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SYNOPSIS

-NOTICE-
This report -vas picpared as an account of work
sponsored t>y the United States Government. Neither
the United States nor the United Slates Atomic Energy
Commission, nor any of their employees, nor any of
their contractors, subcontractors, or their employees,
makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, com-
pleteness or usefulness of any information, apparatus,
product or process disclosed, or represents that its use
would not infringe privately owned rights.

The results of experiments that describe the releases and distribution of

rare gases, iodine, caesium and other fission products during the operation

of the second Peach Bottom HTGR Core are presented.

INTRODUCTION

1. The work described below is a part of a larger program, supported by the

USAEC, aimed at describing the release and distribution of fission products

in »M HICK.. Th«i ̂ rogr<uu'u ultimate objective is a comparison of predic ad

and observed fission product distribution in an operating reactor. The fact

that the Peach Bottom HTGR, to which we have been given access by the

Philadelphia Electric Company, contains only a limited amount of experimental

fuel makes it an especially suitable site for integration of studies of fission

product behaviour in the core graphite and the coolant circuit. Nevertheless,

the presence of an efficient fuel element purge system in the reactor, which

will not be present in large HTGRs, necessitates caution in translating conclu-

sions to larger plants.

THE PEACH BOTTOM HTGR

2. The layout of the Peach Bottom HTGR is shown in Fig. 1 (ORNL Dwg. 71-8680).

The fuel consists of pyrocarbon-coated (U,Th)C, microspheres dispersed in a
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the Union Carbide Corporation.
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graphite matrix. Fuel compacts are in turn contained in cylindrical graphite

sleeves about 1 cm thick. There are approximately 800 such elements in the

reactor.

3. The steam generator and most of the primary circuit ducts are in separate

cavities shielded from the core. They are therefore relatively accessible

during planned shutdowns. Samples of the coolant can now be taken upstream and

downstream of the steam generator during reactor operation, but the samplers

can only be replaced when the reactor is shut down. Fuel elements and samplers

are withdrawn for examination at approximately 300-day intervals.

EXPERIMENT DESCRIPTION

4. The coolant samplers were designed so that (1) helium entered the

sampler at rsactor coolant velocity to minimize perturbation of particle

flow paths, (2) molecular species could be separated from particuiate matter,

and (3) particuiate matter could be sized before collection to avoid

agglomeration on collecting surfaces and consequent obscuring of results•

5. Design and material limitations were imposed by the sizes of the avail-

able openings in the circuit boundary, the temperature of the helium being

sampled, and the necessity for the upstream sampler to incorporate a thermo-

couple. Upstream and downstream samplers are therefore different in detail.

6. Gas entering the downstream sampler passes first through an inlet nozzle

at the reactor coolant velocity; then it flows through three silver diffusion

tubes in parallel, a five-stage cascade impactor, a silver membrane filter, a

fiberglass "absolute" filter and finally silver zeolite and treated charcoal

traps to remove any remaining iodine and iodine compounds. When the sampler

is removed each component is analyzed separately. External surfaces exposed



to hot coolant are examined to determine the extent of any coolant-metal

interactions.

7. Silver was chosen for the diffusion tubes and the first filter element

because (1) it would not tarnish in a reactor atmosphere, (2) stable silver is

not sought in the coolant circuit dust, and (3) its electrical conductivity

facilitates examination by electron microscopy. Xt is difficult to see black

dust specks against an oxidized surface.

8. Although the coolant samplers were in place throughout each entire reactor

operating period, they were operated only toward the end of the cycl'/j to

minimize dust accumulation and to make the sample relate to as late a time as

possible. Even so, the amount of dust collected caused agglomeration to occur

on the impactor plates and filter surfaces.

9. wiring reactor shut down, deposition o.f "-r«y-«mitting radJ suuclides on

different portions of the primary coolant ducting was measured by Y-spectroscopy

using a Ge(Li) detector whose shield was designed to transmit Y **y« from only

a limited area. The detector was moved manually around the primary circuit cavity.

10. Concentrations of short-lived radioactive gases in the primary circuit

could be measured through the wall of a convenient pipe that carried helium

to cool tha hot gate-valve. Samples of gas were withdrawn for the deter-

mination of longer-lived species. These latter determinations permitted

internal standardization of the short-lived gas analyses performed using the

hot-valve cooling line.

