Issue No.4.

October - December 2015

A Publication of the Kenya Nuclear Electricity Board

WINNER

2015 PRSK AWARDS FOR EXCELLENCE
CORPORATE PUBLICATION OF THE YEAR

Vol A Issue 1

WINNER

KNEB’s Director, Publicity and Advocacy, Mr. Basett Buyukah receives the award for Corporate Publication
of the Year 2015 from Grace Munjuri, who is the immediate past Vice Chair of the Public Relations Society
of Kenya.

January - March 2015

Issue No.1

Issue No.2.

April - June 2015

Issue No.3.

July - September 2015

.
A Publication of the Kenya Nuclear Electricity Board

A Publication of the Kenya Nuclear Electricity Board

A Publication of the Kenya Nuclear Electricity Board

@nuclearkenya

Nuclear kenya

nuclear kenya

www.nuclearkenya.blogspot.com

Power and Policy

KENYA RISING: DAWN OF
THE NUCLEAR POWER AGE

AFRICA NUCLEAR
CONFERENCE

POWERING
AFRICA’S
FUTURE:
THE NUCLEAR
OPTION

INIR MISSION
INTERGRATED NUCLEAR
INFRASTRUCTURE REVIEW

Corporate Publication of the Year 2015
2

Contents

Issue No.4

NUCLEAR & POWER

NewsBeat
1 CHANGE OF GUARD

2

Energy Cabinet Secretary Appoints
Acting Ceo For The Kenya Nuclear
Electricity Board

AFRICA’S ENERGY
NEEDS ON THE
IAEA FRONTBURNER

1

Kenya Nuclear Electricity Board’s Fission
Magazine Wins Prestigious Award

Issue No.4.

WINNER

October - December 2015

4

Features

TALKABOUT NUCLEAR

Kenya Joins The World To Weave A Nuclear
Communication One-stop-shop Narrative

A Publication of the Kenya Nuclear Electricity Board
Boa

COVER
2015 PRSK AWARDS
FOR EXCELLENCE
CORPORATE PUBLICATION
OF THE YEAR

MARK OF DISTINCTION

6

BEYOND AFRICA

8

DEMYSTIFYING NUCLEAR

South Korea Experience

Fukushima Dai-ichi :
The What, How and WHY

WINNER

2015 PRSK AWARDS FOR EXCELLENCE
CORPORATE PUBLICATION OF THE YEAR

11

FOCUS ON 2015

13

POWER MUSINGS

15

UP CLOSE AND PERSONAL

Bet On Nuclear Energy To Save
The Day And Be The Game Changer

THE INTERVIEW

THE MARATHON RUN

17
TEAM KNEB HITS THE ROAD,
BREASTS THE TAPE

19

HEALTH MATTERS

21

RADIATION SOURCES AND FACTS

22

AFRICA‘S NUCLEAR FACTS AND FIGURES

23

NUCLEAR CROSSWORD

24

KNEB BOARD

Happiness Is Not A Matter Of
Intensity But Work- Life Balance.

Editorial Director Basett Buyukah Sub Editor Emmanuel Wandera Contributors Basett Buyukah,Katua
Muinde, Emmanuel Mulehane, Carl Madara, Purity Mawia,

Emmanuel Wandera, Esther Musyoka, Jonathan

Njoroge, Monica Mwangi, Design & Layout Carl Madara, Photography Carl Madara, Circulation Dennis
Nkonge
The Fission is a publication of Kenya Nuclear Electricity Board. All rights reserved. No part of this magazine
may be reproduced without prior permission.

Oct - Dec 2015 i

EDITORIAL

Issue No.4

CEO’S MESSAGE

2

015 has been an eventful year for the Kenya Nuclear Electricity
Board. The organization achieved a number of milestones
amid a change of guard. At the apex of the institution, five new
independent members of the Board of Directors were appointed
during the calendar year 2015.
In addition, the Executive Chairman & CEO Hon. Ochilo Ayacko
departed after serving in the position for six years spanning
the organization’s life span from its conception as the Nuclear
Electricity Project Committee, through its transition to the Kenya
Nuclear Electricity Board.
Another change related to the geographical location of the
organization. KNEB moved office in December 2015, departing
from the Reinsurance Plaza in Nairobi’s Central Business District

ENG. COLLINS JUMA

to its new premises at the KAWI complex in South C, off Red

ACTING CEO

Cross Road.
During the year 2015, KNEB signed a memorandum of
understanding with China General Nuclear Power Corporation
obtain expertise from China by way of training and skills
development, technical support in areas such as site selection for
Kenya’s nuclear power plants and feasibility studies. Two other
MoUs, with South Korea and Russia respectively, are due for
signing in the New Year 2016.
To put the icing on the cake, The Fission magazine won the
prestigious 2015 PRSK Award for Corporate Publication of the
year.
2016 promises to be an equally busy and fruitful year for the
Kenya Nuclear Electricity Board

ENG. COLLINS JUMA
ACTING CEO
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EDITORIAL

W

elcome to the fourth edition of the Fission
Magazine. This chronicle of all matters nuclear
continues to grow from strength to strength.
In this edition, we focus on key events during the
International Atomic Energy Agency General Conference,
which took place in Vienna, Austria during the month of
September 2015.
We also take a bird’s eye view on various matters nuclear
energy with musings and demystify the subject with
another feature on the Fukushima accident and its
aftermath.

Basett Buyukah
Director Publicity & Advocacy

We then point the compass due East-southeast and get
a perspective on the Korean nuclear revolution from a
Kenyan eye.
Plus yet another marathon experience as Team KNEB
pitted its most athletic against some of Kenya’s finest,
and then some.
Above all, we revel in The Fission magazine’s finest hour
as it scoops the Corporate Publication of the Year 2015
in the Public Relations Society of Kenya’s Awards for
Excellence.

Enjoy the read.

