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ABSTRACT 

The migration, plateout, and distribution of fission products in two 

GCFR fuel-rod irradiations have been studied by gamma spectrometry. Data 

were obtained during postirradiation examination of the GCFR vented fuel-

rod GB-9, which was irradiated to a bumup of 54,000 MvFd/Te in the thermal 

flux of the Oak Ridge Research Reactor, and during the interim examination 

of three of the seven sealed fuel rods in the GCFR F-1 (X094) assembly, 

which are being irradiated to bumups of 28,000 to 100,000 MWd/Te in the 

fast flux of the EBR-II reactor. 

The nonvolatile fission products were uniformly distributed throughout 

the fuel in both experiments. However, the volatile species migrated as 

vapor species from the hot regions of the fuel and plated out at the fuel-

blanket interfaces, where the temperatures drop sharply. Transport of the 

volatile fission products into the blanket portion of the fuel rod in the 

pellet-cladding annulus did not occur in the GB-9 Irradiation. 

The charcoal trap located adjacent to the insulator pellet in the GB-9 

fuel rod and in the plenum of one of the F-1 fuel rods showed no measurable 

activity, indicating that the fuel and blanket were quite effective in re

taining volatile fission products. 
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INTRODUCTION 

The Gas-Cooled Fast Breeder Reactor (GCFR), which is being designed 

and developed by Gulf General Atomic with the support of the U.S. Atomic 

Energy Commission and a large section (35%) of the electric utility in

dustry in the U.S., is specifically designed to totally vent the fission 

gases from the fuel rods. The gases are collected and stored in 

shielded adsorption beds that are located in the prestressed concrete re

actor vessel (PCRV). By venting the fission gases from the reactor core, 

several problems associated with the use of sealed fuel rods (e.g., creep 

collapse of the cladding and the buildup of fission-gas pressure) are 

avoided and, in addition, significant advantages accrue. The design and 

operation of the venting system, called the pressure equalization system 

(PES), its advantages, and the required development effort have been de-
(2) 

scribed by Campana. 

The gaseous fission products either decay in the element or are trans

ported through the PES to the adsorption beds. The PES must also deal with 

the possibility that volatile, condensable, fission products may migrate 

along the piping of the PES. Although it is unlikely that volatile fission 

products will transport very far from the fuel region, an activated charcoal 

trap is included in the upper portion of each fuel rod to retain essentially 

permanently and quantitatively any volatile fission products that reach the 

trap. This design of the fuel rod ensures that significant quantities of 

volatile fission products will not migrate beyond the fuel-rod charcoal 

trap and enter the PES piping where they could plate out and possibly lead 

to plugging of the passages. Rather strong evidence against the occurrence 

of plugging exists in the fact that Peach Bottom Atomic Power Station Unit 

No. 1 has 804 interconnected purged fuel elements that operated for 452 

equivalent full-power days (EFPD) without any evidence of decreased purge 

To further minimize this possibility, each fuel rod is connected to 

the storage system through at least two redundant routes. 
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(3) flow rate. And even though cesium was detected in the charcoal traps 

of the elements examined, the quantity was small. This is in agreement 

with the predictions of the calculation codes FREVAP and SLIDER developed 

to predict the transport behavior of fission products in High-Temperature 
(4 5) Gas-Cooled Reactors. ' Nevertheless, it was clear that additional data 

on the transport of condensable fission products in the fuel and blanket 

regions of the rods and associated PES components was required in order to 

establish the feasibility of the vented-fuel concept and the pressure 

equalization system for the GCFR. 

The purpose of this paper is to report the results of studies of 

volatile fission-product migration in two recent GCFR irradiation experi

ments and, further, to assess the implication of these results on the de

sign of the pressure equalization system of the GCFR. 

