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completely renewable
energy is that human
technology is not advanced
enough to supply a constant and
reliable source of power. Nuclear
power is a an extremely potent
energy source that releases a
fraction of the pollution from other
non-renewable
energy sources,
and is substantially
more potent. The
big problem with
nuclear power is
that a majority of
the public is terrified
by the thought of
living near a plant.
Nuclear power is
very dangerous,
but is also heavily
regulated, and when
operated under
strict procedures,
it is very safe.
Education if the key
to eliminating the
public’s fear about nuclear power,
and allowing it to be used more for
energy.
Radiation is a phenomena that
occurs when an unstable atom
undergoes fission into one or more
daughter nuclei, releasing energy
and energy other small particles.

Green Energy

Environmental engineering is a
fairly new field working to improve
the environment. Green energy is a
large component of the discipline,
as the demand for clean power rises.

“We must not let
ourselves be swept
off our feet in horror

at the danger of

nuclear power.

Nuclear power is not
infinitely dangerous.

It’s just dangerous,
much as coal mines,

petrol repositories,

fossil-fuel burning
and wind turbines are

» Nuclear Power
* for the Future

he demand for clean energy sources is growing
each year, along with global energy consumption.
The vast majority of the population is aware that fossil
fuels pollute the environment, are in limited supply, and
« are expensive. Environmental engineering is a growing
field that seeks to meet the world’s energy demand and
clean up the planet with renewable energy sources such
as wind, solar, and hydroelectric. The problem with using

There are three main types of
nuclear radiation, alpha, beta, and
gamma radiation, each are slightly
different in their prostheses but have
similar effects. The small particles
released (an alpha particle, electron
or positron, or gamma ray bundles)
during fission are responsible for the
effects of radiation.
The small particles
have massive
amounts of energy
as they break
apart the strong
bonds of the atom,
transferring their
momentum to
other particles,
ionizing them.
lonization changes
the molecule,
potentially causing
bodily harm or
effecting DNA.

; When the body
dangerous. tries to repair
-David J. C. MacKay itself, it may

create cancer as the cell’s DNA is
altered. Alpha radiation is made up
of a helium nucleolus and looses
its energy very quickly, and cannot
penetrate skin. Beta particles can
penetrate a bit further, but gamma
radiation can pass completely
through a person and can cause
more harm.



Thorium 212
Decay Chain  “s2Pb
This is a portion from the

thorium decay chain, starting with
Lead 212, and finishing with Lead
208; a stable atom. The *!lead atom
experiences a beta decay into ?'2Bi.
Bismuth 212 then decays either into
2Ti or 2'?Po by an alpha decay or a
beta decay respectfully. Both of those
daughter ions then decay into Lead,
which as a stable atom,

does not experience 212 ;3 =
any more nuclear 83 B
decay. Lead is the end of

several decay chains, most

notable that of plutonium, uranium,
and thorium.

How ﬁ- ®
nuclear

power

works > Pb

Atoms contain

a lot of energy as it

is difficult to hold hundreds
of positively charged particles
together, that are constantly trying
to repel each other. When an

atom undergoes nuclear fission, a
portion of the molecule breaks off
is released with a large amount of
energy. Depending on the atom
fissining, anywhere between .5 and
4 MeV may be released. For the
entire decay chain of one uranium
235 atom, 200Mev of energy is
released. 1 gram fissioned in a
reactor produces enough energy to

aw leact

power 400-900 homes
for a year. To produce
the same amount of
energy requires 3 metric tons
of coal, or 600 gallons of gasoline.
The energy density of uranium
is 80,620,000,000,000 (80.620
million million) joules of energy per
kilogram of uranium. In comparison,
i gasoline is 48,000,000 (48 million)
joules per kilogram, coal is 24
million, and tnt is 4.6 million joules
per kilogram. The energy density of
nuclear power requires significantly
fewer resources than the other
1 leading forms of energy
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Know Your Terms

Nuclear Decay: When an
unstable atom breaks apart into
smaller atoms, releasing a large
amount of energy

Half-life: The time it takes for half
of the material to decay

Alpha radiation: Nuclear decay
that releases two protons and

two neutrons. Can only penetrate
several cm of air, and not human
skin

Beta particle: An electron is
released during decay. Much further
penetration

Gamma radiation: High energy
photons that penetrate far and are
highly ionizing

lonization: Removing an electron
from other elements making them
unstable and liable to change
Fission: When an atom splits into
smaller atoms, releasing a large
amount of energy

