The core of a fast reactor is a finite cylinder with diameter D = 100 cm and height H =100 cm. The
composition of the core by volume is as follows: 18% fuel, 25% stainless steel cladding and
structure, and 57% liquid sodium. The fuel consists of a mixture of U238 and Pu239 having a
density of 19.1 g/em’, with the plutonium making up 15 w/o of the fuel mixture.

a. Calculate the multiplication factor, k, for a bare system with the core size and composition noted
here.

b. Ifareflector is added with an effective reflector savings of 20 cm, estimate the multiplication
factor for the fully reflected configuration.

c. If the control system requires a total of 12% Ak/k of reactivity control within twenty (20) B4C
control rods, estimate the mass of B4C needed per rod.

Hint: This problem deals with the design of a control system for a fast reactor. In particular, you
need to determine the bare and reflected core multiplication factors, the excess reactivity associated
with the reflected core, and the amount of B4C required in each control rod to give the desired total
worth (to override the initial excess reactivity and to safely shutdown the reactor). Use 1-group
theory for a homogencous system as an approximate methodology for this problem. Also, for ease
in the calculations, assume that stainless steel is primarily iron (Fe) and that a reasonable
appropriately averaged cross section for natural boron for this fast system is about 0.27 b. You
should get the remainder of the needed microscopic cross section data from Lamarsh Table 6.1
(within the Appendix to the Lecture Notes on “Cross Section Data for Preliminary Calculations™).
Note also that the density of iron is about 7.9 g/em’ and that of liquid sodium is about 0.93 glem’

, =
Tt RN \‘-—’w = oI ?\ e &T - E VW) LS b2 Naddn D o e 2\3( . e G Td{ e
= I ' —’
: g
\ - 14.) g Soel o, OL.15Ha Pu239 OooZzl oX Dy BRS m o
¥ BuD & 11} § g ©Ost oy ? ¥ = Bt S e X Cw
> e > =2 a 0 Pu3
Caont 4 Qoelf VAR S 1 =
=2 . n
- =
= 7; Z 4 X VO ’/Q/b-) - Co > %
: 2 | Sl
nornee Dol ., -3 3 = a -
1, Bl o 8o 2, b x ke | =i .29 9 xw =k
Poz3e — /
ve3e ; Py 5 3 \ / b - e
TR CAE
Vv ” . _= 4
\ o\ - R | ¥ @x,
v Y DRI R-AR T e By T IR 3G X | B
% - i ) B
D -
nom o ©. oz \ =
fe = (O —=m:z \®28) = 3o o= o
e 7\ - - _{:
£
r\) o m? = o =\ " e OTZT \ - A - ‘\ - e XD »;»:}V
Non G2 ——) 7| = 58 ‘o mes
¢ A §
WV v * ol o AD N\ BRI A P~ \ X~ & e bomnon sin Tolsle .1
Con 2% rl =
Pu239 2. 0% 2.0 !
- - ' o] oy =7
V132 © 255 o« A A
F o vy 30 (o "‘ 3 =
N o- ) + oy R D -



% |

(N

E”’M@%@‘Dﬂx
ifz (\2‘?9*035(7— “3 it “7 294 xud i(co 5% 5

Pied 35‘« -3 _.‘ :
»Emflf U:f 2 = X\y,g,-z(,x./o o \
e +_M.« Pl = ?'2 \30 X oD \5 Dz)fa\) -~ f} TRB N ) (G oca%}
{ ,,,,,,, e S L —
- | t 8’q & \ri) .“ W:‘ g
W‘: B, rﬂ . ,-:5 =&
ia = ‘Zc‘, . = ic. Ll SR l-l‘jb § X0 eny |/
e LS o5 B S SO TN N 55
2 s
S £ = AR SERCRE
% %
x| S, ‘ + 2; /
)7 g '7 = Puz 24 /? - vz3 e

v M
= 2ol (z,vqnnf3> + (01‘97)(/-9'251’!«’5;)

4,626 Xeo™ 3

o 942

i \ )
L Kgo "/7-: i a (/,94'1‘3)(0.97:) = ./%i

itr = ;‘\»?,Gt% xuo"’)(b;“ex\} S (I'I ELE s ) { L. q\

2 (o \(932 CM:»'