Although the experimental designs and irradiation conditions of the 

two experiments were significantly different, the migration behavior ob

served was remarkably similar. In the first experiment, the GCFR GB-9 cap

sule was irradiated to 54,000 MWd/Te at 700°C mid-cladding temperature at 

500 W/cm (15 kW/ft) in the thermal flux of the Oak Ridge Research Reactor 

(ORR). The principal features of the GB-9 experiment are shown in Fig. 1.^ 

The GB-9 experiment was unique in that it was a vented fuel rod in which the 

release of fission gases from (1) the fuel and blanket regions (i.e., the 

fission gases arriving at the charcoal trap) and (2) the cojî jlete rod (i.e., 

the fission gases effluent from the charcoal trap) could be monitored. The 

results obtained during the operation of this capsule have been reported 
(7 8) 

previously. ' (A subsequent experiment, GB-IO, which i s now being 
i rradiated in the ORR, permits sampling of the effluent gaseous fission 
products d i rec t ly from the fuel, blanket, and trap regions of the rod and 

(9) 
also permits direct sweeping of the fuel. ) 

The second experiment i s the GCFR fas t - f lux i r rad ia t ion F-1 (X094) in 

EBR-II. This i s an assembly of seven sealed and encapsulated fuel rods 

being i r radiated to bumups of 28,000 to 100,000 MWd/Te. At present, the 

assembly has attained a bumup of 'v46,000 MWd/Te. Summarized here are the 

studies carried out on two of the rods, G-1 and G-4, during the interim 
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examination at a bumiup of 28,000 MWd/Te, and during the postirradiation 

examination (PIE) of rod G-̂ 3, which was removed from the assembly at that 

time. 

A schematic of the design of the rods in the F-1 experiment is shown 

in Fig. 2. In addition to their being smaller in diameter than the 

GB-9 rod, several of the rods contain charcoal traps in the upper portion 

of the rod. These traps are designed to act as a sink for volatile fission 

products. At the operating temperature of 'V'300°C, the charcoal will retain 

sorbed species, such as cesium and iodine, essentially indefinitely. 

GB-9 THERMAL IRRADIATION 

Irradiation of capsule GB-9 was terminated after a bumup of 54,000 

MWd/Te was reached. After completion of preliminary gamma scanning, 

neutron radiography, NaK removal, and removal of the secondary containment 

at the Oak Ridge National Laboratory Hot Cell, the fuel rod and the inlet 

and outlet gas lines were shipped to Argonne National Laboratory (ANL) for 

the remainder of the postirradiation examination. 

The postirradiation gamma spectra were recorded using a lithium-

drifted germanium detector with a resolution of 1 keV/channel and a 2048 

channel analyzer. The Initial incremental gamma spectra were obtained 21 

days after termination of the irradiation at 1/4-ln. intervals at 0° (hot 

side) and 180° (cold side) from the rod orientation facing the core center 

of the ORR. The objective of these scans was to determine whether there 

was a preferential deposition of fission products due either to the lower 

temperature (on the cold side) or to the higher flux (on the hot side). No 

differences in the levels of activity of the various fission products were 

detected. However, electron microprobe analysis during PIE did show the 

expected radial bumup decrease across the rod. 

The 0° gamma scan was repeated 48 days and 71 days after tetroination 

of irradiation in an effort to improve the resolution of the spectra of the 

longer-lived species as the short-lived activities decayed away. Addition

ally, the 71-day scan was done at 1/8-in. intervals to improve resolution 

of the shape of the profiles. The ganrnia spectra were recorded on punched 
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paper or magnetic tape at ML and the tapes sent to GGA for analysis on the 

XDS Sigma II con|)uter-analyzer system. 

The 21-day and 71-day gamma scans for the 0° orientation were analyzed 

for the nonvolatile nuclides Ce '̂*^ and Ba- '̂*°/La '̂*° and for the vo l a t i l e 

nuclides I^^^, Cs-̂ *̂*, and Cs^^^. The ac t iv i ty prof i les for the nonvolatile 

species are shown in Figs, 3 and 4 | as expected, the prof i les for both 

Ce^^'^ and Ba^'*°/La^'*0 are f la t in the fuel region but there are precipitous 

drops in ac t iv i ty at the interfaces between the fuel and the (depleted) UO2 

blanket. The profi les in the blanket, which are generated by fission of 

bred plutonium and fast f ission of U^^^, are also f l a t and close to zero, 

indicating no migration of these f ission products. 

