Chapter 4
TRRSIM modeling

TRRSIM stands for Thai Research Reactor 1/M1 simulation model. This model is done in one
dimension and one group of neutron energy. In neutonic model, it is prepared along the length of fuel pin
which in the radial plane is smeared for all materials oonsnstmg in. The radial axis is used in thermal
hydraulic modeling which only an averaged fuel pin is used.

Thermal hydraulic model is done in one dimension in cylindrical coordinate. Heat is by-product
of fission reaction generated in fuel-moderator, Tt t of heat need to be removed to coolant by

conduction inside fuel pin and conves ic cl lad and coolant interface. The thermal

density. . :

Due to a certain amoun i | cfficient, 1 utronic model get a feedback from
changing in fuel-moderator te
coefficient would be affected.

4.1 TRRSIM assumption

This model is prepared i ified £ Wik assumptions as followings.
1. Neutron energy used in model i =i
2. The neutronic model is pmpared ino
3. The elements in reglonllsrje‘” A ed mixture
4. The neutron flux ~,-',  ',
5. Neutron cross section section at thermal energy except

T a )
fission cross section wuseﬂange with ﬁxel-moderator tempera

6. The negative ten nt i at 2 alue
s €71 1 ﬁm 3TTIAS o
moderator in wch'uglon

8. Heat

QMBI TR Y =

9. Heat conductxon equation is done in one dimension, radius in cylindrical coordinate. The axial
conduction along the fuel-pin is ignored.
10. Coolant flow in channel is assumed to be force flow and constant over all conditions.
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4.2 Neutronic

The homogenized core is devided in to 29 regions; 15 in active region, 6 regions in graphite
‘reflector and 8 regions in water reflector. In the active region the space between each node is 2.54 cm, 2.9
cm in graphite reflector and 25 cm in water reflector.

As we know that the finer the elements, the better accuracy of the calculation result. The
limitation is that equations are in matrix form and will highly increased calculation load if higher series of
equations are solving.

A Mark III, safety analysis
reponatpowerlevel2000k ' . m/sec. This flo myehience in this calculation and

CoolmgSystemhavezmoF pnmaryandsecondary Themmaxycoohngsystemnsthewaterm
pool where reactor core-gunk ol contains demincralized i ity around 153,000

‘ i by ux. Some contaminated

elements in water will bqucome radioactive. Dxﬂierpump will slow down flow of radioactive elements to
s 1) 3 61 3191717187161 0

Secondary cooling loop will cool down the primary loop by non-contact heat exchanger. Cooling
tower disipawhwwenﬁmnmntﬂwanﬂimwmpemmmmdhumiditymighteﬁeamemmmﬂow
temperature. Constant secondary loop temperature is assumed to ease the calculation.

Heat transfer coefficient is assumed to be constant over the whole operaling power and
conditions. One important factor to define heat transfer coefficient is the coolant velocity which is
assumed to be fixed as mentioned before.
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Heat conduction along the fuel pin length is assumed to be negligible. All heat generated will
only be transfer in radial axis.

Water Reficetor

4@25cm
Graphite Reflector
3@2.9cm

Active Region

Q "“"' BN Y

Fxgnre42Reglonsmfuelpmmthamal -hydraulic model
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Transient Rod D
Controller _

Figurc 4.3 Block diagram/c ¢ calculation model

4.4 Merging neutronic and

Y, SR \' with a factor named as “
temperature coefficient”. As nention 7 ‘ this lﬁwrhasthisvalueinmimlssign.
Whencver fucl temperaturc inc theoorerdacﬁﬁtydectease 2

If starting with certamﬁﬂoondm in each region. Then
et s o i) ] B o'

_diffusion equation. thatneutronﬂuxlsselvedthroughomthematnxformofknownparametasm

T AT =
"'-."“ el-pin témperature cause ‘changi h shall effect the
[ission rate in the next iteration.

This calculation is repeated till getting stop signal. Block diagram of the calculation model is
shown on figurc 4.3.
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Transient Rod
Controller

Figure 4.4 Block diagfm/0f et " iﬁ.ulicmlculationmodel

il ’Jsu w o A
B i

~

In the model development i, Cassase® i e, data file stored calculation soquence of

yréclassifie ve difiérent prefix. We start with AAA

which is used as calculatior ? nt and in 0 erface blocks were placed at

the beginning.

Somemputsanepulsesn@aléwln stayforo%onentemnonandmﬂchangemtetothedeﬁult

state on the next iterat e gelf rese : W . The output interface

blocks are just blocks gat atic -i .Theywillwseyouwhile
* programming the mterface module in the front énd preparation..

P e ) e o Y Db e e
iteration. Temperature calculation blocks are placed next to the neutron source term and again some
parameters are getting from initial condition at the first iteration.