Fusion: When atoms combine to
form a larger one, releasing much
more energy than in fission
Critical Mass: The concentration
of fissible atoms is great enough to
spontaneously fission and become
self sustaining

Particle Physics
Power

lev =16*10"

1 joule =6.25%10"
electrons or ev

1 joule = the energy
needed to power a 1

watt light bulb for 1
second

1Mev = 1 million
electron volts
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Shielding: Radiation reflector

The Chart (left)

Exposure

Unlts Of Unit Description Equivalent
Rem (roent- | A unit of equivalent absorbed dose of radiation |Rem =rad xQ
nuCIear gen equiva- | which takes into account the relative biologi-
physics lent man) cal gﬁgctiveness of different fqrms qf ionizing
radiation, or the varying ways in which they
.. transfer their energy to human tissue. The dose
Radiation doses in rem equals the dose in rad multiplied by the
are the most quality factor (Q). For beta and gamma radiation,
the quality factor is taken as one, that is, rem

useful measure equals rad. For alpha radiation, the quality factor
of exposure, is taken as 20, that is, rems equal 20 times rads.

. Rem is essentially a measure of biological dam-
with the rem and age. For neutrons, Q is typically taken as 10.
the sievert (sv),
which measure Sievert (Sv) ;Aeumr;it of equivalent absorbed dose equal to 100 | 1Sv =100 rem
the equivalent
absorbed dose Of Rad (ra- A unit of absorbed dose of radiation. Rad is a 1rad =100
radiation, taking diation measure of the amount of energy deposited in | erg/gram
. absorbed tissue.
into account dose)
the biological Curie (Ci) The traditional unit of radioactivity, equal to the |1 Cl=37 billion
effectiveness of radioactivity of one gram of pure radium-226. dps = 37 billion

. Bq

the different types (Becquerels) [ The standard international unit of radioactivity |1 Bq =27 pCi
of radiation. equal to one disintegration per second.

Health risks with prolonged exposure

Health risks increase with extended exposure overtime, ranging from
cancers to genetic mutations. For every 10,000 people, 2,000 are likely to
die from cancer that is not a result of radiation. If that same population
were exposed to an accumulated dose of 1 rem, roughly five to six more
people would get cancer. Most people receive 0.3 rem every year from
natural background radiation.

Health Effect

Radiation is naturally present in

the environment and is the cause
of over two thirds of a person’s
yearly accumulated dose. Naturally
occurring radon is the major source

Time to Onset

from the EPA’s (rem) (without treatment)
website shows
5-10 changes in blood chemistry
the symptoms
caused by 50 nausea hours
radiation 55 fatigue
exposure. Acute -
illnesses from 70 vomiting
immediate 75 hair loss 2-3 weeks
exposure to 90 diarrhea
radiation are
often more severe |l hemorrhage
but require much ) possible death within 2 months
Iarger doses. 1,000 destruction of intestinal lining
internal bleeding
and death 1-2 weeks
2,000 damage to central nervous system
loss of consciousness; minutes

and death

hours to days

of radiation that humans absorb

on a daily basis. Radon is found

in a majority of the rocks in the
world, and as it defuses into the air,
it decays and exposes humans to
radiation; because it is commonly

in rocks, it is often built into homes
where it releases radiation over time.
The second major component to
average accumulated doses are from
medical procedures such as dental
x-rays, mammograms and CT scans.
Nuclear power plants release very
small doses of radiation into the
environment. Living within 50 miles
of a nuclear power plant for a year

is a little less than the dose received
from eating a single banana, while
living within 50 miles of a coal power
plant is roughly the same as the
consumption of 3 bananas.



Radiation Dose Chart

This iz a chart of the ionizing rodiotion dose @ person caon ohzorb from various sources. The unit for obzorbed dose iz “sievert™ (Sv), ond medsures the effect o dose of rodiation
will have on the cells of the body. One sievert {oll at once) will moke you sick, ond too many more will kill wou, but we safely absorb small amounts of notural rodiotion doily.
Mote: The same number of sieverts absorbed in o shorter time will general ly couse more domoge, bub your cumulative long-term dose plawvs o big role in things like concer risk.