The vo la t i l e species I^^^, Cs^^"*, and Cs^^'' exhibited a s l igh t ly dif

ferent behavior. The 21-day and 48-day gamma scans for Î -̂̂  are shown In 

Fig. 5. These data emphasize the need for prompt examination of the cap

sule in order to detect the rapidly decaying iodine ac t iv i ty (T, 2̂ ~ 8.05 d) . 

The Cs^ '̂̂  and Cs^ '̂̂  profi les are similar to that of I^^^ but exhibit more 

sca t t e r due to the long ha l f - l ives (and consequently lower dis integrat ion 

rates) and the high background ac t iv i ty . However, the 71-day gamma scans 

for Cs^^'* (Fig. 6) and Cs^^^ (Fig. 7) emphasize the precision with which 

the data can be obtained and the sharpness of the ac t iv i ty peaks. The ob

served ac t iv i ty peaking of the vo la t i l e species i s most l ikely due to the 

sharp temperature drops at the in ter faces . The more intense peak at the 

lower fuel-blanket interface can probably be a t t r ibuted to the lower temper

ature at that interface re la t ive to that at the upper fuel-blanket in terface . 

The charcoal trap located adjacent to the upper blanket pe l l e t s showed 

no measurable ac t iv i ty , indicating that the fuel and blanket were quite 

effective in retaining the vo l a t i l e f ission products. I t i s possible , how

ever, that small amounts of Cs^^'* or Cs^^^ might be present in the trap and 

yet remain undetected in these gamma scans. Chemical analysis of the char

coal i s planned to determine if s table vo la t i l e f ission products were de

posited in the t rap. 

Metallographic examination of the GB-9 fuel rod revealed the presence 

of two constrict ions in the centra l hole. Both of these constr ict ions 

Fuel-bearing pe l l e t s were annular cylinders and the blanket pe l l e t s 

were sol id . 
6 
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occurred in the low-enriched pellets at the ends of the fueled region. 

Composite photomacrographs of tiese regions are shown in Figs. 8 and 9. The 

constrictions are clearcut evidence of fuel transport by a vaporization-

condensation mechanism, since plutonium was found in the deposit in the UO2 

pellet at the end of the fuel column by microprobe analysis. Electron 

microprobe analysis of the constriction also indicated the presence of the 

expected nonvolatile fission products. Cesium is usually found only in the 

outer third of the pellet radius. Furthermore, the axial peaks in cesium 

activity were found beyond the constrictions in the region of the interface 

between the low enriched pellets and the depleted blanket pellets and into 

the first blanket pellet. No cesium activity was found in the second 

blanket pellet. 

Measurements of the effluent fission-gas activity during operation of 

the capsule did not indicate the presence of flow restrictions, which would 

tend to decrease the R/B of the various nuclides from the capsule. Flow 

measurements across these constrictions during predestructive PIE showed 

that both constrictions permitted adequate flow to ensure pressure equali

zation. 

FAST-FLUX IRRADIATION 

Fuel rod G-3, which was irradiated to 28,000 MWd/Te at 700°C maximum 

cladding surface temperature at beginning of life (BOL) in the F-1 (X094) 

experiment, is currently undergoing postirradiation examination at M L and 

some data from this examination are reported here. However, the principal 

information on fission-product concentrations in the various sections of 

the fuel rod was obtained by gamma spectrometry during the interim examina

tion of the F-1 assembly at the EBR-II site. Rod G-1, which is to be ir

radiated to a bumup of 50,000 MWd/Te at '\'780''C maximum cladding surface 

temperature (BOL), ard rod G-4, which is to be irradiated to a bumup of 

100,000 J«d/Te at '̂ '700°C maximum cladding surface temperature, were also 

gamma scanned during the interim examination, but those examinations were 

not as detailed as that for rod G-3. 

