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1. Immediate Measures:

e Persist immediately in
the implementation of the BRT
project, based on a clear time-
table to the mass public.

* The findings of the rigor-
ous assessment study initiated
by the designated parliamentary
committee should be published
to the mass public and the aca-
demic and related research or-
ganizations.

2. Institutional and Political

Framework:

e It is important that the
competent authority, in this
case GAM, becomes autono-
mous. Autonomy of GAM will
protect it against major political
and structural changes.

* The political parties within
the government and the Civil
Society Organizations at large
should be encouraged to play
a more positively active role.
This could be realized through
pressure groups that follow up
the implementation of such a
project.

3. Decision processes:

* Public participation should
be institutionalized. Important-
ly, the mass public should be
educated about their rights and
duties on this regard.

4. Monitoring and Evaluation:

¢ The plan should incorpo-
rate monitoring and appraisal
methods, including ex-post
evaluation which is important.
The improved monitoring per-
formance will ultimately im-
prove management.

¢ A designated database
on the BRT project should be
regularly updated. At the mean
time and after the BRT experi-
ence, GAM should benefit from
the knowledge, data and exper-
tise in the field of urban mobil-

ity at la;lrge.

= 5. Cbmmunication Strategy:

Wi

* The public must be well in-
formed and prepared by official
media channels of GAM about
the construction stages, time-
frame and cost versus benefit
of the BRT that is alien to the
Jordanian scene.

. Awareness media cam-
paign discouraging the use of
private cars should be deployed
as a tool to promote public
transportation.

«  The demonstration ef-
fect must be deployed through
the BRT sections that are rela-
tively easier to be implemented.
Thus gaining trust of the public
by demonstrating on ground
progress.

6. Elaborating the Alternatives:

The current layout of the
BRT is deficient in two aspects
that affect its integration with
city planning: linking the urban
hubs to 1) the newly developed
areas and 2) creating access
points to public/open spaces,
therefore:

* A transit line should be lo-
cated on one of the most-trav-
elled routes that connect East-
ern Amman to the Business hub
in Western Amman. Whereas,
to compensate for delaying the
implementation of transit line 2
on the basis of its unfeasibility,
lower-capacity lines shall feed
from the less densely-occupied
areas to this highly needed main
route.

7. Linking the BRT with city
planning:

* A signage system, along
with a modern information sys-
tem for dissemination of the
BRT operations is important
tool for the young and foreigner
users.

* A hygienic environment
for the different facilities of the
BRT systems highly important

to make it a pleasing facility for
the users.

o Transit lines and stops of
the BRT, as part of the compre-
hensive transport and mobility
plan of GAM, can play a posi-
tive and vital role in Transit-ori-
ented Development, at large.

* The operational character-
istics and qualities of the BRT
transit lines should not be sepa-
rated from the hosting urban
environment that should be in-
tegrated into it. Urban develop-
ment within the hosting urban
fabric should be encouraged in
addition to providing the neces-
sary streetscape for the transit
line and stops that ensure ap-
propriate pedestrian accessibil-
ity.

o Safety measures at the
main intersections and stations
along the BRT routes should
be adopted, especially near the
educational and health facilities
that exhibit higher densities of
users.

» Integration  between
the output of real estate devel-
opment and rising land value
within the GAM jurisdiction
in order to achieve integration
between the legislation and the
related urbanization policies.

To conclude, the BRT is asso-
ciated with much potential that
would help enhance the state
of public transportation in the
capital of Amman. Neverthe-
less, the BRT must not be fore-
seen as a panacea rather only
as a desirable placebo to the
transportation problems in Am-
man. Policy makers and spatial
planners in Amman should be
vigilant about the policy rec-
ommendations needed to better
guide the spatial development
in Amman towards more Sus-
tainable outcomes.
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Main Findings
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1. Responsible Competent Au-

thorities about the BRT

The analysis showed that
there is ambiguity regarding the
competent authority in charge
of the BRT. Therefore, it is rec-
ommended that the GAM de-
ploys more physical evidences
to wide-spread the fact that it
is responsible for the project in
order to gain more public trust
in the BRT.

2. Purpose of Using the BRT

A considerably low percent-
age of the respondents at 9.9%
were willing to use the BRT
for multiple purposes, majorly
to go to workplace and for oc-
casional visits. This requires
that GAM has to encourage the
future users to use the BRT for
multiple purposes by provid-
;gg incentives for the families
vis?tse the BRT for occasional
: ts and to make the related
acilities hospitable as such.

3‘. Evaluation of the Dissemina-
tion’s Tools of the BRT
52-1;/[7(:)Stth9f the respondents at
o TV1nk that the used tools
et newspaper, etc.) for
unicating the BRT proj-

i ect

E .;'-evalv\:Z:e weak, whereas 16.3%
e ‘Ony7§ it as moderate and
E 3% evaluate it as strong
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tools. ili i
accountability) or just organiz-

By means of cross tabulation
of the attained statistical results,
the following empirical notes
could also be summarized, as
follows:

* 90% of the respondents
who evaluated the influence of
used communication tools as
weak believe also that the pub-
lic participation was not enou gh
during the planning process of
the BRT project. As such, the
public participation would be
among the most important tools
for the BRT project communi-

cation purposes.

o Likewise, 92% of the re-
spondents who evaluated the
influence of used communica-
tion tools as weak believe also
that the public announcement
about the BRT project was not
enough or efficient. As such, the
public announcement would be
among the most important tc_)ols
for the BRT project dissemina-
tion purposes. It is worth men-
tioning that more than one-
third of the respondents think
that law enforcement is. what
is needed to achieve 2 success-

ful BRT dissemination strategy

(referring to abiding by the law
rency and

regulations of transpa

ing open public hearings about
the BRT project.

*  46% of the respondents
who evaluated the influence
of used communication tools
as weak believe also that pri-
vate sector and the academia
have played a positive role in
the BRT project. As such, the
role of the private sector and
academia should be further ex-
panded and emphasized in the
future endeavors related to the

BRT project.

4. The Reasons for the Stoppage
of the BRT

When the respondents were
asked about the reasons for stop-
ping the BRT project, 22.5%
said due of lack of funds; 15%
said because of mistakes in the
design; 2.5% said because of
uncoordinated planning among
the different competent authori-
ties; 37.5% said that they do not
know the reason. Furthermore,
71.3% of the respondents said
that the public should have
been consulted before taking
the decision of stopping the
BRT project.
Main Policy Recommendations
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The Bus Rapid Transit in Amman:

APromising Strategy for Sustainable Spatial Development?