D= = = R.o0M8 3 om & = 2,30
4 Z‘ff = "{\%g&m
2L \_'\‘,,“‘&3’“5’5
Gﬁ«*?’?‘?‘xgl:“”} o ok ?m & \é QJ,M '.‘ ng\;‘b Lol
D= W, == IPOcwm T so%

5e (z.qpis) > Q?r:,ibl S (u 4 u)

- ('z,,k;m Xe;ﬁ'}{z.*ﬂ - {z.383x551§{§¢

3)




| P
PPMPAD

y.

| | :
o , , 5 7 7 | o
2 - ,
s ogt-~ [ 2.4 0% > B e _:ﬁ“ |
Sq4.39 to® . A
- = = . -3 -2
= ]1Q58¥103 F 9. 35y o 1 :,\:2,‘70!3 ¥io e
Rebelp bl T LD RBRe LT el (uluEAal)
- b (Q,-msw-*\w mB
iﬂﬂ% 5 8 g_g . oS
= M S A5 T 'S =] D=
.- ke ) | et
Lk ed b Lav j&xwg ‘391‘ N2 4 ’{auiec.\‘u'dt ca.ﬁ

ol 1017 S0edn| ko] 40 Hle |l rlatelinds bl iy

Rege ™ Ro+ 3 haf{ = He+2%
= poee = \40%
5. =2 s -89-S
Bt L > (s ) s

03 )(10 I } |.bé"l X1d 30» i

-~

-3
R }.(90;(»0 +~ 5.
226

ik = — ~ Leet (o.sel
L+ (1.2 Y xs®)(uzs) (

=[loas = “”Q

| Posern aQ dex. ‘g‘J

(e

B e e em— ---.\-rv..~

< ¥ i B S P R e e i s mJ-ezf
= = R 7 2 A< V- to i ke
5 ‘~ -~ o. % g
e e P S = 1\(9‘.‘: < /e | Tiws an-df 1o
Y E“ L S S, S S o G Xm0 ; :;im:fgﬁfwﬂv\—
A G- {&é'ﬂ o~

5 if-— O.lz(ﬂmbsxw‘?’ | S 11T T o

Sy = [250

dacid | Lot Oo™ = oS

ﬁn:*\ (ad® Vo leie

‘DB =t g = 2.112 xo = »ﬁ _TM . et
=12 g o o 5% > 5.° sstud
b - 7o S e 1,
T e M T ST N B4C L c3 o ;0 \
& ec S %J*M;
Cro - z \\ .
vl oo H = T (uro\) = 1. 8S 4xwo &Vrn?

Hodane = Lx“ﬁxﬁ};‘i i 73'5‘4 X2 w) 1. G310
r?) o -on [oz"'m

heso B :(\.wzxé’a}sx [ProsiAB E) - 29,8335 R

0.o22 Yio*Yut
u %3 K. BJ




Hmpap

'@@—1 20 Aed-s

Mewo B _ 2Q.87 ke =l [N \43/()3//‘/65!
ek 25 ands

N . )

|3 Ney@ L (l’“m‘e”“zwc"guc =1 1,90 &y Byc

Py «@ia4 :
B %to q 4 ?’// Aol J
et G-7S




Blade Worths within the UMLRR -- 2014 Results

In this problem you are asked to address several items of interest that require knowledge of the
blade worth curves (here we will assume that they do not chance significantly with burnup --
which is actually a pretty good approximation). Thus, using the bw_display GUI with data from
Feb. 2014, answer the following questions:

a. At the beginning of life (BOL), the UMLRR was critical with Blades 1-4 banked at 14.9

inches out with the regulating blade (RegBlade) at 10 inches out. With this information,
estimate the excess reactivity in the BOL startup core.

Blade 1 Blade 2 Blade 2 Blade 4 Reg Blade
Total Blade Worth | 2.59% [ 2126 | 2201 | 241 [ o232 WOKK ool Worth B14
Coyticel WE. StartHeight [12s00 [ 14s00 [ 12800 [ 14800 | 10.000 in [ 11778
Al wat EndHeight | 24550 | 25150 [ 24.9%0 26080 | 25.080  jn  Total Reactivity Change

Reactivity Change | 0.62z | oees | 1088 | 1206 [ 0198 sk [ 2950

Data Ready ¥ Ready [ Ready I Ready [¥ Ready [ Ready ‘i BolL
Cxcess P

b. The shutdown margin for the UMLRR is the amount of negative reactivity that can be
inserted into the core with the blade with the most worth stuck in its fully withdrawn
position. Estimate the shutdown margin for the BOL core.