BASETT BUYUKAH
EDITORIAL DIRECTOR
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NEWSBEAT

CHANGE OF GUARD

ENERGY CABINET SECRETARY APPOINTS ACTING CEO
FOR THE KENYA NUCLEAR ELECTRICITY BOARD

E

nergy & Petroleum Cabinet Secretary, Hon. Charles Keter, has appointed
Eng. Collins Juma as Acting Chief Executive Officer of the Kenya Nuclear

Electricity Board. Eng. Juma has been serving as Director, Technical Affairs
at KNEB for the past four years. He holds a Bachelor of Engineering Degree
(Mechanical) from the Indian Institute of Technology and a Masters degree
in Operations Management from the University of Nairobi. Eng. Juma is a
Council Member and Fellow of the Institution of Engineers of Kenya. He is
also a registered Consulting Engineer with Engineers Board of Kenya and has
worked in the energy sector for over 20 years, including stints at Kenya Power
and KENGEN. He is currently pursuing a PhD in Operations Management
from the University of Nairobi. The appointment in a letter dated 4th January
2016 is effective from 22nd December 2015. The contract for Hon. Ochilo
Ayacko as the Executive Chairman & CEO of KNEB ended in December 2015.
The Kenya Nuclear Electricity Board was set up in 2012 to expedite the development of nuclear electricity
generation. Kenya plans to set up a first nuclear power plant with a capacity of 1000MW by 2027. This is expected
to rise to a total of 4000MW by 2033 making nuclear electricity a key component of the country’s energy mix
which is projected will be about 19,000MW in total.

MARK OF DISTINCTION

KENYA NUCLEAR ELECTRICITY BOARD’S
MAGAZINE WINS PRESTIGIOUS AWARD

T

FISSION

he Kenya Nuclear Electricity Board’s Fission Magazine has landed a prestigious award. The magazine
scooped the Corporate Publication of the Year 2015 during the annual
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Public Relations Society of Kenya gala night held on 18th November 2015.
A Publication of the Kenya Nuclear Electricity Board

The gala also marked the culmination of the World Conference on Public
Relations in Emerging Economies (WCPREE), which was hosted by
Kenya, between 14-17 November 2015. Delegates from various parts of the
world attended the weeklong conference that focused on various trends,
developments and approaches in the practice of public relations.
@nuclearkenya

Nuclear kenya

nuclear kenya

The award was presented to the Kenya Nuclear Electricity Board Director for
www.nuclearkenya.blogspot.com

Publicity and Advocacy, Mr. Basett Buyukah.
“The Kenya Nuclear Electricity Board is delighted to have attained this
recognition. Communicating nuclear needs an intricate and multifaceted
approach, so we are glad the Fission magazine resonates so profoundly,”

WINNER

2015 PRSK AWARDS FOR EXCELLENCE
CORPORATE PUBLICATION OF THE YEAR

said an elated Mr. Buyukah.
The panel of judges led by Mr. Joel Otin, rated the Fission magazine highly especially with regard to its content,
ease of delivery of articles, design and layout as well as overall editorial look-and-feel.
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NUCLEAR AND POWER

AFRICA’S ENERGY NEEDS ON
THE IAEA FRONTBURNER

By IAEA News Team

A

n increasing number of
developing
countries,
including in Africa, are interested
in adding nuclear power in their
energy mix, the audience of an
IAEA side event to the 59th IAEA
General Conference heard on 16th
September 2015.

IAEA Director General Dr. Yukiya
Amano (L) KNEB Executive Chair
& CEO Hon. Ochilo Ayacko (M)
& IAEA Deputy Director General
Dr. Mikhail Chudakov (R) on a
forum for Africa Energy Needs
on the side events of the IAEA
59th General Conference.

presented the status of their
national programme planning and

the number of people without

updates from Africa on recent

access is on the rise, according to

activities related to nuclear power.

the World Energy Outlook 2014,

“2015 has been a busy year for

published by the International

African countries,” said Ochilo

Energy Agency. This presents a

Ayacko, Executive Chairman of

significant barrier to economic

no longer limited to advanced

the

and

development.

economies,” said IAEA Director

Board, who chaired the side event

Governments across the continent

General

on Africa’s Energy Needs and the

are seeking ways to enhance their

Potential Role of Nuclear Power.

existing

“At

“Access

to

technically

the

or

and

Yukiya

event.

Member

nuclear

financially,

Amano,

“More

States

considering

power,

are

than

is

at
30

preparing

nuclear

power

programmes. Most of them are
developing countries. Around a

and

social

energy

develop

infrastructure,

new

or

diverse

Kenya

the

Nuclear

Third

Conference

on

IAEA

Electricity

Regional

Energy

and

energy sources that are reliable,

Nuclear Power in Africa, held in

affordable and sustainable.

Kenya in April, representatives
Kenya,

from 35 African Member States

Morocco, Nigeria and South Africa

discussed the need to undertake

only

– countries that are considering,

sustainable energy planning, and

about a third of the population

embarking on or expanding a

many expressed an interest in

have access to electricity and

nuclear

nuclear power.”

third of them are in Africa.”
In

sub-Saharan

Africa,

Representatives

power

from

programme

–
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He also reported about a new
initiative of ten African countries
to form the African Network
for

Enhancing

Nuclear

Power

Programme Development at an
IAEA meeting in July 2015. The
new network intends to build and
strengthen national and regional
capacity for planning, developing
and managing the infrastructure
for

new

and

expanding

nuclear power programmes, in
cooperation with existing African
regional networks and fora.
This year, the requests for IAEA
Integrated Nuclear Infrastructure
Review (INIR) missions have been
from African countries, Kenya,
Nigeria, and Morocco, who are
considering introducing nuclear
power.
These review missions are part
of the comprehensive package
of assistance, which the IAEA
provides to help ensure that even
the most challenging issues to
introducing nuclear power can be
successfully resolved.

infrastructure for nuclear power.
Kenya has not made a final
decision on whether to embark
on a nuclear power programme,
but has been actively preparing
for

its

nuclear

infrastructure

“Access to
nuclear power,
technically
and financially,
is no longer
limited to
advanced
economies,”
said IAEA
Director
General Yukiya
Amano, at the
event.”
development.

Indeed,

Kenya

hosted an INIR Mission in August
2015.

