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by

Courtney E. Apperson, Jr.
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INTRODUCTION

Fission products arc always present in the primary coolanL of a High-
‘1’emperaturcGas-Cooled Reactor (HTGR) after its initial startup. This situ-
ation exists due to the physical nature of ilTCRfuel that js made tlpof
[issilc and fertile fuel particles containe~iin fuel rods, which arc inserted
into fuel blocks.1 Although inkact fuel parricles arc assumed to be imper-
vious to gases, failed fuel particles and sm,Illquantities of contamination
from manufacturing of fuel partlclcs arc sourcl”:;of fission gas to the prim-
ary coolaLLt. Experimentally, this source of fission gases can be defined in
ti!rmsof the ratio of the release rate of an isotope to its birth rate in a
~pecific fuel volume.2

The small fraction of nliclidetithat escape the fuel enter the primary
coolant Strt’ilfll. The hcliu:tlcoolant is ~ssuined to be a well.-mixeclfiasand
tll~rcforethd fission gzses, which are pr~mari].yint?rtRasen and hdOgf!tIS,

;Irt! homogent!ouslydi~tributeclin the gas volume. Once in the prirnalycoola,tt.,
the gaseous fission products behave dif[(!rentlydepending on their nuclear
:Indcb.emicd properties.

Several processes compete for Lhe fission Rases n:;t.hc?yare carried by
Lhe primary coolant around the coo,LiInk loop. A filter sY~t~iflis present
~hat rcmov~s ,z1lfiss:lollga~e3 from t~l~ w~thdr,~~ Er,lcbhn before rcturniw
tilehelium coolant tm the circuit. As Lllecoolant contacts C!xposeclsurfaces
insid~ the pri.murycool.a[l.tbo(mcliiry, som~ fifisiu~l~:lses dep~~.lta[~to tk+e
surfares ‘at~iltQS which dt!pendon Lilt?ir chernicfnlpropwrt ic.s= Rmlionctive
f.i.ssiunfylfiusare also removed from tilt!primary coolant by decay.



Iu efficiently do this an

The SUVIUS flomputcr
sulve the system tl~,.’has

analytic algorithm has been developed.

pro~ram ~Li11%28 this nlgorothm to analytically
be,:nbriefly discussed? Using expericwmtally de-

fined fuel data, the SUVIUS code can calculate the inventory of an arbitrary
radioactive decay chain in the fuel, coolant, filter systcm, and on pLate-
out surfaces of an HTGR. These calculations can be time dependent and are
performed for multiple fuel regions.

ANALYTIC MODEL

Consider the reactor ~rlmary containment system shown In Fig. 1. Th$
reactor core is a source, S, of fission products to the primary coo~amt, X.
The primary coolant is a source of matcrlal to the cleanup system, +, at a
removal rate of V(S-l). Material plates out a- a rate of II(S-l) onto the

Jplateout surface whose inventory Is-yiven by . There also is some fission
product inventory left in the core, B.

The cleanup and platcout removal rates can bc different for each nuc-
llde in a chain and are most conveniently defined as cllagonnl.matrices.
Within this framework an individual nuclidc does not hav~ to be plated.c!ut
or filtered.

The source, ~, is a linear function of time and is the sum OE two vec-
tors.

3= ?“ + ts
1

(1)

This zi.vcsrise to a systcm of fullrdi[Icrenti:ll~quat!.onn. This family
of cquetions can readily lw cllspluyeclill~!:l~rixInrrl:11:in Eq. (2) .
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(2aJ

where

x.

o
0

(2b)

In the supennatrix, A, the matrix E accounts for the decay of material
in the fuel, E* is the r,ourceof material into the coolant from the fuel, A
is the removal and decay of materials in the primary coolant, ~ the decay in
the cleanup system, ~ the rmoval and decay of material on the plateout mur-
faces, A* is the re:urn of plated out material to the coolanc, V is the
cleanup removal rate, and T Im the platcout removal rate matrix.