Fission products calculation blocks just follow the temperature calculation blocks. Then atoms
density, absorption cross section and fission cross section in regions are considered taking parameters
from the above calculation and rods position.
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coolant flow area, Acf

Figure 4.5 Enlarged onc uniéfuei-pm-ccll: the innere eprescat Zirconium rod,
second ring : i ]

zirconium rod density 7
hydrogen content in moderator ( zigéo

.Ifweasumcthatlcm.

Total unit cell volume in 1 cm. length m) - ax(ntty+Acf  cc

_J_I

fuel-moderator volume = : 7 X ((11)(12)°) cc.
U-235 concentration 7 Sl e (@)’ (12)") Vier gram/cc.
U-235 atom density v_——_ X PIXTXY ,::" tot X NA /235 atoms/cc

In the same way, U-23Rmuoonium and hydfogen atom in fuelﬂoderator central zirconium rod

““"““‘“‘““““ﬁ” UHINYNINYINT

U-238 atom density w1 x‘(l-WZ) Xp X E((r,) “(12))/ Viot ﬂA /238  atom/cc.
zirconium m ﬁﬂ(m% “ q {gxﬂraq @822 atom/cc.
hydrogen in an ‘Q WI1)x X x py X 0 X ((1;)*(r2)")/Vier X Na atom/cc.
zirconium in oentral atom density X (12)” /Vier X p2x Na/91.22 atom/cc.
coolant( water) in flow channel "~ Act/Vie X Na/18 . atomlcc.
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Stainless steel cladding is alloy metal consisting of 3 main ferrous elements; Cr 18%, Ni 8% and
the rest is Fe. It’s physical properties is 7.817 gram/cc. in density, 16.3 W/m C in thermal conductivily
and specific heat 0.46 ki/kg C.

Fe atom density in cell X ((r1+t)°r1)’) x 7.817 x 0.74 x No/55.85/V,,x  atom/cc.
Cr atom density 7 X ((r1+)°<(r1)*) x 7.817 x 0.18 X Nao/52/ Vot atom/cc.
Ni atom density 1 x ((r1+)*~(r1)®) x 7.817 x 0.08 X Na/58.71/V,,x  atomycc.

Theaneawmdendtymlcmmionisanisohﬁnguﬂtwﬂwimmnanydismrbanmﬁommnﬁd
rod. The control rods occupy the same cell area & ( Acf') but differ in pin size and chemical
compositions. They all contain Boron . Changing in rads position will
affect absorber concentration in reg | as neutron flux and neutron flux
—
distribution in reactor core. /

If we assume the total ¢ mb is 100 1miis, position changing in one control
rodwillbeaveragedalloverthe 3/ ol rods | ing fuel-moderator follower and one
with air void follower. Consider fuel ’ ' figre

Control rod cell consi rod and absorber. In the same
wayasdonemfuelmodemorcell fiE 2 % -“A

qalz o, '.; F 4
el L
e AC,CT cm

coolant flow channel area ‘i"

”: flow area, Ac,cr

QW’]’GNﬂ INg1a Y

Figure 4.6 Fuel-follower control rod lowgr region

T192412.%9X



coolant flow area, Ac,cr

In the lower scction ( ﬁml—modc:B

/
"\ 17

iﬁﬂﬁmﬁl’lﬂﬂﬂiwmﬂ‘i

clad thickness

mm = QIRA R U INY TN Y

Uranium-23
fuel-moderator density
zirconium rod density

hydrogen content in moderator ( zirconium hydride )

P

P2
X
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in the upper region

absorber outer radius 3 cm
absorber rod density D3 gm/cc
Total unit cell volume in 1 cm. length ( Vi) 7 x (r3+1)° + Ac,cr cc.

In fact the total cell volume of control rod and fuel-moderator is exactly the same but differ in the

coolant (low channel area.

fuel-moderator volume x ((13)°<t4)) x (1-Y) cc.
U-235 atom density @ X (1-Y)/ Vi x N3 /235 atoms/cc
U-238 atom density x (1-Y)/ Vi x No /238 atom/cc.
zirconium in moderator (1-W1 it X NA/91.22 atom/cc.
hydrogen in moderator atom 4)°) X (1-Y)/Vi XN atom/cc.

zirconium in central atom densi A x (W x (1Y) X p2/Vie X No91.22  atomw/cc.
Boron Carbide volume : Lt \ xx (3’ xY cC.

‘Boron Carbide consists of 4 ato 1 ané of Garbon sith molecular weight 52.255.

Boron atom density , (135 X Y X p3s X4 X Nao/52.255/ Vi atom/cc.
Carbon atom density ’ atomy/ce.
coolant( water) in flow channel atom/cc.

Control rods’ clad ar¢'made from stainle : ‘; i€ Tuel-moderator pin.

