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Il igMy radioactive nuclear waste 
could pow a risk to the health and 
safety of future generations if not 
properly managed. Currently, there 
are thousands of tons of highly 
radioactive nuclear waste (high-level 
radioactive waste and spent nuclear 
fucl) located in government and 
commercial storage facilities in 33 
statcs throughout the country. 

The total inventory of s p m  nuclcar 
fuel and high-level radioactive wasre in 
the Unitcd States could eventually 
exceed 100,[#)0 metric tons of heavy 

are hazardous for only a fkw years; 
others are hazardous for mmries. 

The safe, permanent disposal of 
h i a y  radioaceive wasteis a complex 
scientific and engineering problcm. It 
is also a difficult social and political 
issue. The United States is addressing 
these probfems in an efforr to isolate 

~~~~~~~~ 

emow ar yucca MOM- 
rain. www ymp.gov/tlmellne/ 
elwdek htm 

ww of women voters 
. O ~ r  ,nfonnlHon: 

highly radimdve wastes until they 
DO longer pose a significant risk to 
people or the envimnment.m 

MucatIon Fund fhe Nuclear 
Wa- hlmer Washington. 
D.C..1993 
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government research reactors, from 
reactors on nudear submarims and 
ships, and from commercial nudm 
pwer utilities, Nuclear reactors use 
solid, ceramic pe l ia  of enriched 
uranium for fue1. The p e l b  are 
sealed in smng metal tuba, which 
are bundled together to form a 
n u d a  fuel assembly. 

Dependmg an the type of m o q  
fuel assemblia can be as long as 16 
feet and weigh up to 1,200 pounds. 
After three to six y m s  in a reactor, 
the fuet is no longer efficient for 
producing electricity and the assem- 
bly is removed. After removal, the 
assembly (now called %pent nuclear 
fuel”) is highly radioactive and, 
therefore, requires heavy shieldq 
and Ternme handling. Some ele- 
ments in spent nuclear f k l  remain 
radioactive for th,ousands of yars,Ir 
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H igh-levet radioactive waste is a 
generic term for the radioactive waste 
that is a result of national defense 
programs, including clean-up efforts 
at nationai laboratories. This waste 
includes a highly radioactive residue 
from reprocessing spent nuclear fuel 
(almost entirely for defense pur- 
poses in the United States) and 
surplus plutonium from dismantled 
nuclear weapons. 

All high-level radioactive waste will 
be in a solid form before the DOE 
transports it to a repository. Liquid 
wastes will be mixed with glass- 
forming materials and poured into 
steel canisters where the solution 
cools into solid glass. Surplus 
plutonium will be encased in a 
ceramic material, which immobi- 
lizes it and makes it unusable for 
weapons. I 

Waste Ouantttles Projected through 2035 

Commercial spent fuel 
DOE spent fuel, 
Including: 

105,OOO metrk tons 
2,500 metrlc tons 

65 metrlc tons Naval reactor fuel 
Reseafrh fuel loaned 
bv U.S. to other countrfes 

Surplus pIutonlum 
H Igh- level radlwactlve 

waste as glass 

16 meWc tons 
50 metrlc tons 

22,000 cantsters 
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e m s m  (YMP0337) 

Natlonal Instltute of Health - 
What we NW to  now 
About Radlatlon: w . n h .  
gov /health/chlp/od/ 
radlatton/ 

Unlverslty of Mtchlgan 
Radlatlon Information Unks: 
w.umlch, edu/-radinW 
Introduction/ 

lntemet U n k  

Idaho State Unlverslty 
Radlatlon Information 
NetwWk: ~ . p h ~ l ~ . I s u .  
edu/radWlndex. html 

Health Phvslcs Sodetv of 
h e r b :  w\&rw. hp%.arg/ 
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Radiation and radioactivity occur 
~ t u d l y  in the physical world. Radia- 
tion is a form ofenergy while radioac- 
tivity is the p m z n c w  emission of 
energy from mmin eiements, and from 
other elanem under special cord- 
tiom, in the form ofpamchs or elm- 
tromagnetlc waves. 

More than 80 percent of the radiation 
we arc exposed to comes from such 
natural sources as sunlight, soil, and 

filtering down through the amu- 
sphere, and radon gas filtering up 
through the soil, are sources of 
~tural ,  or background, radiation, It 
is present everywhere, all the time 
and varies greatly depending on our 
geographical location. 

cemin types of HICICS. casmic rays 

In addition, p p l e  are e x p d  to 
radiation from man-made w m a  such 
as color televisions, smoke demmrs, 

computer monitors, and X-rays. These 
sources account fbr less d m  one-= 
ofour m d  radiation expastup. 

The radiation produced h m  radio- 
active atom is emitted in several 
b m ,  mast commonly alpha and 
beta particles, and gamma rays. 
Alpha pamcles have the shamst 
range among these three types of 
radiation. They can travel only a few 
inches in the air and can be stop@ 
easily by a s k  of paper or the outer 
layer of a person's skin. Alpha par- 

uve source material is swallowed, 
inhaled, or absorbed into a wound. 

ticle~ a~ h& ody if the radi~ac- 

BMa pamclcs are more penetrating 
than alpha particles. They can travel 
through the air for w e d  fim, but 
their pemung p w q  too, is Lim- 

a sheet of paper, materials such as a 
ited. Although they can pass through 



thin sheet of aluminum foil or glass 
can stop them. Like alpha particla, 
they cause their most serious &em if 
swallowed or inhaled. 

steel, or water. Water is used to shield 
workers from neumn radiation 
emitted by spent nuclear fuel assem- 
blies at nuclear power plana. 