Release rate to birth rate for a given fission-gas nuclide. 
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As with the GB-9 irradiation, a prime objective of the gamma scanning 

was to obtain information on the release of iodine from the fuel. Conse

quently, the removal of the F-1 subassembly from EBR-II and its transfer 

to the hot cell was expedited by the M L staff. The first gamma scan was 

performed 16 days after the reactor was shut down; this period included a 

mandatory two-week retention of the subassembly in the fuel storage racks 

in the reactor vessel. 

AXIAL SCMS 

Gamma scanning of the encapsulated rods was carried out continuously 

using a lithium-drifted germanium detector with an energy resolution of 

0.78 keV/channel and the automated features of the scanning equipment. The 

data were analyzed at Aerojet Nuclear Company using an automated computer 

analysis and also at GGA where complex spectral peaks were resolved on the 

XDS Sigma-II Computer. 

The axial gamma scans of all three fuel rods were carried out first 

at intervals of 0.25 cm (0.1 in.). Following this, the regions near the 

fuel-blanket interfaces of rod G-3 were rescanned at 0.063-cm (0.025-in.) 

intervals. These later detailed scans were useful in revealing features 

of the axial profiles missed in the initial (gross) scans. 

The axial scans for all fission-product species exhibited essentially 

flat profiles in both the fuel and blanket regions of the rods. No acti

vity was found outside of the fuel and blanket regions except for the Cs-̂ ^̂  

background in the hot cell. The charcoal trap in rod G-4 showed no measur

able activity. The detailed scan of the fuel-blanket interfaces for the 

representative nonvolatile fission products in rod G-3 is shown in Figs. 10 

and 11. 

The upper fuel-blanket interface was displaced by '̂ 0̂.9 mm due to a gap 

between the first and second fuel pellets. This is readily visible on the 

neutron radiograph of rod G-3 in Fig. 12. The existence of this gap is 

also shown by the (small) peak in Bâ °̂/Lâ '*° activity at this location 

in Fig. 10. The small peak of Bâ '*°/Lâ '*° at the upper fuel-blanket inter

face, although not matched by a similar peak at the lower fuel-blanket 

15 



10̂  

10-' — 

„ „ 140,, 140 
n Ba /La 

A Ce 

O Ru 

141 

103 

10 — 

j£<M><H><)7y«0-

10-

A A 

10 t J L 

^^i^^'-^'^M 

24.6 24.7 24.8 24,9 25.0 25.1 

DISTANCE (IN.) 

25.2 25.3 25.4 

Fig. 10 Detailed gamma scans of lower fuel-blanket interface of 
capsule G-3 of F-1 (X094) experiment at 2 x 10^^ nvt 

16 



a. 
o 

>-
h-

CJ 

< 

3 
UJ 

38.1 38.2 38.3 38.4 38.5 38.6 

DISTANCE (IN.) 

38.7 38.8 38.9 

# 

Fig. 11 Detailed gamma scans of upper fuel-blanket interface of 
capsule G-3 of F-1 (Xo94) experiment at 2 x lO^^ nvt 

17 



-(S%i.-VV^ •, -™..,-. .̂  .. , - ,^ . •^^.^.,, vJ,.;. . 
o:.-A s, ̂ .;...\v ..V V -i .«. •• .̂ t;̂ , .v-o'^;>*;««S^'iS>SSa;3!IS4S«5>?.SS«SSK!i 

00 

Fig. 12 Neutron radiograph of fuel penetration of capsules G-3, standard (G-8, replacement capsule), 
and G-4 from F-1 (X094) subassembly 

# 



Interface, appears to be real and may be due to migration of short-lived 

Cŝ "*̂  (66 sec) over small distances. 

