environment
effects of its programs, policies, and activities on minority
populations and low-inmme populations.

Other Executive Order 12856
(continued) Feded Compliance with

Right-To-fiow hWS and
Pollution Prevention
Requirements

August 3,1993 EPA

Ex~utive Order 12873:
Feded Acquisition,
R=ycting, and Waste
Prevention

Ex=utive Order 12898:
Federd Actions to Address
Environmentrd Justice in
Minority Populations and
hw-Income Populations

NuclearWrotePoliq Act of
1982

Executive Order 10480:
Further Providing For the
Administration of the
Defense Mobili=tion
Program

Executive Order 12148:
~oodplain Management

October 20,1993

February 11,1994

EPA

EPA

DOE shall dispose of radioactive waste per standards of 40 CFR 191.42 USC
et seq.

0101 EPA

Delegates to the Dir-tor, FEMA, with authority to redelegate, the
priorities and allocation functions conferred on the President by Tltie
I of the DefenseProductionAct of 1950, as amended.

August 1953

July 20,1979

April 3,1984

Federrd Emergency
Management
Agency -A)

Transferred functions and responsibilities associated with Federrd
emergency management to the Dirwtor, FEMA, The order assigns
the director, FEMA, the responsibility to estabfish Federd policies
for and to coordinate rdl civil defense and civil emergency planning,
management, mitigation, and assistanw functions of Executive
Agencies.

Establishes the NCS. The NCS consists of the telwornmunications
assets of the entities represented on the NCS of Principals and an
administrative structure consisting of the Executive Agent, the NCS
Committee of Principals, and the Manager,

. .

Exwutive Order 12472 National
Communication
System @CS)

. Assignment of Nationrd
Security and Emergency
Preparedness
Telwommunications

~ Functions

———— ——
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g T&h I.1-l. Federal Entionmenti S~tes, Re~Mns, and 0rders40ntinued

Rwu~ EM-hvel Potential Appfieabtity: Permi@
Category StatuW@atiodOrder Citation Responsible Agency Approv~ consu]tatio~ and Notifiwtions

Other Mecutive Order12656:
(continued) Assignment of Emergency

Preparedness
Responsibfities

Executive Order11988:
Noodplain Management

. . ‘Executive Order 12580
Superfund hplementation

May 24,1977 VW.Agencies This order assigns emergency preparedness responsibi~tim to Feded
departments and agencies.

3CFR, 1977 Comp., VM.Agencies Directs Feded agencies to estabfish procedures to ensure that the
p. 117 EPA potentird effects of flood hoards and floodplti management are

consideti for any action undetien in a floodplain and that
floodplain impacts be avoided to the extent practicable.

Janu~ 23,1987 Var.Agencies Delegates to the heads of exautive departments and agencies the
responsibility for undeting remedid actions for releases, or
threatened releases that are not on the National Priority fist and
removal actions other than emergencies where the release is from any
facility under thejurisdiction or control ofexautivedepartments and
agencies.

T&le 1.I-2. State Envtionmental S~tes, Re@&ns, and Orders

Resoume Category ~lation Citation RtiponsibIe Agency Potential Applimbdity~ermits
O& Ridge

Reservation, and
Nuclear Fuel
Servi~,Tenn~

Air Resources

Water Resources

H-dous Wastes
and Soil Resources

.-.

Tennessee Air Pollution Control TN Rules, Division of TN Air Pollution Con@ol
Regulations Air Pollution Board

TennesseeWaterQ~li~ ControlAct TN Code, ~de 69, TN Water Qutity Control
Chapter 3 Board

Tennessee Underground Storage Tti TN Rules, TN Division of
Program Regulations Chapter 12W-1-15 Underground Storage

Tti Programs

Permit required to construct modify, or
operate an air contaminant source; sets
figitive dust requirements.

Authority to issue new or modify etisting
NPD~ permits required for a water
discharge sourm.

Permit required prior to construction or
modification of an underground storage

TennesseeHwrdow Wrote TN Code, Titie 68, TN Division ofSotid Waste Permit ~uired to construc~ modify, or
Management Act Chapter 46 Management operate a -OUS waste mtmen~

storage, or disposd facfity.
Tennessee Sofid Waste Processing and TN Roles, TN Division of Sotid Waste Permit requirti to construct or operate a sotid

Dispod Re@ations Chapter 12W1-7 Management waste processing or disposd fatity.

—
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R-urce CatWory ~lation Cihtion Responsible Agency Pofintid Appficabiti@Eermi@

Tennessee State fiautive Order on TN State fi~utive ~ Division of Water Constipation witi responsible agency.Biotic R=ources
Order

~ Code, Tide 70,
Chapter 8

TN Code, Titie 70,
Chapter 8-301 et
seq.

