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RADIOCHEMICAL ANALYSIS OF FISSION PRODUCTS
IN THE DRAGON REACTOR

PART 1
DESIGN AND OPERATION OF THE SYSTEM
by

P. ACCIARRI
E. J. MITCHELL

INTRODUCTION

One of the major objectives of the Dragon Reactor experiment is to study
fission product control. This is important because, contrary to most other
nuclear reactors, the fusl elements are not contained in a metal cladding.

The initial concept of the fuel element was one in which fission products: were
emitted from the fuel. Their control was effected by passing a fraction of

 the coolant gas (the "purge stream") over the fuel inserts and into a fission

product control system in which fission products would be adsorbed on active
charcoals Because of the very high activities, it was deemed necessary to
somewhat delay the fission products within the fuel elements prior to entering
the control system. The fuel inserts were therefore enclosed in low permea=-
bility graphite fuel boxes and in addition the purge stream was made to pass
through an active charcoal bed incorporated into the bottom of each fuel element.
By these means it was hoped to produce at least a one hour delay before the
fission products entered the fission product control system.

This particular concept has certain inherent disadvantages, and was therefore,
superseded - at least for the first Dragon fuel charge - by the introduction
of coated particle fuel. The current object is to develop coated particle fuel
capable of retaining all but a fraction of the order of 107° of the gaseous
fission products, to the stage where FIFA* burn-ups in excess of 100% can be
attained. If this becomes possible, then there might be no need for a purge
flow and the associated complex fission product control system in future reactorse.
However, the only realistic means of developing such fuel involves testing
under operational conditions in the ~Dragon Reactors To this end a programms
to develop and define the limits of such fuels has been laid down. A vital
part of this programme is the measurement of figsion products released from
fuel elements at various locations within the core.

The measurement will be performed by gamma counting and gamma spectrometry
of the purge flow. This method was chosen because of its simplicity and
adaptability for remote control and because the feasibility of the principles has
already been demonstrated in the Pluto Loop, (See Part 2 of this report.) In
this report a description of the methods chosen and the equipment-used is given.
The importance of flexibility has been emphasised, since it is appreciated that -
certain components cannot be optimised until operational experience has heen
obtained.

$ PIFA = Fissions per Initial Pissile Atom




It will be shown that the propmsed system is capable of recordlng t%e
activitles of certain isotopes of krypton and xenon within the range 107¢ to

- 107> fractional fission product release with the assumption of no delay in thef'

’_, fue1- ~ With one hour delay in the fuel the system will record in the order
f ,yuf 100% release of these gaseous 1sotopes.

. ’The,system,has been designed such as to allow the introduction of new
or'modified apparatus if this shou1d~subsequently be found desirable.

" 800PE OF FISSION PRODUCT ANALYSTS SYSTFM

' 2 1 nges of Puel Con31derad

. For the purpose of this report two widely differing types of fuel
"havs'been consideredzm ,

' 3(5) /Coated Partlcle Puel with Central Purge 10w

 With this fuel element arrangement (see Fige. 1) practically all

the gaseous fission products will ideally be retained by the coated
particles. Should rupture of the costings occur, however, gaseous
fission products will tend to escape either to the surrounding
primary coolant via the graphite fuel element rod or to the central
, purge flow via the inner graphite sleeve. However, provided the

~ permeability of the inner sleeve is very high in comparison with that
of the outer graphite structure, most of the escaping fission products
will pass into the purge gas. Probable perm%? %1ty values for ,
inner and outer graphite respectively ars 10~ /s and 1077 on2/s.

Because of the high permeability of the inner graphite, the

_ _assumption has been made that the delay of the noble gas fission
_products through the sleeve ig negliglble. It has been further assumed
that, as a result of ruptured coated particle fuel and/or fissile
material contamination of the coated particle surfaces, 107% of the

~ total fission products will be released into the purge gas, the likely

_ range of such release being 10=2 to 10°° approx. The activities
1isted in Tables 1 to 4 must therefore be approprlately factored

' '1£ the actual fractional release differs from 107

-  ,w(b);;Uhcoated Fuel w1th Annular Purge Flow

. In this case (see Pig. 2) the gaseous fission products will tend
_to escape vis the inner graphite fuel box to the purge gas which flows
_in the annular space between this box and the outer fuel rod structure.