Some radioactive material that emits 
bcta panicles could, fbr example, be 
attached to dust we might bmthc in, 
or cling to food we might eat. In such 
cases, some of the materid would 
leave the body thmugh natural elimi- 
nation processes. Some, however, may 
bc retained in various organs w h e ~  
chemicals in living cells would be 
ionized and potentially damaged 
when the b a a  particles are emitted. 

Unlike dpha or bem particles and 
their relatively short ranges, gamma 
rays are electromagnetic energy, with 
much p t e r  penetration power. They 
are mom energetic than X-rays. This 
type uf radiarion requim shielding 
with such materials as concm, lead, 

In the United Smtes, a person’s aver- 
age exposure to radiation is abaut 360 
millirem per year. A millirem measures 
the &ms of radiation on rhe human 
body Roughly 300 millirem come 
from natural sources of radiation, and 
60 millirem come from man-made 
SOUTCCS, primarily medical p m d u m .  

People living in the northwest region 
of Washington state receive abut  240 
millirtm per year, on average, from 
natural and man-made s0u~cr.s~ 

whereas residents in the state’s north- 
east region receive d m  of about 
1,700 millirem px year, most of it 
from radon that mcurs naturally in the 
rock and soiI,B 

Alpha 
partlcle 

Beta 
particle 

Gamma 
ray 

Alumlnum 
Paper coll 

\ 

\ 

Leadl 
eoncmtm 
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Commercial nuclear power plants 
and DOE faciIities can ux both wet 
and dry s t o w  of nuctear waste. After inrernetunks: 

Nuclear Regulatory cammis- 
son High kvel Waste 
Pmmm Web slte: w . n K  

removing spent nuclear fuel from a 
reactor, operators store it in pooh of 

After spent nuclear fuel has cooled, it 
is sometimes moved to a "dry" 
environment above ground, using 
heavy containers or casks made of 
steel and/or concrete. Casks are either 
placed upright on concrete pads or 

stored horizontally in m d  canisters 
in concrwe bunkers. DOE hciliues 
storp high-level radioactive waste in 
LLwet storage" canisters. 

Current storage sites far nuclear 
waste are located in a mixture of 
urban, suburban, and rural environ- 
ments in 33 states; most are located 
near large bodies of water. Modern 
storage methods shield any harmful 
radiation. However, these s t r u c m s  
arc designed for temporary storage 
only, and they will not isolate the 
waste for the thousands of years it 
will be hazardous.. 
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Fur decades, scientists have studied 
many options for permanerdy dis- 
posing of nuclcar wasre, incIuding 
leaving the material at current storage 
sites, burying it in the o c a  flmr, 
putting it in p1ar ice sheets, sending 
it into outer space, and placmg it 
deep undcrground in a geologic 
repository. These and studies of other 
options are dmumented in the U.S. 
Department of Energy's 1980 Find 
Em'mmetctal ImpW Statmmtfi 

Gmevatd R d b a h c  Wme. The 
Record of Decision for that environ- 
mental impact statement designated 
deep geologic repositories as the 
preferred means of disposal. 

t b c M m q p m t ~ G m m m i d  Y 
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In 1982, Congress enacted a law 
called the N u c h  Waste PDlicy Act. 
The Act established a comprehensive 
nahnaI program for the permanent 
disposal of h&ly radioactive mtes 
from commmual nudear udkies and 
national defense programs. It direcrs 
the U.S. Department of Energy to 
site, design, coz~steu#, OR and 
dohie a deep geologic repitory This 
law is based on the principle that the 
generarion benefitting fbm n w k  
materials is responsible for safely 
disposing of the n u d a  wastes we 
create, rathtx than leaving a danger- 
ous envifonmental hazard to future 
generations. The k also n m p k  
that any solution to this problem 
must include public and state involve- 
ment. 

- Intarnet LinK; 
The Nuckar Waste Wlcy Act. 

A m e m ,  Mbruary 1995. 
www.fw dm g s V / p r o q w  
nwWrmpa htm 
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u p o n  enactment of the 1982 
Nuclear Wastc Poky Act, the U.S. 
Department of Energy originally 
evaluated nine sites in six different 
states as locations for a potential 
repository President Ronald kagan 
then approved three of these sites for 
more detailed study These sites were 
Hanford, Washington; Deaf Smith 
Cormty, Tern; and Yucca Mountain, 
Ncvada. 

Yucca Mounnin was included in the 
thm sites because scientists have long 
coiisidcred it pmmising due to the 
area's arid climare, rematmess from 
papulation centers, stable piogy, 
deep water table, and closed water 
basin. Yucca Mountain is a h  hated 
on remote federal land, p d y  within 

the secure confines of the Nevada Test 
Site, which has hosted nuMemus 
nuckar-related projea tbr decades. 

Faced with schedule delays and 
escalating costs for studying three 
sires, C O n g m s  amended the Nuclear 

rected the DOE to study only one 
site: Yucca Mountain. The State of 
Nevada disputed this action, and 
currently opposes the Yucca Mom- 
tain Project on the basis that it %- 
vo&vesfirndu?ncntd h u e s  ofa state's 
naht a dcremine its twnomic and 
k m ~ ~ u i f i t p r r c  and to comtnc m 
eect tofiakral projectr within ik 
hh. D l  I 

Waste Policy Acr in 1987 and di- 
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ct- The pucpose ofthe Yucca Mountain 
Project is to determine ifa potential 
repository at Yucca Mountain can 
isolate nuclear waste in a manner 
sufficient to protect the health and 

tions. For nearly 20 years, scientists 
have externsivefy studied Yucca 

W t  tYMPM326) 

mpos/m (YMPOIIWI 

Civilian RadJaactWe Wasre 
Management mg## Ran. 
www MI doe g0v’PPrev3.m 

WFlce of Clvillan Radloactlve 
Waste Management Program 
w w  TW doe.guv/homeJava/ cmsQ and &ncurrenflx 
homeJava htm 

experts have designed waste contain- 
U. 5. Envlronrnental Protec. 
son Agency - Yucca I\rtaun. 