B Sleeping hext to someohe (B.65 p3v)

m Living within 58 miles of a nuclear
B power plont for o year (8.89 pgv)

B Eating ane banana (8.1 pSv)

Living within 58 miles of a coal

m
o power plont for o wear (8.3 u3v)

Arm x-ray

Using a CRT monitor
{1 pEv)

for a year {1 pSv)

m Extra dose from spending one day in
an area with higher-than-average
natural background radiation, such
as the Colorado ploteou (1.2 uSv)

Dental x-ray (5 p3v)

Bockground dose received
by an average person Over
one normal doy (18 pSv)

Airplane flight from MNew York to LA (48 pSv)
m

‘hﬁ“‘HnJ

-

-0 Al the doses in the blue
BB chort combined {(~68 pSv)

m Extra dose to Tokyo in weeks following
B Fukushimg accident (48 u3v)

mg Living in a stone, brick, or concrete
B hyilding for o wvear (78 p3v)

Averoge total doze from the Three
BB Mile Izlond occident to someone
living within 18 miles (88 pSw)

pm Approximate total dose received at
B8 Fukuzhima Town Hall over two weeks
following occident (168 pSv)

OEE EPy vear lv release
limit for a nuclear
power plant (258 pSv)

Yearly dose from
natural potaszium in
the body (398 uSv)

Mammogtan
(488 p3v)

Haximum

EP#& wearly limit on wternal dose

radiation exposure
to o single member
of the public

{1 mSv=1,808 o)

Typical dose over
two weeks in Fuku-
shima Exclusion
Zone {1 mSv, but
areas northwest sow
far higher doses)

B Chest x-roy (28 uSv) [ore)

EP& vearly release torget for
a huclear power plont (38 pSv)

Moximum wearly dose permitted for US rodiotion workers (B8 mSw)

Dose from spending an
hour on the grounds ot
the Chernobwl plant in
2818 (6 mSv in one spot,
but varies wildly)

Chest
CT =scan
{7 m3v)h

A

Using @ cell phone (B pSv)-a cell phone’s transmitter doss
not produce ionizing rodiotion® ond does not couse cancer.

# Unless it's 9 bananaphens,

o

Mormal yearly bockground
dose. About 5% is from
natural sources. Nearly
all of the rest is from
medical scans (~4 mSv)

B == (A.B5 uSv)

— O{28 p3v)

= o {1 5¥)

Ten minutes next to the DOOOODOOOOO
Chernoby | reactor core after < /e/ae/aaelai=ls
explosion and meltdown (58 5v) GEEREEEECC

Sources:
R AR e, nFC.gen reading-rm. dec-celle chions. ofr part0z0.”

WWW.NRMA.NE.g o technological - dese -limits html
AR e, de

idahe.gevinl-eversight-radiation”dess_caloulater.cfm
httpes Awww.deq.idaho.gov.rinl_oversight./radiation radiation_guide.cfm

httpes smitnse.com.

httpes S bRl.gou. briwe . POF.A 0 2EER Chapter 2. pdé

httpes sdels-old.nas.edusdels rpt_briefs rerf_finalpdf

httpes speoplereed.edus “ememanis SFadiation.html

httpes senwikipe dia.org. wiki- Sieuert

httpes sbloguornaskotticom 2010007 £ 1E.£into~the-Zone-chernobyl-pripyats
httpesSwww.nrcgov-reading-rmedoc-collectionss fzact-sheets/tritium-radiation-f=.himl

httpes Swww.mext.qo. jpscomponent./a_menu.sother.s detail__icsFiles.safieldfile /2011, 02/ 12 1205 7E7_1716.pds
httpes /radicloQuFsna.org. content 242, 1,254

£ ™y
Radiation worker =
one-vear dose g
limit (5@ mSvy B
Approximate totol dose ot All dozes in  Lowest one-wear dose
— one station ot the north- mm 9reen chart clearly linked to
— @ (18 m5v) west edge of the Fukushing mm SE8 conbined incrensed concer
exclusion zone (48 mSv) B LUl (~T5 mv) risk {188 mdv)
o
Dose received by two Fukushima Dose causing symptoms of
plant workers (~188 mSw) radiation poisoning if
received in a short time
EP4 guidelines for emergency {488 m3v, but vories) B
zituations, provided to
ick decision-making:
ensure quick decision-making Severe radigbion
Doze limit for emergency @@ poizoning, in
workers protecting waluabl some cazes fatal
property (186 mSv {2BEA mSv, 2 Sv)
E Doge limit for emergency
workers in Lifesaving Usually fotal radiation
operations (256 m3v) poisoning. Survival occo-
sional ly pozsible with
Fatal dose, even with treatment (& Sv) prompt treatment (4 Sv)
L S