Muna Shalan, M.Sc. Integrated Urbanism a

nd Sustainable Design

Contextual Background

Public transportation in
Amman is faced with many
challenges, especially in
such a dynamic urbanized
context characterized by
rapid urbanization, frag-
mented urban environment,
weak socio-economic, neo-
liberal urban governance
policies, and volatile geopo-
litical conditions. This pa-
per briefly shed lights on the
case of the Bus Rapid Tran-
sit (BRT), which has been
recently celebrated as a flag-
ship project to deal with the
ill-structured transportation
system in Amman city.

The public transportation
network and transportation in-
frastructure in Amman did not
cope with the expansion of the
city and became inefficient.
Amman developed into a car-
dependent city while many Am-
mani citizens cannot financially
afford buying a car and are left
to face a dysfunctional public
transportation system. The pub-
lic pressure was accumulating
to improve the existing public
transportation system. There-
fore, in 2009, Greater Amman
municipality (GAM) launched
a major project to improve the
public transportation system in
Amman; the BRT.

The BRT was considered as
a pioneer project in the field of

v \ ?.'u_)\'\ u.n..\.‘l.‘l‘

Figure (1): BRT-First Phase at the level of Amman city

Source: adapted by researcher from (Mirosoft Corporation, 2013)

public transportation in Amman
and was anticipated to create a
remarkable transformation to
the current reality of mobility in
the city. It was seen to be a step
towards creating a modern, sus-
tainable city (balanced in terms
in socio-economic and environ-
mental aspects of development)
where all citizens have access
to a functional and affordable
public transportation. Despite
the wide support for the BRT
by Ammanis at the very early
stages of the project in 2009,
the BRT was stopped just at
the second year during the first
phase of implementation based

on allegations of corruption
as proclaimed by a designated
parliamentary committee. This
has created a considerable furor
in Amman.

To better understand and
analyze the BRT project in the
context of Amman city and its
environs, a designated ques-
tionnaire targeting the layper-
son was designed and analyzed
based on the answers of 80 re-
spondents (30 females and 50
males). The respondents of the
questionnaire were chosen on
two stages. First, quota sam-
pling was used, which is a non-
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since the bending ca-
“ex.t' of the PC beams in the
acétg; is released to summon
Oual behavior, the theoretical
aximum bending moment at
$e midspan of nny.PC beam
will be equal to the simply sup-
orted moment , where are the
?aclored loads (.1.2DL +1.6LL)
acting on the tributary arca as-
signed t0 each PC beam (‘;\s—
quming ideal one-way action
scenario), and is the PC beam
span length. It should be noted
here that the DL should include
the beam’s own weight which
is assumed to be 24.5 kN/m.
Table 2 shows a comparison of
the maximum values of bend-
ing moment at the midspans of
the PC beams according to dif-
ferent types of finite element
simulations for the same floor
discussed above. The reader
is referred to Figure 1 for PC
beams numbering.

act

beam PC2, where the presence
of stair cases (shown in Figure
l)‘ greatly affects the amount of
tributary arca assigned to that
beam, and causes some weight/
moment redistribution,  Such
effects are depicted in Figure 3.
Fn conclusion, and by compar-
ing the different aspects of the
studied types of finite clements,

the deck finite elements are the
ones adopted.

Even after determining the
type of finite element most suit-
able to describe the structure
at hand, an important decision
1S yet to be made: which ana-
lytical results should be used in
design? Those pertaining to the
Im wide continuous strip, or
those obtained from FE analy-
sis? The exterior spans — end
supports idealizations in the 1m
wide continuous strip greatly
alters the values of bending
moments throughout the slab

ETABS M33 moment
on beams kN.m

Hand

PCBeam| L (m) Calculations | Deck | Plate | Shell
kN.m

1 3.500 4469 4031 | 2903 | 3718

2 7.665 8430 6354 | 3091 | 4003

3 6.315 7146 6426 | 3336 | 4396

4 6.230 7065 6357 | 4098 | 5314

5 5.045 5938 5712 | 3235 | 4075

|6 1.840 2891 2850 | 2640 | 3177

Table 3: Midspan factored
Moment in PC beams on 2nd
floor
_ Itcan be easily seen that the
Simulation closest in results to
the theoretical values is that
corresponding to deck finite
elements. Some discrepancies
;.re Present due to the deviation
Tom one-way slab action. This
Viation is most obvious in

system. In addition, this meth-
od does not take into account
any interactions with openings,
stair cases or irregularities that
surround the 1m strip. The finite
element structural analysis, on
the other hand, takes all interac-
tions into account and provides

results that are individual case
oriented rather than generally
acceptable.
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Structural Analysis program (ETABS in this case
study) as continuous beams 1m wide, 0.3m thick,
38.05m long, and with six spans (see Figure 1).
Linear DL and LL (kN/m) are then applied to this
continuous beam, and load combination 1.2DL
+1.6LL is used to obtain the factored moments.
This procedure has one drawback, which is the
exterior spans — end supports idealization. As-
suming that both ends of this continuous beam
are pinned will result in zero moments at these
ends; which is not necessarily true, unless the
slab is unrestrained at its ends. On the other hand,
full fixity between the slab and the edge PC beam
at both ends of the floor system is not practically
achievable, and does not comply with the small
deformation theory universally adopted. The ac-
tual/physical scenario will always fluctuate be-
tween the two extremes mentioned above, and
will depend on the nature of slab-edge beam con-
nection type. Figure 2 shows the factored bend-
ing moment values (kN.m) for the case where
both ends of the 1m wide continuous beam are
assumed to be simple supports.

clements (0.2m x 0.2m). The type of these fi-
nite elements has several available optiong in
ETABS, including, deck, plate, shell, and mep.
brane elements. The latter type of elements is ex.-
cluded due to the fact that membrane elements
are defined as those that carry out of plane loads
through axial internal forces only. A comparison
is then carried out between the remainder types
of elements mentioned above to distinguish the
clement that best represents one-way slab action,
Four full structural analyses are carried out, al]
under the same loads, and with the type of slab
finite elements being the only variable. Figure 3
shows a top view of the 4th floor with M11 mo-
ment contour and span numbering. Moments in
the short direction of the slab (M11) and those
in the long direction (M22) are shown in Table 1
for the 2nd floor as a sample. One-meter strip has
only M11 bending moments.

