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ABSTRACT

Ahnardu Bello University (A B.U ) ,Zaria, N geria is
planning to purchase and install a small nuclear research
reactor wwthin the Zaria environs. It is a well known
fact that the operation of any nuclear facility generates
sone airborne wastes in addition to other classes of waste.

This work was carried out to analyse the neteorol ogica
condition! inherent to the Zaria environnent, wth special
referenc i to atnospheric dispersion of any airborne effluents
the research reactor mght release. To this end, neteorolo-
gical data collected ov r thirty-two years at the Institute

of Agricultural Research, A B.U Zaria was anal ysed. Result
from the neteorol ogical analysis was utilized to obtain the
expected dispersion and distribution of airborne effluents from
the reactor at the proposed site. G aphical presentation of
ground level air concentration of emtted effluents from exhaust

stacks of various heights is given.

Results of neteorological analysis for the selected site
was utilized in conjuntion with the discharges from a reactor
of simlar nmake and rating with the Ahmadu Bell o University
reactor. An optinum stack height of not- less thanthirty nmeters
was obtained. This height will ensure adequate dilution of air-
borne effluents, with no downw nd | ocation being exposed to
concentration |evel above the internationally accepted- maxi num
perm ssible level. For stack height thirty neters, airborne
effluent concentration doww nd will always be below ten ferm -
Curies per cubic centineter. This holds for all the nmonthly
cases anal ysed and also for the downw nd |ocations where maxi mum

concentrations occur.
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CHAPToR ONZ INTROLUCTION

The proposed nuclear research reactor is being studied
vis-avis the site approved for its installation in terms of
the formers effluents and the latters ambient meterological
contlitions. The operation of any nuclear facility generates
radicactive wastes in the three states of matter, namely;
selid, liquid and gas. This work is carried out to analyse
the handling of gaseous wastes, of low level uctivitye. This
1s necessary to enable the ocperators of the facility comply
with the International Commission on Radiocleogical Protection
(IC.P) guideline that, "The authority in chargc of any
establishm:nt or operation which might cause e¢nvironmental
contamination should limit the exposure of membars of the
public 80 as to cornly with the relevant national or local
requirements and the commissicns recommendations by contrel-
ling the release of radloactive materials inte the environment”
{IaBA, 1977).

This work is therefore very relasvant at the stage we'aré;
It is hoped it will pave way for the acceptability and smooth
take off of nuclear technology in the country. Disposing of
radiocactivity to the environment is sometimes inavitable but
where this must be done, the level of radioactive contamina-
tion should always be below the internationally accepted

 maximum permissible level for the radionuclides dischargede.
For the case of radicactive wastes contained in the gaseous

Istate, certaln steps are taken to control the ;eyel of
contamination of the environment. Tﬁe;gﬁiﬁciudé Stdrgéé.

for sometime to enable decay, filteration and digpersing

.o ._!-_'.'_,-" P

) *see table 1.1 at the end of this chapter. |



24

the remaining low level activity threough the atmosphere
(IABA, 1966), | |

To cdlsperse low level radicactive wastes thrdugh the
atmosphere, meteorological analysis of the preposed site
Is necessary. Alseo necessary 1s the determination of the
stack helght range that would give adequatc dicpersion.

Dispersing waste material via a high exhaust stack
enables the material:s to be adequately dilubed bafore it
reaches the grounu level, Its distribution on the ground
will be principally along the downwin: side of the stack
with respect te wind direction. Generally spoakin,, the
alr concentraticn of the exhaust waste at sroun. lLovel will
be negligible near the stack base and increasin. zoncentra-
tion will be met with increasing Jdownwine dictznes until 2
point of maximum concentration is reachicd. A&ftur this point,
concentration of the exhaust waste material «will =again
gradually die out., The horizonkal distance at viich maximum
concentration occurs is determined by wind speod, stability
category of the atmosphere, nature of the terrain and some
other factors. Thus the level of activity at the point of
maximum concentration is of great importance in torms of
radiation protection and stack height estimate,

In this work an attempt is made in stuaying the meteo-
rolegical conditions obtalned at the proposed site and
applying them to study the ground level distribution of stack
exhaust waste gas for various stack heights, From the analysis
of the results obtalned, some sultable stack heights are proposed
to minimize environmental contaminatlon, especially for settle-
ment areas. Having enumerated some objectives of the work,

its summary is given below, _ e TR R
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A brief review and a derivation of the
theory to be used in this work is given in chapter two.
This derivation takes care of two types of sources as
well as two types of media, These are the instantenuocus
and the continuous sources. While media discussed are
ideal and real media, As regards to geometry of source,
it could be point, linear or planar. The medium through
which the effluent is dispersed if at rest is referred to as
ideal , while if in motion is referred to as real. Most
of these are adequately discussed in chapter twoe. Chapter

three gives an analysis on factors affecting atmecspheric

dispersion of radioactive wastes, Factors thorouahly
discussed are those invelving the reactor which iz the
generating source of the radicactive wastesc and meteoro-
logical factors which take care of the dispersion mediume

Location and geography of the proposed site are discussed in
the beginning of chapter four. The chapter continues with
analysls of available data on the issues raised in chapter
three, At the end of the chapter, a brief discussion of
results for the selectad site is given. Chapter
five gives some discussion, conclusion and recommendations
that can be made on the basis of the data available and the
results obtained, At the tail end of the write up, are
appendices that highlight certain essential issues that are

avoided in the main text, for the sake of clear presentation.
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Appendix A is the mathematical cerivation 0f the
instantenucus point source problem, for thn Kethcorye
Appendix B highlights modes through which sorns radio-
active materials move from the reactor cora to the
atmosphere. Graphical representation of the rosults

obtained are given 1n appendix C,

Below is a listing of some of the most significant
radionuclides and their maximum permissible concentrations

{MPC) in air.

Nuclide Nuclide MPC in air (uCi/cc)
3;1(,1') 2x10™4
ares, ) . ax1078
87Kr(/z;',:£ 2x1072
8srie ) ax10™°
905r9§3 7%x10~ 10
125_ gx10-11
131195,K'¢5 1x10_10
135)&(&2&) 1010”7
135(:595") ax10~°
137c$9§}¥,é5 5x10™7

Table 1,1- Maximum permissible concentrations of some important
radlonuclides in air (for 168 hour week) occupational
exposure
(Extracts from Henry,1969; Brodsky)



CHAPTLR T.Qe THE ATHCSPHURIC DIFFUSION FROBLEM

A number of models have been developed
for solving the atmospheric diffusion problem, <mong
these are the statistical model, the mixing lenath model,
the similarity theory and the K-theory,see for example Sutton
(1977), Vogt{1974), In this work the K-theory will be
utilized in analysing the atmeosphoric diffusion oroblem
at the sellected site for the proposed Ahmadu Bello
University, research reactor, This choice is based on

the simplicity and direct anpllcibility:{ thoe treory to

the nroblem at hand. +<he starting point of the K-theory
is the concducti:n of heat in miterial (Jutton, 1977).
‘'he worl:ing equati - n of -he theory, for isotrobic

material, is

K- v o

dt
= k(@? 32
- + e, ¥o)) B (2,1}
d x2 dy° “
For anisotroplic material the equation is
2 2
B Lk, 22K By +K '32-2)3 (2.2)
dt X Y ay dz

The derivation of this relation can be found in relevant

tgxtbooks (for example Micrometeorology by Sutton, 1977),

E is used in general as entity of interest that
diffuses in the medium. For the case of atmospheric

problem, which is the diffusion of one gas

Se



into another, & would be replaced by Xe «here X
is denoting concentration of the dif using gase. To
attempt « successfull solution of the above eguation

inltial nd bound ry conditions must be imposed in conformity

with the problem,

The simplest case to pe considered is the so called
instanteneous point source in «an ide«al meciume, In it,
A qguantity, <, of diffusing material is considered to
be relews>d at a point in a stationary diffusion medium.
Locically, high concentration ozcurs at the point of release
th 't instance, <iffusion thus occurs and the concentra-
tion of the diffusing material becomes so much dilute that
it tencs to zero, at all points in cpace, after a prolenged
uration. ‘herefore, the problem is stated (.utton, 1977;

quil'l, 1974) as

dx = KPX

dt

subjeact to the boundary conditions

K=>0 as t=>0,rH0 {2.3)
X—0 as t—>00 (2.4)

and the continuity condition.