The axial profile of rod G-3 for the volatile nuclide I^ ̂  ̂  is shown 

in Figs. 13 and 14. The peaks in the gamma activity are in the region of 

the fuel-blanket interfaces where the pellet temperatures drop precipitously. 

Additionally, there is a large iodine peak in the gap between the first two 

fuel pellets, indicating that the temperature in this region (relative to 

the surrounding fuel) is low enough to permit the concentration of signifi

cant amounts of iodine. Figure 13 illustrates the necessity for closely-

spaced intervals in scanning the fuel-blanket interface. The peak in 

iodine activity at the upper interface ('̂ 38.55 in.) was not detected in the 

initial scan, but was observed when the interval was decreased. The 

secondary activity peak, in the blanket region, was puzzling since it in^lied 

that iodine was migrating up a concentration gradient in a region of fairly 

constant temperature. Examination of the neutron radiograph taken after 

the end of the irradiation shows some evidence of a longitudinal crack in 

the first upper blanket pellet, which might account for the presence of the 

increased iodine concentration. 

The axial profile of the Cŝ '̂̂  activity is shown in Fig. 15. These 

data are taken directly from the Aerojet Nuclear Company computer printout 

plot of the cesium activity. In contrast to the high precision of the 

cesium data obtained in capsule GB-9, the data from the G-3 rod is highly 

scattered owing to the high level of activity from short-lived nuclides 

still present '̂'16 to 20 days after termination of irradiation. It is clear 

that, in the future, the fuel rods should be rescanned at a later date, 

when short-lived activities have decayed away, in order to improve the pre

cision of the Cs^^^ data. 

DIAMETRAL SCANS 

Diametral scans of the relative fissionr-product activities were ob

tained by moving the vertically held fuel pins horizontally (in 0.0254 cm 

Increments) across a vertically oriented collimating slit (1.252 cm long by 

0.0254 cm wide) in front of the Ge(Li) detector. Thus, a diametral profile 

of a 1,252-cm-thick cross section of the fuel was obtained. The relative 

activity of such a section, as a function of the diameter, was calculated 
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assuming (1) uniform distribution of fuel and fission products and (2) no 

self-adsorption of the gamma rays in the sample. This calculated diametral 

profile is shown in Fig, 16. 

The observed diametral activity profiles for several nonvolatile 

fission-product nuclides are shown in Fig. 17 for the fuel region and in 

Fig. 18 for the blanket region. In the blanket region the scan was taken 

just below the lower fuel-blanket interface. The profiles for the two 

regions are remarkably similar. The presence of the double peaks in the 

Ba^'*^/La^'*^ profile in the fuel region is not understood although it may 

indicate a tendency of Cŝ '̂ '' to migrate to the colder outside diameter of 

the fuel pellets whereas the precursors Î Ô and Xê "̂ ^ migrate as gases up 

the temperature gradient to the central void. Some support for these postu

lated mechanisms rests with the diametral profiles of l̂ Sl and Cs^^^ shown 

in Figs. 19 and 20 for the fuel and blanket regions of rod G-3. The iodine 

activity clearly maximizes at the fuel outside diameter, whereas this pro

file is apparent for Cs-̂ '̂' only in the blanket region because of the scatter 

of the Cs^^'' data in the mid-fuel region (Fig. 20). 

Data obtained from rods G-1 and G-4 of the F-1 (X094) irradiation ex

periment generally support the detailed fission-product migration data 

obtained from rod G-3. Of especial importance is the axial scan of rod G-45 

which contained a charcoal trap in the upper portion of the rod. No fission-

product activity whatever was detected in the charcoal. Again, this supports 

the conclusion reached from the PIE of the GB-9 capsule: Refractory fission 

products remain close to their sites of generation and exhibit relatively 

uniform profiles in the fuel which are proportional to local bumup. 

Volatile fission products migrate by vapor-phase transport to a relatively 

cool location and plate out in the blanket region close to the fuel. 