TN Code, Titie 69,
Chapter 3

TN Code, Tide 39,
Chapter 17-311

Qutity Control

TN Wddtife Resources
Agency

TN Wlldfife Resources
Agency

Wetiands

Tennessee ~reatened Wtilve Species
ConsemationAct of 1974

TennesseeRarePht Protectionand
ConsemationActof 1985

Consultation with responsible agency.

Constipation with responsible agency.

Permit required prior to alteration of a
wethmd.

Forbids a person to offend or intentionrdly
desecrate venerated objects including a
place of worship or burial.

Forbids a person from disinterring a corpse
that has been buried or otherwise interred.

Requires notification if Native American
remains are uncovered.

TN Division of Water
Qu#lty Control

TN Historical Commission

TennesseeWaterQuality ContmlAct

Tennessee Des=ration of Venerated
Objects

Cultud Resources

TN Code, Tide 39,
Chapter 17-312

TN Comp. Rules and
Regulations,
Chapter 400-9-1

TN Code, Titie 11,
Chapter 15-101

TN Historid Commission

TN Hlstoricd Commission

Tennessee Abuse of Corpse

Native American hdian Cemetery
Removal and Reburid

Grantspower to the state to restrict
constructionon land deemed as a
“protective”easemen~

Tennessee ~otective &sements TN State Government

Worker Safety and
Health

No State-level legislation identified’

Savannah RiverSi@
South Carolina

Air Resources SC Department of Health
and Environment
Control (SCD~C)

SC and GA

Permit required prior to construction or
modification of an air contaminant source.

South Carolina Pollution ContmlActl
South Carolina Air Pollution Control
Regulations and Standards

Augusta-Aiken Air Qurdi~ Control
Region

SC Code, Tide 48,
Chapter 1

Requires Savannah River Site and
surrounding communities in the 2-state
region to attain NAAQS.

Establishes standards for radioactive air
emissions.

40 CFR81.114

SC Code, ~tie 13,
Chapter7

SCDHECSouth Cawlina Atomic Energy and
Radiation ContmlAct
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Ttile 1.1-2. Stite Envtionmental Statutes, Re~&ns, and Orders—Continued

Rmource Category Legislation Citation R=ponsible Agency Potential Applicabitity~errnits
Water Resources South Carolina Pollution ControlAct SC Code, Title 48,

Chapter 1
South Carolina Water Qurdity Standards SC Code, ~tie 61,

Chapter 68

South Carolina Safe Drinking WaterAct SC Code, Title 44,

Hazardous Wastes and South Carolina Undemround Stora~e
Soil Resources

Biotic Resources

Cultural Resources

Worker Safety and
Health

Babcock & Wilcox,
Virginia

Air Resources

Tanh Act -

South Carolina Solid Waste Regulations

South Carolina Industrid Solid Waste
Disposrd Site Regulations

South Carolina Hazardous Waste
Management Act

South Carolina Solid Waste
Management Act

South Carolina Nongame and
Endangered Species Consemation Act

South Carolina Institute of Archaeology
and Anthropology

No State-level legislation identified

Virginia Air Pollution Control Law

Chapter 55

SC Code, Tide 44,
Chapter 2

SC Code, Titie 61,
Chapter 60

SC Code, Title 61,
Chapter 66

SC Code, Title 44,
Chapter 56

SC Code, Tifle 44,
Chapter 96

SC Code, Title 50,
Chapter 15

SC Code, Title 60,
Chapter 13-210

VACode
10.1-1300 et. seq.

SCDHEC

SCDHEC

SCDHEC

SCDHEC

SCDHEC

SC Pollution Control
Authority

SCDHEC

SCDHEC

SC Wildlife and Marine
Resources Department

SCState Historic
Preservation Office

VADepartment of Air
PoUution Control

Permit required prior to construction or
modification of a water discharge source.

Permit required prior to construction or
modification of a water discharge source.

Establishes drinking water standards.

Permit required prior to construction or
modification of an underground storage
tank.

Permit required to store, collect, dispose, or
transport solid wastes.

Petit required for industrial solid waste
disposd systems.

Permit required to operate, construct, or
modi~ a hazardous waste treatment,
storage, or disposd facitity.

Establishes standards to treat, store, or dispose
of solid waste.

Consult with SC Wildlife and Marine
Resources Department and minimize
impact.

Consult with SC State Historic Preservation
Officer, and minimize impact.