Blade 1 Blade 2 Blade % Blade 4 Reg Blade

noann
0.332

Total Blade Worth | 2585 | 2128 | 230 R 32 %Dkk Total Worth B1-4

]

covtical Ht, startheignt [ 12800 | 14800 [ 1as00 | 14800 | 10.000 < [ 11776
i
|

AW\ i~ ol EndHeight | o.ooo [ oooo | o.o00 | zs.000 0000 in Total Reactivity Change
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Regulating Blade Worth in the UMLRR 2

c. The current critical height of Blades 1-4 with the RegBlade at 10 inches out is about 16.7
inches withdrawn. Estimate the excess reactivity and shutdown margin for the current
M-2-5 core configuration. Also, estimate the amount of reactivity loss due to depletionﬁd\

fission product buildup since the fuel was loaded at the BOL. 386 =270 =

Blade 1 Blade 2 Blade 3 Blade 4 Reg Hlade S

Total Blade Worth | 2595 [Tz12e [ 3301 [ 3419 | 0332 BOKK ool Worth B1-4

et cal Wt. Startheigt | 16700 [ 16700 [T1e700 [ 18700 [ 10.000 in [11.778

Rgh et EndHeight | 24550 [ 25150 | 24950 | 26.090 [ E=.0%0 in  Total Reactivity Change
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Blade 1 Blade 2 Blade Blade 4 Reg Blade e
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L Reactivity Change | 2022 | 1684 | 2597 | 0.807 | 0132 %Dk €848
Diata Ready W Ready ¥ Ready W Ready [ Ready I Ready ‘{ 20l
- slhotdown

d. The average coolant AT = Ty - Tin across the UMLRR core is about 36 °F when the reactor
is operating in natural convection mode at about 100 kW (so the average coolant temperature
increase in the core is roughly 36/2 = 18 °F). The combined (fuel + coolant) temperature
coefficient for the UMLRR is about -0.0033 %Ak/k per °F. If the reactor is just critical at
Jlow power (say 10 W) with the regulating blade at 10 inches withdrawn, estimate the critical
position of the RegBlade for critical steady state operation at 100 kW in natural convection
mode. Assume that all other blades are fixed and ignore any Xe poisoning effects (xenon
would only become important with extended operation in this state).
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Reactivity (%Ak/K)

UMLRR_Xenon: [-Xe Dynamics (1 MW startup from zero ICs)
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UMLRR_Xenon: I-Xe Dynamics (5 MW startup from zero ICs)
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UMLRR_Xenon: I-Xe Dynamics (20 MW startup from zero ICs)
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Reactivity (%Ak/K)

Relative Power

UMLRR_Xenon: Xe-135 Reactivity for Variable Power Profile
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UMLRR_Xenon: Xe-135 Reactivity for Variable Power Profile
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Reactivity (%Ak/K)

UMLRR_Xenon: [-Xe Dynamics (Shutdown from equil at 1 MW)
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UMLRR_Xenon: |-Xe Dynamics (Shutdown from equil at 2 MW)
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Consider the following fission product chain involving Rul05 and Rh105. In particular, Rul05 has

an equilibrium yield of about 0.0098 atoms/fission and it decay to Rh105 with a half-life of 4.44 hr.

Rh105 can decay to Pd105 with a half-life of 35.4 hr and it also has a large thermal absorption cross

section of approximately 14,100 barns.

: —L—— Pd105
Rul05 —2—> RhIO0S .
Atk — L 5 Rh106
141x10* b
10.0098
fission

With this information, perform the following analyses: //‘** (Poc

a. Develop an expression for the equilibrium Rh105 density and worth, and evaluate this for the
case of a large high-power thermal system with negligible leakage. Assume a U235 fuelled
system.

b. Assuming that the reactor is shutdown quickly after it has been operating at constant power for a
long time, develop anyf expression for the Rh105 density and reactivity worth versus time after
shutdown. Carefully sketch the expected profile for p(t) for this situation.
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