CONCLUSIONS AND IMPLICATIONS FOR THE PRESSURE EQUALIZATION SYSTEM 

OF GAS-COOLED FAST REACTORS 

Data obtained by gamma spectrometry during FIE of thermal irradiation 

capsule GB-9 and interim examination of the three capsules from the fast-

flux irradiation experiment F-1 (X094) show that the nonvolatile fission 

products remain fairly uniformly distributed throughout the mixed-oxide 
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DIAMETRAL ROD POSITION (IN.) 

Fig. 17 Relative diametral activity profiles of midfuel region (z = 31.5) 
of capsule G-3 of F-1 (X094) experiment at 2 x 1022 nvt 
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Fig. 18 Relative diametral activity profiles of blanket region (z = 24.75) 
of capsule G-3 of F-1 (X094) experiment at 2 x lO^^ nvt 
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fuel, both radially and axially. In contrast, the volatile fission pro

ducts cesium and iodine migrate by vapor transport to the cooler portions 

of the fuel region. This migration occurs both radially and axially, the 

axial transport ceasing abruptly at the fuel-blanket interface where the 

temperature dropped sharply. At a bumup of ̂ 5̂4,000 MWd/Te, no movement of 

the volatile species farther into the blanket has been observed. Although 

half-life of I^^^ (8.05 d) is too short to permit the firm conclusion that 

its behavior is representative of that of long-lived 1̂ 2 9 ^^g ^ 2̂0"̂  yr) or 

stable iodine, Cs^^'^, with a half-life of 30 yr, confirms that stable cesium 

will conform with the observed behavior. The results of these experiments 

support the feasibility of the conceptual design of the PES^ ^ of the GCFR 

for the reasons discussed below. 

The mass and volume of stable volatile fission products or of the 

decay-chain products of gaseous and volatile fission products generated 

over the life of a GCFR demonstration plant fuel element ('̂'750 full power 

days) and the life of the monitor lines (30 yr) are substantial compared 

with the gas-space volumes within these components. Although the probabil

ity of plugging is believed to be quite small, the possibility exists that 

local accumulation of stable solid material could plug passages of the PES 

and prevent further flow. 

First, to show the degree of blockage that could be tolerated, the 

fission gas, at an equilibrium generation rate for the entire core of 565 

cm^/day, would flow, with only 1 psi pressure differential, through a hole 

1 ft long with a diameter of only 0.05 mil (0.00005 in.). The equilibrium 

fission-gas generation rate in a single rod is 2.5 x 10"^ cm^/sec at opera

ting conditions (4.5 x 10"^ std cm^/sec), which may be coni>ared to the 

limits of detectability for helium mass spectrometer leak detectors (10"^ 

std cm^/sec). Thus, very small leaks are effective in pressure-equalizing 

the fuel element, but seals approaching hermetic quality are necessary to 

constitute an effective plug. 

Effective plugging of the passages through the upper blanket region is 

unlikely. A large number of sealed fuel rods fabricated to test fast 

breeder fuel-rod designs for the LMFBR and GCFR programs have been irradiated 

to high bumups in the U.S. and in Europe under conditions similar to GCFR 

design conditions. These rods are very similar in concept, diameter, and 
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design to the GCFR fuel rods except that they are sealed and include a 

fission-gas accumulation plenum at the end of each rod. In no instance 

has positive evidence been reported of a plug effectively preventing com

munication between the fueled region and the plenum. Experiences with 

similar rods irradiated to high burnup in thermal reactors has been the 

same. Results have also been similar with a series of GCFR development 

rods of sealed design irradiated in ORR capsules. 

Protection against plugging is afforded by two sets of traps in the 

elements, which remove or delay the release of the condensable molecules. 

The rod traps protect the manifold connecting individual rods; the annular 

traps in the fuel element protect the PES monitor lines. The void fraction 

of each trap is about 75% of the total bed volume, and thus a substantial 

fraction of the bed is available for deposition without plugging within the 

traps. 