Permit required for any new source; operating
permit required for any non-exempt sourcq
and perforrnmce, monitoring, and reporting
required for both new and existing sources.
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T&le 1.1-2. State Environmental Statutes, Re@titins, and Orders—Continued

Raource Category h~slation Citation Responsible Agency Potential Applieabifity~emik

StateAir Pollution ControlRelations StateAir Pollution VA StateAir Pollution Permit requirti for any new sourcq operating
permit required for any non-exempt sourc~
and performance, monitoring, and reporting
required for both new and existing sources.

Control Board
Regulations
(SAPCBR)
120

State Water Control Law VA Code
62.1

Control Board

Permits required for any discharges that fdl
under the VA NPDES progrm, VA
Pollution Abatement progrm, Pretreatment
progrm, and the VAWater Protection
Program.

Permits required for any discharges that fdl
under the VA NPDES progrm, VA
Pollution Abatement program, Pre@eatment
progrm, and the VAWater Protection
Program.

Required to identify and properly store,
transport, and dispose of hazardous wastes
as identified by regulations.

Required to identify and properly store,
transport, and dispose of hazardous wastes
as identified by regulations,

Consultation with responsible agency.

VA Department of
Environmental Qurdity

Water Resources

VADepartment of
Environmental Quatity

Virginia Regulations VA Code
680

VAWaste Management
Board

VA Department of Waste
Management

VADepartment of
Conservation and
Recreation

VADepartment of Game
and Inland Fisheries

VADepartment of
Agriculture and
Consumer Services

VA Department of
Environmental Quatity

VADepartment of Labor
and hdustry

Hazardous Wastes and Krginia WasteMana~ementAct VA Code 10.1
Soil Resources

Vhginia Waste Management
Regulations

VR 672

VA Code
10.1-580-571

Vrginia Erosion and Sediment Act

Adoption of Federrd list of threatened and
endangered species. Consultation with
responsible agency.

Requires contact with endangered species
coordinator.

VACode
29,1-563-570

Biotic Resources Erginia Endangered Species Act

VACode
3.1-1020-1030

Wrginia Endangered Plant and Znsect
Species Act

Consultation with responsible agency.VA Code
10.1-1200-1221

NA

Wrginia Environmental Quality Act

Worker Safety and
Health

T
w

State plan stat~ administers OSHA
regulations
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Applicable bws, Regulations,
and Other Requirements

T&le 1.1-3. Sehcted Department of Ener~ Environment, Safe@, and Health Orders

DOE
Order Order ~tie

I 1300.2A

I 1360.2B

3790.lB

4330.4B

I 4700.1

[ 5400,1

5480.19

I 5480.20A

5480.21

5480.22

5480.23

5482,1B

5484.1

5530.lA

I 5530.3

5530.4

I 5530.5

5630.12A

5632.lC

5700,6C

5820,2A

I

0151.1

[ 0225.1

I 0231.1

I 0232,1

I 0420.1

[ 0425.1

I 0440.1

I
I 0451.1

I 0460.1

I 0460.2

I 0470.1
1

Department of Energy Technical Standards Program

Unclassified Computer Seeurity Program

Feded Employee Occupational Safety and Hedti Program

Maintenmce Management Program

Project Management System

Geneti Environmentrd Protection Program

Conduct of Operations Requirements for DOE Faefities

Personnel Sel=tion, Qutifieation, and Trtining, Requirements for DOE Nuclear Factities

Unreviewd Safety Questions

Twhnicd Safety Requirements

Nuclear Safety Analysis Reports

Environment, Safety, and Health Apprtisd Program

Environmentrd kotition, Safety, and Herdth Protection bformation Reporting Requirements

Accident Response Group

Radiologicd Assistanw Program

Acrid Measuring System

F4eti Radiologicd Monitoring and Assessment Center

Safeguards and SWurity k~tion and Assessment Program

Protection and Control of Safeguards and Seetity kterats

Qutilty Assurance

Radioactive Waste Management

Comprehensive Emergency Management System
~ext deleti]

Accident Investigations

Environment, Safety, and Hedti Reporting

Owurrence Reporting and Processing of Operations ~ormation

Facfity Safety

Startup and Restart of Nuclear Facfities

Worker Protection Management for DOE Feded and Con@actorEmployees
~ext dele~]

National Environment Poficy Act Compliance Program

Packaging and Transportation Safety

Department Materirds Transportation and Packaging Management

Safeguards and Seeurity Rogram

.,
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United States Enrichment
Co~oration Privatization Act

AppenW J
United States Enrichment Corporation Privatization Act

@rovisiom pe*ng to transfers and sda
of Russian and Department of Energy uranium]

H.R. 3019, BALANCED BUDGET DOWN PAMNTACT
&ubtic Law 104-134, signedApfl 26,1990

rITLE Hf-RESCISSIONS AND O~SETS

CHAPTER l—ENERGY~ WATER DE~LOP~NT

Subchapter A—United Sbtes Enritient Corporation Privatition

IEC. 3101. SHORT ~E.

rhis subchapter may be cited as the USEC
privatization Act.