 The permeability of the graphite fuel box has been taken as

10-6 ¢ 2/5 for which value a delay of 1 hour from the time of fission
 has been assumed for 100% release of gaseous krypton and xenon from
~ the fuel boxes. .

2-2'3F1'sion Products Considered

’ In both cases (a) and (b) abave, no further delay of Xe and Kr has been




Table 4

Activity of Fission Products in the Purge Gas at 5068 and 20 atm Pressure

Coated Particle Fuel 10-2" Release,

No Decay

' D ipeCific Activit Act t}

SR ecay ctivity ctivity ctivi

ouptig: ??%ﬁ i GonaZent 6.76 x 1072 v, 55020 kel

curies/cc

Kr-83m 114m .48 1.0 x 107* 5.2 x1077 9.6 z107° 1.92 x 1072
Kr-85m | 4.360 | 1.5 bt x 1072 | 4,36 x 1077 1.31 x 1077 2.62 x 107
Kr-87 78m 2.7 1.8 x 107 | 2.62 x 107° 7.86 % 1072 1.57 x 107%
Kr-88 | 2.7n 3.7 6.95 x 1072 1.69 x 107 5.08 x 1072 1,02 x 107*
Xe-131m | 124 0.05 | 6.68 x1077 | 1.32 x1071° 5,94 x 1077 7.88 x 1077
Xe=133m | 2.3d 0.16 3.5 x 107 3.68 x 1077 1.10 x 1077 2.20 x 1077
Xe-133 | 5.27a | 6.5 1.5 x107° | 6.z x 1078 1.93 x 1070 3.86 x 1070
Xe-135m | 15.6m | 1.8 7. x107% | 8.72 x 107 2,62 x 107% 5.24 x 107F
Xe~135 | 9.43n | 6.2 2,1 x 10 | 8.6 x 1077 2,58 x 1072 5.16 x 1072
Xe~138 | 17m 5.5 6.79 x 107 | 2. x 107 7.32 x 107* 1.46 x 107




Table 2
sion Products in the Xenon Trap at 50 c and 20 atm Pressure‘

| oated Particle Fuel. 107 - Belease. 3 n Decay_

ﬁAotiVity ... .
Reauctign. . Specific Activity
Pactor |  Activity ~ for

. ~}t . '(durias/ic | 60 eco

0962 | 3582107 | 2,08 x 1077

';984“:',} 6. 32 x 10‘8‘ 3.8 : x 10 -0

335 = 10 | 298 x 107 1476 2 107 o

0. 796 684 x 10 . 107

_,5.55“0“4[ 16 x 107

9.6 x 1071

Table 3
 ssion Products 1n the Xenon Trap at 50 C an& 20 atm,Pressure’

d[Partlcle Fuel. O""4 Release. '45 h Deo&y

~ Aéfivit ..

~Re&uctizn¥~  Specific | Activity
 Tactor | Activity ~ for
 si (curies/go) | 60 oo

| sezzw0 | 30izi0

2,84 x 1078




Table 4
Activity of Fission Products in the Krypton Trap
at 50°C and 20 atm Pressure

Coated Particle Fuel, 10‘4 Release

20 h Decay
Specific Activity
Fission Activity X | Reduction Specific Activity
Product for : Factor Act?Vlty for
No Decay ~ M (curies/cc) 60 ce
(+]
Ke-83m [3.2 x 1070 | 7.26 | 6.95 x 1074 |2.22 x 10719 |3.32 x 1078
Kr-85m | 4,36 x 10™7 3.17 | 4.18 x 1072 |1.82 x 108 1.09 x 1078
Kr=87 2.62 x 100 | 10.66 2.32 x 1072 | 6.08 x 10! 3.65 x 10~7
Kr-88 -6 | = -8 =11
(aoogg) |1+69 x 1070 | 5.0 |6.76 x 107> [1.14 x 10 |68 x 10 1

- considered to take place in the small charcoal traps at the lower end of
the fuel elements, since at the prevailing temperature of about 350 C the
adsorption coefficients for both gases are very low.