Q 'S.xd? 0o
=4 S'szdr.
(]
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The sol tion to this problem ,derived in appendix A,
for a source Located at the origin that releases the

d¢iffusing material at the instance £=0 is,

x?. 2

Kix,y,z,t) = O‘ %;-gk 3 exp(-m
Y

2
~ A _Z ) (2.6)
(arte)’/ % tT A ‘H(z’()

X Z

This solution eonforms to the initial and boundary

conditions and was used to represent the diffusion of

smoke formed by an explosion,see Sutton (1977).For 2 source
outside the origin the solution is modified by replacing the
point x,y,z and time t by x=x’ ,y~y’ 2=z’ ane -t/ in

the right hand side of abhove equations. The prinedeoordinctes

refer to the pecint and instance of release.

2.1 ., Medie and Diffusion sources

Basically two types of medium of atméspheric
diffusion can be considered;these are, the ideal (medium
at rest) and the real (Medium in motion) media» Lub-
classes of each may be isotropic and anisotropic.
Sources on the other hand can be point, linear or planar;
in addition each could bhe instantgneous or continuous,
The S$Olution derived above is for instantenous point

source. The solution derived @an be related to these other

situations, as is done for some few below.
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The solution for the instanteneous point source in

an ideal anisotrephic medium in cartessian

AKix,y,z,t) = OL ﬂeprE (x-x’i?‘
K-ﬂ

[arzce-t 3]"’” ) 4Kit-t'3 t

O (2.7

THEn  TRE)

How consider 2 moving medium. Let the primed coordinates

epresent th» moving frane, moving with ‘U

repre ’ , mean velocity,u,

along the X-axi ex.mpla. Than for a nuff released at
4

the point (U L ,H) (. time t =0 of the moving frame, the

concentration of disfusing material in the non-moving

frome at any point Ly virtue of the x- direction motion

is given by

!
4K t 4K t

XzyYsz,t) = 9 exp -(x-ﬁt)z' - yi +
KxK K - v

(2.8)

Diffusion along the x-axis will be suppressed due to
motion along that axis. The explicit statement of

this is given by Lewis (1977) for K ~> 0 as



e

. 2
[ exp [ -{X=~ ut) ]
tm 4 K.t =
Ll ey 8 (x - Tt
( :Tr !\xt) 1
= 2d &) (2.9 )
u u

By the properties of the delta function

u

§ ‘% - t) = 14 for (_)5_ B t) I
0, for [§ - t) £ 0
u

Therefore,

X(X,¥,2st) = a expt- Yo (2D x
(amt) KYkK % _ aK t 4K, t
zZ U Y

Substituting & = X | into the right hand side of the

=i 3

above aquation gives

X(X:er:t) - L ax y?- - 2
-~ exp |- - (Z-H)
g 7 - (e m)ef‘-’-‘--ﬂ
uyYy =z Yﬁ =
u
Q v
o1a 0,0 252 5T J £)==(2.10)
‘n
2 .
where, 0; = 25 X
u
and 62 = e KX
z Z
u

(Lewis, 1977; Sutton,1977; Vogt, 1974 ) are called

dispersion coefficients.
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10,

For the instanteneous point source the spatial
and kime coordinates (x,y,z,t) define the point and
time at which the plume concentration is determined,
Por the lnstanteneous source, plume concentration is
only significant at the point the plume is. The
possible reflection of plume at ground/alr interface
1s taken care of by introducing a ground reflection
factor., Thig is obtalned by considering an image
source located at (-~H) below the stack base,

This is explicitly expressed as

2 . 2
Aix,y,%,t) = Q expe ¥ ( (2~H) J
200 UYOE( 20&2) Zq; 2 .

] 2
(2 + H) S
t e -7 *) (X - b)), (2. 11)
z u
{Lewis, 1977; Pasquill, 1974% Vogt, 1974 Oylland:r

and widemo, 197 4.

22 The Continuous Point Source in a Real Atmosphere.

The continuous point source in a real medium may be
considered as a rapid succession of instanteneocus point
source releases. If the succession of releases is
rapid enough and the time elapsed since the bednning
of the releases is also long, then plume material will

be present at all down wind locatlons at all time,



1ll.

In other words, a continuously emitting source may be
assumed, Thus, this continuous source, emitting material
at a rate & (t) per second will generate an instantenuous

mean concentration of plume at al{ 1locationgand time given

by t >
- 2 (2-H)
ZTTUUQU; Y Z
- 00

x o (% - £) dtp - (2,12

/
(Lewis, 1977). A time independent release rate & 5 thus,

gives the following meoan plume concentration at the ground

level ((z = 0)

— ’ 2 2

X (x,y,0) = e m e OXD - ‘Y -3 - 2] -—— (2,13)
"f;rzji' 209 20, )

At the centre line (y=0) of the plume, the mean plume

concentration 1is

-~ m\ { 2
R (x,0,0)0 = 2 exp (=D ) e (2.14)
G UYO'Z 20'2

These r sults will be used in the following chapters to
determine the amount of dispersion and consequent level

of radioactivity in the areas surrounding the nuclear

reactor site.



CHAPTER THREEL « SOME FACTORS AFFECTING ATMOSPHERIC DIFFUSYON
OF RADIOACTIVE WASTES

This chapter analyses some of the important
factors in atmospheric dispersion of radioactive wastes,.
These have been classified into two namely reactor and “
meteorological factorse
The general equation giving spatial plume concentration

distribution, that is

2
Xix,y,2) = Q' 2 ~{(z-H)
exp [ -y exp —s— ¢
2w U 0,0, 53;-2"'J 20,
—(z-I-H)z
+ exp “““““ (3.1)
20,2

will bpe analysed in terms of the above mentioned factors,

3.1 Reactor Factors

In the equation (3.1), Q' is the rate of emission
of radicactive wuste materials from the orifice of the
- reactor stack at a height H above the ground. The unit
of 4' could be in Curies of «ctivity released per second
or grams of redicactive materials released per second.
The numerical strength of the emissicn rate in the above
equation is dependent on the rcactor capacity, integrity
of the reactor core, efficiency of the filteration system

and decay storage time.

12,
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Generally speaking the strength of emission rate
increases with increcase in power capaclity of the facility,
Research reactors designed with small power levels
generally a few megawatts (Bwa, 1982) emit less radioactive
wastes than power reactors of hundreds to thousands of
megawvatts (Kent et al, 1971). In terms of radioactivity
emission to the environment, renroceusing plants tend to
pose more problem than even power reactors os ha: been

mentioned by Lasexr & al (1974).

. Raactor core inteqrity refers tothe state of
reactor core and its surrcunding envelope under both
normal and accident conditions. A nuclcoar reactor operates
on nuclear fuel which is fissionable material. Under
bombardment from neutrons, atoms of the fissionable
material absorb the neutrons and break up into daughter
atoms., This is accompanied by the release of encergy,
radiations and free neutrons. For the successful harnes-
sing of the energy and for the sake of safeguarding man
and his environment against radiation damage, the nuclear
fuel is placed in special claddings and the chamber in
which nuclear reaction takes place is specially buillt,

This special building is called core containment and

serves as a fission products/radiations barrier,
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The inventory of radionuclides from.light water
power reactors includes approximately 3060 radionuclides
(Hosemann et al,1974). ©Of these only a small fraction
are Important due to their radiological toxicity. Five
main sources of activity have been given as fuel, bred
fuel, fission product, activated structural materials
and activated coolant (Hosemann §£‘3£,1974),The ability of
radicactivity from any of the above sources to escape
the nrimary csystem envelope ( core containment) is
daterinined nainly by volatility and chemical properties,
Pable 3,1(Lﬁﬂ15,19?7) iz a convenlent ciasslfigation of zome

radionuzlidaes llkely to escape under accident conditionse

Table 3s1  — Grouplings of radionuclides that may

contribute significantly to gadiocactive
relecases from nuclears power plants

—— - r—— N

Xe, Kr, Ar Noble gases I Inert

I, or Halogens

Cs, Rb Alkali Metals II Volatile
Te, 3&, S5b Tellurium group

Ba,Sr Alkaline earths

Ru, Rh, Pd, Mo, Tc Noble metals

Y, La, Ce, Pry Nd, Rare earths IIXI Nonvolatile

Pm, G5m, Eu, Np, Fu

Zr, Nb Refractory axides
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Group I Conzists of the noble gases Xenon, Krypton
and Argon which are gaseous elementsat room

temperature.