Fe atom density in cell ¢ o mX((3H) -(4)3) x7.817x0.74 x No/55.85/V,y  atomy/cc.
L RN s AT i—
Ni atom density X (9'3+t)'—(t3) ) X 7 817 x 0.08 x NA/58. 71/Vm atom/cc.

m@ﬂJMEmmmmaﬂmm

'I’hxs:sbecauseonlyonecommlrodlsusedmtheaboveeqnauons All the fuel-follower control rod use
the same equations with the same physical properties and chemical properties.

The last control rod is transient rod. It consists of air void in the upper part and absorber in the
lower part. The main purpose of this rod is for pulsing. After pulse we will get an extremely high neutron
flux. Air void decrease the rod” weight and make the faster step increase on lifting up rod. Elements
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concentration can be written in the same way as we did in fuel-follower control rod except there are not
any Zirconium, Uranium and Hydrogen.

Elements concentration are used to calculate macroscopic cross section just multiply them with
their own neutron microscopic cross section.

4.6 Diflusion Coeflicient ( D

The diffusion coefficient is used in the diffusion equation and defined as:

D= A | ; (56)
3(}3,+[1—" 2 SO
where %, ABSOIpio
Z,
Ho
In the reactor consisting of ¥ could be calculated by replace

the absorption cross section by ‘the

term could be written in equation as ry u. the afomic weight of elements. For example, in the

active region of this model: A
Y |

In case of without any disturhamﬂx ‘ . : jﬂ
e e A Y B P

[( muzx suza"' )Esuzs"' g P'oz;)zs,z.- +QJ )E

%ﬁ’lﬁﬂ ﬂl'irlldrﬂ WAL RLn,

“'(1 o sm-140 )Zs Sm-149 T (1 “o.xmas)zsxe—lss

If we do calculate diffusion in othersimaﬁonsandregions,theabweprooedmeiskeptbm
replace by elements contained in that place.



4.7 Heat Transfer Coefficient

From our assumption, the force flow has taken over natural flow. The coolant velocity is known
at the point of 2 MW theraml at steady state condition. This value was used for all over the reactor power
level. The heat transfer coefficient would be found from equation:

Nu = CRe™® Pr§ (57

where '

Nu (58)

Re 59)

Pr (60)
The constant C depend on the latti

C= (61

S

D

h

D,

k

A% = flow veloclty, cm/s

p &wammzu URIINYAY

M & absolute viscosity of coolant, gm/s.cm

F)p _ = specific heat of coolant, Joule/gm.C

For the TRR 1/M1 model
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D =—= 62
% P (62)
where
Ac = coolant flow channel area, cm2 =5.39 cm2
P = wetted perimeter of the channel, cm =n(3.73)=11.718 cm.
4(539)
D =1840
° T 11718 ki
A% =18.2 cm/s
The water properties are taken ature, From the safety analysis report of TRIGA
Mark IIT mentioned that at 2 MW thesmal in

ondition, the average bulk temperature is 57.2

C. The status of coolant is subcooled liguid

Cp

Re

=4.957% 108 ¢ 2Ly
=0.9938 By ‘__:,.;
=4.187Joule/ TS

e el Wt

7x1073

ﬂﬂﬁ‘ﬂﬂﬂiw 81173

Sfor'I'RRl/Ml =434 cm

amwaw UA1AINYAY

434

C =0026——-0.006 =0.024

Nu

273

' 1
= 0.024(6667.5) (3148)° =4031
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. Nu.k 4031(6.594x107*) aisiete
S m——— = =U. cm-,
D 184

4.8 Delaved neutron constant

The delayed neutron is part of &dmwégmxpdcpenmngonnshﬂf
life. The fission yield of each group a .4 notm

Table 4.1 delayed neutron group cons aniTrony data \ \\

T N N
A7/ s NN

1 0134566

2 0.03173751

3 0.11552453

4 0.31082833

5 1.39747415

6 3.78233062
4.9 TRRSIM programming

This model is a and Labview®. It

start with block e®. sub-routine and save

as executable algorithms a!)red in Dynanuc LmlgLfbrary (DLL) e stored algon will be used by

— AR LAY ...

which is graphical interfaced. The calculation engine pick up command from Labview® front end to
change operating condition.
These programs is running on Window® base.
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Model Development Run-time
S B e

Mgge' ——» [ CASSBASE ) ——bp

. %
= e ()
: e Labview
Fortran R
i

: Fortran Algorthms
SOune compiler DLL

code
W R

In the model development se nle stored calculation sequence of
model. TRRSIM s blocks are cla e different prefix. We start with AAA
which is used as calculation, output ag output interface blocks were placed at
the beginning.