work with the natural envhment rpdweb00/yucea/ 
to isolate the waste in the repository 

U S. Nuclear Regulatory 
Cornmlsslon High Lwel Waste 
Pwrarn Web s-: w w  nrc Using the idormarion from studies 
gov/NMSS/DWM/htw htm 

~ h ~ h ~  

’ warn DOEmm: 

safety of CULTcnt and fu- p e n -  

InternetUnks: 

Momtaids geology, h y ~ o l ~ ~ ,  

ers and other barriers that would 
wa*oov/ 

of the area, project s c i e n h  have 

performed extensive analyses to 
determine i fa  potential repository at 
Yucca Mountain can meet U.S. 
Nuclear Regularmy Commission 
regulations and U.S. Environmental 
Protection Agency radiation exposure 
standards for 10,000 years. 

The U.S. Department of Energy is 
currently working to provide com- 
prchensivc: scienrik information as a 
basis for funue repsitory dccisians 
and will pmvidc oppornrnitics for 
thc public and afkcted units of 
government to pamcipate in the 
decision p m e s s . ~  
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T h e  united states' approach for 
permanently disposing of nuclear 
waste is to place it in a deep geologic 
repository All radioactive waste 
placed in a repository wodd be solid 
in form (e,g., metals, ceramics, and 
glass). Repository works would s e d  
the waste in extremely durable corro- 
sion- resistant containers before 
placing it in a repository Within 

ground, the radiation emitted from 
the waste would not harm p p l e  or 
the environment. 

Over tens of thowds of-, if 
enough water came in contact with 
the waste containers, it could wem- 
ally c o d e  through h. Ifenough 
water reached the solid waste imE, it 
could eventually break down into M y  
radioactive particles that could be 
carried into the groundwater, There- 
fore, a repitory is designed to keep 
the radioactive materials dry. 

these C O ~ ~ I C T S  and deep ZlildH- 
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Yucca Moumids environment 
provides a number of w a l  barriers 
and processes thar would prevent 
water from conmcting the waste, 
deteriorating it, and moving it into 
the human environment. These 
natural barriers and pc~cesses indude 
the dry dimate, the unusually thick 
rock above and M o w  the potential 
repository, mine& within the rodl 
that atuact and hold radioactivt 
particles, a very deep water table, and 
a dosed groundwater basin wirh 
geologic boundark that c h a t h e  
groundwater from flowing kymd 
the basin. 

The unitedstates'strategy (ded 
"defense-indepth") is to enguKer a 
nuclear waste repository b a d  on a 
system of multiple, indeperadent, and 
redundam barriers, desped to 
ensure that fiIure in any one baker 
does not result inf3iIureofthe emire 
system.. 
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A study of how flu# moves 
through m k  (YMPQW$I 

StWflw the mwment of 
rock and earthqwkes WM P 
0344) 

dreds of scientists have performed in- 
depth stlldies of Yucca Mountain's 
geulo%y, hydro*, chmrsuy, and 
dimate. Using this information, 
errperts have designed repository 
systems that work within the 
mountain's specific environment to 
isolate nuclear waste. Project scien- 
tistsalsousesophktiaredumputer 
mdelmp; techniques to underswnd 
the various pracesscs and events that 
could occur in the future and their 
impact on the safeey of the pmntial 
repitory Thex studies and analyses 
have provided information and 
increasedourmderstandmgof the 
following: 

The d8crent environmental 
characteristics of Yucca Mountain 

W 

and the surrounding area that 
could &ea the performance of an 
underground repository (e+, 
dimate, water flow, seismic acriv- 
ity, volcanism) 

The physid characteristics of the 
different codc layers (e.g., porosity, 
dryna, mineral mntent, fm- 
tures), from the surface of the 
mounmin to Mow the water wbk 

Thcprocessesthat~~how 
warermtersandmwesbugh 
the rmk dmve the water table 

9 The physid and chemical changes 
to the rock that would result from 
excavating emplammt tunnels 
and from the hear generated by 
nuclear waste 1 

I 
12 



Thc diffcrcnt environmental cundi- 
tions in thc emplacement tunnels 
and thc various prwesses that 
could adversely affect the engi- 
necrcd barriers 

The physical properties of spent 
nuclear fwl and high-level radio- 
active waste as they decay over 
t imt and their deterioration 
proccsscs if water eventually 
rtachcd them in a repository 

The groundwater flow system and 
how radioactive particles could 
move from the repository to the 
human environment 

The statistical chances of various 
disruptive events occurring (e.g., 
earthquakes, volcanic activity, 
human intrusion), the &em of 
these events on repository struc- 
tures and systems, and the con- 
sequences to people and the 
environment F 

13 
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T h e  U.S. Department of Energy 
has developed a repository design 
concept that wodd work with the 
natural environment of Yucca Moun- 
tain to isolate highly radioactive 
materials for tens of thousands of 
years. According to the prehmnary 
design, the underground repository 
would consist of a b u t  60 miles of 
tunnels carved in solid m k  a b u t  
660 feet to about 1400 feet beneath 
the strrCace of the mountain, and 
between 570 feet and 1200 feet 
above the water table. 

Eccausc the waste is highly radioac- 
tive, and will emit heat fbr hun- 
dreds of years, scientim have per- 
formed extensive tests using e1ccn-i~ 
heaters underground in the porn- 

tial repositary rock to observe how 
high temperatures m c t  the rock 
and moisture movement. Based on 
these and other rests, the design 
specifies distances beween each 
repository tunncl and precise waste- 
package arrangements within the 
tunnels to obtain an wen hear  hear 
distribution for the long-term 
d€'ecciueness of the repository 

It would m k  approximaceiy 24 years 
w transport thc 70,000 metric tons 
of spent nuclear fuel and high-lcvel 
radioactive waste that Yucca Moun- 
tain would contain. Using remote- 
handling equipment, repository 
workers would remove the waste 
from the shipping containers and 
place it in specidly designed smragc 



containers, called waste packages. 