“We

reliable,

need

affordable,

competitive

and

safe

electricity,” said Ochilo Ayacko,
and added that the report from

Nigeria hosted an INIR mission

the INIR mission will give the

in June 2015. Erepamo Osaisai,

government a good framework

Chairman and CEO of the Nigeria

of

Atomic

requiring

gave

Energy
an

Commission

overview

of

the

mission’s recommendations and
suggestions, emphasizing their
benefit for the country as it
moves forward on developing its

3
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the

actions

and

issues

further

development

for a successful nuclear power
programme.
Morocco is at the early stages
of considering nuclear power,

explained

Khalid

El

Mediouri,

Director General of the National
Centre for Energy Sciences and
Nuclear Techniques (CNESTEN).
An INIR Mission is scheduled for
October 2015 to assist the country
in preparing for a knowledgeable
decision

of

whether

to

add

nuclear power to the country’s
energy mix.
South Africa has safely operated
the Koeberg nuclear power plant
since 1984 and is considering
expanding
capacity.
Deputy

its

nuclear

Zizamele
Director

power

Mbambo,

General

for

Nuclear Energy at the South
African Department of Energy,
gave an update of the country’s
preparations for the new nuclear
build programme.
In closing the event, Director
General Amano highlighted that
the IAEA brings together countries
with advanced nuclear power
programmes

and

newcomer

countries interested in nuclear
power, to share knowledge and
experience and avoid mistakes
from the past. “I can assure you
that we at the IAEA look forward
to strengthening and deepening
our cooperation with our African
Member States in the field of
nuclear power.”

TALKABOUT NUCLEAR

Issue No.4

KENYA JOINS THE WORLD
TO WEAVE A NUCLEAR
COMMUNICATION ONE-STOPSHOP NARRATIVE

IAEA experts with international
participants during a consultative
workshop on revising the nuclear
communication toolbox in Vienna,
Austria.

By Emmanuel
Wandera

I

n the month of October 2015,
the International Atomic Energy
Agency (IAEA) convened a team
of communication experts from
various parts of the world on a
consultancy mission to develop a
nuclear communication toolbox,
at its headquarters in Vienna,
Austria.
The

team

experts,

consisted

stakeholder

media
relations

Canada,

United

Kingdom,

Malaysia, France, Slovenia and
Austria.

Kenya

was

the

only

African country in attendance,
illustrating world recognition of
the country’s effort, experience
and

strategies

in

stakeholder

to nuclear communicators to the
IAEA Member States but was
due for a revision. The weeklong
meeting
reviewed

brainstormed
the

existing

and
nuclear

communication toolbox structure,
content and drafted new content
with

current

information

and

trends in nuclear industry. The tool
box is intended for those who are
responsible for communicating

engagement.

in nuclear energy development,
The

toolbox

was

created

in

experts and nuclear experts from

2007 to be a ‘one-stop-shop ‘ to

Kenya, United States of America,

provide tools, tips and techniques

radioactive waste management,
and other nuclear applications.

Oct - Dec 2015 4
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During the meeting Kenya shared

KNEB’s Emmanuel Wandera is rapt in attention as he

its experience and contributed

follows proceedings during the meeting.

immensely in the discussions.
So enthralled was Peter Rickwood
from Atomic Reporters, Canada
that he intoned:

“Kenya is on

the right track and the future
of

Kenya’s

nuclear

power

programme is bright and will have
an overwhelming public support
as we keep up doing the good job
in stakeholder engagement.”
The tool box is an invaluable
resource for use by Communication

communicators

professionals or those who are

obtain

responsible for communication,

about nuclear technologies or

communication

but

knowledge

who need to start (or restart)

sound stakeholder education and

technologies;

communication and stakeholder

awareness strategies that can be

nuclear experts, but with limited

involvement activities; and any

emulated internationally.

communication

other person interested in nuclear

with

about

limited

nuclear

expertise

/

experience; Experienced nuclear

who

additional

need

to

information

The

meeting

Kenya’s

acknowledged

strides

in
by

nuclear
employing

communication.

Cont’ from pg. 7
them prior to work to ensure safety.
Making reference to lessons learned from the Korean nuclear power industry, Korea’s nuclear safety culture,
Human Resource Development and Research & Development, Kenya’s nuclear power programme is on
course and on the right track to generate nuclear electricity that will be affordable, reliable and safe for all
Kenyans.

5
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South Korea Experience

By Esther Musyoka

A

journey of 1000 miles starts
with the first step. This is
true for Korea’s nuclear power
programme.
Korea’s
nuclear
power industry can be traced
back to 1970 when the country
built its first nuclear power plant
for electricity generation. At the
time Korea’s economy was not
robust as it is today as well as their
nuclear industry characterized by
low capabilities in nuclear power
technology, no localization, no
adequate Human Resources and
financing. Over time Korea has
become an exporter of nuclear
reactor design technology, safety
fundamentals, Human Resource
Development (HRD), manpower,
heavy equipment and nuclear fuel.
This was made possible through
learning
from
experienced
countries such as the United
States of America an approach
which Kenya is adopting.

The Korean story and experience
is

being

as

the

replicated
country

nuclear
by

is

electricity

2030

in

Kenya

capacity for states introducing

embarking

and expanding nuclear power

generation

where Kenya was represented.

through

capacity

building initiatives in partnership
with nuclear power operating
countries.

Successfully
power

plant

programmes

experience,

experience

and

nuclear

power

in

collaboration

international

hydro

Company
with

Atomic

the

and

undertaking

week international training for

high

African,

project

countries in Seoul, Korea.
training
on

dubbed

successful

mentoring

of

a

power
previous

constructing
nuclear

power

plants. Because nuclear power

Agency (IAEA) organized a two

European

and

operating

programme

and

is

nuclear

on

Energy

Asian

projects

existing

In order to share the Korean
Korea

nuclear

daunting task, even for countries
with

the

managing

is

a

which

capital

complex
requires

investment

management

a

and
skills.

The

South Korea provides a good

‘workshop

reference for best practices in

launching
nuclear

and

power

programme’ aimed at building

successful

establishment

implementation

of

a

and

nuclear

power programme.

Oct - Dec 2015 6
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The training covered a number

to be considered are related to

localization

of areas from establishing and

health and safety, geology, socio-

transfer, the country will have to

managing

economic

environment.

depend on foreign technology

financing and funding options,

KNEB is ahead of the game,

due to limited infrastructure to

economics

multisectoral

disciplinary

promote localization. Kenya will

Human Resource Development,

site selection team has been

needs to carry out a realistic

localization

supply,

established within KNEB to select

assessment

construction

a site for Kenya’s nuclear power

and local capabilities to supply

among others. The training was

plants. Team looks at a number

commodities, components and

fun and a mix of in interactions,

of

involvement

services for its nuclear facility

content and nuclear facility tours.

of residents living around the

construction. This process will

The training had

proposed

of

be guided by a policy that will

cooling water, population density

develop or enhance industrial

planning to retire from senior NPP

and

capabilities, facilities, programs

management positions in Korean

roads, ship port etc.

an

procurement

mentors

NPP

of

such

nuclear

of
to

about

as

power,

well-seasoned
to

retired

or

nuclear industry.
Take Home for Kenya
From the training there were a
number of lessons Kenya learnt
from Korea. First, Kenya needs
to appreciate the fact that it is in
the initial phases of developing
its Nuclear Power Programme
and should wholesomely put
into consideration all the factors
involved in this undertaking of
a successful and sustainable
nuclear project is to be realized.
This has been done by Kenya
nuclear electricity Board (KNEB)
through the Prefeasibility
study using the IAEA approved
methodology and continuing to
feasibility study.
Secondly site selection for nuclear
power plants takes about one
year and a number of factors are

7
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and

things

and

from

site,

good

Thirdly

availability

infrastructure

e.g.

and

of

technology

the

national

and skills to realize the desired

Human

Resource

level of involvement in the NPP.