If we mxnuae that the elements”of the matrix A and the vector ~ are con-
stant over a time ir:terval{O,T), the solution to Eq. (2) Is given by Eq.

k) “ cA~(0) + (-A)-l ( )(l-eA=) #o+ (-A)-lT -(A)-2 +A-2~AT $

(3) .

(3)

Mien Eq. (3) is written in terms of operators the solutlun is given by Eq. (4).

I(T) =[I+ATD(AT)] ii(o) + TD(AT)30 + T2Z(AT)31

‘l%c matrix operators I)(AT) and Z(AT) are defined by

I)(A’c)E (AT)-l (CAT- 1) u y .mP—
,,=0 (n + 1)!

ilnd

7!(AT)= (AT)-l (D(i’w) - 1) = y .!f.@___
*:0 (n + 2) :

ACTWHY CA1.CUIATIC.IXS

(4)

(5)

(6)
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For this calculation the core average temperature ia taken to be890°C
and the purification removal rate for all nuclidcs is 4.27 x 10-5S-]. The
35As and ‘5Rb diffusion parameters are chosen conservatively and all diEfu-
sion parameters have an activation energy of 12.7 kcal/mole. The basic
nuclear and chemical data for these calculations is given jn Table 1.Ss6

Fuel failure data is tak~n from work done by Shenoy and PfcEachem.7 The
reported data has been averaged over four equilibrium years to obtain TRISO
CanalBISO failure cu~es as a function of tilnefor an avera~e reload se=nt
in a 3000 MW(t) H’fGR,(Figs. .3and 4).

TABLE I

NUCLEAR AND CHEXICAL DATAS’6

——

hllrl ~

8P’,

%t

llsnso

@sBr

85nKr

d5Kr

8iRh

—— -

OECAY aNsTAwT

~ -1,

0.3415

0.o1777

0.03648

4.025x 10-s

4.290X 10-s

2.047x 10-9

0.0

—

FISSION YIEUJ

U-231 U-215

1.417x 10-3 2.0.14x 10-3

7.154x 10-’ 4.59ss 10-=

7,154x 10-3 4.59s x 10-~

S.B20x 10”3 ‘ 1.718x 10-3

1.860x 10-4

1

1.s4?x 10
-4

2.150x 10-4 2.333x 10-5

6.s30E 10-7 8.234x 10-7

.—

PL\TE-
Urr
R\Tli

r,-1)

0.S35

0.535

0.535

0.100

0.9

0.0

0,555

.—

—

rnllmlmP,UWETER-lPIPIEL
Al 1100

dAl!AJL——

1,s0 x 10-s

1,9!x Mi9

1.94x 10-9

1.94 x lo”~

1.!)!x 10-9

1.94X 10-9

1.00 x )(I””]C

—.-—

(s- ‘)
3xrA~

1.5 s 10-11

4.3a x 10-]5

4.* ,10-15

4.38 1 10-’5

4.3a XIO-15

4.38X 10-’5

1-00 x 10-JB

—.
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The prohlcrnwas run for seven years assumin:, zs General At.cnnicCompany,
that the seventh year approximates an equilibrtur.core. The SUVIUS estimates
of che activity in the system due to the decay c5ain ending with ‘5Rb durtnfi

The ‘5Rb inventory h given in.?aequilibrium year are given i,~Figs. 6-1.0.
:raiis. All other inventories are stated ir.curies.

The total system inventory, Fig. 6, shows a monotonic than e with time.
8

i,s more fissions occur in the BISO fertile fuel particles the 2 ‘U yield
has a stronger influence. The result of this is that the 6SAS inventory
clecreasesand the remaining members of the chain increase.

The inventory in the
very closely since only a
fuel. The same reasoning
ventory.

In the coolant, Fig.

fuel body, Fig. 7, follovs the sy~tmu inventory
small fraction of the fission products escape the
applies here as was used for the total system in-

8, all the inventories arc increasing. Even though
the previously discussed effects of fission yields is present, the major
factor in this estimate is fuel failure. The average fuel failure, Figs. 3
and 4, is monotonically increasing. Since the release rate from failed fuel
greatly exceeds that from manufacturing contamination, the influence of fuel

failure is to increase the coolant inventory with time independent of its
fuel type origin.