Also in both cases, only those fission products which are either gamma
emitting or which give rise to gamma emitting daughters have been considered,
since the system provides facilities only for gamma measurement and
spectrometry. Very short lived, directly produced, fission products,

(iceey t3 < 15 min), have not been considered in activity calculations
or gamma spectra. '

Metallic and halogenous fission‘products have also been ignored since
these will either be removed by the charcoal traps in the fuel elements
or be condensed out on the pipework of the purge gas precooler.

2.3 Range of Experiments

Several experiments both qualitative and quantitative can be carried
out and these are listed below:-

(1) ITn order to obtain the maximum information on the active
' constituents of the purge flow, the xenon and krypton gases can be
separated in charcoal traps as described in Section 3.4.

(11) After separation, the activity of the xenon and krypton can be
independently measured and by gamma spectrometry, the predomlnant
isotopes identified. (See Sections 4 and 5e)
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8 5 per1od that the short llved 1sotopes will d1sappear.;x{
, The act1V1ty of the longer llved isotopes can then be more aasily .

,f'measured.; Successive periods of delay will result in tha max1mum,
"1nformat10n belng obtained. . . -

A gas sample may be left in a charcoal trap such that a soli
,;daughter product will be formed by decay of the gaseous parent ,
_ fission product. The gas can then be purged out with clean helium
”*/and the act1v1ty cf the solid dauphter measured. '

 Gamma spectrometry, in adaitlon to tetal aotlvity measurement, ean
,~,als0 be carried out on an unseparated sample. _ This can be done '
~ either with a captive sample or with a continuous flow from the fuel
~ element, in which latter case the contribution from the shorter ,
"llved f1ss10n products and solld daughter products can be obta1ned.

' IPTION oF sysm::m

sm provides facilities for the follow1ng operatlons to be carrled
“f,the 3 mnd1v1dual fuel element assemblles-m , ;

lective sampllng of the purge flow.f;
utlcn of the purge flow as and when requlred. ’
. Total act1v1ty measurement of the undlluted and/or alluted purge flow.
Qamma spactrometry of the undlluted and/or diluted purge flow.

eya_atlon Of the gaseous 1sotopes of xenon and krypton in the purge
by means of charcoal traps to perm1t independent gamma spectrometry
e'xenon and krypton. . :

aratlon aa above, follcwed by gamma speotrometry of the solid daughter -
oaucts of xenon and krypton. , , .

ion to the above, it w111 be p0881b18 by gamma spectrometry to
activity of fission products in the reactor primary coolant when
d ,the same. proce&ure bexng adopted as for (¢) to (£) above.

'gﬁlagram (Pig. 3) shows the general principles of the system
'  The dlagram has been simpllfled and includes only those
elevant to the scope of this report.f The system can be sub-

"untlng splkes for the 37~fuel element assemblles 1nccrporate ,
"order to equalise the purge flow should any fuel element become
From the upstream hlgh pressure side of each orlflce,




3.2

a small bore (%") capillary pipe passes through the purge gas precooler,
and thence to a 37-way selector valve. The selector valve will be fully
described in a separate D.P. Report., fach capillary pipe is connected
to an individual 3-way, bellows sealed valve in the selector unit and by
remotely operating these valves, the purge flow from any particular fuel

~element may be tapped. The average capillary pipe length from fuel

element spike to selector valve is 65 ft O in. The purge gas will leave
the fuel element at 20 atmospheres (abs.) pressure and 350°C but will
have cooled to about 50°C at the selector valve. '

In order to reduce the risk of blockage of the capillary pipes by
fission product deposition, to approximately equalise the pressure across
the valve bellows, to flush the selector valve casing and, of special
significance to this report, to prevent cross contamination between
different fuel element sampling lines, a back-flushing system is employed.