Development for a new Nuclear

Finally Kenya is responsible for

power

another

establishing a Quality Assurance

entails

(QA) program at the early stages

building capacity of a highly

of its NPP because a QA system

skilled personnel, this requires

is a mandatory requirement of the

systematic advanced training and

nuclear industry to ensure public

financing. This work force should

health and safety is achieved

be able to operate a nuclear

from a nuclear power project.

power plant safely and efficiently.

Implementing a QA system at

On this front Kenya has signed

all stages of Kenya’s new NPP

Memorandum of understandings

will help to demonstrate that

with nuclear operating countries

the nuclear project will operate

to train Kenyans for example

smoothly and meets QA standards

Korea, United Sates of America,

and requirements. Kenya has not

Russia,

and

yet established a training facilities

China internationally and locally

for nuclear personnel as such the

with Government institutions like

country will need to establish site

University of Nairobi.

training schools for nuclear grade

critical

programme
area

Slovakia,

is

that

Ghana

Fourthly, cognizant of the fact
Kenya
Nuclear

has

no

power

experience

in

construction,

special

process

workers

e.g.

Welding and painting schools and
carry out qualification tests for
Cont’ pg. 5
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Fukushima Dai-ichi :
The What, How and WHY

By Emmanuel
Mulehane

by between 30-40 meters and
the fault line slipped over an area

O

n a frigid Friday afternoon,
at 14:46 pm Japan Standard
Time on March 11th 2011, a
magnitude
9.0
earthquake
occurred with an epicenter in
the Pacific Ocean 70 Km east
of Oshika Peninsula of Tohoku,
and with an origin about 32 Km
beneath the ocean floor.
The March 11

th

2011 M9.0 Tohoku

Taiheiyou-Oki

earthquake

resulted from thrust faulting at
the boundary where the Pacific
crustal

tectonic

plate

collides

with, and slides under (‘subducts’
the

North

American

tectonic

plate along a linear geological
feature called the Japan Trench.
This

process

causes

repeated

‘stick and slip’ movements caused
by friction between the plates.
The slip movements generate

300 Km long.

earthquakes. This results in a type
of fault called a reverse fault, in
this case a reverse thrust fault.

This was the beginning of a
nuclear disaster that was not man
made but an act of God!

Because of the massive length of
the fault, it is classified as a megathrust fault.
Earthquakes

generated

in

megathrust faults like the Japan
Trench at times cause a rapid
upward

displacement

of

the

ocean floor above them, which
displaces a large volume of water,
which

then

triggers

seismic

‘tsunami’ waves. Tsunami is a
Japanese word meaning harbor
(‘tsu’) wave (‘nami’). On March
11th 2011, a section of the Japan
Trench suddenly moved upward

What Happened
Fukushima
‘number
station

Dai-ichi

one’)
is

(means

nuclear

located

power

200

Km

south-west of the epicenter of
the Magnitude 9.0 Tohoku-Oki
earthquake and 250 Km north
of the Japanese capital Tokyo.
It consists of six boiling water
reactors, all taken into operation
in the 1970’s. Unit 1 had a rated
thermal power output of 1380 Mw,
Units 2, 3, 4 and 5 had 2380 Mw

Oct - Dec 2015 8
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reactor cores.
The following three days after
March 11th, the reactor cores in
Units 1, 2 and 3 overheated and
possibly melted. The melted fuel
may in some of the units have
burned through the bottom of
the respective reactor vessels
and pooled up at the bottom
of
Aerial view of fukushima nuclear power plants in japan before
the accident.

the

containments.

This

resulted in the release of a large
amount of hydrogen gas and

each and Unit 6 had 3290 Mw.

switchyards.

When

waves

At 15:41 JST the tsunami generated

into their containments. These

reached the power station at

by the earthquake reached the

containments

14:46 pm JST, Units 1, 2 and 3

plant station with wave heights

from

were in normal operation, while

that

the

possible mechanisms. The leaked

Units 4, 5 and 6 were shut down

station up to 14m above sea level,

hydrogen gas later ignited and

for inspection and refueling. The

whereas the station had been

caused violent explosions that

power production in Units 1, 2

designed with a sea wall to protect

destroyed the upper parts of the

and 3 was immediately stopped

against sea wave heights of about

reactor buildings of Units 1, 3

automatically

as

4m. As a result, the lower floors of

and 4, thus releasing substantial

designed. Subsequent maximum

the reactor and turbine buildings

amounts of fission products.

ground

were flooded with salty sea water,

the

earthquake

(‘scrammed’)

accelerations

reached

radioactive

temporarily

0.56g in the horizontal direction

causing

in some of the units, which was

diesel generators and also power

higher than the 0.46g the reactors

distribution, instrumentation and

were designed for.

control equipment.

Emergency

diesel

generators

failure

flooded

of

Cooling of the hot reactor cores

designed, to provide power for

lost. In Unit 4, the core had been

essential cooling of the reactor

unloaded to the spent fuel pool.

cores

In Units 5 and 6 situated on higher

automatically

and

instrumentation

developed

overpressure

and

leaks
other

So what exactly caused the
disaster?
The

in Units 1, 2 and 3 was gradually

up

products

emergency

as

started

fission

immediate

Fukushima

cause

Dai-ichi

of

the

accident

was damage to the plant and
power

grid

caused

by

the

unlikely combined effect of the
2011 Magnitude 9.0 Tohoku-Oki
earthquake and flooding by the

external

ground than Units 1, 2, 3 and 4,

electrical power had been lost

one emergency diesel generator

due

survived and was sufficient to

Japanese

maintain

are designed to survive large

systems,

to

9

to

because

earthquake

transmission

damage

lines

and

Oct - Dec 2015

cooling

of

the

two

subsequent 2011 Japan tsunami.
nuclear

reactors

Issue No.4
earthquakes, but the protection
against

large

inadequate,
Japanese
showing

tsunami

was

despite

ancient

historical

records

that

tsunami

waves

exceeding a height of 10-20m
have repeatedly occurred along
the East Coast of Japan in the
past hundred years.