Table 1: Primary and secondary moments in
the slab system on the 2nd floor

Figure 2: Slab 1m strip idealization and fac-
tored moments.

c) Full Structural Analysis including Finite
Elements (FE). The slab system of a particular
floor can be modeled in 2D with some idealiza-
tions regarding columns/slab interaction. Alter-
natively, the entire structure can be modeled in
3D with some idealizations regarding column/
foundation interaction. In this study, a full 3D
model of the 4 storey structure is carried out us-
ing ETABS. Bending Moments at the ends of PC
beams are releases to numerically simulate ac-

tual

uo n
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' Figure 3: M11 moment contour on the 4th
floor using deck finitelements
behavior. Each floor is meshed with a con-
7+ stant number of equal sized quadrilateral finite
l/’/ >
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ETABS Deck [ ETABS Plate | ETABS Shell
Span One-
Span [ length | Location | meter [M11| M22 [ M1l | M22 |MI1| M22
(m) Strip

support | O [ -95[ -17 -34 23 |5 27

1 7 Md | 112 |51 ) 11 58 42 | 78| 46
support | -205 | 95 | -17 -35 23 |51 28

support | -205 | -85 | -16 52 32 (100 41

2w | 833 | Mid | 106 | 38 | 2l 12 37 |16 | 8
support | -156 | -84 | -17 -52 51 |-63| 53

support | -156 [ -77 [ -15 41 54 | -61| 88
3164 | Md [ 4|4 8 22 53 [ 60| 6
support | 96 | -78 | -I5 35 39 [55] 49

support | 96 | -73 | -14 -40 25 |54 R

4 1623 Md | 54 [42( 8 37 45 |[5] &
support | -114 | -73 | -14 -22 38 [-35] 49

support | -114 [ -73 [ -14 -25 37 |36 49

S | 623 Mid | 60 |42 | 8 43 46 | 60 | 60
support | 87 [-73| -14 -30 21 |5 31

support [ 87 | 22 | 4 -1 26 | 18| 38

6 |38 [ Mid | 25 [ 13| 25 23 R[22 4
support | 0 |-21 | 45 41 18 | 41 18

Comparison of the results at both ends of the
slab system is not valid due to difference in the
exterior spans — end supports idealizations. Far-
thest from the ends, on the other hand, and specif-
ically at the two most interior spans, 3 and 4, the
finite element type that shows consistency with
the one meter strip results is the deck finite ele-
ment. The other two elements tend to exaggerate
the moments in the secondary direction, which
does not coincide with one-way slab action.

An additional check of adequacy is performed

%
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Analysis of *®ne-w,ay Slabg —

Ahmad J, Al-H

Reinforced Concrct'e (RC) one-way slabs are
very commonly used' in s}ryctgral systems, not
only because of the simplicity in thejr construc-
tion methods, but also due to the ease i their
analysis and design procedures,

Nowadays, many structural analysis tools are
available to civil engineers to the point where an
entire floor system can be analyzed and compre-
hensive results can be obtained in lesg than 10
minutes. In this article, a case study is presented,
in accordance with the provisions of the ACI
318M-11, to demonstrate the righteousness jn
choosing one method of analysis over others.

Figure 1 shows a solid one-way slab system
on a repeated floor of a 5 storey public assem-
bly structure. The requirements of long spans
with no intermediate columns and storey height
clearances generate the need for six Precast Pre-
stressed Concrete (PC) beams runnin g in the lon-
gitudinal direction (17.62m). Many details will
be overlooked here and focus will be placed on
the ordinary RC one-way slab system resting on
sufficiently stiff PC beams. Reinforced concrete
malerial properties are = 28 MPa, = 420 MPa,
and = =24 87 MPa (Section 8.5.1).

amwil and 7;

Revisited

ad N, Taqieddin?

, T}_lc Minimum required slab thickness is de-
ermined with reference to Table 9.5(a) in Sec-
tion 9.5.2.1 ag 0.30m. This slab thickness is then
?fci)(;lc)itse((il)fzr) ::ied entire floor system, Total Dead

up to 13.75 kKN/m2 while Live
Loads (LL) are assumed to be 5 kN/m2.The next
step \.Jvou]d be to obtain the values of the factored
bending moments at the middle and ends of each
Span in order to be able to calculate the reinforce-
ment ratios. Several options are possible at this
state:

a) The ACI Moment Coefficients Method
(Section 8.3.3). This approximate method allows
the engineer to calculate moments on continuous
beams and one-way slabs as long as certain con-
ditions are satisfied. One of these conditions stip-
ulates that the larger of any two adjacent spans
shall not be greater than 1.2 times the shorter; a
condition that is not satisfied in this case study.
Therefore, this alternative is excluded here,
which necessitates a full structural analfsis of the
continuous system.

b) For design purposes, a one-way slab can
be assumed to act as a series of parallel, inde-
pendent 1m wide slab strips, continuous over the
supporting beams (Wight and Macgregor, 2012).
These 1m wide strips can be modeled using any

e
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Sensitivity Analysis of Test-2

The second test were simulated at six levels of inlet dialysate conductivity range from (13-
15.5) mS/cm and dialysate flow rate 800ml/min, initial plasma water conductivity
13.5mS/cm , blood flow rate 300ml/min and ultrafiltration flow rate 18.6 ml/min . The
results of this test are shown in Fig (7) & Fig. (8).

IV. Discussion:

The simulated results show that the value of modeled patient plasma water conductivity (MPPwc)
increasing with increasing inlet dialysate conductivity and blood flow rate and decrease with
increasing initial patient plasma conductivity (patient plasma conductivity pre-session) ,but no
effect with different ultrafiltration flow rate.

The results are shown in that ionic mass balance (IMB) increasing with decreasing patient plasma
water conductivity (i.e. sodium enter to patient blood increased with decreasing sodium
concentration in plasma patient and vice versa), but when inlet dialysate conductivity increase the
conductivity of patient plasma increased. And IMB increased when ultrafiltration flow rate increase,
while there is no significant effect at different blood flow rate.

As we shown from the previous model simulation that the sodium dialyzed by diffusion decreased
at different inlet dialysate conductivity, initial patient plasma conductivity and no effect at different

blood flow rate and ultrafiltration flow rate. While the sodium dialyzed by ultrafiltration increasing
with increased in inlet dialysate conductivity, initial patient plasma conductivity and ultrafiltration
flow rate, but no effect at different blood flow rate.

Most of the excess sodium is removed by convection together with the excess water (ultrafiltration).
Diffusion sodium transport depends on the difference between the sodium concentration in the
blood and dialysis fluid (by definition, its exactly dependent on the sodium actively in both fluid
stream). Not all the sodium ions present are available to diffuse through the dialysis membrane

(due to the binding to proteins and other anions). In dialysis fluid sodium activity is approximately
97% of its concentration, but plasma activity is approximately equal to its concentration due to two
opposing"‘éffects associated with the presence of plasma proteins (Stiller et al.2001).

Note: to give the full paper information please send mail for : fidabime@yahoo.com
Or fidabime@ppu.edu
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C. Results:

e

Testing here means the comparison of a model to empirical reality for the purpose of corroborating
eans "derived from Of

or refuting the model. It is important to realize that the word "empirical”. It m
guided by experience or experiment” (Goldau, 2002).