The waste packages will be double- 
shelled, with the outer Iayer made 
of a highly corrosion-resistant metal 
alloy, and a structurally strong inner 
layer of stainless steel. Protected 
from radiation by shielding equip- 
ment, workers would seal the waste 
packages and then use rail cars to 
move them into the underground 
repository. Robotic equipment 
would place the waste packages in 

the emplacement tunnels. 

The engineered barriers inside the 
emplacement tunmls would include 
steel/aggegate inverts in the floors 
and metal (nickel-based AUoy 22) 
support pallets to hold the contain- 
ers off the floor. In addltion, drip 
shields, made of corrosion-resistant 
titanium, would be placed over the 
was tc packages to divert moisture 
and protect them from possible 

I ~ t p f F T h W l p l l l f C  wyh - +d If 

plttAh;rJ nplm, D"pdnt44 h 
in b h ,  mmU cmrr a h  mt 

fatting cock or debris.. P k W  

2' 
I 
Steel Sets 
for Ground 
Control / Gantry 

Crane Rail 

Boiling Water 
Reador Waste 
Package 

F Codisposal Waste 
Padrage Containing 
Five HighLevei Waste 
Canisters with 
One DOE Spent 
Nuclear Fuel 
Assembly 

Pressurized Water 
Reactor Waste 
Package 

15 
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w a t e r  is the primary r n m  by 
which radioa&ve elements could be 
transported from a repsitory In the 
p~eliminary design for the repository, 
both the natural and engineered 
systems work in concert to k p  the 
waste dry and to prevent it from 
braking down and moving into the 
human cnvimnment. On average, 
Yucca MaUnmin meim abaut 7.5 
inches of combined rain and snow 
per year; nearly all the precipimion 
(about 95 percent) tzlfls off, mpo- 
rates, or is mken up by plams. The 
remaining water would xep through 
hundreds of feet of rock before 
reaching the potentid repsitory 
level. 

Most of the water moving downward 
past the repository ieeverl traveIs 
through hcturers in the m k .  The 
heat from the emplacement dr& 
(tunneIs would force most of the 

water away from the drifis and cause 
it to seep through rock fractures 
between the drifts. Natural hydro- 
logic processes, such as the tendency 
of water to flow around tunnel walls, 
would further limit the amnunr of 
water that could encounter the waste, 

To further limit water from reaching 
the waste, the prelunrnary repository 
design includes highly cornsion- 
resismnt drip shields placed over the 

shields are intact, dripping water will 
not contaa the waste pachgcs, If 
water were to drip on a shield, it 
would take thousands of years fix it 
to evennrally wear a hole through the 
shield and reach the wasre package 
h e a t h  it. It would then r a k  thou- 
sands moce years for water tu wear 
through the double-shelled, com- 
sion-resismnt waste packages. 

Wa!m packages. As long as the drip 

16 



If water were able to make it 
through all of these barriers and 
breach a waste package, it would 
have to dissolve the solid form of the 
waste itself. By then, due to radioac- 
tive decay, only a few elements in the 
waste would still be h r d o u s .  
Mter would also have to seep 
&rough the sted/aggregase floor of 
the crnplacernent tunnel and carry 
any remaining radioactive particles 
from the dissolved waste into the 
rack below the repository. 

At this point, the natural barriers 
could provide additional protection. 
It would take hundreds more years 
for water to carry radioactive particks 
down through hundreds of feet of 
rock before they could reach the 
water tablc. Moreover, the rock 
contains minerals called zeolites that 
would filter many af the ndiactive 
particks from the water. These min- 
erals attract and hold radioactive 
particks in much the same way as sait 
in a water softener attracts and holds 
elements in hard water. 

The rock would capture wme of 
them, slow others, and reduce their 
concentration. Any mnaining radio- 
active particles that reached the water 
mbk would move very slowly with 
the groundwater through numerous 
geologic units. It would take hun- 
dreds more years far any remaining 
partitles to move to an area where 
people could possibly access the 

water through a well. Ifany radioac- 

water, they would not migrate any 
Weer  than the p l o p  baundaries 
of the closed Death Valley Basin. 
This basin is an area where the hy- 
drologic gradient angles downward 
from a l l  sides Mward the center and 
the groundwater does not flow 
beyond the basin. 

tive particla did &et into the ground- 

17 
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'proJectoocumnts 
&WpU#n of the OganPa- 
f f m ~  Wth the Y U K ~  M o u ~ -  
&in Wect and Th#r 
m m i o n s :  ww.yrnp.gov/ 
tWfunctlonal/func, htm 

Clark Countv, Nevada, Nuclear 
Waste OlvMon: www.co,.clark. 
nv uVcomppla WNucwaste 
htm 

Envlmnrnental Pratectlon 
Agency - yucca Mountaln 
Page: www.epa.gov/ 
rpdwebOO/yucca/ 

Eureka County, Nevada, 
Nuclear waste page: 
www.yuccamountatn, ow 
lnyo Cauntv, Callfornla, Yucca 
Mountain Rep09tory 
Assessment Offlce: www,sdsc. 
edu/lnyo/yucca-pg. htm 

Internet Llnlm: 

The Yucca Mountain Project in- 
volves hundreds of the world's top 
experts in nuclear waste. the envi- 

Las Vegas perform many Project- 
related studies as well. 