What can we learn from the

The Schematic Diagram of Fukushima Nuclear Power
Plants in Japan

accident?
In retrospect, both the Fukushima
Dai-ichi plant owner Tokyo Electric
Power Corporation (TEPCo) and
the regulatory authority Nuclear
and Industrial Safety Authority
(NISA) may have been aware
of the hazard posed by a large
earthquake

and

tsunami,

but

neither took appropriate action.
Overwhelming evidence points to
the fact that the 2011 Fukushima
Dai-ichi nuclear accident could,

Diagramic Explanation of the fukushima Nuclear
Accident

and would have been prevented.
The valuable reasons learnt from
the accident continue to enrich
Kenya’s own endeavor towards a
nuclear powered future.

Appreciation to: Lars Hogberg

Geographical features of the Japanese Coastline
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Focus on

2015

1
2

3

5

4

2

6

7

1. Former KNEB Executive Chair & CEO Hon. Ochilo Ayacko elected chair of the African Commission on Nuclear Energy (AFCONE). 2. KNEB Board
members and staff with Kilifi County executives at the Governor’s office. 3. A stakeholder follows proceeding at Pwani University during KNEB’s Kilifi
county Forum. 4. KNEB Open Day held within the Nairobi CBD. 5. MP’s from the National Assembly’s Energy Committee, senior officials from Kenya’s
energy sector & represenatives of China General Nuclear Power Corporation (CGN) after the MOU signing ceremony. 6. Energy & Petroleum PS
Eng. Joseph Njoroge, former KNEB Executive Chairman Hon. Ochilo Ayacko and IAEA Senior Advisor Ms. Ann Starz are joined for a group photo by
IAEA experts, KNEB board members & staff and other stakeholders during the INIR mission in Nairobi.

7. Russian State Atomic Energy Corporation

(ROSATOM) officials meet KNEB Management in Nairobi 8. ROSATOM officials & KNEB delegation on the sidelines of the Atomexpo 2015 in Moscow.
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8

16
15

9
17

14

10

13

18

11

12

19

HIGH SCHOOL NUCLEAR CAREER TALKS: 8. Kabarnet High School;

9. Kapropita Girls High School; 10. Sacho High School; 11. Malindi High School;
12. Arabuko Forest High School; 13. Moi Girls High School Eldoret & 14. Kapsabet Boys High School. 15. A young enthusiast tees off at the 2015 Royal
Nairobi Open Golf where KNEB was among the Sponsors. 16. KNEB board member Mr. Joseph Odhiambo plays his part in environmental conservation
when KNEB planted trees at Moi Girls High School Eldoret. 17. KNEB Technical officer Joe Mwangi talks nuclear facts to students at the Nyeri Show.
18. Pupils of Kakamega Primary school listen keenly to KNEB Geologist Kenneth Anakoli during the Kakamega show. 19. The stand that hosted KNEB
during the annual Nairobi International Trade Fair at Jamhuri Park.
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POWER MUSINGS

BET ON NUCLEAR ENERGY
TO SAVE THE DAY AND BE
THE GAME CHANGER

By Johnathan

pilots do I know? I do work with

Njoroge

One of the factors that contributed

scientists who have specialized in

to Industrial revolution in Europe

the nuclear technology every day.

was availability of power, which

I

grew up in an era where cartoons
were the coolest thing to watch
on TV: from Dexter’s Lab, Jimmy
Neutron to Power Puff Girls. From
all these cartoons one thing was
evident, Science always saved the
day.

Science has changed lives and
helped solve some or perhaps
most of the problems faced by
mankind.

Alexander

Fleming

discovered penicillin in 1928 and

Science was my everyday fantasy

the

and I wanted to be a scientist

medicine. The discovery of the

when I grew up, but just like most

wheel in Mesopotamia and the

people I know from my childhood

steam

I

the

never

actually

pursued

my

antibiotic

engine
transport

revolutionized

revolutionized
industry.

The

childhood career wish. I am not

positive use of nuclear energy is

disappointed by the career path I

a revolution in power industry,

took since everybody in my class

medicine,

wanted to be a pilot, but how many

agriculture.

13
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pest

control,

and

was in form of coal. For Kenya to
achieve the vision 2030 a lot of
energy is needed. That’s where
nuclear power plants fall into
place. Nuclear has little effect on
environment, the cost of Kw/h is
cheaper compared to electricity
produced from various sources,
and its output is consistent and
has the ability to produce a lot of
electricity from a single unit. With
the establishment of a nuclear
power plant Kenya, we will have
energy security; that is energy
will be available, affordable and

Issue No.4
reliable for all.
If you love movies, one of the
things that you notice is that
most of them that have images

improve the infrastructure issues

Among

that are already in place and also

will be proceeding to KINGS in

establish the ones that are non-

February 2016 are two KNEB staff:

existent.

Diana Musyoka (Environmental

of nuclear power plants which

Labor is one of the major factors

oftentimes explode and there

of production in any organization.

is leakage of nuclear material.

Skilled

Information passed through mass

establishing

media is strong, and the more

nuclear power plant. KNEB is

people see it in movies the more

working

the idea becomes true and real,

that Kenya has skilled labor by

so some people associate nuclear

“Nuclear has
little effect on
environment,
the cost of
Kw/h is cheaper
compared
to electricity
produced from
various sources,
and its output is
consistent and
has the ability to
produce a lot of
electricity from a
single unit. ”

power

plant

However,

in

with

disasters.

reality,

nuclear

meltdown is the exception rather
than the norm. After all, there
have

only

been

three

major

nuclear accidents in the history of
the use of this technology. When
it is well managed nuclear can be
both efficient and safe.
Kenya expects the first nuclear
power

plant

around

2027.