Group II Members of this group are partly volatile at
(power) reactor operating temperatures (300°-
600°C). Hembers of this group will signifi-
cantly be released in the case of fuel melting.
On account of yield and half life this group is

narrowed down to two members Iodine and Caesium,

Group III Elements of this group remain involatile even
at fuel-melting temperature. Their significant
release will only occur on event of fuel
vaporization or chemical reaction (Oxidation);
if this happens they would condense into

aerosol particles.

On the chemical and radiclogical importance of the
above elements the following can easily be inferpred, The
noble gases argon (Ar), Krypton (Kr) and Xenon(Xe) are
chemically inert. However, because of their existence
in the gaseous form, they can easily be inhaled during
respiration. Iodine (I) and bromine (Br) belong to the
group seven of the periodic table. To this group alsc
belongs chlorine (Cl) which is a component part of common
table salt (sodium chloride)e It is possible for any of

these, if injested or inhaled, to replace chlorine,
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If such happens with radiocactive isotope then radio=-
logical damage should be expected from incorporation

to any organ. Moreover, the thyroid gland is very
susceptable to lodine. Rubidium (Rb) and Caesium{Cs}
are group one elements of the pericdic table, This
means they belong to the same group as sodium (Na)

and potassium (K} which are essential elements of the
human body. Ingesting radiocactive rubidium or caesium
may lead to their replacing these essential elements.
This again will have important radiclogical censeguences,
Barium and strontium belong to the same groun as calcium
and magnesium.. Calcium is the bullding component of the
mammalian bone. d{alcium can easily boe renlaced by
strontium and the strontium once ILinicortorated into the
bone is difficult to remove ( West and Klefer,1982).

Of the remaining elements given in Table 3«1 mention
may be made of antimony(3b) selenium (3e) and tellurium,
The first is group five element while the remaining twe
are in group six, of the periodic table. Oxygen an

essential element for the survival of animals alsco
belong to group sixe Selenium and tellurium may but, with
little probabilityreplace oxygen.

Appendix B gives some highlight of accidents leading
to the release of radiocactivity from fuel and reactor core
(inner contalnment) into outer containment. This is

fellowed by a brief discussion of the likely route the
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released radiocactivity may take from the reactor outer
containment up to its contact with the environment atmos—
phere.

These waste materials of low level activity emanating
from the operation of nuclear facility can often be discharged
into the environment after being stored for a certain length

of time to enable short-lived radloisotopes, for example

138 87Kr (T% = 76m) and so

138Xe(T&=14m), Cs (T% = 32m},
on, to decay. This reduces the level of activity signifi-
cantly before its being discharged to the environments To
give a ten percent decay for any particular radionuclide
the decay storage required is about seven times the halfl
life of the racdlonuclide (IABA, 1966). 1In addition to this
the dischargeable materilals are usually passed through
filters which further reduce the level of activity of such
wastes before the eventual discharging to the environment.
Examples are lodine and particulate filters for gaseous
discharges and demineralisers for aqueous discharges in

water cooled reactors.

3.1.1 Stack height and orifice diameter

In acddition the height of stack through which radioactive
waste materials are emitted plays an important role in deter-
mining the extent of dilution and the horizental downwind
distance from stack base of occurénce of maximum ground
level concentration of such materlals. The stack orifice
diameter determines the increase in source height due to -

effluent exit velocity, v,
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The source height, H, is made of three factor heights

H = hg + hy + hv cmemm— (342)
where H = effective stack height (source height)
hg= physical stack height
hb= increase in source height due to buoyancy

hy- increase in scurce height due to efflucnt

exit velocity

Related to the stack height 1s the buoyancy of the
emitted materials, which depends on the density and
temperature of the effluent relative to that of the amblent
air. Methods of calculating increase due to buoyancy hy,
have been adequately treated by Bosanquent (1957), Best(1957)
and Moses et al (1964).

It should bé noted however, that the contribution, hy,
to source height due to buoyancy for the case of effluents
from a small research reactor may be assumed to be fairly low,
This is because of the small temperature difference between
the emitted effluent and the ambient temperature, especially
after a long deca? storage time, This is very much unlike in
the cases of blast furnace, smelting and other such works
where effluent would be emitted at high temperatures,

compared with the amblent temperature,
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The effluent ~xit velocity also increases the source height,
The effluent exit velocity is a function of the volume
discharge rate and the stack orifice diameter. Reactor
discharges are usually forced out in a bit to create a
negative pressure in the containment. 1In addition to
this, the increase hv is also dependent on the ratio of
the effluent exit velocity to the mean wind velocity,
This is because the value of hv is affected by result 6f
the vectorial addition of the two velocities.

Again for a small researeh reactor, the gaseous
Ffluents discharged through a stack of moderate diameter
of about seventy five centimeters will be assumed to have
small exit velocity,because of the small volunc of matter
discharged as compared to blast furnace,cokc fire and so on,

On the basis of the fact that the increases hy, and
By for a small research reactor may be considered to be

small they may be neglected. If on the other thelir

effects are considercd significant enough to be taken

into account, then their effects could be summed up as an

increment Ah . This has been done by a number of

people including Best (1957), Zuccaro Labellatre(1973)

Ah:hb+hv

=1.5¥8 g (1 + 1.8 AT _
i AL 4) —mem (3.1
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where ve = effluent exit velocity
d = Stack orifice diameter
T = temperature of emitted effluent.

BEquation (3.4) is known as Hollands' formula (Meses et al,

1964).

3.2 Meteorological Factors

Meteorological factors are divided into two main
classes, atmospheric and terrestrial., Each class is given

a brief discussion below.

3.2.1 Atmospheric Factors.

The lateral and vertical spreads of diffusing material
are governed by the lateral and vertical diffusion coefficients
respectively. There are no exact theoretical formulae that
can be used in determining values of these dispersion coeffi-
clents. They are usually determined from experimcntal data,
Atmospheric diffusion experiments are carried out both in the
real atmosphere and controlled laboratory conditions (wind
tunnel) with the aim of getting useful information on dispersion
coefficients, Such experiments have been carried out in the
real atmosphere according to Pasquill (1972) by Budden at
Porton; Davies at Cardington; Cramer, Record and Vaughan at
the Round Hill Field Station of Massachusetts, Institute of
Technology; Barad in the Project Pralse Grass of Nebraska
plains at 0'Neil and so on (see Pasquill,1972) and by
Vanderbought et al (1983) at Beerse, Belgium, Wind tunnel
experiments carried out include those of Seigneur et al (1983)

and others mentioned in section 5.5 of Slade (1968).
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In this work the diffusion coefficicnts used are
the same as those used by Hosker (1974) and are defined
below in Equations 3.5 - 3.7 (valid for real atmosphere)e.

The form of the vertical dispersion cocificient

is
0,(x) =f (zo;x)g(x) ———————— {350
where the main factor g(x) is given by
(‘}; x' :
gixl & TR e (3.6)
’l-ra._‘:l h
and f, the omiths roughne:s correction Zactor is given by

] d
f(zo?X) = i.n :I X 01 r 1 + (cz X"2)
v
| x ‘1 [ 1+ e, x92 ¢ 10em
l"lCl 5 ’ZO

Values of the constants a,, b,,a,,b, of equation (3.5)

are stability dependent and are taken from o table of the
paper by Hosker (1974). The set of contants Ci?di!c2’d2
are roughness length dependent. In the seme paper above,
are given values of this set of constants for six roughness
lengths (1, 4, 10, 40, 100 and 400cm). By means of suitable
graphs, values of the constants fitting roughness lengths

of the selected site were-obtained for this work.
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In view of the fact that there is no kno'n analytical
expression for the dependence of the lateral (ispersion

coefficiant on roughness length, we here again employ the

form used by Hosker(1974). This is given by

Oy (x) = Ak et 3580
v 1+0.0001 %

Stability e€ategories

This is a classification of the surfoce layer of
the atmosphere due to vascuill (1964). in Lt he gave
six categories of stability uwhich o cificed cuanti-
tatively in terms of wind speced, inscl.tion and state
of the sky. Table 3.2, is taken frort thils refrence,

Surface wind aalabd Niahe b
speed{at 10m) Insolation J
m/s Strong|ltoderate {Slight| Thinly £3/8
oyercas Cloud
aud.
<2 A A=B B - -
2- 3 A-B B 5 B F
3- 5 B B-C C D B
5- 6 5 C=D D ¥ D
> 6 c D D D D

For A - B Take average figures for A and B, etc.