ronmental sciences, and engineering 
from local and federal government, 
academia, and private industry. The 
U.S. Geological Survey and the 
national laboratories-which in- 
clude Lawrence Berkeley, Sandia, 
Los Alamos, and Lawrence 
Livermore-provide expertise and 
technology to the Project. Bechtel 
SAIC Company, LLC is the 
Project's management and operat- 
ing contractor, providing scientific 
and technical expertise, supporr 
services and administration of the 
Project's activities. Nye County, 
Nevada; the University of Nevada 
Reno; and the University of Nevada 

In addition, the Project is regulated 
and reviewed by experts in the 
following organizations: 

The Nudear Waste Tkchnical 
Rwiew Bawd - evaluates the 
technical and scientific validity of 
site charactcrizarion activities and 
activities relating to chc packam 
or u a n s p m t i o n  of high-level 
radioactive waste or spent nuclear 
h i .  Congress creattd this bard 
and directed the National Academy 
of Sciences to nominare experts 
who arc eminent in the fieids of 
sciencc and engineering to sem as 
the Board's members. Thc h s i -  
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dent subsequently appointed the 
members. %ice a year, the Board 
reports its conclusions and recom- 
mendations to Cangas  and the 
Secretary of Energy. 

The U.S. N w k u  Regulatory 
Commission - holds responsibility 
to certify and license the comp- 
ncnts of the waste management 
system, including the repository 
and transportation casks 

The US, EnvirOnmtntal ptottc- 
tion Agency - establishes radiation 
protection standards for the protec- 
tion of the public from the activi- 

ties assodated with the disposal of 
higfi-level radioactive waste and 
spent nuclear fuel 

The U.S. Dqmmcnt ofnans- 
portation - regulates the routing 
of highly radioactive materials, 
including spent nudm fuel 

Tht state ofNevada and Af- 
fixtcd unit$ OfLOcal Govern- 
ment - provide oversight of Y i  
Mountain Project activities 

Thc u s  G#lg.alAEcounting 
Wice - upon Congressiad 
reguest, audits and prepamspecial 

rqmm on the U.S. Depart- 
ment of Energy's activities 
on the Y u  M a u n h  

- -  L 

Project 

In addition, the Depart- 
ment of Energy pubriha 
itr sciendic f idngs in 
peer-miewd scientific 
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order for the sibe to be approved, 
angr ts  would propose and pass a 
joint resolution fbr repitory siting 
app"",l WithiIltkeneXt 90 calendar 
days of continuDus legislative session. 



1 
I 

. .  . .  

. '  

The U.S. Department of Energy 
would not begin moving radioactive 
waste from current storage sites to 
Yucca Mountain unless the site is 
found suitable for a repository and 
the Nuclear Rqulatory Commission 
grants the DOE a license to receive 
waste at the site. Under the curcent 
schedule, the earliest this could 
happen is 2010. 

It would take about 24 years to ship 
70,000 metric tans of waste to the 
repository The waste shipments 
would originate from 72 nuclear 
power plants and 5 DOE facilities 
nationwide. lhcks and trains wodd 
transport the waste on the nation's 
highways and railto&. Bar= and 
large heavy-haul trucks would be 
uscd for short-distances from some 
sites to nearby railroads. Shipments 

arriving in Nevada would travel to 
the Yucca Mountain site by truck or 
rail. (Currently, t h e  is no rail h e  in 

ever, the DOE has performed pre- 
liminary studies to exafnine the 
impacts and corn of building one.) 

Nwada to h Mournin. HOW- 

Under current law, the Maximum 
mount of waste the DOE could 
trimport to the repitory (if it is 
found suitable and licensed) is 
70,000 metric tons-until a second 
repsitory is in operation. Ifship- 
menu were mostly by rail, larger 
shipping containers codd lx used to 
transport more marerid at a rime. 
Assuming 3,000 metric m war. 
transported each year, there would be 
abut  550 shipments by train and 
100 shipmena by tmsk F r  year to 
the repository, for 24 yam.. 
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T h e  Nuclear Waste policy ~ c t  re- 
quires the U.S. Department of 
Energy to prepare an environmen- 
tal impact statement to evaluate 
the impacts to people and the 
environment ifthe DOE were to 
build, operate, monitor, and even- 
tually close a repository at Yucca 
Mountain. The statement also 
evaluates the possible impacts of 
transporting spent nuclear he1 and 
high-level radioactive waste to 
Yucca Mountain, as well as the 
possible impacts of not developing 
a repository and continuing to 
store these materids at commercial 
and DUE sites. This environmental 
impact statement provides impor- 
tant information for future deci- 
sions on whether to recommend 
the site far deveiopmenr. 

P m J m C t R w t S ~ :  
WE's DHS b r a  aeOIwlc 
rewsltory for the dlspusal of 
spent nuclear fuel and hbh- 
levet radloactlve waste (YMP 
0106) 

'PTqfactrnWM 
OraR Envlronmental Impact 
Statement for a Geolo~lc 
Rewskow at Yucca Moun- 
tain: www. vmp.gov/timellW 
eWdels. htrn 

rn Allgust 1999, the U.S. Depart- 
ment of Energy issued for public 
comment its E h ~ t a l  
Ifft~tmStatmmtjiKaG&gkRqon- 
~ j k ~ G ~ ~ * m t N ~ h w  
h l a d H @ - h l R d ~  w m  
rtt Ykcnhnkt i ts .  The -ent 
provides information to help policy- 
makers and the public understand the 
potential imp- of the proposed 
repository on p p l e  and the environ- 
ment. From september 1999 
through February 2000, the DOE 
conducted 21 pubk harmgs 

the public with the oppommity to 
review and mmment on its evalua- 
don of tk potential impacts. The 
DOE is w w h g  to respond tu thc 
p&Ws comments and publish a final 
e m t i r o m d  imma smmYlenr.I 

throllghout the country to provide 

I 

1 
1 
1 

I I  

II 

n 

1 
. - . . . . . . . . . . - - - - - I  .. . . .  