Establishing a nuclear power plant
takes a long time since a country
need to consider and assess
various

infrastructure

issues

before setting up a nuclear power

labor

is
and

tirelessly

required

in

operating

a

to

ensure

those

Kenyans

who

Specialist) and Pauline Mulongo
(Physicist), to pursue Masters
degrees

in

nuclear

power

engineering. They follow a welltrodden path walked by Kenyans
since 2012.
KNEB staff also attend trainings
and
by

meetings
relevant

organized

nuclear

energy

institutions world over. This will
ensure that there will be minimal
importation of labor to Kenya
and the country will have highly
professional employees operating
its nuclear power facilities.

Affordable, reliable and available
electricity will open Kenya to both
local and international investors
creating
for

many

opportunities

development

and

income

generation such as jobs will come
up. Nuclear technology is a game

educating and sponsoring staff

changer in encouraging investors

and young Kenyans to study

to Kenya and also in terms of

at Masters Level locally at the

development as a country hence

University of Nairobi’s Institute of

Kenya

Nuclear Science and Technology

nuclear technology to save the

Kenya Nuclear Electricity Board

and

foreign

day through affordable, reliable,

(KNEB) works closely with the

universities such as Texas A&M

clean and abundant electricity for

International

Energy

University in the USA, KEPCO

all Kenyans.

Agency (IAEA) to analyze and

International Nuclear Graduate

give

School (KINGS) in Korea.

plant, address all safety issues
and meet international standards
and guidelines prescribed by the
IAEA.

Atomic

suggestion

on

how

to

internationally

in

should

fully

embrace
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UP CLOSE AND PERSONAL

THE INTERVIEW

what else exercises your mind?
First, my domestic obligations
as a fulltime husband to my
beautiful wife. I am also engaged
in serious consultative forums on
governance issues affecting the
country at large. I have a deep
interest in seeing Kenya transform
and

achieve

its

economic

potential. In the future, politics
may beckon.
Just what is the link between
being a legal mind and politics?
As you may be aware, lawyers

Mr. Katua Muinde is a Legal Officer at the Kenya Nuclear Electricity
Board. The suave, self-assured lawyer is well versed with the nuances
and semantics of nuclear law. Given
the intricate regulatory framework required for a successful nuclear power
programme, Katua is one of a select
few legal minds that have undertaken
a specialized course in nuclear law in
Montpellier, France. He spoke with
The Fission on his work experience,
legal matters, learned friends and a
lot more.

What’s the role of a lawyer in a
nuclear power programme?
A

Nuclear

Power

Programme

is a huge undertaking for a
country

like

Kenya

that

lack

adequate legislations to govern
the

development

of

in the institution to ensure that
all relevant aspects are adhered
to. The development of a legal
and regulatory framework for
a Nuclear Power Programme is
solemnly the responsibility of the
Legal team.

advanced

and

well-governed

countries

have

had

lawyers

leading them at some point.
Especially

when

setting

up

a lawyer in the nuclear field in

my being a lawyer is a catapult to

Kenya?

my political ambitions.

It’s a privilege considering that

Will

we are only five in the country. It’s

Kenya as country?

a great honor

nuclear

electricity

help

Yes of course! It’s a very simple

What is your typical day like at

formula. For Kenya to achieve its

KNEB?

desired economic epitome, it is

electricity. All undertakings to

as 6 a.m. at the office and ends

be carried out before the actual

around 7 p.m. I think that’s an

Nuclear power plant is built have

adequate timeframe to brainstorm

to be backed by Law. It is then the

on the humongous work involved.

Oct - Dec 2015

governance tells you that most

structures and institutions. Hence

My day sometimes starts as early

15

reflection on world politics and

Describe what it means to be

nuclear

responsibility of the legal team

are masters of politics. A quick

Apart from your work at KNEB,

quite obvious the country needs
to industrialize. This then means
that we need to attract industries
hence the need to lower cost of
production. That can only be
achieved if the cost to electricity
comes down. The cheapest, most

Issue No.4
reliable and consistent source of
electricity in the world is nuclear
electricity. It is then palpable that
Kenya as a country has no option
but to venture into the world of
nuclear technology, wittingly, for
electricity generation.
Tell us something you recall
about your early education at
primary school level?
That’s a long time ago. I went to
Boarding school when I was 10
years in the depths of Makueni.
The area didn’t have adequate
water and there was no electricity.

What drives you?

mind.

I am motivated by meeting set

How about your family?

targets within deadlines, as it gives
me a sense of accomplishment

They are fine!

and it’s something that I can look

What was your first job from

back on and say “I achieved that”.

college?

I’m also motivated by visible

It’s quite obvious that I am a

results.

brilliant lawyer. So I became a

What are your hobbies?

lawyer.

I watch alot of rugby. I would have

What are you grappling with at

been a pro rugby player hadn’t

your age?

my dad put his foot down. I also

Finding your space and fitting in

listen to music regularly. It has a

an alligator filled world.

wonderful calming effect.

If today you are the CEO of

And all this considering that I was

Who is your role model?

the Ethics and AntiCorrpution

born and brought up in Nairobi.

It depends. In the Legal profession

Commission…what would you do

(Smiles) I had to quickly learn to

I admire The “Grand Mullah”

differently?

take care of myself. With this do

(nickname

Ahmednasir

you think I can have kind words

Haha. That happens to be the

Abdullahi, a prominent Kenyan

for my primary school life? Let’s

hardest job in the country. But

Lawyer). I find him amazingly

leave it at that.

given a chance I would defiantly

brilliant, vivid and bold. Some

deal with corruption.

What’s the greatest challenge

may consider him a dash arrogant

that you have encountered here

but I believe that he reaffirms and

at KNEB?

confirms who he is. He speaks his

for

Katua (L) catching up with
colleagues after taking part in the
Stanchart Nairobi Marathon.

Challenges are everywhere. It’s
a government institution so you
can imagine it comes with all the
bureaucratic

challenges,

then

again its government!
Who is your favorite musician?
It has to be without a doubt Jose
Chameleon from Uganda. You
should try listening to him. He is
amazingly talented and his songs
are full of encouraging messages.
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TEAM KNEB HITS THE ROAD,
BREASTS THE TAPE
By Purity Mawia

I

t is said that ‘seeing is believing’, and there could be no better way of sharing a vision than to share it with
the less fortunate who are visually challenged. On 22nd November 2015, the Kenya Nuclear Electricity
Board yet again lined up its staff for the Standard Chartered Nairobi Marathon.
This annual event presented yet another opportunity for KNEB to promote sight for a second year in a row.
Forty-three KNEB employees braved the chilly Sunday morning weather to stand up and walk, no, run the
talk.
Of the 43 KNEB staff members, a few were in the 21 kilometre half marathon, although the majority opted
for the 10-kilometre race.
You probably wouldn’t tell how steep the hills along the Nairobi streets are until you try to walk or run in the
streets. In this case we had to either run or jog on them. It was also an opportunity to rub shoulders with
the all-conquering elite athletes, who however showed us a clean pair of heels.
Team KNEB did not lose sight of the ultimate goal, raising funds to restore sight, and the determination
was in crossing the finish line despite muscle cramps and body aches.
For every runner, a peak at the finishing line reinvigorated them amid photos and selfies, by all and sundry.