Table 3,2 Key to stability categories
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Highlighting on this table Lewis (1977) and Slade

(1968) defined the degree of cloudiness " as that fraction
of the sky above the local aobnarent horizon which is covered
by cloud". They also gave the following interpretations of

the stability categories:

Extremely unstable conditions

=
|

B - Moderately Wnstable onditions
C = Slightly unstable conditions

D - MNeutral conditions *

E - Slightly stable condition

F - Moderately stable concition

Applicable to heavy overcast, day or night.
Purthermore, Culkowski(1963), for the sake of non-metcorolo-
gists refers to the three columns under daytime insolation
that is strong, moderate, and slight as clear, partly cloudy
and cloucy respectively,

The stability or mixing characteristics of the atmos-
phere are closely correlated to the relationship between the
vertical temperature gradient and the adiakatic lapse rate.
The adiabatic lapse rate is a unique atmospheric lapse rate
in which an element of air displaced from one layer to
another attains the same temperature as the surrounding

(slade, 1968}, Its numerical value is about 1°C/100m.
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The effects of the various possible atmospheric lapse
rates as compared to the adiabatic lapse rute on the
behaviour of plume from an exhaust stack are given in
figure 3.1, with the following explanationse.

Figure 3.,l.a shows a superadiabatic lapse rate.,Undar
such a condition a parcel of air rising will expand
adiabatically but not cool as fast as to reach the
temperature of the surroundinges &s a result it will
be at a hottor tomperature (less dense) than the surroun-
ding air and honoe continue to rise. IF on the other
hand, the paresl of air <was to sink . under superadiabatic
condition it willunderge adiabatic compresien with a rcsul-
tant tomperatuvr: inecease ,,This increase will however not be
sufficient to cause the air to attain the ambient temperature,
Thus the =ifsking air will be cooler(denser) than the alr in
the surrounding and will theefore continue to sink.. In
short, ohe can say that Vertical moticns of a parcel
of air under superadiabatic conditions will be acceleratedy
Therefore, a superadiabatic atmosphere is an unstable
atmosphere and causes the looping of stack effluent. Figures
3+14a and » show increasing stability of the atmosphera
With increase in stability a parcel of air tending to
move upwards will on adiabatic expansion become cooler
{denser) than the surrounding air and be forced back to
its former level, Simllarly,if air parcel was to attempt

sinking, on undergoing adiabatic compression, it will



()
{e)
3
-4
1

(a)

(e)

Height

deight

INVERSION BELOY,LAPSE ALOPT( LOFTING)

Figure

Tenpermture LAPSE BELOW, INVERSION ALOPT{FUMIGATION)
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aquire a lesser temperature than its surroundings and
therefore will be forced back to its former level.
Increasing stability therefore opposes vertical mixing of
effluent materials<Specifically figures 3,1.b and ¢ represent
subadiabatic and inversion conditions respectively. Under
an inversion condition the atmospheric lapse rate is
positive, Two peculiar cascs of lapse rates are represented
by figures 3.1 (d) and (e¢). These are peculiar in the

sense that the atmespheric lapse rate is not nonotenically
varyinge The stack plume behaviour und:r these conditions
are referred to as lofting or fumigation neing on

whother inversion is above or below,

It is notewortly to mention here,.-: Zdenheric
lapse rate and stability categori<s uno. 1ly
variations as may be caused by absorpiion oI solar ro.la-
tion by the earths' surface, cloud cover o uind spezde

Wind speed and wind direction :

4nd is a general term referring teo the horizontal or
near parallel to the earth's surface movement of air,.
Other movemsnts of air out of this definition are referred
to as air current (Albert, 1950), On the atmospheric
scaleyair motion is induced by differential heating of
the earth's surface by the sun., As a result of intense
heating of certain areas, the air there gets hot, expands
and rises upwards. This results in loss of pressure

from such areas. Naturally, air from adjacent areas being
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at relatively higher pressure will flow to the areas of
low precsure, This movement of air 1f fairly horizontal
is referred to as wind., Fleteorological observations and
summaries give two important info:mation about wind, these

are direction and speade

dind direction iz conventionally taken ac the direction
the wind blows from. The side of a body facing the direcc-
tion the wind is from is known as the windwind side, while
that oppesite it is knoun as the leceward side, ./ind
diroction is observid with the help of wind vanca

Wind direction data over a period of time iz st
presentod for dispersion studles witl: the heln of indr .
windrose (cardinal dirzction:) nictorical renrcsontition of
wind diraction data with lines of lengths proportiona' to
frequencies of vind blowing aleong the cardinal dircctions
converging to a centre (Slade, 1963), vrrevailing .iin
directions have the longest lines on the wind roce ditgram,
Prevailing winds are those winds that tend to blow wore

from onc direction than any othor direction (Gablar, 1975).

The rate at which air passes a refrence point is
referred to as wind.Thisisa highly fluctuating quanitity

especially near the earths surface. Wind speed is
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affected by obstacles in the direction of flow. wind speed

1so increases with elev:tion esheclally for the first few
hundreds of meters of rise in elev.tione. Variations in wind
speed also occur with the hour of dav 2nd season of the year.
On this, Albert (1950) states that hi h:r wind speed tends to
occur during the day than at night, i1th maximum spesed
occuring between twelve mid-day and ‘our in the a“ternoon.
“inimum speeds on the other nand occur round cavhreak or
sunrise wh2on all r=glons have attiined nearly the same
uniform temperature, This fact has Lecn demonstrated by
clegba et al, (1982) for Zaria anc other locations in Nigeria
and Nwa (1981) for 2Zaria.

Terrestial factors also influence &tmospheric dispersion

ceoefficient. These include erected structures and plant cover,

The concern rdue to these factors arises from the fact that
e ch of them introduces an obstruction to the flow of air
parallel to the earth's surface. .ith the flow restricted,
elem=2nts of turbulence cue to differcnt .erodynamic roughness;
elements (obstructing materials) tho concept of roughness
becomes important. Cerivation of rouginess length is outside
the scope of this work. It suffices to mention that it is
derived from the vertical structure (%%)o of mean wind
velocity u. More information on this may be obtained from
S5lade (1968), The roughness length, % 12 howeveg dependent
on the mean height, h, of the aerodynamic roughncss elements,
which in the context of this work are mainly plant cover.

In his book, Campbell (1977) stated that for dense

vegetation, such as agricultural crops:
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z = 0.13h,  eee—— (3.9)

o
This relation is dependont on shape, height h and spacing
of the roughness element. haize and rice ars coecifically

treated by Uchljima(1976); while cotton is treated by Stanhill

(1976)« For malze and rice the roughness length,zo, is given

 by:
By W 0062 BT s (3.10)
o
while for cotton it is
log z = 1.476 logh = 2,022 —=—eee (3,11)

If the vegetation is ccnse tall trees, Oke (1978) jives
log z,= log h - 0,98 £3.12)
For certain buildings which he r=2fsrs to ide2lized Luilding

configuration, Oke giv:s,

1
= 0.5h (A*/a") s § 36130
ZO

1

where A is =2zsuned lots Breas oo

A* is assungd sihoultte arep mo .

Issues raised in this chapter contiibuie to determination
of stack height. ey will be used te determine a minimum stack
height required to give adequate dilution of radicactive
gaseous effluents before they reach greund level. Concentration
of the effluents at ground level will be set well below the
maximum permissible levels. This will also ensure that deposi-
tion will not increase the level of activity in the areas

beyond acceptable limits,



CHAPTER FOUR THE SELECTED SITE FOR THE PROPOJED RESEARCH

REACTOR QF AHMADU BHLLO UNIVERSITY.

The Ahmadu Bello University, <aria is one of two
Universities in the country that the Federal Government has
regarded as centres of excellence in Nuclear Sciences,
and i1s therofore sponscoring research «nd training there,
for the developmant of nuclear technology. To this end,
the University is proposing to purchase and install a small
nuclear research reactor. In his M,s3c. Thesis, Ewa (1982)
-aft r 2 detailed snalysis of research reactors around the
world, nroponed a Priga btark II reactor for the University.
A site has since Leen choszen for the installation of the
reactor, when =uwrechased, the Jaria site case is studied in
this chantar with respact to environmental and meteoroloegical

factors ¥ obtained 3t the selected site.

1.1, samaru-——aria Location and Geoqraphy

'he proposed anhmadu dello University research reactor

is to be sit~d at samru, Zaria. +his is located in Northern
Nigeria (12%11N, 79 38'g) 4t an altitude of 686m above

sea level. Like most parts of Nigeria, this area has two, :”'
distinct seasons, namely, the rainy and dry seasons.