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- Yucca Mountain K-- I 
he U.S. Department of Energy 

to compile results from 
years of scientific study at 

T 

and is prepmng 
other information required by the 
Nuclear Waste hlicy k t  to provide a 
comprchcnsiw statement of the basii 
far a decision on whether to mom-  
mend a repository at Yucca Mounmin. 

According to the Act, the technical 
basis must include: 

0 

0 

statement 

Preliminary comments of the 
N u d m  Regulatory CommiSSion 

Views and commenrs of state 
governments and Iegislatures and 
Native American mba 

Orher information the sectemty of 
Energy considers appropriare 

An impact report submitted by the 

index.htm 
State of Nevada A repository description including 

preliminary qinecring spifica- 
tions environmental impact statement to 

T~ date, the W E  has issued a 

A description of the waste form or 
PaCWng 

A discussion of data obtained in 
site characterization 

A final environmental impact 

the public for comment, is wrapping 
up many of its site characterization 
&a, and is preparing the required 
information for the Secretary's deci- 
s i a  
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Further Information available on the Internet 
General: 

Draft Environmental Impact Statement for a Geologic Repository at Yucca Mountain: www.ymp.gov/ 
timeline/eis/deis. htm 

Environmental Protection Agency - Yucca Mountain Page: www.epa.gov/rpdwebOO/yucca/ 

The National Council for Science and the Environment. Civilian Nuclear Waste Disposal. May 24, 2000 : 
www.environment.abou.com/newsissues/environment/gi/dynamic/offite. htm?site= http 

Nuclear Regulatory Commission Fact Sheet: Disposal of Radioactive Waste: www.nrc.gov/OPA/gmo/tip/ 
dlwaste. htm 

Office of Civilian Radioactive Waste Management Program: www.r-w.doe.gov/homejava/homejava.htm 

The Nuclear Waste Policy Act, As Amended, February 1995: www.r-w.doe.gov/progdocs/nwpa/nwpa.htm 
Wastelink [Guide to radioactive waste resources on the Internet] http://www.radwaste.org/index. html 

What You Need to Know About Radiation, La uriston S. Taylor: www. umich. ed u/- radinWintrod uction/ 
needtoknow/ 

Viability Assessment of a Repository at Yucca Mountain Overview: www.domino.ymp.gov/va/va.nsf 

Yucca Mountain Project: www.ymp.gov 

Other: 
Department of Energy: www.energy.gov 

Nuclear Regulatory Commission: www.nrc.gov 

Office of Civilian Radioactive Waste Management: www.rw.doe.gov 

Nuclear Energy Institute: www.nei.org 

Citizen Alert: www.igc.org/citizenalert 

Greenpeace: www.greenpeace.org 

Public Citizen: www.citizen.org 

State of Nevada Nuclear Waste Project Office: www.state.nv.us/nucwaste 

Yucca Mountain Site Description: www.ymp.gov/documents/ymsdd/index. htm 

Yucca Mountain Program at  Lawrence Berkley: www.esd.lbl.gov/NW/ymp. html 

Yucca Mountain Program at  Lawrence Livermore National Laboratory: www.energy.llnl.gov/Yucca.html 

Yucca Mountain Program a t  Los Alamos National Laboratory: WWW.eeS.lanl.gOV/ 

Yucca Mountain Project a t  Sandia Laboratories: www.nwer.sandia.gov/ymp/ympsnI.html 
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Glossary 
Alpha Radiation: A positively charged particle 

ejected spontaneously from the nucleus of 
certain radioactive elements. It has low 
penetrating power and a short range (a few 
centimeters in air). The most energetic alpha 
particles will generally fail to  penetrate the 
dead layers of cells covering the skin and can 
be easily stopped by a sheet of paper. Alpha 
particles are hazardous when an alpha- 
emitting isotope is inside the body. 

Beta Radiatlon: A charged particle emitted from a 
nucleus during radioactive decay. Beta 
particles are either electrons or positively 
charged particles equal in weight to  elec- 
trons. Large amounts of beta radiation may 
cause skin bums, and beta emitters are 
harmful if they enter the body. Thin sheets of 
metal or plastic may stop beta particles. 

Boreholes: Holes drilled for purposes of collecting 
site characterization data or for supplying 
water. Sometimes referred to  as drillholes or 
well bores. 

Capillary Pressure: A means by which water will 
rise through small pores and cracks in rock. 
Caused by variations in the attractive forces 
of the liquid's surface to  the rock's surface. 

chemicals in natural rock, soil, soil processes 
such as microbe activity, and gases, especially 
as they interact with man-made materials 
from the repository system. In the broad 
sense, all parts of geology that involve 
chemical changes. 

Cllmate: Weather conditions, including tempera- 
ture. wind velocity, precipitation, and other 
factors, that prevail in a region averaged over 
some significant period of time. 

Chemistry (Geo-chemistry): The study of the 

Closed Water Basin: An area in which the rock 
strata are inclined downward from all sides 
toward the center and in which geologic 
boundaries restrict the groundwater from 
flowing beyond the basin. 

Commercial Nuclear Power Utility: A commercial 
electrical supplier that uses a nuclear reactor 
to  produce the heat for creating steam to  
generate electricity. 

Computer Modeling: A method for assessing how 
the total repository system would perform 
within Yucca Mountain's specific geology 
and climate for tens of thousands of years. 
The models include all pertinent data from 
site characterization studies. To evaluate 
repository performance, experts use these 
models to  determine changes that could 

occur over time and calculate the combined 
effects on the components of the reposi- 
tory system. 

Deep Geologic Repository: A system for disposing 
of radioactive waste in an excavated area 
deep underground; includes operational 
areas on the surface and subsurface, and all 
adjacent geologic areas and components 
that would isolate the radioactive waste. 