Tests of M. odel Behavior
valuate adequacy of mode

Tests of model behavior €
generated by the structure. Tests of model behavior include:

1.Behavior Sensitivity Test
y of model behavior 0 changes in parameter

The behavior sensitivity test focuses ON sensitivit
Senge, 1979): The behavior sensitiv whether or not plausible

| structure through analysis of behavior

ity test ascertains

values (Forrester and
jor tests prevnously passed. Four tests

chifts in mode] parameters can cause @ M
re the model yie

were performed as follows whe
1. Effect of prescribed Blood Flow Rate ©

behavior in all tests.
s Balance (IMB) and Patient Plasma

Water Conductivity (PPwo)- )
alysate conductivity o1 jMB and PPwe

pctivity value of MB and PPwc-

2. Effect of inlet di

3. Effect of initial plasma water cond

ge from (= 200~
undmuvuy
W/min.

Sen t-1
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The first test were simuls
450) mUmin and dialysat flow rate

! ; d ultra
13.5mS/cm, inlet dialysat® conductivity 14?15:;;“ an
The results of this test ar¢ shown in o Fig (8) & Fig.



to a decrease in the value of patient plasma water conductivity (PPwc) that decrease in the outlet
dialysate conductivity (Cdout) that increase the value of (IDef).
IT) Balancing Loops:

BI& B2: Effect of Qutlet dialysate conductivity (Cpou) at step 0 &1 on the PPy,

An increase in modeled effective ionic dialysance (MEID) causes an increase in modeled patient
plasma water conductivity (PPwc). When PPwc increases, the outlet dialysate conductivity (Cgou)
will increase causing a decrease in modeled effective ionic dialysance (MEID) as shown in Fig. (2).

Y Tonic Dialysance Reverse T I
Value (IDrev : ml'min) \
h |

Access Blood Flow
Rate (QA: ml/min)

Modelled Effective lonc “é‘iffﬂ:ﬂi‘}f;&“fg)‘°““ Modeled Paten Plasma
Dialysance (MEID) y Water Conductivity
+ Bl (MPPwc)
'Vascular Access
R1 Efficiency (VAE :%)
Outlet dialysate Conductivity
Outlet dialysate Conductivity (Cdout)
(Cdout) +
+ Ultrafiltration Rate
Flow (UFR) Bz
Modeled Patient Plasma / )

Water Conductivity (MPPwc) Outlet Dialysate Conductivity

Step (Cdout step)
Figure (1): loop for effect of effective ionic dialysance  Figure (2): effect of outlet dialysate conductivity on
‘for PPyc PPWC

III): The Quantitative Déscription: Formulating a Simulation Model

In the following section we describe stock and flows that is result from converting causal loop
diagram.

The Modeled Patient Plasma Water Conductivity (PPyc) subsystem:

The modeled patient plasma water conductivity (PPwc) subsystem is shown in Fig. (3). Modeled
patient plasma water conductivity (PPwc) can be used to monitor the value of plasma water sodium
conductivity, sodium dialyzed by diffusion, sodium dialyzes by ultrafiltration and reflect the shift
between intra/extra cellular fluid. However, we used to calculate the dialysate outlet conductivity to
measure the value of ionic dialysance during the dialysis session. On the other side the value of
PPy calculated depends on the jonic dialysance and other factors (ultrafiltration flow rate, inlet
dialysate conductivity, target weight loss and initial plasma water conduct1v1ty), and 1t can be
calculated according the following equatlons (5)



;Ialr\lfBulttra)ﬁltratmn- And study the effect of different variables on the previous parameter (PPywc,
, etc).

I1-Subjects and Methods

A-Patients

This study was done by sample of (23) patients measured IMB and (36) patients measured PPwc on
dialysis by using INNOVA-Gambro hemodialysis machine. They are (23) male and (13) female,
with age ranging (18-72) years (53.97 £ 14.17 ,mean and SD),and dialysate flow rate ranging(500-
800)ml/min (547+88.15 ), blood flow rate ranging( 200-460)ml/min (320£55.5 ), inlet dialysate
conductivity ranging (13.7-14.2)mS/cm , dialysis time ranging(180-240) min (200+£20 ), dialyzer
type ( Polyflux 210H -5 , Elisio 210M-7 , Elisio 170M-1 and PS-1800L-23). Vascular access
(Catheter four patients, AFV-B twenty one patients and AVF-R eleven patients).

B-Model Building:

To build the Patient Plasma Water Conductivity and Ionic mass balance model, it is necessary to
understand how the conductivity technology (Diascan system) operates, followed by building causal

loop diagram describing the complex relationships between conductivity technology and other
variables was developed by using Vensim PLE v.6.00 simulation software.

Conductivity technology used in Hemodialysis machine depends on controlling the inlet dialysate
conductivity before entering to the dialyzer .In some machine this inlet dialysate conductivity
changes at specific time from (14 to 14 +1 ms/cm as in INNOVA machine).Calculating the patient
plasma water conductivity and ionic mass balance will help to understand the behavior of solute
transfer between blood and dialysate solution (specifically sodium ).So, it is necessary to
understand the dynamic changes of dialysis solution (inlet and outlet dialysate conductivity) during

dialysis session. From building the patient plasma water conductivity model will help us to estimate
the following dialysis variable:- 1

A. Dry weight monitoring (Calculate Patient Plasma water Conductivity).
B. Sodium Balance (Ionic Mass Balance: IMB)
C. Sodium Clearance (Sodium dialyzed by Diffusion and Ultrafiltration).

Two types of loops will be used to show the dynamic cause-effect behavior: reinforcing loops, and
balancing loops. Also two terms will be used: increase and decrease. The term increase indicates
increasing the variable and its rate of change. Also, the term decrease means decrease of both the
variable and its rate of change.

I) Reinforcing Loops:

RI: The Effect of Effective Ionic Dialysance (EiD) on Patient Plasma Water Conductiv;fty
(PPyc) o’ D

An increase in effective ionic dialysance (IDs) causes increase in ionic dialysance reverse value
(ID,..) which leads to increase access blood flow rate (Q4), which means increase-in vascular access

- efficiency (VAE)which in turn increases the value of qluaﬁlttation'ﬂqu rate (UFR). This Will lead
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no blood samples or laboratory tests are needed to determine patient plasma water conductivity
(PPwc) and ionic dialysance (ID) (Di Filippo et al., 2005).