The rainy season commences around the month of April and
lasts till sometime around October or soy ‘he dry season
on the other hand is from November to March and possibly

early April, Prevailing wind directions during'ﬁﬁé”raiqi
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and dry seasons are the South-West monsoons and the North-—
East tradewinds., O©One characterastic of the dry season
period is the occurrcnce of harmattan haze., During such
periods, harmattan dust covers the lower layers of the
atmosphere reducing mainly  visibility. - As a result of less
earth's surface heating low temperatures:-.are usualtly ekpegﬂ
rienced, especially at night during iatense harmattan period;
The main occcupation of the people in the locality is
farming. Most of the farming is done during the rainy
season, Principal crops grown are guinea corn (Sorghum;spp),

Maize (Zea mays), millet (Fennisetum typhoides),yams

(Dioscorca,spp) and some cotton {Gossypium,sppl. Others are

ground nuts(Arachis Hypogaea),beans (Vigna,spp), conions

(Allium cepal), vegetables and so one During the dry season,

irrigation farming is carried out along most river sides.
Main dry season crops are vegetables and sugar canc(Saccharum,
spp). Cattle and sheep grazing is carried out around the
settlement locations while goats are found within the
settlement areas. Quite a number of civil servants are also
living within the Zaria environs. They are centred mainly
around the academic and other institutions that are situated
within the locality.

Some of the settlement locations within the immediate

vicinity of the selected reactor site are shown on Flgure 4,1,
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i ! Reactor Data

Being a research reactor of small power rating (1-3Mw) the
amount of fuel burn up of the proposed reactor will be
small, Hence very little radioactive wastes will be gene-
rated. Gaseous radioactive wastes emission to the atmosphere
will very much depend on thec operation time length, power
level, efficiency of filteration units and radiocactivity from
radicactive materials handling laboratories incorporated into
the reactor facility design. These are technical data which
are not yct available for the case of the proposed Ahmadu
Bello University research reactor,

As an index as to how much radicactive gaseous effluents
from a research reactor can vary i‘h zom of Ehe above listed
factcrs, mention is made~ cf two operltiOan'Tricn reoactors in
the United States of America. One i§ tho unique University
of Arizona (Tucson, United State of America) Triga reactor
that operates at low coolant temperature of about six degrees
centigrade for about three to four hours a weck at onc
hundred kilowatts power level. Virtually no gaseous
effluents are emitted from this recactor apart from minute
quantitics of argon fourty one|Ar-41) (Nelson, 1986).

The other is the Texas Engineering Experiment Station, the
Texas A & M University. This too is a Triga (open pool type)
reactor. It is operated for the twenty four hours of the
day and the three hundred and sixty five days of the year,
The reactor has an air handling system of 5,000cubic feet per
minute (2.36m3fs). The main airborne radioactive discharges

monitored for this reactor are ar-41 and gross particulates.
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Appendix C gives cnnu 1 summaries for particulate and gaseous
{ar-41) effluvnc r lecses for the Texas A&M reactor for three
consecutive yoarc, 1777 to 1985 (Krohn, 1986).

No definite (loc ruoe figures are yet available for the

case of tne proposed .luiadu gello university reseurch reactor.
for this reason, tha quantities G and «(x) would be used for
general discus.ion und these will later pe replaced bydischarge
figures from the Texas A&M reactor Qoand Q(x) are the rates of
efrlusnts pas lnyg cac steck orifice (o) and location, x,
respectively

Determination of stack height is one of the objectives of
this work. Therefore, various values of it will be used to
determine the effluent concentration of the various radiocactive

(effluent) gases. Stack height will be increased until the resul -

tant effluent concentration falls well below the set mﬂfimum‘

permissible limits. One of the highest stacks around Zaria that

of thne ecaria inuustrics Limited. can be used as a starting
or refarence poink for the reactor st:=ck height calculation.
The increa2se in source height given by Holland's eguation,
\
e T
ho= 1.5=d(1 + 1.88Td)
Al 1 =
z
1.88%a K1) to
would be approximatoc (because T X
v

An = 1_532d.

This is a valld approximation because most of the effluent

would be constituted of atmospheric air in addition to being

o s e ‘ ambient air
emitted at virtually the same temperature as .
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4.3 METEOROLOGICAL DATA

d.3.1 AtmosphericData

Twe metecorological stations are situated very close

to the proposed site and are located on cpposite sides with
respect to the proposed site. These are the Institute of
Agricultural Research (IAaR) ahmadu Bello University and the
Nigerian Civil Aviation Training Centre (NCATC) Zaria meteorolo-
qical stations(riqg 4.1). Both are locaited within the one hundred
and eighty kilometers distance from the site as proposed by
Briggs (1973) for a recliable data collection for a proposed
rural site. In fact, each metcorological station is located
less than ton kilometers from the proposed site. The

Institute of Agricultural Research Meteorclogical summary

was the one readily available and extracts were made theore-
from with respect to topics discussed in section 3.2 above,

Analysis of the data is presented below,

Stability category has been noted earlier on to be
a continuocusly changing phenomenon. Presented below are data
on some Sf the iactors ugon which stability category depends.
Takle 4,2 shows the summary of temperature readings
at two altitutes as recorded at the Institute of Agricultural
Research(I.A.R.) meteorological station. On the basis of the
data a very rough estimate of the vertical temperature profile
{(atmospheric lapse) for morning period+is presented in figure
4,2, Evening period‘lapse rate presentation is not possible

because data is available only for one altitute. Cloud cover

* 9:00am

* 4:00pm
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10 cm  AGL . 122cm AGL

Month Mean Temp Std.Deve. Mecan Temp Std.Dev,
% °c ¢ o¢
January 23,3 1.98 25.1 0,47
February 25441 0.30 25,7 0.20
March 2B8.6 0.77 27.5 0.00
April 0.2 0.32 29.2 0.31
May 29.3 1.06 29,4 0.68
June 278 0.30 2846 0.0%9
July 2642 0.82 2746 D.86
August 25.6 0.58 2647 0.00
September 26.2 0,13 26,8 0a.32
October 2046 0.83 2742 0.33
November 24,6 0a25 26.7 0.36
December 2345 0.14 2546 0a02

TABLE 4,2 Mean monthly temperature recorded at two

levels, 30cm and 122 cm above ground level

(A.G.L.), based on I.A.R. Meteorological

Office records for the period 1954 - 1985.‘f_<*ﬁ
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data 15 rather hard to summarise. ©On the basis of the
data available one can say fair cloud cover is experienced
over Zaria during the late May/ early June wvhen the rainy
season is commencing and during month of September when
the rains arc winding up fer the year. Between these two
periods, from mid June to the beginning of September, the
cloud cover over Zaria is fairly heavy and rainfalls are
frequent., Octcber to mid-November is a period of clear

sky. From the ending of November upto the late April, the

sky is usually filled with harmattan duct, In compliment

to this, tables 4.3 and 4.4 give summari. = ¢f zelar insola-
tion data as prescnecd Ly Folayan and Guunoiyi (13895)

and the rainfall monthly mcans as cobtalinnd from the Institute

of Agricultural Research metccrological =ztation respectively,

Wind speed data reduced to monthly means, for the
twelve months of the year, is presented in table 4,5,
Monthly wind dircction data were reduced to a form from
which the windroses of fiqure 4.3 were drawn. Chi-squared
tests applied to the main wind directions cave the results

shown in table 4.6,
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Month Mean Total Rainfall Standard

deviation
mm mm
January - -
February 0.6 0.6
March 28,5 4.4
April 57.6 57.6
May 103,.8 3649
June 152,45 10,3
July 223,0 90,1
Auqust 261.8 Beb
September 212.,5 49,2
October 6643 17.5
November 9.0 9.0
December - -

TABLE 4.4 - Rainfall monthly means and standard
deviations based on I.A.R. Meteorological

Office records for the period 1954 - 1985,



Month ~Mean wind speed Standard deviation

m/s m/s
Jgnuary 1.68 0.28
February 1477 0.31
March 1.70 0,45
April 1.96 0.22
May 2418 0.76
June _ 2.07 0.68
July 1.85 0.18
August 1.58 0.01
September 1a15 0.2
October 1.02 0.11
November 1.22 0a24
December 1.48 0,19

TABLE 4.5 - Monthly mean wind speed with standard
deviation for data obtained from the
I.A.R. Metecrologlcal 0ffice for the

period 1957 - 1985
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Fige 4.3 .a — Windroses for the months of January,February
and March,
(figures in brackets give percentage of wind
in prevailing direction).
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Fige4s3eb ~ Yiindroses for the months of April,May,and June,
(Figures in brackets give percentage of wind in

prevailing direction).
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Fig.1.3 «c = Windroses for the months of July,August and

(Figures in brackets give percentage of wind

in prevailing direction).
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Figede3ed - Windroses for the months of October,November and
December,
(Figures in brackets give pereentage of wind in
prevailing direction).
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Month Main wind Expected number °*Chi-
direction of daysfor main squared

wind direction,.