Defense Program: United States military or 
strategic efforts that are in the interest of 
national securitv. 

Defense-in-Depth Strategy: A design strategy for 
a nuclear waste repository based on a system 
of multiple, independent, and redundant 
barriers, designed to  ensure that failure in 
any one barrier does not result in failure of 
the entire system. 

absorbed by living tissues. Dose is measured 
by the energy produced by the radiation, the 
absorption capacity of the exposed organism 
or tissues, the body weight or mass im- 
pacted, and the time over which the 
exposure occurs. 

Drip Shleld: A corrosion-resistant engineered 
barrier that would be placed above the waste 
package in an emplacement tunnel to 
prevent seepage water from directly 
contacting the waste package. The drip 
shield would also protect the waste package 
from falling rock or debris. 

areas where nuclear waste would be placed 
in a repository; these nearly horizontal 
underground passageways would be 
excavated in solid rock approximately 1000 
feet below the surface of Yucca Mountain 
and 1000 feet above the water table. The 
tunnels are designed with features to 
prevent water from contacting the waste 
and to  prevent the waste from migrating 
from the repository. Sometimes called 
Emplacement Drif2s or Drifts. 

Engineered Barrlers: The man-made components 
of the repository system that are designed to  
prevent water from contacting the waste 
and/or to prevent waste from migrating 
from the repository. 

Dose: The amount of radioactive energy that is 

Emplacement Tunnels: The specially designed 

Enriched uranium: A radioactive meta;N$ element 
in which the amount of isotope 
increased above 0.71 percent, the amount 
occurring in nature. Enrichment makes the 
uranium more efficient in a nuclear reactor. 

U has been 
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Environmental Impact Statement: A detailed 
written statement required by the National 
Environmental Policy Act (NEPA) for all 
federal actions affecting the quality of the 
human environment. Preparation of an 
environmental impact statement requires a 
public process that includes public meetings, 
reviews, and comments, as well as agency 
responses to  the public comments. 

Evaporation: The process by which a substance 
passes from a liquid state to  a vapor state in 
temperatures below the boiling point of the 
liquid. 

Expert Elicitation: A formal process through which 
expert judgment is obtained. 

Fracture: A break in rock caused by mechanical 
stresses. A fracture along which there has 
been displacement of the sides relative to 
one another is called a fault. A fracture along 
which no appreciable movement has 
occurred is called a joint. Fractures may act 
as fast paths for groundwater movement. 

Fuel Assembly: A number of fuel rods, each rod 
containing hundreds of ceramic pellets of 
enriched uranium. The rods are held together 
by plates and separated by spacers. Used in a 
reactor, this assembly is sometimes called a 
fuel bundle. 

Gamma Radiation: Electromagnetic radiation 
emitted during the radioactive decay 
process. The gamma ray is a penetrating 
wave of radiant nuclear energy. It does not 
contain particles and can be stopped by 
dense materials such as concrete or lead. 

Geology: The study of the geologic features of an 
area, its history, and its life as recorded in the 
rocks; such as the geometry of rock forma- 
tions, weathering and erosion, and faulting. 

Ground Water Flow System: The paths in which 
water moves through underground geologic 
units. 

Heavy Metal: A metal with an atomic mass greater 
than 230.  Examples include thorium, 
uranium, plutonium, and neptunium. When 
used in the Civilian Radioactive Waste 
Management Program, the term usually 
pertains to heavy metals in spent nuclear 
fuel. 

. 

High-level Radioacthre Waste: (1) The highly 
radioactive material resulting from the 
reprocessing of spent nuclear fuel, including 
liquid waste produced directly in reprocess- 
ing, and any solid material derived from such 

liquid waste that contains fission products in 
sufficient concentrations. ( 2 )  Other highly 
radioactive material that the U.S. Nuclear 
Regulatory Commission, consistent with 
existing law, determines by rule requires 
permanent isolation. 

by humans that could result in release of 
radioactive waste. 

Human Intrusion: The disturbance of a repository 

Hydrology: The study of water characteristics, 
especially the movement of water involving 
aspects of geology and meteorology. 

Invert: The floor of an emplacement tunnel 
constructed of materials such as steel and 
aggregate. 

Metal Alloy: A metallic substance that consists of 
two or more elements. For example, the 
outer layer of the waste package would be 
made of Alloy 22, which is nickel based for 
corrosion resistance. 

Metric Ton: A unit of mass equal to 1,000 kilograms 
(2,205 pounds). 

Millirem: A unit of ionizing radiation equal to one 
one-thousandth of a rem (the term rem is 
derived from roentgen equivalent man). One 
rem of ionizing radiation produces the same 
effects in humans as one roentgen of high- 
voltage x-rays. The average American receives 
approximately 360 millirem a year from 
natural and man-made radiation. 

Monltor: To perform the necessary security and 
maintenance activities that provide the 
capability to  recover radioactive waste after it 
has been emplaced in a repository. 

National Academy of Sciences: A congressionally 
chartered, private, nonprofit, self-perpetuat- 
ing organization of scientists devoted to  the 
expansion of science and its use for the 
general welfare. This organization is man- 
dated to advise the federal government on 
scientific and technical matters. 

Natural Barriers: The physical, mechanical, 
chemical, and hydrologic characteristics of 
the geologic environment that individually 
and collectively act to limit or preclude 
radionuclide transport. 

Neutron Radiation: A type of radiation that 
involves the release of neutron (or neutrally 
charged) particles. Most neutron radiation is 
a result of the fissioning of uranium or 
plutonium atoms in a nuclear reactor. 



Nuclear Chain Reaction: The condition in which 
nuclear fuel sustains a chain reaction. A 
process in which some of the neutrons 
released in one fission cause'other fissions to  
occur. 