Chart by Randall Munroe, with help from Ellen, Senior Reoctor Operator ot the Reed Research Reactor, who suggested the ideo and provided o lot of the sources. I'm sure I'we added in
lots of mistakes; it°s for genetral education only. If you’re basing rodiation safety procedures on an internet PNG imoge and things go wrong, wou have no one to blame but yourself.

The above graphic was created by
Randall Monroe as a response to
the Fukushima Daiichi disaster and
the media’s misinformation about
radiation doses. The chart is a great

illustration of the relative levels

of radiation exposure that people
are exposed to. Randall Munroe

is a former NASA Roboticist who
now creates the “romance, sarcasm,

is not
excell

math, and language” based web
comic XKCD. While the information

completely exact, itis an
ent representation of radiation

doses from different sources
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Nuclear Power Plant
Terms

Fuel rod: A metal tube that
contains pellets of the nuclear fuel
used to produce power.

Criticality: A sustained chain
reaction of nuclear fission under a
controlled state in a reactor.

Moderator: A material that slows
down the speed of the neutrons
that cause fission, allowing for a
controlled reaction

Control Rod: A material that

is highly adsorbent of neutrons,
slowing down the fission reaction
Natural uranium: Uranium with
a concentration of .7% or less of 2°U,
the isotope that sustains fission.
Low enriched uranium:
Reactor grade fuel with a
concentration of 3-4% U, allowing
it to be used in a light water reactor

ra
3 2
7
H
Cooling water

—
Cool water source

How a nuclear power plant works

uclear power plants are

fundamentally the same
as a coal or oil power plant; they
generate of steam to,drive electric
generators. In a coal or oil plant, the
fuel is burned to heat up a reservoir
of water, which is.then fed through
a steam turbine that generates
electricity. A nuclear plant works a
little differently, but has the same
basic concept.
The core component of the plant is
the nuclear fuel thatit uses, as there
are three basic types that dictate the
rest of the reactor Uranium is t
main fuel source that is used, with
the differences being.in the ratio of
235U to 28U. 25U is much more likely.
to fission that 22U which is likelier
to reflect neutrons, or undergo

fusion into a highly reactive form
of plutonium. In the core of most
plants is an assembly of metal rods

that are filled with pellets of the
uranium oxide fuel (most common).
The rod assemblies are submerged
in a tank of a modgrating matereal
(most commonly light or heavy

water, or graphite), which reduces
the energy of the radioactive
neutrons flying from one fuel rod
to another. Water is a very effective
moderator that is capable of
cutting the radiation in half every 7
centimeters; as reactors are typically
submerged by several meters of
water, virtually 100% of the radiation
is absorbed
The most common reactor type
is a Mark Il light water reactor,
which uses light water (ordinary
water) as the neutron moderator,
also doubles as the water
that is convertedtg/steam. Along
with the fuel rods, there are other
rod assemblies called control
rods that are used¥o absorb the
radioactive neutrons that sustain the
chain reaction; slowing down the
reactioz‘ There are always enough
control/r ds inserted into the
reactor to prevent the reactor from
turning criticaland melting down.
Additional rods are inserted or
removed deepening on the power
demands of the plant; the more rods



inserted, the less the power that will
be generated.

The water in the reactor heats up as
the radioactive particles collide with
it. This water is circulated through
the system into the area where it is
allowed to produce vast amounts
of steam and drive generators. The
water is then condensed, cooled,

Safety Mechanisms

There are several fail-safe prostheses
in place in the event of a natural
disaster or power loss that shuts
down the electric generators. In

the event of power loss, backup
diesel generators are activated

that continue to circulate water
though the plant as the reactors

are shut down. In an emergency
shutdown procedure, all of the
available control rods are inserted
into the core of the reactor in order
to stop the nuclear
reaction. The rods

can be automatically
inserted, or manually
inserted. There are also
assemblies of control
rods suspended
above the reactor by
an electromagnet,
which on the event of
a power loss, would
shut off the reactor
automatically.