We must know that the kinetic modeling used in the "Diacontrol software: for calculating
automatically the dialysate conductivity required to obtain the expected value of patient’s plasma-
water conductivity at the end of the session " is derived from the Gotches single pool model (Azar ,
2008; Di Filippo et al., 2000) , but numerous modifications have been introduced (Petitclerc et al.,
1997 ) :-
»  Sodium measurement is substituted by online conductivity measurement.
« Estimation of Donnan ratio from measurement of portidemia is useless.
+ Estimation of sodium dialysance from urea clearance given by the manufacturer is
substituted by actual measurement of ionic dialysance corrected for recirculation.
According to these conditions, the patient plasma water conductivity (PPyc) varies over time (t)
during dialysis session according to equation (1) (Petitclerc et al., 1997), but the value of it depends
on the target weight loss. If the weight loss is small enough (< 2% of total body water), a fixed
volume single pool model can be used, because total body water can be considered constant
throughout the session and equal to initial value (Vo).
PPywc = (Cpout - (1- D/Qp) * Cpint) / (D/Qo) )

P. =Cy, +(Cpo —CDi,,)*exp(—R *t) )

D . and Cpy: is the inlet dialysate
0

significant weight loss is desired, a variable volume

(3) becomes more complex (Petitclerc et al., 1997) :-

Where Cy is the measured, Pc value at session onset, R: R=

conductivity at the dialyzer inlet. But when a
single pool model should be used and equation
R

-1

Pc'f CDin+(Cp,, "Cpm)*(l"q *t)(;) 3)

Where: g = 2
Vo

Tonic Mass Balance (IMB):
4 “IMB was estimated by Diascan® (INNOVA-Gambro®). In short, Diascan® measures IMB by
constant measurement of the conductivity in the dialysis outlet and inlet according to the formula

" (Jacobs and Petitclerc, 1999; Moret et al., 2006):
IMB =[(CDout ><l,QDout )—(QDI:H chin )]XIOthme (min) @

( “Opout.and Opin are dialysate flow at',f'frésp;zctively, outlet and inlet; Cpow and Cpin are dialysate
“conductivity at outlet and inlet, respectively. A positive IMB reflects net sodium removal from the
péﬁeéﬁﬁﬁﬁvﬁegative IMB means net sodium transfer from dialysate to'the patient.
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System dynamic model for Patient Plasma Water Conductivity and

Tonic mass balance
Eng Fida Jaafreh -Polytechnic Palestine
On-line monitoring of dialysate conductivity ; i
it : Y 18 now a standard equipment (Called Diascan) of th
dialysis monitor (INNOVA &AK96) from the record of th it | .

: . ¢ dialysate conductivity at the dialyzer
inlet anq qullcl. the Diascan calculates the values of Ionic Dialysance (ID) , Patient Plasma Water
Conductivity (PPwc) and lonic Mass Balance (IMB).The PPyc is a reflection of plasma sodium

concentration, while ll? reflects the urea clearance corrected for recirculation .But Tonic Mass
Balance (IMB_) Was estimated by Diascan (INNOVA -Gambro). The determination of PPyc and
I}‘\’IB by the D1a§can module is fully automatic and totally inexpensive, doesn’t require any blood or
dialysate sampling. So the main objective for this research is to build a system dynamic model for
PPwc and IMB to study the effects of different variables during dialysis session. Verification and
validation of this model were done by sample of (23) patients measured IMB and (36) patients
measured PPwc on dialysis by using INNOVA hemodialysis machines. The results of this study
showed that the mean value of modeled ionic mass balance (MIMB) and the machine ionic mass
balance (IBM) was 1.810858E2:+18.9404980 and 2.27696E2+26.711564, respectively. But there is
no statistically significant difference between the calculated value by modeled ionic mass balance
(MIMB) and the machine ionic mass balance (MAIMB) (T-value = -1.756 and P-value = 0.093).
While the mean value of the modeled patient plasma waters conductivity (MPPyc) and the machine
patient plasma water conductivity (MAP¢) was 1.384010E1  +0.0409857 and
1.361082E1+0.0922851, respectively. There is statistically significant difference between the
calculated value by modeled patient plasma w‘jatér'conductivity (MPPwc) and the machine patient
plasma water conductivity (MAP¢) (T-value = 3.602 and P-value = 0.001). The model was very
sensitive to different variables specific to initial plasma water conductivity, blood flow rate and
inlet dialysate conductivity.

Key words: System dynamic, Patient Plasma Water Conductivity, Ionic Mass Balance, Ionic

Dialysance, Diascan.

I-Introduction:

The attainment of a neutral sodium balance represents a major objective in hemodialysis patients. It
requires that at the end of each dialysis session, total body water volume (V) and total patient
plasma water conductivity (PPwc) are constant. Whereas to achieve a constant (V) it is sufficient
that ultrafiltration equals the interdialytic increase in body weight, it is impossible to predict the
value of (PPwc) and calculate the dialysate sodium concentration needed to obtain it without
making use of kinetic mathematical models. The effectiveness of both sodium and conductivity
kinetic models in predicting sodium concentration has already been validated in previous clinical
studies (Di Filippo et al., 2005). However, applying the sodium Kinetic model need for blood
samples at the start of each dialysis session for the determination of Predialysis plasma water
sodium concentration, The conductivity kinetic model appears to be more easily applicable, because
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is rich with qualified people who are apt to learn.
Therefore, training them in nuclear science related
fields will strengthen their background, enhance their
knowledge, and consolidate their nuclear engineering
capabilities; thus, maximizing their contribution to
this maiden Jordanian technology.

XII. Conclusion
The modern era has witnessed significant devel-

opments in science and technology. Nuclear science
is one of those fields, which grew up rapidly and
outstandingly. The list of countries utilizing nuclear
energy to the benefit of its people has extended to in-
clude Jordan. Countries that are relatively poor in
natural energy resources, such as Jordan, tend to turn
towards nuclear power much more intensively taking
into consideration that Jordan is rich in uranium ore.
This fact should facilitate the implementation of the
first Jordanian NPP, which is planned to operate by

2015.

Nuclear energy has undoubtedly played a vital
role in the production of electrical power, water de-
salination, and in many industrial, agricultural, and
medical applications. The reasons why this form of
energy needs to be utilized vary from one country to

another. For Jordan, the reasons are:

The lack of available indigenous energy resourc-
es,

The desire to reduce dependence upon imported
energy,

The need to increase the diversity of energy re-
sources,

The need for nuclear desalination to overcome
water shortages,

The increasing demand for electricity

The high cost of fossil fuel

Moreover, it has studied and carefully scrutinized
the political, technical, environmental, and economi-
cal effects of such a program on the Kingdom. Sub-
sequently, a five-component National Nuclear En-
ergy Strategy was adopted to tackle the challenges
mentioned above. It has also taken several actions
to build up the Human resources needed for this step.
In addition to the undergraduate program at JUST, a
master’s degree program in Applied Nuclear Physics
was launched in 2006 at Al-Balga Applied Univer-
sity. A similar program was established a year later
at Jordan University. Such programs were launched
by JAEC in éooperation with the Ministry of Higher