Some inputs are pulse sigaal w will change state to the default
state on the next iteration. The self r th thxs pulse. The output interface
blocks are just blocks gather calcufatio n model. They will ease you while

Then neutron source term in/Tegipns are d with the initial conditions on the first
iteration. Temperature calculation blocks are W
B ’__a-’ " g

parameters are getnng from 1mﬂ condition at the )

e neutron source term and again some

density, absorption cross secnox;;g‘ ission cross sect : aﬁwm&m taking parameters

from the above calculation and r posn.ion.

The flux calcul atom density block to
calculale neutron flux ﬁhnuly ; L (ﬁhﬁdneulron source blocks,
temperature calculation bl&ks and fission productsblocks to recalculate flux in the nextiiteration.

et A 1 i A e o
to 8% of the tﬁ;t generat e total heat emitted is the sum of decay heat with instantaneous heat.
These blocks are placed after the flux calculation block. Equipment interface blocks, logical control blocks
and some calculation blocks are computed in the last section of AAA prefix group.

The second group is CAA prefix. These blocks represent controls of equipment such as pumps,
power supply, trip signal, up-down control rods. They are mostly flip flop switches and convert pulse from
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self reset switch to constant signal. The constant signal would change its state if it get the state change
pulse.

Regulating rod group represent by RE prefix is next to the CAA prefix group. As mentioned by
name, they are dealing with regulating rod. Most of all are logical control of which condition regulating
rod should move in which direction. Various rod speed are selected from conditions to conditions.

The S1, S2, SA and TR groups stand for shim #1, shim #2, safety and transient rod groups. Their
functions are exactly the same as RE prefix group but differ in rods.

Till end of the mlculation model, It will repeat calculation of the first group with the parameters

getting from the previous condmon. not from initi Tﬁu

/

The front end in Labvi
Casseng®. We need to identi
calculation value. To pick up com

oes of data to communicate with in
re they are able to get the right
as reading data. Exact blocks

, jection with calculation engine by
function written by Cassiopiea natned #s Dynamic Data Excliange (DDE) Open function. This connection

is 2 way communication. Each spegific #ype o lat: ; name. Then bundles of data are

While retriving data from thecal >
_',;'{_:.}ﬁ‘ b
number, sequence, starting bloSandendblocktopl&

written to cope with this probletﬂt ollects data he' without processing. The output

data are the same as input. When ‘mentioned exact posmon to pick up dala, It is quite easier to specify the

e AN
All commandﬁ m via a connection named

as wire. The wire repres‘yxt the type of data being transfered orﬁ.onnected such as, green wire stand for
ot R TRIANTREAALVI 1A B

The froqt end displays are sel We may show them on chart, digital display, circular
meter, bar, knob with the same real or interger data.

For Example, we consider block number 10 which is the display block. The output
sequence from 1 to 11 are collected from many parts of the model. They are distributedv in many kind of
display such as neutron flux in sequence #1 is in digital display, fuel temperature in sequence #7 is in
rcgtangular meter, bulk watcr temperature is in chart.



As shown in Figure 4.12, data in block #10 from sequence #1 to #11 are reading in the front end.
Block #10 in Cassbase® is non-movable block. Input data would pass directly to output.

(Bioud News gaa DISPLAYI|

 Block Desc [NON-MOURBLE BLOCK

State Active

AAA_HEAT_TOT/Al Y =

AAA_POOL_TEM/A1 T e P
AAA_INP_SC2/XX01 { = ol
AAA_H_PERCEN/A1 000808 X
AAA_PERIOD/A1 .00088060° - ©

AAA_HLAVGF2/A1 00000880 :

Nl salwWN

AWHINGNINGIAS
RIAINTIUNNIINYIAL



45

‘Block # 10 Seq # 10

 Block Namo [aan_DISPLAYV]

 Block Desc [NON-MOUABLE BLOCK ALARM BAR |

State & Active Alg Name 1452) NON-MOVEABLE

Edit Outputs
AAA_DISPLAY1/XX01 | T

2 AAA_DISPLAY1 /XX02 | e 220

3 AAA_DISPLAY1 /XX0 30 34.239512

4 AAA_DISPLAY1 _ 000,
5 AAA_DISPLAY1 y od
[ AAA_DISPLAY1/XXD6 70

7 AAA_DISPLAY1 1278385

Figure 4.11 "lcsc;jz,mr WP output data

Figure 4.12 programming section in Labview front end
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If we need to change the operating conditons from front end, The DDE write fuction was
" used. There are 2 type of data to write: analog and digital. As we did in reading data, exact postion to
write must be identified. We could either write in input block or output block which up to the objective
and block algorithm.

When ending the DDE connection, DDE close fuction was placed at the end to close
connection.

¥ f ]
AUEINENTNYINS
ARIANTAUNNIING 1A Y
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