SEC, 3112. ~ TRANS~RS AND SWES.

(a) Transfers and Sales by the Secretary: The
Secretary shall not provide enrichment services or
transfer or sell any uranium (including natural
uranium concentrates, natural uranium hextiuoride,
or enriched uranium in any form) to any person except
as consistent with this section.

(b) Russian HEU

(1) On or before December 31, 1996, the United
States Executive Agent under the Russian HEU
Agreement shall transfer to the Secretary without
charge title to an amount of uranium hexafluoride
equivalent to the natural uranium component of low-
enriched uranium derived from at least 18 metric tons
of highly enriched uranium purchased from the
Russian Executive Agent under the Russian HEU
Agreement. The quantity of such uranium
hexafluoride defivered to the Secretary shall be basal
on a tails assay of 0.30 [percent] U-235. Uranium
hexafluoride transfemed to the Secretary pursuant to
this paragraph shall be deemed under United States
law for dl purposes to be of Russian origin.

(2) Within 7 years of the date of enactment of this
Act, the Secretary shall sell, and receive payment for,
the uranium hexafluoride transferred to the Secretary

pursuant to paragraph (l). Such uranium hexafluoride
shd be sold—

(A) at any time for use in the United States for the
purpose of overfeeding;

(B) at anytime for end use outside the United States;

(C) in 1995 and 1996 to the Russiaa Executive Agent
at the purchase price for use in matched sales pursuant
to the Suspension Agreement; or,

(D) in calendar year 2001 for consumption by end
users in the United States not prior to January 1,2002,
in volumes not to exceed 3,000,000 pounds U308
equivrdent per year.

(3) With resp~t to W enriched uranium delivered to
he United States Executive Agent under the Russian
~U Agreement on or after January 1, 1997, the
United States Executive Agent shd, upon request of
the Russian Executive Agent, enter into an agreement
to deliver concurrently to the Russian Executive
Agent an amount of uranium hexafluoride equivalent
to the natural uranium component of such uranium.
An agreement executed pursuant to a request of the
Russian Executive Agent, as contemplated in this
paragraph, may pertain to any deliveries due during
any period remaining under the Russian HEU
Agreement. The quantity of such uranium
hexafluoride delivered to the Russian Executive
Agent shall be based on a tails assay of 0.30 U-235.

J-1
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Disposition of Surplus Highly
Enriched Uranium Final EIS

Title to uranium hexafluoride delivered to the
Russian Executive Agent pursuant to this paragraph
shall transfer to the Russian Executive Agent upon
delivery of such material to the Russian Executive
Agent, with such delivery to tde place at a North
American facility designated by the Russian
Executive Agent. Uranium hextiuoride delivered to
the Russian Executive Agent pursuant to this
paragraph shall be deemed under U.S. law for dl
purposes to be of Russian origin. Such uranium
hexafluoride maybe sold to any person or entity for
delivery and use in the United States only as
permitted in subsections (b)(5), O)(6) and O)(7) of
this section.

(4) In the event that the Russian Executive Agent
does not exercise its right to enter into an agreement
to t~e delivery of the natural uranium component of
any low-enriched uranium, as contemplated in
paragraph (3), within 90 days of the date such low-
snriched uranium is delivered to the United States
Executive Agent, or upon request of the Russian
Executive Agent, then the United States Executive
4gent shd engage an independent entity through a
competitive selection process to auction an amount
)f uranium hextiuoride or U308 (in the event that

he conversion component of such hextiuoride has
)reviously been sold) equivalent to the natural
lranium component of such low-enriched uranium,
An agreement executed pursuant to a request of the
Russian Executive Agent, as contemplated in this
paragraph, may pertain to any deliveries due during
any period remaining under the Russian HEU
Agreement. Such independent entity shall sell such
uranium hexafluoride in one or more lots to any
person or entity to maximim the proceeds from such
sales, for disposition consistent with the limitations
set forth in this subsection. The independent entity
shall pay to the Russian Executive Agent the
proceeds of any such auction less all reasonable
transaction and other administrative costs. The
quantity of such uranium hexafluoride auctioned
shall be based on a tils assay of 0,30 U-235. Title to
~ranium hexafluoride auctioned pursuant to this
]aragraph shall transfer to the buyer of such material
~pondelivery of such material to the buyer. Uranium
lexafluoride auctioned pursuant to this paragraph
;hall be deemed under United States law for all
)urposes to be of Russian origin.