Clean helium is taken from the return line to the reactor and enters
the selector valve casing via isolating valve 41 (normally open). This
gas circulatesy leaves the casing and is conducted through a fail shut
solenoid valve 42 from which it returns to the selector unit via a non-
return valve. This valve admits the flushing gas t0 a manifold which
feeds all 37 3~way valves and their associated capillary pipes via the
lower valve seats. Since the valves are all normally closed on their
upper seats by spring force, continuous back~flushing of the capillary

pipes can be achieved. The non=return valve and S.:V. 42 are used to prevent |

the escape of radioasctive purge gas into the reactor building should the
selector valve casing become ruptured.

When any one valve is operated and depressed onto its lower seat,
the flushing gas to that one valve only will be cut off, the remaining
36 valves and capillaries still being back-flushed. By this method, it
is ‘considered impossible for leakage of fission products to occur from
one fuel element purge line to another.

By operation of a valve, as dbove, a small flow (approx. 8 cc/s) of
purge gas from the related fuel element can be obtained through the upper
valve seat, sample gas manifold and isolating valve 43 (normally open)

- in order to carry out the required activity measurements. The selector

valve can be operated either auvtomatically when each purge line will be
scanned in sequence, or manually, depending on the nature of the measure-
ments to be performed. Provision has been made for changing the time
cycle when operated automatically,

The maximum leak rates specified for the selector valve are
.01 cc/min for upper and .02 cc/min for the lower seats of the 3~way valves.
The purge flow being sampled could, therefore, possibly be diluted by
clean flushing gas as a result of 36 upper seats and one lower seat leaking
into the sample manifold, i.e., a flow of .38 cc/min, However, this
represents a very small percentage (<0.1%) of the sstimated sample gas
flow rate of 8 x 60 = 480 cc/min.

Activity Monitoring Bystem

By opening solenocid valve 48, the purge flow will pass through a
pipe coil of known volume in instrument pot I.P. 13 and via isolating
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”,ormally open) to the main f1331on produot purge 11ne upstream‘
ay beds. The total activity in the purge flow can then be
d by means of an activity monitor located concentrlcally 1n31ds,
, The design of the installation (see Fig. 4) allows for
, ,ty monitor to be either an ion chamber or a scintillation
t'r*gthe actual instrument dependlng on what degree of fission
release is expected for the particular fuel being used. When
tillation counter is used, gamma spectrometry of the leSlon
s can be carrled out. ,

Thls mcnltor is also uﬂeful for detectlon of faulty fuel alements
1ts use 1n thls respect will be covered 1n a separate D.P. Report.

- When desxred the act1v1ty monitor 0011 can be flushed w1th clean
‘helium via solenomd valve 49, and by keeping the appropriate valve in
the elector unit depressed, the sample gas manifold, 3~way o

: e and caplllary piping can also be backvflushed.

. Instrument pot 10 contains an 1dent1ca1 plpe coil of equal volume
hat 1n I P. 13 but for thls installation the sclntlllatlcn counter

be perfarmed. ' The purge flow through I.P. 10 can elther be diluted
,Sectlcn 3 3) or undlluted accordlng to the prevalllng aot1v1ty 1evel.

In the case of 100% or substantial fractional fission product release,
ct1vzty level of the purge flow will be too high for identifiable ’
a Spectra to be obtalned from the scintillation counter in I P, 10
rom those in the subsequent charcoal trap system at I.P, 8 and I, P. 9.
 Se't1on 3.4.) The counting rate for 1 hour delay of flSSlOn products,
uming 1007 gaseous fission product release, is 1.95 x 109 c/s approx.
. Table 5.) If the maximum counting rate that we can measure
ely is 5 x 104 ¢/s then it is necessary for this purge flow to
ed by a factor of about 105, A dilution system has, therefore,
orporated and thls system w111 function as follows.'

nnecﬁed across 1.Ps 13 and I.P, 10 is a very small bore "standard
.0il located in instrument pot 14. This coil is 012 in bore and
long an will provide a known very small flow for a given pressure
it., TFilters are provided at each end of the 3011 to
,possm_,e;blockage of the fine bore.