Nuclear Reactor: A device that contains sufficient 
amounts of fissionable material (e.g. 
enriched uranium) arranged in a geometry 
that enables a controlled, self-sustaining 
nuclear fission chain reaction. This chain 
reaction produces heat for generating 
electricity. 

enacted in 1982 that established the Office 
of Civilian Radioactive Waste Management 
and defined its mission to  develop a federal 
system for the management and geologic 
disposal of commercial spent nuclear fuel 
and other high-level radioactive wastes. 
Congress amended the Act in 1987. 

independent body established within the 
Executive Office of the President, created by 
the Nuclear Waste Policy Amendments Act of 
1987 to  evaluate the technical and scientific 
validity of site characterization activities and 
activities relating to the packaging or 
transportation of high-level radioactive waste 
and spent nuclear fuel. Members of this 
Board are appointed by the President from a 
list composed by the National Academy of 
Sciences. 

Nuclear Waste Policy A c t  The federal statute 

Nuclear Waste Technical Review Board: An 

Plutonium: A reactive metallic element used as 
nuclear fuel, to  produce radioactive isotopes 
for research, and as the fissile agent in 
nuclear weapons. 

Porosity: The ratio of openings, or voids, to  the 
total volume of a soil or rock, expressed as a 
decimal fraction or as a percentage. 

Radiation Exposure: Being exposed to  ionizing 
radiation or to radioactive material. 

Radloactive Decay: The process in which one 
radionuclide spontaneously transforms into 
one or more different radionuclides, which 
are called daughter radionuclides or 
daughter products (also called progeny). 

Radioactivity: 1.. the property of unstable nuclei in 
certain atoms to  spontaneously emit ionizing 
radiation in the form of alpha or beta 
particles and sometimes gamma rays during 
measurably delayed nuclear transitions, the 
length of delay being measured as the 
nuclides's half-life. 2. the radiation thus 
emitted. 

Remote Handling: A process for handling hazard- 
ous materials using robotic equipment or 
mechanical equipment run remotely by 
humans who are protected behind leaded 
glass and/or other shielding material. 

Repository: Any system licensed by the Nuclear 
Regulatory Commission that is intended to  be 
used for, or may be used for, the permanent 
deep geologic disposal of high-level radioac- 
tive waste and spent nuclear fuel. 

Reprocessing: A process that involves the recovery 
of usable uranium and plutonium from spent 
nuclear fuel and results in a waste stream of 
fission products dissolved in nitric acid. 

Rock Strata: A laver of rock. 

Seismic Activity: Pertaining to, characteristic of, or 
produced by earthquakes or earth vibration. 

Shielding: (1) Reduction of radiation by interposing 
a shield of absorbing material between any 
radioactive source and a person, work area, 
or radiation-sensitive device. (2) Any material 
that provides radiation protection. 

Site Characterization: Activities, whether in the 
laboratory or in the field, undertaken to 
establish the geologic conditions and the 
ranges of the parameters of a candidate site 
relevant to the location of a repository. These 
activities include borings, surface excava- 
tions, excavations of exploratory shafts, 
limited subsurface lateral excavations and 
borings, and in situ testing needed to 
evaluate the suitability of a candidate site for 
the location of a repository, but do not 
include preliminary borings and geophysical 
testing needed to  assess whether site 
characterization should be undertaken. 

Site ReCOmmendatiOn: A possible recommenda- 
tion by the Secretary of Energy to  the 
President that the Yucca Mountain site be 
approved for development as the nation's 
first high-level radioactive waste repository 

Spent Nuclear Fuel: Fuel that has been withdrawn 
from a nuclear reactor following irradiation, 
the constituent elements that have not been 
separated by reprocessing. Spent fuel that 
has been burned (irradiated) in a reactor to  
the extent that it no longer makes an 
efficient contribution to  a nuclear chain 
reaction. This fuel is more radioactive than it 
was before irradiation, and it is thermally hot. 

Titanium: A corrosion-resistant, structurally strong 
metallic element. Drip shields for the waste 



packages would be made of titanium if a 
repository were built. 

plant through its root system, passes through 
its vascular system, and is released into the 
atmosphere through openings in its outer 
covering. It is an important process for 
removal of water that has infiltrated below 
the zone where it could be removed by 
evaporation. 

Transpiration: The process in which water enters a 

Transportation cask A heavily shielded container 
that meets applicable regulatory require- 
ments. Used to ship spent nuclear fuel or 
high-level radioactive waste. 

Volcanism: The movement of molten rock and its 
associated gases from the interior into the 
crust and to  the surface of the earth. 

Waste Form: A generic term that refers to the 
different types of radioactive wastes. 

Waste Package: The waste form and any contain- 
ers (Le., disposal container barriers and other 
canisters), spacing structures or baskets, 
shielding integral to  the container, packing 
contained within the container, and other 
absorbent materials immediately surrounding 
an individual waste container placed 
internally to  the container or attached to  the 
outer surface of the disposal container. The 
waste package begins its existence when the 
outer lid welds are complete and accepted. 

Water Table: (1) The upper limit of the portion of 
the ground wholly saturated with water. (2) 
The upper surface of a zone of saturation 
above which the majority of pore spaces and 
fractures are less than 100 percent saturated 
with water most of the time (unsaturated 
zone) and below which the opposite is true 
(saturated zone). 

2% 
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P.O. Box 30307 
North Las Vegas, NV 89036-0307 

(702) 794-15555 
(800) 225-6972 

http://www.ymp .go\' 

Las Vegas Science Center 
(702) 295-1312 

Address: 4101-8 Meadows Lane 
(across from the Meadows Mall and 

adjacent to the YMCA) 

Pahrump Science Center 
(775) 727-0896 

Address: 1141 S. Hwy. 160 No. 3 

Beatty Science Center 
(775) 553-2130 

Address: 100 North E Ave. &L 

State Route 374 

March 2001 
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