" Education. Likewise, NEPCO worked on upgrading
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a number of its employees in this field by sending
them to CNS, a nuclear reactor school, in the nine-
ties of the previous century by offering them Systems
Engineering Scholarships. These actions reflect the
awareness of the Jordanian government represented
by JAEC and NEPCO and its preparedness to this

new comer.
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management and disposal. As far as the high-level
waste (HLW) is concerned, the external supplier is to
pe responsible for repatriating spent fuel following a
period of initial storage close to the NPP. This neces-
sitates the construction of an interim storage for the
spent fuel, not a long-term repository, Therefore, an
agreement should be made with the external supplier
to repatriate spent fuel. This agreement will eventy-
ally minimize the disposal demands on the recipient
and will generate international confidence in nonpro-
liferation. Another option would the construction of
a national disposal site, which could be rather costly
for small nuclear program. The quantity of low-level
waste (LLW) produced by a nuclear reactor is highly
dependent on the type of reactor and the way that
waste is treated [10]. LLW generally include radioac-
tively contaminated protective clothing, tools, filters,
rags, medical tubes, and many other items. These
items according to the USNRC can be stored on-site
by licensees, either until it has decayed away and can
be disposed of as ordinary trash, or until amounts are
large enough to be shipped in approved containers to
a low-level waste disposal site. As part of this proj-
ect, Jordan Nuclear Regulatory Commission (JNRC)
was established for regulation, safety, and safeguard
purposes.

X.Safety & Defense in Depth

The primary objective of nuclear safety is to pro-
tect individuals, society, and the environment from ra-
diological hazards that may arise from nuclear power
usage. Radiation protection, accident prevention, and
mitigation serve this primary objective. The follow-
ing three Fundamental Safety Functions (FSFs) ac-
complish the aforementioned objective:

Control of the reactivity

Removal of heat from the fuel

The confinement of radioactive materials and con-
trol of operational discharges.

These are achieved by a strategy known as the De-
fense in Depth. The DiD concept is a key character-
istic of both the design and the operation of a nuclear
reactor, Effective and safe operation of an NPP needs
a well-developed safety culture, that is, the personal
dedication and the accountability of all involved per-

sonnel. Appropriate attitudes can be developed only rdan ' gent I of fi
i " nuclear engineers that will assist in designing, build-

if:

vidual responsibilities are clearly defineds= =

An adequate mechanism _for implementing the -

D od

The safety policy of the organization and all mdl

~pdlijan‘ﬁ“théﬁ%5fiégqment structure enable
Ao £ .../..m_:;w&,..- 3 = - T
gers to demonstrate thiéir comumitrment-0 safety

culture,

The responsibilities of the governments, regula-
tory agencies, operators, and advisory bodies are
clearly defined, and all parties must accept their re-
sponsibilities,

The Regulatory agencies act independently, and to
be protected from unnecessary external pressure.

If enough time and information are available to the
person in charge, he will be able to react constructive-
ly in critical situations that cannot be controlled by
automatic actions. Defense is on average jeopardized
by human errors Therefore, to ensure a successful
human action and a safe operation, a high level of
qualification and training is required [11].

XI. Human Resources Development

Upgrading the employee level in all fields of sci-
ence and management has always been one of NEP-
CO’s top priorities. Nuclear Science and technology
was one of these critical fields that NEPCO dispatched
anumber of its employees, in the nineties of the previ-
ous century, to the Center for Nuclear Studies (CNS)
in Islamabad, Pakistan to receive Master of Science
Degrees in Systems Engineering. Courses like reac-
tor dynamics, operation, and control; neutron absorp-
tion and scattering cross sections; nuclear fuel cycle,
both front-end and backend; heterogeneous and ho-
mogeneous types of reactors; reactor accidents; criti-
cality attainment; and uranium enrichment plants and
methods were taught as part of the Systems Engineer-
ing curriculum This fact reflects NEPCO’s alertness
and vigilance. That was a leap ahead of time from
NEPCO'’s side to elevate the capabilities of its em-
ployees in such field even before the idea of harness-
ing nuclear power in Jordan came into being.

In addition, and in order to sustain and further de-
velop the nuclear power program in the couniry, the
Jordan University of Science and Technology (JUST)
has recently introduced an undergraduate Nuclear
Engineering program to cater to this need. This is
definitely a major step for developing the country’s
nuclear infrastructure, and introducing nuclear power
as part of its energy mix to fulfill growing electrical
demands, water desalination, and hydrogen produc-
tion. The aim here is to enhance nuclear knowledge
in‘Jordan and produce a new generation of qualified

ing, and running the first NPP [12].
Finally, the operation of the first NPB requires

‘people - with different educational background, not -

policy and monitoring-1ts effectiveness 18 present. <. wonly, nuclear engineers but also_Systems Engineers,

ElectricaliBngineers, Computer| Engineers;.Techni-

«&al Operators, Project Manager, and others. NEPCO
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heat. Liquid Metal Reactors (LMR) and Gas Cooled
Reactors (GCR) can also be considered for desalina-
tion, but are more likely to be used in other heat ap-
plications where high temperatures are required [9].

JAEC has recently announced the Red-Dead Ca-
nal Project for the establishment of four nuclear plants
in the southern region, two near Aqaba and two near
Karak around the southern shores of the Dead Sea.
These four NPPs are expected to provide almost 750
MW of energy for desalination and water pumping.
Eventually, the project aims at generating much of the
needed water to end-users, and saving the Dead Sea,
which has been falling at the rate of one meter/year.

VIIL Applications of Radiation & Radioisotopes

In addition to electricity generation and water de-
salination, Jordan is seeking to develop and promote
applications of radioisotopes and radiation technol-
ogy in all three major aspects of our socio-economic
structure: industry, agriculture, and medicine. Radio-
nuclides and nuclear radiations have some character-
istics that enable them to be used extensively in many
applications, amongst them are:

Nuclear radiations can penetrate through matter
and interact with it in various ways.

Several detecting systems, which are sensitive to
extremely low levels of radiation, can distinguish be-
tween different types and energies of radiation.

Each radionuclide has a set of characteristics, such
as its half-life and the spectrum of its emitted radia-
tion that enables us to identify and quantify its pres-
ence by studying the radiation emitted by it.

Radionuclides can be tailored with the desired
physical, chemical, and biological properties for a
particular application.

These characteristics allowed the humanity to
benefit in many ways as progressively more potential
problems are identified.

A.Nuclear Radiation

Nuclear radiation is widely used in oil, gas, chem-
ical, petrochemical, steel, mining, paper, mineral, and
automobile industries. It is also used in agriculture
and medicine.

A.Industry: Many industries nowadays require
strict controls over quality, Large industries products
woéuld not be competitive in the world market un-
less quahty assurance and quality control become an

\ integral part’ of the process. Nuclear radiations play

.an essent1a1 role in thls field all over the world For
1nstance Jordan can .make use of nuclear radlatlon
by cmploymg, gamma radlography to obtam images

. of the mtenor structure of rnechamcal components,

One can think of it as being analogous to X-ray im-
ages of the human body. Gamma radiography is a
sealed source type of application, which is on-line,
nondestructive, and noninvasive. In this type of appli-
cation, the radioisotope remains permanently sealed
within the source capsule and makes no contact either
with the plant or the process material.