RESULTS

Rare Gas Release

11. The steady-state rate of release (R/B » Release Rate/Birth Rate) of



8ft "»A
Kr into the purge stream is ~ 10" . The rates of release of krypton and

xenon isotopes fell on s single logarithmic plot of R/B versus decay constant

with a slope of - 1/2«
*

12* The rates of release of rare gases into the primary coolant stream were

about 1/5000 of those from the fuel into the purge. R/B is increasing slowly

with time.

lotiine Behaviour

13. The helium leaving the reactor in May 1973 contained 3 x 10 to 4.4 x 10

of H per pound. This concentration has increased about 10Z since April

Between 13 and 392 of this iodine deposited on steam generator and

ducting surfaces between the samplers.

14. At the reactor exit temperature of 720°€, iodine was not found to be

assscisted wish Ju*t. However, 0.7 to 1.2A of tU« xodiut* collected was found

in the silver zeolite and impregnated charcoal traps that followed the filters

in the samplers. This Iodine is assumed to be present in the form of one or

more organic iodides*

15. At the steam generator exit temperature of 325°C, iodine was found to be

associated with participate matter and the amount of "organic iodine" had

increased to 6-12%. Since both samplers operated at similar ambient temperatures,

organic iodide generation in the samplers will not account for this difference

and one must assume that organic iodides were being formed in the steam generator.

It must be emphasized that the percentages quoted abovi apply only to that

small fraction of iodine that is gas-borne.

16. The I content of one Peach Bottom steam generator is estimated to be

-9about 6 mCi, - 2 x 10 of that in the core. Operation without purge might



reasonably be expected to increase tha rate of iodine release into the primary

circuit substantially.

17* Iodine-131 could not be detected on tine walls of the pristr *y circuit. The

Unit of detection varied from 0.09 to 0.007 yCi/cm » corresponding to < 1 Ci

129 127in the circuit. Surface concentrations of. I and I have not been measured;

thus total iodie* loadings are unavailable,

Caesiwa Behaviour*

13A 13718. The average concentrations of Cs and Cs measured during the sampling

period ending Hay 1973 are shown in Table 1. On balance the steam generator

and the ducting becveen the samplers are acting as sources rather than sinks

for caesiua. Furthermore caesium is predominantly associated with dust, probably

more so than those figures suggest. However, if one compares caesium concentra-

tions that are more representative of molecular caesium, namely those measured

134using only the diffusion tubes the picture changes, and for Cs the steam

generator is now definitely a sink. The explanation of these observations is

that a number of fuel elements broke; during operation of Core I and released a

small amount of fuel and caesium-containing carbon into the coolant. This material

whose Cs/ Cs ratio would now be - 5, is still being circulated, albeit

1 \f 1 %L

very slowly. "New" caesium from the hotter parts of Core II has a Cs/ Cs

ratio of - 1.6. Inspection of Table 1 shows that, while there is evidence of

new caesium on the diffusion tubes of the upstream samplers, the Cs/ Cs

ratio on the downstream sampler's diffusion tubes is closer to the value

characteristic of the dust. The "new" molecular caesium is apparently being

collected by the steam generator. The upstream average caesium concentrations

are decreasing with time.



Table 1

Caesium Concentrations In Peach Bottom HIGR Primary Coolant

During Period Uncling May 1973

Average Cone.
(yCi/lb He)

Fraction on
diffusion tubes

Upstream

13ACs

0.37

of

1

1.

Steam

3xlO~3

0.23

Generator

13TCs/134Cs

1.9

Downstream of Steam Generator

13*Cs

8.4xlO"4

0.13

137Cs

3.0xl0"3

0.11

1 3 7Cs/ 1 3 4C 9

3.0

Fraction on dust 0.63 0.77 3.7 0.87 0.89 3.8



19. Caesium distributions in the primary circuit ducts were measured in

May 1971 and Hay 1972. During the period between these measurements, the

surface concentrations of caesium decreased and the caesium distribution

tended %o become more uniform. For example, in 1971 the concentration of

137 2 2
Cs changed from 2.1 yCi/cm at the steam generator exit to 0.45 uCi/cm

at a point on the compressor exit line. In 1972 the corresponding activities

2 137 134
were 1.4 and 0.47 yCi/cm . The Cs/ Cs ratio changed in a manner that was

consistent with decay of the 1971 material, with insignificant replenishment.