January NE 27 12.89
February NE 22 31.23
March NE 15 52,27 7
April sw 18 39.78
May SW 24 17.96
June Sw 23 12.96.
Tuly o 24 17.50
Auqust SwW 23 19.20
Septembor sW 16 15,44
October sw 13 56.45
Noverbor NE 24 48,48 *
December NE 25 20.28

TABLE 4,6 - Chi-squared test results for the main

wind directions.

*Critical value for chi-squared test with
27 degress of freedom at 5% significant
lavel is 43,113, | |

+Cﬂi-squéréd value greater than cfiﬁicél

value,
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4.3:2, Terrestrizl factors

The selected site is a gently rolling terrailn
almost aleoeng the north east-sourthwest direction. #ith
the aid of a theodolite, measuring tape, telescope
and a leveling staff the selected site was surveyed.
Data was also collected for the plant cover height within

the selected site and its adjacent locations for both the

rainy and dry seasons.
‘he averaqge slope of the gently relling terrain was

found to be about thirteen in one thousand. The
nortiieastern oart is on the higher elevation than the

cuthwestrn parkt o Near the Kubannl river bank and the

v ki slove is slightly hichers From the plant cover
‘it roughness langths were calculated. Assumptions
~ro are tEhtt orass and crops beleng to the same class
in rie:r and raize, -t is also assumed that these contributed

: non=varying height within each month during the

grovwiing season (late May to carly September), Negligible
contribution frm trees is assumed, due to

the rather low tree number density. ©On the northwestern

side however, where the built ° up area of the lNain Campus

of Ahmadu Bello University is, plant cover is mainly trees.
Average tree helght of this area is about ten meters, Table

47 gives a summary of the plant cover data,  including some

data collected by Chobe (1986).
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Month Mean plant Roughness
height length
h{cm) Zg (cm)
January 10 s P
Februarvy 10 0.7
March 10 0.7
April 10 L P
May 15 12
Jun 33 calt
July P4 T4
Auat ! 153 14,2
sentrnbor 230 220
Cct r 150 13.9
NMovembor 60 52
Decembor 30 2.4
Main Campus side 1000 1077

TABLE 4.7 =  Summary of plant cover height data.
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43,3 Settling speed Vg

This o a coefficient that is used in multiplying the
air concentratiom of the effluent to obtain deposition rata.
Even though it has tho units of velocity, it does not refer
to actual gravitational settling velocity. Its units are
derived from dividing the quantity of material deposited per
unit area by the volumetric concentration in the air just
above th: arca (Culkowski, 1963), Scttling speed may
actually bo orders of magnitude hicher than would be expected
from rurely gravitational settling, This is beocause apart
from gravitation=2l settline ~ther facters like absorption,
impaction, diffu~ion and POﬁsiblY chemical! and electrostatic
effects all coniributeg to settling voioncity (Cifford and Pack,
1262), Valu~:c of sektling speed Vg quoted in the literature

for gaseous and perticulate radioactive nfflusnts £fall in

b ] -

tha ranas 3x10 =10 " m/s for iodine, 0.1-0,2 m/s for
caesium and strontium on veqgetation (Cowser et al, 1971),
These values are of the orders of these used in simulating

the Chernobyly April 1986 4 nuclear reactor accident

fin

(ApSimon and Wilson, 1986 ; ApSimon ¢t al,1986). One other
factor that is likely to increase the settling speed in the
Zaria location is the persistent harmattan dust cover for
the greator part of the dry s~ason, Naturally, absorption
and coalition of some of the offluent material and harmattan

dust will increase the settling speed of the composite

mat(‘rial -
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44304 Rainfall washout coefficiont.

Of all the data presented in thiz chapter the data
on rainfall has the greatoest dispersion. In addition to
thiz no data has been obtained on the averaage rainfall
duration and intensity., Cowser ct, al (1971), have
indicated some values derived for both vapours ané particles,
These arc that at rainfall intensities of a few millimeters
per hour valucs are of the crder of 10—4 per second, For

particulces of a few microns diameter this coefficient is in

2 -4
the range 10 4 to 3x 10 per socond, Values in the same
range have becn reported for lycopo-dium sporrs(Culkowski,
1963) .
4.4 Numerical Scolution.

Computer programs werc written, on the Iya Abubakar
Computer (Cyber 72) of Ahmadu Bello University, to evaluate
the dispersion coefficients Oy(x) and 0,(x) as functions of
downwind distance, xe. These were utilized in evaluating the
relative concentration of stack effluent material per unit
area,'ﬁjQ(x), at ground level along the centre 1line of the
prevailing wind axis. The value, Q(x), representing the
rate at which effluent material passes location x, is utilized

rather than the emission rate at stack orifice, Q to

o
account for reduction in material due to depositional losses.
The ground depositional rate per unit area, wix,y) is

itself given by,

W(x,y) av; (XyY,0) e (4.1)

For the relationship between Q(x) and Q,, see the derivation



5%.

in appendix A «II. Graphical representation of some of the

rosults obtaincd for some stack heights is presented in the

figures of appendix De. Fiqure D.1 qives variations relative
air concentration per unit arna'ifﬁ(x),at around level ywith
horizontal distance x, Figure D.?2 is a sprcial variation of
some of the rosults in Dels It shows the expected effluent
relative air concentration per unit area,at some of the
important locations as function of physica! stack heiaht,
Figure 0.3 gives the plume depletion, Q(x)/Qgy 3as a function
of downwind distance. A 'NAG'library subroutine,'DO1AHF' was
utilized in evaluating the integral envolved in Q(x)/Qo. This
subroutine was also utilized in evaluating Xs the mean concen-
of effluepk at ground level, along the axis, figure [M4. For
the results :or which D.4 was crawn, the airborne effluent
discharges of Texas A&M Trica reactor were utilized,

Constants used in the comput-r « nwlations are from

Hosker (1974). Summary of th.se is given in table 4,8,

Stability
Category a4 b, a, b, Ch
A 0,112 1.06 5,38x10~4 0.815 0,22
B 00130 0.950 6.52x10=4 0.750 0.16
c 0,112 0,920 9,05x10™% 0.718 0.11
D 0,098 0.889 1.35x10~3  0.688 0.08
E 0.0609  0.895 1.96x10™°  0.684 0.06
F 00638  0.783  1.36x10"2  0.672 0.04

TABLE 4.,8a- Values of constants ay,bq,a5,b, used in calcula-
ting g{x) for the vertical dispersion coefficient
0.(x) and cq used in calculating the lateral

dispersion coefficient 0,(x) for the various

Y

stability cateqgories (x is in meters).
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Candie] Cive s oo oo DU, UNCLULION NC e Ui NUa CLONS
5.1 DISCUSSION
The s2lectod - lte for the ressarch reactor of Ahmadu

Bello University ~nd the Jaria sUrrounding environs have been
presented in Jicure 4.1. extracts from the shmacdu Sello Univor-
sity masternlan, figure 2.1, shows the detailed boundary of the
site. The site <itcnd, to about seven hundred metres along the
Rortheast ~soutnwogt diraction and is about five hundred metres
in the Northwest-_outiharst direction, some important locations
close to the site arc the Area A (one of the staff residential
areas) of tne Main €z us, the Federal Ministry of .orks and
riousing quarters («larg che wokoto road) the residential
guarters undor Tonstruction opposite it, the wnigerian Jivil
aviation rfraining Jentre (Steff quarters; Jema'a village/f
aktbatoir, the Kubanni rivoer/dam, Unguwar Mallam Shuaibu and
farming/yrazing lands arcund these locutions, ~ll these are
shown either in ficure 4.1 or 5.1. From the windrose diajrams
of figqure 4.3, two nrovailing wind directions can easily be
identified, fhese are the worthzast and Jouthwest directions,
These fijuresin -onjuction with the rainfall data confirms
that the Jouthwest winas bring moisture-=laden air [or rainfalls.
The Northeastorly wind on the other hand, is dry and harmattan
dust laden.