B.Agriculture: In the field of agriculture, Jordan
can make use of nuclear radiation in several ways,
such as:

The development of new strains of crops with fa-
vorable qualities.

Increasing the shelf-life of agricultural products,

Control of agricultural pests without toxic chemi-
cals

Study of plant metabolism.

Dealing with the problem of water logging and
salinity.

Tracing the movement of underground water.

C.Medicine: While a radiation dose can increase
the probability of contracting cancer, this very agent
can also retard the progress of this inexorable dis-
ease. Radiotherapy has been one of the most widely
used weapons in the desperate war against cancer. It
is playing a vital role in relieving human suffering.
Nuclear radiation can also be used to obtain detailed
information about the state of various organs and sys-
tems of the body for diagnostic purposes.

A.Radioisotopes

Radioisotopes find numerous uses in different ar-
eas such as medicine, chemistry, biology, archaeol-
ogy, agriculture, industry, and engineering. Radioiso-
topes are frequently used as tracers or tagged atoms
in various fields. In tracer technique, a radioactive
isotope is added to the reactants and its movement is
studied by measuring radioactivity in different parts.
The two most common factors of tracer applications
are the high degrees of specificity and of sensitivity
that can be attained.

IX. Nuclear Waste Products

The management of spent fuel from nuclear power
plants is a major policy issue for almost every nuclear
power program in the world. For the nuclear industry
in Jordan, finding sufficient capacity for storage and

. processing or disposal of spent fuel is essential if NPP
is to be allowed to continue to operate. Likewise, the

options chosen for spent fuel management can great-
ly influence the political controversies, proliferation
risks, environmental hazards, and economic costs of
the nuclear fuel cycle. :

Therinitial plan of launchmg a nuclear power pro-',—

gram in Jordan needs to account for radloactwe waste
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in the industrialized countries. The extent to which
this form of energy is being utilized varies consider-
ably from one country to another. One of the major
Jeterminants however, is the sort of access that the
country has to other sources of energy. Countries that
are relatively poor in indigenous energy resources,
such as Jordan, tend to turn towards nuclear power
much more intensively. Most of the nuclear reactors
are currently used in the form of nuclear power plants
for electricity generation. The steps for electricity
generation are given below:

) Energy is generated in the reactor core.

The energy is then transferred to the heat exchang-
er by the primary coolant, which is then pumped back
into the core.

In the heat exchanger i.e., the steam generator, wa-
ter coming in on the secondary side takes up the heat
to be changed to steam.

The steam is then sent to the turbine to cause its
rotation, which results in electricity being generated
by the attached generator, then it is fed to the grid.

The spent steam from the turbine goes to the con-
denser to be condensed to water and to be pumped
back to the steam generator.

In some types of NPPs, water is allowed to boil in
the reactor core and the steam generated there, after
some processing, is directly fed to the turbine. The
need for a separate steam generator is eliminated in
such systems. The disadvantage of this kind of sys-
tems is that the primary coolant, which carries some
radioactivity flow through a much larger circuit.
Their associated radiation problems are more difficult
to handle.

Actually, NPPs resembles other electrical gener-
ating facilities. For instance, in fossil-fueled power
plant heat converts boiled water into steam, it is then
piped into the turbine. Once in turbine, the steam
passes through the blades, which spins the electrical
generator, thus producing electricity. After leaving
the turbine, the steam is converted back into water in
the condenser. The water is then pumped back to the
boiler to be reheated and converted back into steam.

However, in a2 NPP, a Nuclear Steam Supply Sys-
tem (NSSS) replaces the steam boiler. The NSSS
consists of a nuclear reactor and all necessary compo-
nents needed to produce high-pressure steam, which
will be used to turn the turbine for the electrical gen-
erator [6].

The demand for energy in Jordan is expected to
rise by at least 50% over the next twenty years. Con-
sequently, Jordan decided to- invest approximately
.~ 872 million dollars in power generation, and a fur-

ther 386 million dollars in electricity transmission,
between now and 2014. Most of Jordan’s energy is
f:urrcmly generated from fossil fuels, 95% of which is
imported from neighboring Arab countries at a cost of
'2()% of its gross domestic product. In order to reduce
its dependence on oil, Jordan decided to build its first
NF’I‘. which hopes to have it up and running by 2015,
with the aim of increasing the nuclear power contri-
bution to 30% of all energy generation by 2030. The
first NPP is decided to be a 1,100-megawatt nuclear
reactor in the initial stage with several reactors to fol-
low with equal capacity. Jordan’s ultimate goal is to
expand its production and to acquire the capacity to
export extra energy in the future [7].

VIL.Water Desalination

Although the water scarcity problem is not any of
NEPCO'’s specialties, it was found necessary to ad-
dress it briefly in this document for it is an urging
problem. Water scarcity is the most important natural
constraints to the economical growth and develop-
ment. Due to the rapid increase in population, agri-
culture, and industrial development, a heavy demand
on water resources has been placed. A recent study
conducted by the Water Authority, Ministry of Envi-
ronment, and the Royal Scientific Society of Jordan,
showed that the water quality is drastically deteriorat-
ing. Their final draft indicated that:

About 70% of spring water is contaminated.

Surface water suffers from high fecal coliform
counts.

Water resources have a high level of toxicity.

Industrial charges are improperly treated.

Over-abstraction of ground water for irrigation
has reduced the water level by five meters in some
aquifers and tripled salinity.

Improper application of fertilizers and pesticides
has increased the nitrates and phosphorous level in
water supply.

Thus, it is about time to move forward and consid-
er a water desalination technique to overcome this di-
lemma noting that Jordan has a water deficit of about
1.4 million m3 per day [8].

A reliable technique would be to deploy a nucle-
ar reactor and a desalination plant. In some cases,
a nuclear system may be designed to produce both
heat and electricity as products. The most common
types of reactors used for water desalination are either
Light Water Reactors (LWR) or Pressurized Heavy
Water Reactors (PHWR). Such reactors can be either
heat-only reactors, providing low temperature heat
directly for use in thermal desalination processes, or
cogeneration reactors providing both electricity and
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philosophy of ‘Defense in Depth’ (DiD) for the de-
sign of its future NPP. The main issue here is to keep
the radioactivity, accumulated in the reactor core,
from reaching the environment. One of the major
implications of this philosophy is that a number of
diverse and redundant backup systems need to be em-
ployed to guard against even multiple failures. Italso
ensures in all aspects of reactor design, manufacture,
construction, operation, and maintenance that there is
strict conformity to specifications and that the high-
est standards are maintained. Much attention is being
paid to human factors and intensive efforts are be-
ing made to raise safety consciousness throughout the
nuclear industry by introducing the concepts and the
practices underlying the term Safety Culture.