Although it is the stable and long-lived isotopes that could cause 

plugging, they will be deposited along with radioactive precursors. Thus, 

if material accumulates, the local decay-heat generation rate increases, 

tending to increase the local temperature. Elevated temperature will raise 

the vapor pressures of compounds in the deposit and will produce a vaporiza

tion-condensation couple, with the cooler regions downstream. Thus, deposits 

may tend to become widely distributed rather than locally accumulated. 

The temperatures of surfaces along the PES from the upper blanket region 

of the fuel element to the helium purification system are expected to be 

nearly uniform. This would tend to result in whatever plateout occurs 

being nearly uniform. 

The transit time for passage through the monitor lines is designed to 

be ^1 sec for several reasons, one of them being to limit the rate of de

position of decay-chain products by making the residence time for decay 

quite short compared to the half-lives of most of the gaseous isotopes. 

The very-short-lived isotopes will usually have decayed before entering the 

monitor lines. Thus, the decay-chain products of the short-lived precursors 

will be trapped in the fuel element and never enter the monitor lines and 

only a small fraction of the decay-chain products of the longer-lived ios-

topes will be generated during transit through the monitor lines. 
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The low probability of forming effective plugs seems to be substanti

ated by the performance of systems using sweep gases carrying fission pro

ducts. For example, no evidence of passage plugging has been observed to 

date in the operation of the Peach Bottom HTGR plant, in which 'v̂ l.l Ib/hr 

of helium is used to purge each of 804 fuel elements where the flow passes 

through a 3/16 in. hole in the stand-off pin at the exit to each fuel ele-

nffint. This plant accumulated 52,000 IWd/Te on its first core loading. No 

significant amounts of Cs^^^ were found in the charcoal traps of the ele

ments that underwent PIE. 

The GAIL loop was a pressurized helium-cooled loop in the GETR that 
(12) 

was used to test HTGR fuel elements for the Peach Bottom HTGR plant. 

The loop was operated from 1961 through most of 1964, with brief downtime 

periods to change test elements. It logged more operating time than any 

other U.S. gas-cooled in-pile loop to date. The HTGR fuel elements tested 

in the loop were the purged sleeve type, and the release, plateout and dis

tribution of fission products were studied. A helium purification and 

radiochemical analysis system utilizing a series of traps was employed on 

the purge stream. In operation, the purge stream passed through the 

narrow annulus between the fuel compacts and the sleeve at about 0.5 to 

0.7 Ib/hr per element to sweep fission products released from the fuel com

pacts through a charcoal trap at 350°C and then out of the fuel element 

through small lines (̂ -̂3/16 in. diam) about 50 ft long into the external 

purification system. Although plateout and some graphite dust were ob

served, no plugging or constriction of the passages from fission products 

were found anjrwhere at any time. 

The results of PIE on irradiation capsule GB-9, which operated at 

conditions more severe than the GCFR design to a bumup of '̂ -54,000 MJd/Te, 

showed that movement of the volatile fission products will probably be 

limited to the fuel-end region of the axial blankets. The principal con

striction of the central void is that due to axial migration of fuel mater

ial similar to that observed in LMFBR irradiations and, as noted above, the 

latter have never shown clear evidence of hermetic plugging. There have 

-

GB-9 operated at 500 W/cm (15 kW/ft), whereas the GCFR demonstration 

plant reference design will operate at 415 W/cm (12.5 kW/ft), 
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been no indications of potential plugging in other irradiation tests of 
^ ^ , ^ (13,14) 

vented fuel rods. 

Transport and deposition of gaseous and volatile fission products and 

the possibility of their local accumulation into effective plugs is a com

plex of processes in the PES that requires further study involving both in-

pile irradiation and out-of-pile test programs. Irradiation capsules GB-9, 

GB-10, and those in the F-1 experiment are the first irradiations in the 

GCFR development program in which the study of fission-product transport 

and deposition is one of the prime objectives. 
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