~yith respect co the site and northeasterly winds blowing
therefore, theKubannl river/dam and Unguwar dMallam shuaibu
lie along the lecward side. Any airborne effluent from the
reactor at the site will thus be blown over these areas. This
will happen mainly for the months of November, vecember, Janua-
ry,Pebruary and parts of Farch and October. (see windroses of

figure 4.3). The Kubanni river/dam 1s loccated at about one
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thousand m-:iros vy viille Unguwar Mallam Lhuaibu is located
at well ovor Lwo Cuounond me-tres. nelative air concentration
per unit d4rea =t theoo two locations may oe reaa off from

the diagrams of llovaitnr onc rebruary in figure p.1. These
however, tends bto .o lsleading at first glance, a more straignt-
forward information ... ort.inec from figure D.2 (for the same
months). ~“igure D.2 Zives the plume depletion fraction q(x)/qo
This gives in‘ori-T.on on ceporftion of effluents with downwind
~istance. riqure Do/ .or tnese nonths gives the expect=d ;round
level concentraeticns of effluent waste material for stack of
various heignts. The JoXas a o M University, Texas, U.SeAs,

one wegawatt Jrlgo roeonlor discharge data was utilized in
evaluating: the dovwnwind concentrztion of effluent of zZnis
figure. fhe wmontihh: ol PFeoruary and sNovember were soecificully
sclected for trecting the dry season effluent downwind
concentraition istrilution because they rooresent tne hignest
ciffereances that o...uir in both windspeed and roughn=ss length
for that »eriod (sce & Lle 4.8b). it should be recalled that

ength are important factors in

-

windspeed and rcughnoes.
det2rmining stock o.Zluent distribution pattern.

Tor wind rron the southwest of the site, airborne
effluent materials will Le carried over the receral rinistry
of works and .oucin¢ uvarters, the houses under construction
opposite it, parts oI the Sokoto road in bLetween these two
and may be some £.::11 portion of aviation staff quarters and
areas beyond. ‘ho anoronimate distance to the first three from
the centre of thwe site is over one thousand netres. The months
during which wind i: nredominantly southwest are ray, June,

July, August and n:.rts of september and .pril {see windroses of

’,‘_L_\H‘“\,‘_ Bb?d 55

-
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figure 4,3). again on the basis of windspeed and roughness
length, tible 48b, the nonths of May, July and Leptember were
chosen from th~ routihwest wind direction perlod for analysis,
aesults for tacce wonths are given in figures D.1 to D.4. .

the Area A stafi qyuarters of the Main Campus presents a
perculiar case of itself. It is one of the closest locations
to the site and haz danse trec plant cover, of average height
over ten metres throushout the year. alrborne waste material
will be blown ov.r .hls area tor southeast winds. southeast
wind jreatest nrouuble period is september, and this has only
about twenty percent occurance probability out of the september
period for tne thirty two years data analysed (see windroses
of fijure 4.2). fesults for the Main Campus side for the month
of .eptember are also shown within figures D.1 to p.4.

dy virtue of the windroses of figure 4.3, discussion on
deposltion and effluent concentration at ground level is limited
to the above. Results-of chi-squared tests applied to the main
wind directions. Table 4.7 strongly suggests that any effluents
will be mainly dispersed along the directions discussed, that
is southwest and northeast. The only periods exceptions may be
applied are October, November, March and possibly April where
chi-squared tests have failed. It is not suprising however, that
the tests have faildd for these months, because it is during
them that main wind directlon and seasonal changes occur; see
figure 4.3 and table 4.4. Considering data on windspeed, day-
time insolation"and the tropical loeation of the site, the
stability categories most likely to occur at the site are A, B

and may be C. The cases of stablility categories A to D were hln,ﬁT

however, utilized in evaluating the results presented in appen-
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Figure D.1, from a recast of equation 2,14, gives relative
concentration, X/Q(x), of effluents at ground level as a function
downwind distance for various stack heights. The numerical value
of maximum X/Q(x) decreases with increase in stack height. The
downwind location of maximum X/Q(x) on the other hand incrcases
with increase in stack height. Very low stack height produces
large X/Q(x) near stack base for all stability categorics. Repre-
sented in figure D.,2 are versions of the diagrams of figure D.1.
In these diagrams, relative air concentration of effluent, X/G(x),
at ground level is plotted as a function of physical stack height,
hgy for some selected downwind locations, x. The downuind locations
selected correspond to approximate boundaries of exclusion and
restri~ter areas, settlement and farming/grazing locatino. Hifects
of increased stack ha2ights for each of these locations can be
observed from the aforemontioned graphs. Fiqure D.3 gives plune
depletion fraction. This fraction re csents the crosswind integral
of effluent materials remaining in the air, G(x), diviccd by the
quantity Qo emitted at the stack orifice. Subtracting plum: deple-~
tion fraction, at any location, from unity gives the amount of
ground deposition that has taken place vetween tne stack base and

that location. From the diagrams in this figure, it can be observed

that both deposition quatity and rate reduce with increase in stack
height. The final figure, that is, D.4 combines the information of

figures D.1 and D.3. In evaluating the results used in plotting
the graphs of D.,4, the highests values of airborne effluents dis-
charges from the Texas A & M one megawatt reactor were utilized,
The graphs show the values of mean concentration of effluents, EL
in air at ground level as a function of downwind distance for
various stack heights. The very useful information derived from
figure D.4 is the basis of fixing the minimum stack height required

to give a maximum concentration of effluents (Ar=41) in units of



58.

18 ~;/cm3) at all downwind

fermiCuries per cubic centimetres (10
locations for any of the stability categories A to D,

The minimum stack height required to achieve the value of
concentration given above is thirty metres, see figqure D.4 (in
particular for May and September). To arrive at the figure of
picoCuries percubic centimetres, the usual criterion of limiting
the exposure of members of the public to less than ten percent
the maximum permissible ;imit for the radiation worker was
applied to the data of table 1,1. In additicon a further reduc-
tion factor was applied, to take care of possibilty of expamsion
and higher releases due to malfunctioning of the reactor amd/or
the airborne effluent processing units. The resultant minimum
dilution factor of effluents concentration (concentration at
stack orifice divided by maximum-concentration downwind) achieved
for the tnirty metres stack height is over a thousand. This dilu-
tion factor is much smaller than that achieved at the exclu=
sion area of the Texas A & M reactor (footnotes tables C.1,C.3,C.5).
It is worthwhile to mention here that shcould the discharge
figures of the Ahmadu Zello University research reactor be much
different from those utilized in stack height analysie, the con-
centration figures of figure D.4 may be utilized by appropiately
multiplying, to check whether or not a different stack height 1is
reuired to achieve the above set limits. Similarly, should any
ma jor accidental release of airborne effluents occur, the resul-
ting concentration of efluents may be determined by appropriate

multiplication of the concentration of in figure D.4.

5.2 _CONCLUSIONS AND RECOMMENDATIONS

The objectives of this work, meteorological and stack height

analysis, have been presented-.above. The available meteorological
%
data have been acdequqgtely analysed. Results show that the site
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for the installation of the Ahmadu Bello University research reac-

tor has reliable meteorologlcal features for the safe atmospheric
dispersion of low level alrborne radicactive wasres, Among thesge
are falr windspeeds, well defined wind directions, seasonal varia-

tions and other atmospheric dispersive capabilities for adequate
dilution of alirborne effluents. One other adevantage of the site
1s the low population density along the main wind directions. The
results of the meteorological analysis when applled to the stack
analysis, gave the figures of appendix D. The minimum stack height
required to give a resultant concentration of less than ten fermi-
Curies per cubic centimeter is thirty meters above ground level,
This height gives a minimum dilution factor of over a thousand,
Under normal conditions, the reactor can be operated all the year
reund at this site. In the event of any accldental releases, areas
requlring immediate health emergency measures or evacuation, if
the need arises are those located downwind of the site. These
include some peripherial parts of Area A, the farming/grazing land
around the Kubanni river/dam, Unguwar Mallam Shuaibu, Jemaa and
far away Pehauya and Danza villages for the period October to April.
If the period is May to September on the other hand, then emergen-
cy measures should centre around the Federal Ministry of works
and Housing Quarters, the new residential quarters under conztruc-
tion opposite it and some small portion of the Aviation Staff
Quarters (Site IX)., with the yeactor at’ the selected site, the bulk
of A.B.U. Maln Campus, Samaru village, Basawa, Palladan, SabonsGari,
Tudun Wada, Zaria city, Wusasa, Tukur-Tukur and Gabarl are safe all
year round. "

To limit fhe number of members of the public that can get
éxposed to radiation and to limit the scope of of any emergengy

operation that may need to be taken, settlement expansion in areas

located downwind of the site should be strongly discouréged, Com=-
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mencement of background surveys and analysis of airborne radiocacti-
vity at the Zaria site and all over the Federation is recommended,
Classification of results of such surveys into levels of activity
and possible radionuclides will facilitate determining the addi-
tional manmade radioactivity the environment can tolerate. In addi-
tion, it will . also help in determining whether the regional mining
of uranium ore in the neighouring Niger Republic and the global use
of nuclear energy for power produetion, weapon testings and catas-
tropes of Chernobyl type are producing noticeable effects in Nigeria.
It is believed that these are basic prerequisites that will help in
determining locations in Nigeria where nuclear power plants can be

sited.
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APPENDIX A

.