17
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The marathon left KNEB staff a
contented lot in that our small
actions are making a big difference
in

someone’s

life

today.

The

Nairobi Marathon is an initiative of
the Standard Chartered Bank that
is aimed to raise funds used to
tackle avoidable blindness. Each
year, the bank organizes the run

1

in Nairobi, Bangkok and London
to bring people together in order
to raise funds in a fun way. We
at KNEB are proud to have been
part of this year’s run and helped
in touching someone’s life by

2

either giving them sight back, or
saving it.
Bravo team KNEB!

3
Top Opp. KNEB staff pose for a
selfie after the marathon.
1. Elite Runner kick off the event.
2. Participants painted the streets
all blue.
3. KNEB’s Naftaly Gitonga elated
to be part of the great marathon.
4. Elizabeth Chepkanan wins the
womens edition of the Standard
Chartered Nairobi Marathon.

4

5. Joshua Kipkoror wins the 13th
edition of the Standard Chartered
Nairobi Marathon.

5
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HAPPINESS IS NOT A MATTER
OF INTENSITY BUT WORKLIFE BALANCE.

By Monica Mwangi

fulfillment at work and at home.

Unbalanced life translates

A

Good Health: A healthy work life

into:

healthy balance between
work and home should be a
priority for everyone because it
defines one’s happiness. Having
a proper work-life balance has
numerous benefits in terms
of happiness, order, rhythm,
harmony in life and modicum of
peace.
Most working class ignore this fact
of life, and as such, experience
a lot of hazards associated with
unbalanced work and home life.

balance decreases the risk of
heart disease and other health
problems

because

a

sound

stress at all will keep the doctor

productivity:

Being

relaxed and well rested increases
productivity and improves work

professional

relationships

include:

19
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attention
work

lack

of

and

and

absenteeism

home

at

resulting

in

Taking

on

endless conflicts.
Poor

are avoided when there is work-

balance improve their sense of

conflict:

performance and output.

Some of the benefits

successfully implement work life

Unresolved

work and at home due divided
Greater

are strengthened and conflicts

who

take its toll on health.

balance can create conflicts at

away.

and

People

without taking time to relax will

peaceful mind with little or no

Stronger relationships: Personal

Fulfillment:

Poor health: Working long hours

life balance. Everybody gets their
time in both professional and
personal relationships.

too

performance:
much

responsibility

will

lead to exhaustion and cause
performance to suffer.
Financial loss: The impact on
health and productivity takes a
financial toll on both individual
employees and organizations.
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While it may seem counterintuitive,

Ways to increase

to the point of burnout is not

work-life balance can actually

productivity:

productive or healthy. Do not

increase productivity. While it
is true that overtime will initially
increase production, the surge
only lasts a few weeks before
taking

a

destructive

productivity.

In

fact,

toll

on

working

long hours for an extended time

Take healthy breaks: You should
take time to refresh yourself. Try
stretching, walking, or meditating
throughout the day. This will also
improve your health and overall
wellbeing.

period will lead to exhaustion and

Take

unhealthy habits that decrease

A recent study by Don

productivity.

J.Q.

Shorter work hours will actually
increase

productivity

in

the

long-term. Additionally, studies
show

that

people

who

take

short, frequent breaks are more
productive

than

people

who

only take a single break or work
all day. Most people recommend
taking a few minutes each hour to
regroup.

enjoyable

Chen

and

lose vacation days, even if you
have to spread them out. Studies
show

that

people

who

take

their vacations are much more
productive than those who do
not.

breaks:

Vivien

K.G Lim of the National
University

of

discovered

Singapore

that

taking

a few moments to surf
the internet and mentally
change

gears

increases

actually

productivity.

This fun activity increases
productivity

by

nine

percent.
Take time off: Working
THUMBS
UP.
Mrs.
Lillian Mogaka spins
the deck at the office
end of year party.
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RADIATION SOURCES AND
FACTS
Sources of background radiation

Other Sources
~1%
Buildings and
the ground
18%

Random gas from
the ground
42%

Nuclear power
<0.1%

Cosmic rays
14%

Artificial sources
14%
Food
and drink
11%

Medical
14%

β

α
alpha: fast-moving helium nucleus,
stopped by air, skin or paper

γ

beta: high energy electron, stopped
by aluminium plate or glass

gamma: high energy photons, stopped by,
dense material, such as concrete or water

Protection from radiation
Time: Dose is reducing by limiting exposure time.
Distance: The intensity of radiation decreases with
distance from its source.
Shielding: Barriers of lead, concrete or water give good
protection from penetrating radiation such as gamma rays.

What is radiation?
Radiation is energy being transmitted
through space. Visible light, ultra-violet
light transmission signals from TV and radio
communications are all forms of radiation
that are common in our daily lives. These
are all referred to as ‘non-ionizing’ radiation.
Radiation particularly associated with
nuclear medicine and the use of nuclear
energy, along with X-rays, is ‘ionizing’
radiation.

Containment: Radioactive materials are confined to keep
them isolated from the environment.
The international commission for radiological protection (ICRP)
has developed a system for protection with three basic principles:
Justification: No practice involving exposure to radiation should
be adopted unless it produces a net benefit to those exposed
or to society generally.
Optimization: Radiation doses and risks should be kept “as low
as reasonably achievable” (ALARA), economic and social
factors being taken into account.
Limitation: The exposure of individual should be subject to dose
or risk limits, above which the radiation risk would be deemed
unacceptable.

Key points
• Radiation is easy to detect, even at extremely low levels.
• Radiation exists naturally everywhere at widely varying levels.
Places exist where people live with 100 times higher than
average background from the ground. A few areas even
have levels 1000 times the average.
• Mankind has evolved in a world with strongly differing
background radiation without developing a sense to detect it.
• Radiation has always been around and is now well understood.
It has been used and studied for more than 100 years.