g_the total act1v1ty measurement at I. P. 13, the solen01d
, be,opened, thus communlcatlng the system to a clean helium

in 1. P, 14, which will dilute the purge gas entéring I P, 13 .
e amount. Thls flow will also serve to prevent any
1s51on product leakage into I.P. 14 and I.P. 10,

'equlllbrium act1v1ty has been achleved at 1. P. 13, solen01d
'pene& to communlcate I.P. 10 w1th low pressure dump tanks




3.4

via a restriction orifices The immediate effect is to produce a flow
of clean helium via S.V. 51, I.P. 10 and S.V. 44 to the dump tanks, with
a large pressure drop at the orifice. Pressure in this part of the
system can now be reduced by operating the Control Valve 160, A
pressure transducer downstream of S.V. 51 will record the system pressure
and by reference to reactor pressure will give an indication of
differential pressure across and hence flow through the leak coil as
well as the pressure of the sample taken.

Since the dump tank pressure will normally be 1} to 2 atm (abs.)
and the clean helium supply pressure 21 to 23 atm (abs), a wide range of
pressure adjustment is possible. Also the restriction orifice at
SeVo 44 can be removed and replaced if necessary.

As soon as this pressure is reduced to less than that at I.P. 13,
the flow through the leak coil will reverse and a small flow of radio=-
active purge gas will mix with the clean helium passing through
I.P. 10. Valve 160 will then be further adjusted until the activity
recorded at I.P. 10 is in the desired ratio to that previously measured
at I.P. 130

Solenoid valve 44 is then immediately closed and the continued supply
of clean, high pressure gas via valves 160 and 51 raises the pressure until
clean gas again flows in the reverse direction through the leak coil,
thus preventing further supply of radioactive gas to I.P. 10. Solenoid
valves 46 and 47 are then opened and the purge sample of known volume
and degree of dilution can be driven through the charcoal traps in
I.P. 8 and I.P. 9 by means of the carrier flow from S.V. 51.

In the case of coated particle fugl when the fission product release
may possibly be down by a factor of 10%, it will not be necessary to
dilute the purge sample. However, collection of the required volume
of sample via the leak coil could involve lengthy delay during which many
of the shorter lived fission products would have greatly decayed. A
by-pass valve, incorporating a removable restriction orifice, is therefore
provided across the leak coil so that an undiluted sample can be passed
directly through the valve. This valve and orifice combination can also
be employed for the lower range of dilution which may be required. ~

Xenon and Krypton Separation System

The sample collected in 3.3, whether diluted or noi, can undergo a
trapping process in order to separate the xenon and krypton gaseous
isotopes so that each may be viewed separately by scintillation counters
for gamma spectromeiry. The separation will be performed by driving
the purge sample through traps of activated charcoal located in instrument
pots 8 and 9, (see Fig. 5), the gases being trapped by adsorption on the
charcoal. The sample will be driven through the traps by means of clean
helium at constant flow via S.V. 51, flow control being achieved by means
of valve 160 in conjunction with a restriction orifice (removable) at
solenoid valve 47. A flowmeter is incorporated downstream of valve 160,

Since the two active gases xenon and krypton exhibit different
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. dsorption coefflcients with activated charcoal as the adsorbent, they
will progress at different rates through the charcoal traps so that
_after a certain time, xenon and krypton will be adsorbed in different
, parts of the system. The two traps have acoordingly been arranged 50

_',hat Xenon may be trapped in one and krypton in the other and their

_ac /vitles and gamma spectra independently observe&.

_The theory of the adsorption proceqs has been dealt with in [1]
. where the adsorption coefficient of gas on a charcoal bed at a partlcular
.temperature has been defined as ~ ,

V'¢ ,Molecules of gas adsorbed per cc of charcoal bed

Holecules of gas per oc of gas phase = constant

. re the prevailing partial pressure of the gas is well below the~
”*saturatlon pressure of the charcoal.