C. Environmentally: In spite of the number of
barriers to impede the movement of radionuclides
generated in the reactor core, it is still very difficult
to reduce their release to an absolute zero level. Cer-
tainly, there will always be some leakage even dur-
ing routine operation of a plant. Steps are taken to
keep its level below the specified limits. One such
measure is the provision of a tall stack (chimneys)
to permit controlled release of radioactivity from its
top, in order to enhance mixing with air and lower
the ground level concentrations in the vicinity. Fur-
thermore, unlike fossil fuel plants, NPPs do not pro-
duce any carbon dioxide or sulfur emissions, which
are major contributors to the greenhouse effect and
acid rain.

D. Economically: Nuclear power competitiveness
depends on the economic prospects of coal, oil, and
natural gas, which dominate the current and the pre-
dictable electricity generation in Jordan. The prices
of these three have risen considerably in the past few
years, which gave nuclear power a wide public ac-
ceptance. Note that uranium market prices have also
risen; however, they have hardly affected electricity
costs since uranium, unlike fossil fuel, constitutes
only 5% of nuclear power generating costs. There-
fore, the high prices of fossil fuels, which are expect-
ed to be permanent for they are driven largely by the
energy demand growth, have put nuclear power on
the Jordanian agenda [2].

+ V. The National Nuclear Energy Strategy

His Majesty King Abdullah the Second has been
continuously emphasizing that energy remains a top
‘challenge that requires long-term radical solutions.
Therefore, a decision was made to secure and utilize
alternative local ‘energy resources, both traditional
and re_péwab]e in order to decrease the Kingdom'’s

reliance on energy imports;~The strategic objective
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is to become an energy exporting country rather
than an energy importing one by exploiting our
resources locally and to our own benefit [3]. JAEC
and in cooperation with energy sectors in Jordan, ad-
opted a national strategy to face the challenges that
may jeopardize the future of electricity generation in
the country. These challenges are:

The ever-growing demand for energy,

The continuous rise in energy costs and prices,

The lack of conventional energy resources,

The high dependence on imported resources,

The scarcity of water resources,

The high consumption of fossil resources,

The environmental dreadful conditions [4].

The adopted National Nuclear Energy Strategy,
to face the aforementioned challenges, consists of
five components:

To design energy generation plants to meet the
growing demand for electric power and water desali-
nation.

To utilize the large quantities of uranium ore avail-
able in Jordan.

To apply nuclear fuel cycle and process nuclear
waste in accordance with international standards.

To prepare the required studies and invest in quali-
fying Jordanians human resources.

To secure the needed funds for the project without
straining the treasury with any extra financial bur-
dens.

Actually, launching a nuclear power program is a
major step for a developing country like Jordan. This
step requires careful planning, alertness, preparation,
and investment in a healthy infrastructure that pro-
vides legal, regulatory, technological, human, and in-
dustrial support to ensure that the nuclear material is
solely used for peaceful purposes and in a safe and
secure manner [5]. The idea of deploying a NPP in
Jordan came into being due to the drastic increase
in the total population and the growing demand for
electricity. Twenty years ago, the total system load
was about 600 MW, while now; it is higher than 2200
MW. These two figures indicate that the demand for
electricity and a secure power supply is continually
rising. The need for a reliable energy source is hence
inevitable,

VI.Nuclear Power for Electrical Generation

One of the major applications of nuclear energy
has undoubtedly been in its role in the production of
electrical power., Nowadays, there are more than 440
NPPs operating all over the world and thus capable of
generating more than 350,000 megawatt of electrical
power. The greatest concentration of these plants is
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Abstract-

-The discovery of uranium in 1789 ushered in

a new era of nuclear science and technology. This
discovery was a turning point in history, which
led to the introduction of the first chain reaction
in the forties of the previous century. A tremen-
dous amount of energy is released in this process
called nuclear energy, which is obtained from the
splitting of uranium atoms in a process known as
nuclear fission. Although there are three ways to
get a nuclear reaction; namely, fission, fusion, and
decay, only energy from the first type has been har-
nessed. Despite its initial usage in wartime, nucle-
ar energy has gained a great popularity amid oth-
er energy resources. Its peaceful applications are
seen in several scientific fields. It has also played
aremarkable role in electricity generation. Coun-
tries that are relatively poor in indigenous energy
resources, and suffer from water scarcity such as
Jordan, tend to turn towards nuclear energy much
more intensively. Ultimately, Jordan’s intention is
to use nuclear energy in electrical power genera-
tion, water desalination, and applications of radia-
tions and radioisotopes. This paper will review
several factors, which make it essential for Jordan
to initiate work for dev/eloping alternative sources
of energy for large-scale energy production and
economic development. It will also suggest a so-
lution for the water problem based on nuclear
energy utlllzatxon. However, before that, nuclear
fission, fusmn, and decay processes; the role of
uranium in the development of the first chain re-
actlon, the methods used in uranium enrichment;
A “zand the f'easons for using nuclear energy need to
be addressed. Usmg nuclear energy will mark the
begmnmg of a: new era in J ordan. Therefore, this
o ,paper s expected to act as _an onentatlon to the

““generic person to accept fhiis new comer, .=
S t—*'*f}lvfi“‘“ el
ol D _ > <.
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LIntroduction

The initial idea of putting nuclear energy to prac-
tical use was mentioned in 1914 by H. G. Wells in
his famous novel, ‘The World Set Free’, in which he
speculated the possible uses of this type of energy.
Leo Szilard, a Hungarian Scientist, was inspired by
the idea and thought about turning it into reality. Their
dream came true when Otta Hahn and Fritz Strass-
mann discovered nuclear fission in 1938, at the height
of the Second World War. This discovery eventually
led to the development of nuclear reactors and nucle-
ar weapons. The devastating effects of such weapons
led the international community to restrict them and
work on utilizing nuclear energy peacefully.

According to recent studies by the International
Atomic Energy Agency (IAEA), 14% of the world’s
electrical total generation comes from Nuclear Power
Plants (NPPs). Seventy-six percent of the electricity
generated in France for instance, comes from NPPs.
The Jordanian government, represented by the Jordan
Atomic Energy Commission (JAEC), and in coop-
eration with the National Electric Power Company
(NEPCO), has decided to become part of this world
enterprise and work on producing part of its total
generated power through nuclear energy. In addition,
JAEC has also considered the practical details of uti-
lizing nuclear energy in seawater desalination for the
sake of future generations.

Jordan is rich with trainable human resources, rich
in’uranium ore, and well placed geographically and

politically; thus, it is feasible to exploit these facts

to the benefit of the Kingdom. This paper will illus-
trate the main reasons behind such decision, and will
go over the steps taken so far to initiate the-afore-
mentioned=projects. For clarity reasons, the paper
will delve into the three processes of nuclear energy;
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