The only source of ac,:ivityto the filter system is the coolant. The
filter inventory, Fig. 9, is therefore also monotonically increasing. The
magnitude and the ordering of the nuclides vary since the filter is a dead
end.

The Inventory cn the plateuut surfaces, Fig. 9, is monotonically in-
creasing. As for the filter inventory, the plateout hW(?IIhJry fol.lcrwsthe
primary coolant inventory. It should bc noted that th~:incct Easew, ~%r
and a5Kr, are not present in Fig. 10 since gases do not plateout-

COMPARISONS

The SUVIUS results can be compared directly with the accident initiation
and progression analysis estimates generated by GenerJ AuJId.cCompany (CAC).6
The CAC reported results are not as detailed as those reported here s“lnce
tmy only report selcctcd nuclide activities at the rniddk UL {Inequilibrium
C:)cle.

Compnring the two sets of results, Table 11, reveals some Inturcsting
(llffcrenccs. If we assume that the fuel body ir,ventr)ryapproximates the
total system inventory, the SUVIUS results cstimatu ~.hat rherc is 10% lCSS
CtKr in thu systcm Lhan tk CAC AIPA rcslllLs prc!dict. ‘h: diffcrcncc is i:lde-
l)(ln&nt of ~v~~ything c~ccpt the b:~sic IlllCh:lr data anJ the cdcul.atlonid
technique. The cnlculat”ional methods rliffcrin that SUVJ.UStreats the arbi-
l~ilr~ radin;l{”t.ivedecay chains analytically a~ a systx:m wlIil.e t~t’ l{ACI code
IIGCdin ~tll!A“l.PAanaly:;iscoflsldi!rsrrn].yone nuclidc! at a Lime. slight
dil~ercln(:~:s.indecay constants and fi!;:;iouyi.cld:;.shollldIlotcause the magni~-
~liclcor d~l”[(!rt!nccaplxlrentin Table!11. Tilediffcrt’nc.(:rnn therctcircbe
;l~:collntct[lrf)rIJY tli(} mo~(~ rip,oroll.s truatme[ltof ta[lionct.[.vedecay in SUVIUS.
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COMPARISON OF ACTIVITIES

MIDDLE OF EQUILIBRIUN CYCLE

. .
!

I ACTIVITY

i (cl)
! FUEL BODY PRIILhRYCOOIAST

GA-AIPA
, SUCLIDE SUVIUS GA-A’ SUVIUS GA-AI?A LESS 157!
-—

‘ “% 4.285 X 107 4.733 x 107 937.2 776 66o

. g~
Kr

2.524 X 106 1.921 X 106 1.908 1.10 .94

I

In the primary coolant SUVIUS predicts activities that arc from 19Z to
50% higher than GAC has reported. As before, the most probable factor in
causing this difference is the SDVIIJScomputatlonnl method. Subsequent to
th? AIPA results, GAC has repoxted that their previous conservative treatment
of the core buffer blocks increas~d the coolant activfty estimates for the
Fort Saint Vrain reactor by 15%.10 Asscmlng this sane degree of conservation

to be present in the AIPA actlvlty estimates, the SUVIUS results are further
separated from the GAG estimates than originally indicated.

“u--....-....-” ........”-.”””..-”---” . -=--=”----

!“I===
—-lmortory InCuRO
----=1~ Inwm

Fig. 10 Platcout Inventory



Coricl.tisIc):i

The difference in the SUV[US findCA-AIPA rusultu arc significant enough
fur the nucllde chain evaluated to w:lrrcntfurther study and a more detailed
romparlsm of the methods utlilzed in evaluating median activities. Tt
should bc noted however, tha~ the
tics reported by CAC for the 3000

1.

2.

3.

!I.

5.

6.

7.

8.

!?.

M-J.

SUVIUS cstimntes do not exceeeclt“ activl-
M’W(t) reactor in CASSAR.l
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