The entire system

isin a closed loop that does not

let the moderator water out into
the environment, even though it

is not radioactive (see the sidebar
about the effects of heavy water
on humans). The waste generated
by the most common reactors is
depleted uranium which is much
less radioactive than natural
uranium, as it has less than .3% 23°U.
After a life cycle of 18-72 months,
the fuel is less viable as it has less
concentrations of fissible °U and a
higher concentration of plutonium,
which is only useful in higher

“No one in the
United States
has become
seriously ill or
has died becauserrevent the build up
of any kind of
accident at a
civilian nuclear
power plant”

and circulated back through the
plant in a closed loop. The water is
circulated with several large electric
generators that constantly pump
thousands of gallons of water
through the plant, keeping
the system cool.

output reactors or
nuclear weapons.
The spent fuel is
stored in a fuel pool
for three to ten years
for cooling. The spent
fuel pool is typically over
15 meters deep (with only 6
meters necessary to completely
eliminate the radiation), with the
walls constructed of reinforced
concrete, and other radiation
absorbing materials.
During this cooling
period, the water is
held at roughly 50 C to
keep the rods cool. The
air is also circulated to

of hydrogen from the
splitting of the water
molecules.

There is debate on
what to do with the
spent fuel after it has
had sufficient time
to cool. For a time nuclear waste
was stored in dry cask storage

in deep geological repositories,
most notably in the deserts of
Nevada and New Mexico. The casks
themselves prevent the reduced
radiation from escaping, and provide
a secure means of storage. The
depleted uranium, which is much
less radioactive, can also be used
for shielding against other forms
of radiation, depleted uranium
munitions, and other applications
that require extremely dense
materials.

New age of atomic
energy

The United States Atomic Energy
Commission was formed after WWII
in 1946, and was established to
further atomic research for civilian
applications. The military soon

lost control over the production

of nuclear power as the AEC had
established control. The AEC
transformed into the Nuclear
Regulatory Commission which they
then gained more regulatory power
to ensure the sfety and security of
nuclear power.

@/

Blue doppler

shift from the fast
moving radiation
traveling through the
moderator in a light
water reactor



100% | 98.4%
U 235 420%  |0.71%
000% | 1.27%

Minor 0.00% 0.14%
Actinides
Fission 0.00% 5.15%
Products

Nuclear waste is primarily composed
of 28, as only U is used in most
fast-reacotrs that are in current
operation. Fission products are also
produced from the 2**U that split.
Currently the technology available

is not able to reuse the 58U as fuel,
but it is entirely possible and is being
researched. Once the technology
becomes available, a vast amount of
nuclear waste can be reused as fuel
(near 90%).

Nuclear waste is stored in dry

cask storage after it has cooled

and decayed for 3-20 years in

a spent fuel pool. The fuel rods

are surrounded by an inert gas,
inside of a layered wall of steel and
concrete, with the hatch welded
closed. The main elements in
storage is 28U which has such a
high half life that it is not all that
radioactive. The more dangerous
atoms are the fission products which
can remain radioactive for 1,000-
10,000 years. After the 3-20 years of
cooling, most of the short lived and
highly radioactive particles have
decayed away, reducing the overall
contamination risk.

Nuclear Waste

he primary waste that escapes

into the atmosphere near a
nuclear power plant is pure water,
with trace amounts of heavy water.
Deuterium (heavy water) is formed
in the core of the reactor when
the hydrogen atoms in the water
absorb a neutron and become an
isotope. Deuterium is present in all
water in extremely minute traces.
The deuterium released by a nuclear
power plant is a concentration of
roughly 5% greater than normal (the
normal concentration is roughly
0.0156% in all water). Heavy water
is toxic to humans, but the chances
of accidental poisoning is virtually

impossible. In order to be harmed
by heavy water, an individual would
need to replace 50% of their body
weight with pure deuterium, for a
sustained period of several weeks.
Several gallons of pure heavy water
would need to be ingested, which is
far from the minute concentration
of less than .01% percent
concentration of heavy water found
around nuclear power plants.
Radiation wise, an accumulated
dose of 0.09 uSv is acquired over
the period of a year living within 50
miles of a plant, roughly equivalent
to eating a banana.