A1l SOLVING THE INSTANTENEOUS POINT SOURCE PRCBLEM,

As has been discussed in chapter two of this work,

the instanteneous diffussion problem to be solved is

% - xv?’x
| 2
= K s "r ) (. .1)
g éé‘)
subject to the boundary conditions
X—0 as t—> 0, r>0 (a., 2)
=20 as t——=Pp oo (8. 3)
and the continuity condition
2 =
J")@?. 4::{‘!; dr = Q b

By the first statement of boundary condition (a.2) is
meant that the diffusing muterial is confined to the
release point at the instance of release. IR other

no diffusing material would be found far off the

release point. At the inshince of release therefore the
spatial concentration of the diffusing mate-ial may be
represented a delta function. The second statement of
the boundary condition implies that after a substantial
time interval has elapsed the Spacial concentration of
the diffusing material will tend to Zeroydue to the dilution
effect of the diffusion. The continuity condition on
the other hand is a necessary condition requiring the

conservation of diffusing material. The spacial integral

66.
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of concentration o diffusing materiul over all space

must be equal to the quantity of material released.

fo solve this problem, Kompaneyets (1978) made

the following transformation to « dimensionless quatity.

2
3 ) -EE (a. 5)

: " 2
implyin the dicmension [K; = [ljt}
-

This is because the initial volume containing the diffusing

materizl iz infinitesimal and as such characteristic

auantitzc vith dimensions of length are not involved.
or the ouantity of diffusing material to be independent
Fine he joeos on with the transformation to the

continuity conditione.

(23]
e
- 4ﬂ|xr2dr-4nff e2ye2, dr
b 0
Co
=4ﬂf(3)31§d3 (ae 6)
372 g2 °
where X -« (K:E) £ (5es)
Kt
o
(Ke) £ (3) Cae 7)

Justificatkiosn for the above statement stems from
the fact that the quantity of diffusing material is

time independent and the following analysis.
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r2 = 1".t3

2rdr = th'3

.“ £‘2dr = {i\t)3/2 Blf da

Z

since the quantity 3¢ time independent then function X must

3/2

involve 1 coeficient of (Kt)™ to neutralize that in rzdr.

llence, the relation

X- {i.t)-3/2f(3)

substituting this to the left had side of equation ( a . 1)
&K - @ (kt)~3/%¢ (3)
dt ;Z
) B y ik ..5..2
= 32 2
2t(Kt) (kt;3/ &
but = E..
) KE.
2
83 = "y q 'e;_ == ';'
Ktz 8t ok
% . -3 f3) 3/2 - 33/2 8§
= dt 2 t 1=} t 53

. 3 £ f (a .8)
.- ;'(kié')“f"z { += ‘.‘323 2

Substituting equation (4 .7) into the right hand side of

equation (a.1l) and working the derivatives,
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P B
(Kt)" 5
From s: ....EE. = 56 i .
Kt _ K‘F
«*e 82 .  o.
‘.‘ Sx = ’r &f
Er ‘ % £
(Kt) 4
-
and _}i_g rz. £ K E z ?r .
ré 6r E—Ex=r2 sp(r—-——-&;}_f
(k2 5
= 2K & (rz Sf)
2 oL
r (Kt)- &r o
T A Ef 3.2 3 & 5t
rz(Kt)P 53 &r 65
J
= 2 3r2§_f_ ri 8 s_gz_f }
3 s sr 81 83
re{Kt) 3
= 2 2
> ) ir _5_@'_4{ gg 82f F
r t(Kt) 83 P EEZ
= p 31:,2 4 2
33 £, 2 -2y B £
(k) ( . r ;
1 SO iy e
Kt 5
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|

Equating cquations (a .8) and (4 ,9)

-1 . g /6-5-§+4s? \
ke 3 t(Kt%k 53 ]

L 1) - > 3
or 43f+6f +3f + -é-f = 0 fa,l10)
)2 *8n
whecre f = 8fF . r; 5

S 5°F
3 632
Equaticn {ae.10) may be splved by the Frobenius methed

(Stephenson, 1973). This means we try a series solution

of the problem. 0o

Let £ = Z an55+n
n=0

where s and ap are constants.

e
Hi
-
i NAR
——
3
T+
4
L
o
U
%2}
+
o}
1
—

= g+n=2
2. Z(n + s~1)(n+ts) ani")

Therefore, cquation (a.10) becomes

n+s-1

[+
!.Zro“'(m-s—l)(n+s)an %n“- Z_G(m-s)an g

il n+s 1-::' 3 nt+s
+ (n+s) v = 5 =0 @.,12)
néo ana-) n=o 2 0 -
oo
Z I'H-S—'l =. +5
poolntsifd, + 4, = 4 +6 an% o+ Z (m,sgg)an =0
) n=o
00

if=s_12)Y
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For n-o

ao # 0 % s = 0 - a= _1‘.:

Taking s =0, ecuation (a.13) becomos:

ET (A ) g et - n-1
e Y n=1 * an_1'; = 0
": 2 2 n‘—l n_,l
néi e B }an' t . (n+'%)a 3
) n:]. -'1 ) = n
' 1
Z_ n(4n +2)ag + (n4t)a . n=l . s
n=1 [iem"] f _an )
N
= nldn + Dap + (n + ° )ag.
or 4n (n + Yap A . n

This gives

3y " "o
4.1-
= -a
a2 1 = ao

4142

42,2}

n

and generally a_= (-1) a

!. (l.15)



n
= £ (=12 & n ..
PLI | @ .1
or ff2\= a . a2 in 1
o
This can be expressed as:
£ = aoexp(-sltl) @.17)
This function assures the ceonstancy of the quantity q,
diffusing material unlike in the case where s= =k

(Kompaneycts, 1978),

L ]
.
.
o=,
il
™s
f47]
b
t
+
-
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Usino the equation (@,17) in the continuity condik ionm,

that isfa,6), the value of the constant a, may be obtained

Fhuss %

1
Q = ATfa_ Saxp(—BM.)dB

2

let 1 = %}4
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- 16 a ¥ 11" i

o ——— g 83 n)

2 oﬂ'

ooo ao = _93‘;—_— (...17)
sty ™

f(3) s ?Q{——exp{-aﬂl) (2.18)

Therefore, th~ spatial concentration equation,{a.7), on
substituting equations (a,18) and (@ .,5) becomes:

AXir,t) = % axp(-r?/4KE) a. 19)

—Q
(4Tt Kt)
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A JIT THE FRACTION OF FRFFLUZNT PAGSING DOVWNWIND LOCATIONS.

Ideally tha concentration of effluent material at ground

passing any downwind point is given by

_ ,
X(x’y,o) == Qo e y2 H
ol P = - -
ﬂ_o'yo-zu 205 2t —"'"""220. Aa.20)

Deposition of th2 effluent on surfaces at this level howover
causes a reduction to the initial socurce strength Qo. There-
fore Q  may be replaced by Qi{x). TIf the deposition velocity
is vg,then the rate at which material is deposited per unit

tred

area, w, is civon by

wliyyd) = 'véi(x,y,o) L |  ag21)

Th o profnre, the actual rate of passaqge of effluent over any
roint i1l hoe lower than for the ideal case. The depletion of

th~ sourse por unlt distance is given by

oo

EQ - _.f wlx,y)dy

&x
- .
{sec Hosker (1974}, Slade (1977)).
From substituting Q(x) for Q4 in equation (a,.10), theréfore,

BA(x) ’ 20 aw vg_ N
Bx Ir a _ s

20,

a9

Rearrangings integrating and substituting the values of Q(x)

at the origin, that is Q,, gives

Q) expl - (2. vg (a422)
Q -
o u

'~ This relation is to be evaluated numerically.