Because of geometrical complexities and the very low activity levels, it has

not been possible to measure the caesium activities in the steam generator

directly by y-speetroscopy. Measurements on the concentric duct between the

boiler and the reactor were interpreted as shoeing that caesium concentration

in the hot duct were not grossly larger than at the boiler exit. The sample*1

137
portion of the primary loop contained 3.6 Ci of Cs in 1971 and 2.5 Ci in 1972.

137

20. An estimate of the maximum rate at which Cs from Core II id being de-

posited in the steam generator may be made by assuming that (1) the dust contains

only recirculated caesium, (2) all "new" caesium (with a low Cs/ Cs ratio)

is measured by the upstream set of diffusion tubes, and (3) all this caesium is
137

deposited in the steam generator. The estimated Cs deposition rate obtained

in this way is 0.6 Ci/yr for one steam generator. This result is not inconsistent

5 137
with other observations. Core II contained ~ 2 x 10 Ci of Cs after 2 years

of operation...

Behaviour of Other Fission Products

21. The behaviour of Ag is similar to that of caesium. The amount of silver

in the primary circuit is decreasing faster than Ag can decay; hence some

is being transferred to the purification plant or other inaccessible parts of

the primary circuit. The concentration of Ag was below the limit of detection



in all components.

89 90 140 144
22. The small amounts of Sr, Sr, and Ba and Ce found In samplers

or on dust could be accounted for by decay of gaseous precursors or the

235
presence of U from broken Core I elements.

Circulating Dust

23. The circuit contains ~ 20 ug of circulating dust per pound of helium.

The dust is composed principally of carbon; however, it contains iron, manganese,

sulphur, and chlorine in quantities large enough to be detected by x-ray

fluorescence, as well as smaller quantities of chromium and cobalt.

24. Particle sizes range from a 2-cm fragment of thermal insulation to 0.01-pm

soot particles. The dust contains crystalline and amorphous carbons.

25. X-ray powder photographs show that the dust contains iron mainly as

metal »"d iron-carbon compounds.

Surface Deposits

26. The coolant is reducing to iron and oxidizing to chromium. Stainless

steel sampler components have films consisting of carbon, chromium oxide,

a chromium-manganese oxide, and finally base metal. Carbon whiskers

characteristic of carbon deposited from CO + H. or CH, have been found on

surfaces and in circulating dust. Circulating stainless steel fragments show

evidence of some carburization.

Conclusions

27. The fuel element purge system is very efficient. It controls the direct

release of iodine into the coolant and the indirect (as gaseous precursor)

releases of caesium, strontium and barium isotopes. Since it affects the

axial distribution of caesium in fuel elements, it way affect the direct

release from the core. Further analysis is required to clarify this point.



28. The rate of deposition of iodine measured (13 to 39% per pass) is much

larger than the 1% per pass used in safety analysss. Steam generator surface

temperatures in a large HTGR. will be similar to those at Peach Bottom. One

must expect the gas-borne iodine in the upper coolant plenum of a large HTGR

to contain a few percent of volatile organic iodides.

29* Caesium is leaving the Peach Bottom second core at a rate (1.2 Ci/year)

that clearly will not affect access to primary circuit components, unless it

increases substantially toward the end of core life. Future work will resolve

this point and determine to what extent this conclusion may be applied to

larger HTGEs that will not have purged elements and whose fuel and graphite

will be hotter. Caesium deposition also appears to be greater than 1% per

pass. Further analysis of recent: data should oermit refinement ot this figure.

30. While dust deposited in the primary circuit is definitely being redistri-

buted by the coolant over the years, and perhaps transported to the purification

plant, a depressurization in which there was no increase in gas velocity would

clearly remove only trivial amounts of activity. The gas-borne inventories

of 131I and 137Cs are < 0.3 yCi and < 1 yd, respectively.



Figure Caption

Fig. 1. Peach Bottom HTGR: Plant Layout.
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