J-2

(5) Except as provided in paragraphs (6) and (7),
uranium hexafluoride delivered to the Russian
Executive Agent under paragraph (3) or auctioned
pursuant to paragraph (4), may not be delivered for
consumption by end users in the United States either
directly or indirectly prior to January 1, 1998, and
thereafter only in accordance with the following
schedule:

Annwl Minimum Deliveries to End Users

(dlions of lb
Year U30* equivalent)

1998 2
1999 4
2000 6
2001 8
2002 10
2003 12

2004 14
2005 16
2006 17
2007 18
2008 19

2009 andeach year 20
theretier

:6) Uranium hextiuoride delivered to the Russian
Executive Agent under paragraph (3) or auctioned
pursuant to paragraph (4) maybe sold at any time as
Russian-origin natural uranium in a matched sale
pursuant to the Suspension Agreement, and in such
case shall not be counted against the annual
maximum deliveries set forth in paragraph (5),

[7) Uranium hexafluoride delivered to the Russian
Executive Agent under paragraph (3) or auctioned

pursuant to paragraph (4) maybe sold at any time for
use in the United States for the purpose of
~verfeeding in the operations of enrichment
Facilities.

:8) Nothing in this subsection (b) shall restrict the
;ale of the conversion component of such uranium
lextiuoride.

:9) The Secretary of Commerce shall have
.esponsibifiw for the administration and enforcement

Iof ~he limitations set forth in this subsection, The
Secretary of Commerce may require any person to
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provide any certifications, information, or take any
action that may be necessary to enforce these
timitations. The United States Customs Service shti
maintain and provide any information required by the
Secretary of Commerce and shall take any action
requested by the Secretary of Commerce which is
necessary for the administration and enforcement of
the uranium delivery limitations set forth in this
section.

(10) The President shall monitor the actions of the
United States Executive Agent under the Russian
HEU Agreement and shrdl report to the Congress not
later than December 31 of each year on the effect the
low-enriched uranium delivered under the Russian
HEU Agreement is having on the domestic uranium
mining, conversion, and enrichment industries, and
the operation of the gaseous diffusion plants. Such
report shall include a description of actions taken or
proposed to be taken by the President to prevent or
mitigate any material adverse impact on such
industries or any loss of employment at the gaseous
diffusion plants as a result of the Russian HEU
Agreement.

(c) Transfers to the Corporation:

(1) The Secretary shall transfer to the Corporation
without charge up to 50 metric tons of enriched
uranium and up to 7,000 metric tons of natural
uranium from the Department of Energy’s st~kpile,
subject to the restrictions in subsection (c)(2).

(2) The Corporation shall not deliver forcomrnercid
end use in the United States—

(A) any of the uranium transferred under this
subsection before January 1, 1998;

(B) more than 10 pement of the uranium @yuranium
hexafluoride equivalent content) transferred under
this subsection or more than 4,000,000 pounds,
whichever is less, in any calendar year after 1997; or

(C) more than 800,000 separative work units
contained in low-enriched uranium transferred under
this subsection in any calendar year.

(d) hventory Sales:

(1) In addition to the transfers authorized under
subsections (c) and (e), the Secretary may, from time

to time, sell natural and low-enriched uranium
(including low-enriched uranium derived from
highly enriched uranium) from the Department of
Energy’s stockpile.

(2) Except as provided in subsections @), (c), and
(e), no sale or transfer of natural or low-enriched
uranium shW be made unless—

(A) the President determines that the material is not
necessary for national security needs,

(B) the Secretary determines that the sale of the
material wi~ not have an adverse material impact on
the domestic uranium mining, conversion, or
enrichment industry, taking into account the sales of
uranium under the Russian HEU Agreement and the
Suspension Agreement, and

(C) the price paid to the Secretary wfll not be less
than the fair market value of the material,

(e) Government Transfers: Notwithstanding
subswtion (d)(2), the Secret~ may transferor sell
enriched uraniurn—

(1) to a Federrd agency if the matefird is transferred
for the use of the rweiving agency without any resale
or transfer to another entity and the material does not
meet cornmercird specifications;

(2) to any person for national security purposes, as
determined by the Secretary; or

(3) to any State or local agency or nonprofit,
charitable, or educational institution for use other
than the generation of electricity for commercial use.

(~ Savings Provision: Nothing in this subchapter
shd be read to modify the terms of the Russian HEU
Agreement.

,
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