Low-Level Waste Disposal Site

Top Soil
Low-Level
Waste

Impervious ¢

<

Drainage J g

System

Canisters are stored
in specially
designed

Reinforced-
Concrete Vaults

Canisters

i —

A diagram of a deep
geological repository for
nuclear waste that will

Low-level waste, ; > i
sealed in special casks, | radioactive in the relatively

is shipped to the site | hear suture

become significantly less




Coal pO“utiOn toxi€air pollution. Filters are in place

The waste created by the burning; inthe stacks of coal plants that help

of coal in a coal power plantis to reduce emissions, but they still

magnitudes greater than thatof a ~contribute ¢ erage 3.5 million

nuclear plant. Coal power plants.are 1;§n5 of CQZ per year, per plant.

the primary source of €02 SS|0n5 As trace amounts of radioactive

in the nation. They'are alsos = materlals such as radon and uranium
| are preserﬂ in the earth, burning

coal aIso produces radiation in

s réleased via the smoke stacks. The

¥ ash falls back to earth, is inhaled

. by humans and mixed into the soil
Mihere it is absorbed by crops and
consumed by humans. The primary
radioactive element is an isotope of
radon, that primarily gives off alpha
radiation, which is most harmful
if ingested. A study conducted by
nuclear physicist Dr Tayfun Buke
examined the radioactive emissions
of coal power plants and found that
they release a dose roughly equal
to .3uSv per year to inhabitants
living within 50 miles of a plant. His
findings conclude that the radiation
produced by a single coal plant is
not dangerous in it’s minute doses.
The radiation alone is from a coal
power plant is over three times as
that released from a nuclear power
plant, and several times more
dangerous due to the other forms
of pollutants released into the
atmosphere

Al the

waste in a
= year from
C a nuclear

power plant
(D can be

— StoOred under
a desk.

-Ronald Reagan
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Disasters

uclear disasters are the
se for negative

e strict safety
d with a nuclear

ine’s Chernobyl
power plant. The main cause of
the accident was that the crew
was performing a test of the
safety procedures during the
event of a loss of power. The
operators disabled numerous
safety procedures and fail safes
that ultimately led to the reactor
melting down.

Most recently Japan’s Fukushima
Daiichi meltdown has been cited
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a e e
Radiation map of the immediate fallout zone following the Chernobyl catastrophe

as another reason to fear nuclear
power, but it was again the fault
ne plant manager, and not

~ of the seawall needed to preve
an incoming wave in the event of
a natural disaster. The Fukushima
plant manager did not build the
seawall to regulations, and instead
had it was several feet under
specifications. The result was that
the tsunami water breached the
facility, and flooded and disabled
the backup diesel generators
responsible for cooling the
reactors. The nuclear power plant
in Onagawa, Japan was closer to
the epicenter of the 2011 tsunami
and survived nearly entirely intact,
while Fukushima melted down.
Yanosuke Hirai was the engineer in
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Confiscated/Closed Zone

Greater than 40 curies per square
kilometer (Ci/lkm?) of Cesium-137

Permanent Control Zone
15 to 40 Ci/km? of Cesium-137
Periodic Control Zone
5 to 15 Ci/lkm? of Cesium-137

Unnamed zone
1 to 15 Ci/lkm? of Cesium-137

100 Kilometers
I

1
0 50 100 Miles

charge of building the plant several
decades ago. He constructed
the seawall to government

that the plant was safe du
natural disaster.

Next - atior
of clean power

The world’s energy consumption is
increasing at a rate that will soon
eclipse the amount of energy that
fossil fuels can seasonably produce.
Renewable energy sources such

as solar, wind, and hydroelectric
are in use currently to supplement
power needs in cities across the
world. Limitations with current
power production mean that not
all of the available energy is able

to be harnessed. Even with current
limitations Costa Rica has been
powered by renewable power since
December 2014 Nuclear power
produces energy several order of
magnitudes greater than current
renewable energy sources and fossil
fuels. Advances in nuclear power
plants will allow for extracting more
power from radioactive elements,
reducing waste, and increasing
efficiency. Introducing nuclear
power into facilities into more

cities around the world will help to
supplement the energy demand
with a clean source of energy.
Diversifying power producing

with wind, solar, hydroelectric, and
nuclear is the key to producing a
fortified power network that is clean
for the environment and future
generations
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