21
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AFRICA‘S NUCLEAR FACTS
AND FIGURES
Koeberg nuclear station
Photo: Eskom
South Africa is the only African country with fully functioning nuclear reactors, it is also the only
independant state in the world to voluntarily end its own nuclear weapons programme, dissembling
its weapons in the early 1990’s.
South Africa plans to build eight new nuclear power plants totaling up to 9,600 megawatts by 2030
as part of their estimated $37 billion nuclear expansion program.
According to the World Nuclear Association, countries actively considering nuclear power programs
include Nigeria, Ghana, Senegal, Namibia, Sudan, Uganda and Namibia, while countries already
developing plans include Nigeria and Kenya.
The Africa Energy Outlook notes that sub-Saharan Africa “includes three of the ten-largest uranium
resource-holders in the world,” which include Namibia and Niger.
Namibia holds about 8.2 percent of the world’s uranium reserves mined from two sites to fuel nuclear
power stations around the world.
Niger also has two uranium mines which supplies about 7.7 percent of the world’s uranium.

Crossword Puzzle Answers
ACROSS
6. Reactor core
8. Neutron
13. Nuclide
15. Dose
18. Critical mass
19. Thorium
20. Isotope
22. Fuel rod
23. Moderator
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Down
1. Electrons
2. Control rods
3. Fission
5. Megawatt
5. Coolant
7. Burnup
9. Radioactive decay
10. Yellow cake
11. Ion
12. Deuterium

14. Radioactivity
16. Dosimeter
17. Radon
21. Gamma
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NUCLEAR CROSSWORD

Nuclear Science & Technology
CROSSWORD PUZZLE
1

2

3

6
8

4

Across
Across

5

7

9

10
11

12

13

d

14
15

16

e

17
18

19
20

21

22

23
25
26

24

6. That region of a nuclear reactor in
2. energy released in nuclear reactions
which the fuel is located and where the
joiningreaction
together ofcan
lighttake
nucleiplace.
to form heavier
fission4.
chain
nuclei
8. An uncharged subatomic particle with
the resultgreater
of contaminating
a mass7.slightly
than that of the
device
that isinsensitive
to radiation
proton8.and
found
the nucleus
of every
13. a long
slender tube
that holds fissionable
atom except
ordinary
hydrogen.
material
forof
nuclear
reactor
use
13. A distinct
kind
atom
or nucleus
16.
a
natural
nuclear
reactor
operated
in Africa
characterized by a specific number of
protons
neutrons.
17.and
mother
earth
15. A measure
of the amount of energy
18. April 22nd
deposited
a material
byionionising
20. a in
positively
charged
radiation.
The unit is the joule per
21. number of positively charged protons
kilogram, given the name Gray (Gy).
23. a product of the uranium milling process
18. The smallest mass of fissile material
26.support
generates aelectricity
by using a nuclear
that will
self- sustaining
chain reactor
27.under
exposure
to radiationconditions.
reaction
specified
28.of
surroundings,
habitat
19. One
only two location,
significantly
radioactive elements that still occur
Down
naturally
in large quantities as a primordial
element
(the
other energy
beingyou
uranium)
1. the
minimum
have to add to separate
a nucleus
20. Nuclides
that have the same atomic
number
mass
3. but
spacedifferent
between fuel
pelletnumbers.
and fuel rod cladding
22. A single
rod
of
fissionable
material
5. layers of high density material
that absorbs
encased radiation
in cladding.
and is designed to protect personnel or
materialused
from ionizing
radiationto slow
23. A material
in a reactor
down high
speed
neutrons,
thus
increasing
6. amount
of heat
required to
change
the
temperature
of one pound
of water one degree
the likelihood
of further
fission.
Fahrenheit

27

9. the absorption of radiation of a radionuclide

Down

10. to reprocess to reclaim to reuse

28

11. the energy liberated by fission or fusion
1. The negatively charged particle that is a common constituent of all atoms.
2.withRods,
plates
or tubes containing boron, cadmium or some other strong absorber
Created
EclipseCrossword
— www.eclipsecrossword.com
12.of
an neutrons.
elementary nuclear particle with a positive
electric
charge
3. A nuclear reaction or a radioactive decay process in which the nucleus of an atom
splits
into smaller parts (lighter
Down
nuclei)
14. anything that absorbs heat
n nuclear reactions
1. million
the minimum
energy you have to add to separate a nucleus
4. Unit of power equal to one
watts.
15. aluminum, stainless steel and _____ are alloys
f light nuclei to form heavier nuclei
3.
space between fuel pellet and fuel rod cladding
5. A fluid circulated through
a nuclear
reactor to remove or transfer heat generated by
fuel elements.
thatthe
are common
cladding materials
aminating
5.
layers of high density material that absorbs radiation and is
7. A measure of how much energy
is extracted
a primary
nuclear
source
19. the splitting of a nucleus
sitive to radiation
designed
to protect from
personnel
or material
from fuel
ionizing
Thefissionable
process by
which
of an unstable atom loses energy by emitting
radiation,
alpha that can't be
tube that 9.
holds
material
forthe nucleus
radiation
21.
the smallestincluding
part of an element
se
6.
amount
of heat
required to change
the temperature of one
particles, beta particles, gamma
rays and
conversion
electrons.
divided by chemical means
reactor operated
in Africa
pound
of water one
degree
Fahrenheit
10. The
mixture of uranium oxides
produced
after
milling
uranium ore from a mine.
22. the basic unit used to describe the intensity of
9.
the absorption of radiation of a radionuclide
11. An atom that has lost or10.
gained
one
or
more
orbiting
charged.
radioactivity...
or the rate of decay of 1 gram of
to reprocess to reclaim to reuse electrons, thus becoming electrically
12. (D Communications
or 2H) Also &called
‘heavy
hydrogen’,
it
is
a
non-radioactive
isotope
of
hydrogen
having
one
proton and one
radium
ed ion
11.
the
energy
liberated
by
fission
or
fusion
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ely chargedneutron
protons in the nucleus .
12. an elementary nuclear particle with a positive electric charge
24.
central
portion
of
nuclear reactor
555 North Kensington Ave. 14. anything that absorbs heat
uranium milling
14. process
The
process
by
which the nucleus of an unstable atom loses energy by emitting
radiation.
25.
atomic
number
88
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city by using a nuclear reactor
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