, Flg. 6 shows adsorption coefflclent curves [2] for xenon and .
'k_krypton over a range of temperature for a charcoal bed of 0.49 g/cc density

~ and using 40 mesh charcoal. It can be seen that the ratio of the xenon
~ and krypton coefficients increases with decrease of temperature. Ideally,
_therefore, a cooling system at, say, sub=zero temperature would be
 employed. However, because of technical difficulties associated with

such a system, it was decided to control the trap temperatures at SOOG,V ,

slightly above the predictad ambient, by means of thermostatlcally controlled

'"heaters. ' , -

-Reference to Fig. 6 shows that at
' ”{ 40° C ¢ = 14 5 for krypton and 160 for xenon. Ratio 11
50 ¢ ¢ for krypton and 125 for xenon. Ratio 10.5

60 C ¢ _,10 for krypton and 90 for xenon. Ratio 9.

, ,e; if the bed temperature is controlled at 50°C within a few degrees
of accuracy, the ratio of the adsorption coefficients for xenon and
krypton w111 not vary appreciably.

'fThe charcoal traps must be large enough to ensure that after a
ain time all the xenon and krypton is adsorbed in its respective trap,
allowing for "band broadeninz® of the adsorption and the possibility of
some error in the adsorption coefficients. he sharpness of the
tion bands in the charcoal traps is dependent on the band broadening
1 The ban& broadenlng is given [1]




where §

specific surface of bed (cm2/0m3)
L = length of bed (cm) |

B = viscogity of gas (g/om &)

G = mass flow rate (g/cmz)

Dp = aeguivalent diameter of charcoal grains.

- It can be seen that the adsorption band is sharper if a fine grain

charcoal and a small carrier flow are used. Hence, a bed density of
0449 g/bc and a carrier flow of only 2 oc/é have been chosen.  No

experimental data exists at present regarding the length of the adsorption
tails but it has been assumed in this case that a sufficiently sharp
breakthrough can be achieved. If this is so, and if the volume of the
gas sample is 60 cc, the volumes of charcoal containing the adsorbed
gases in the respective traps will beg=

(1) PFor Xenon

Gas Volume 60 = 0,43 ¢¢

V= Adsorption Coefficient . 140

(2) For Krypton

60
Tz-agcc

The volume of the first trap for xenon has been fixed at 10 cc which
should be large enough to ensure adsorption of all the xenon.

V=

The size of the second krypfon trap is then determined by the fact
that we require the krypton to be adsorbed in its m1d-sect10n whilst the
xenon is in the mlddle of the first trape.

The average delay time for a gas having an adsorption coefficlent ¢
due to a charcoal bed of volume V and voidage fraction a is given by

v +a '
t = - {1]

where F is the carrier gas volume flow rate. Sinoce a is usually
negligible compared with ¢ thls fraction has been ignored.

cte 18
bnt F

: 10 x 125 '
For the xenon trap, therefore, t = w-%~—~§»= 625 8.
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n'ordgr for coincldence cf trapplng, tha volume of the krypton trap /
,therefare, be ;

. The size of the krypton trap has, in fact been mada 90 cc., The
,”kryyton 3hou1d then be in the middle third of the 90 cc trap when the
_xenon reaches the mlédle of the 10 ¢c trap., This will occur at abcut

after the carrier gas has begun to flow, 1gnor1ng the free pipe
ne between trapa’-, A

. The volume of the gas sample (60 oc) has been made sufficlently 1arge
,Q;ensure that if the activity of the purge gas is down by a factor of 10
ue to the use of coated particle fuel, it will still be possible to have
,ir 1nd10at10n of the fission product activity in the charcoal traps.
' cho e of sample volume was also influenced by the fact that a "dead
ill occur in the pipework of the isolated sample and when the carrier
' w3 through the system the dead leg may produce "tails" of the active
In order to minimise this effect, the sample volume must be
,,ely large, hence the choice of 60 CC.

 'Heat Generated in the Charcoal Beds

, In order to calculate the heat generated in the traps, the
, ' pess1m1st1c assumption has been made that all the xenon and krypton
”'fls present contemporarily in the same trape

- The heat geonerated by 1 cc of sample gas can be obtained from
*tha fermula

10

E = - EC 3.7 x 10 MeV/s

 '3 G 5.92 Watts

,,, 'where E = the gum of the average Bwpartlcle energy and the total

. Y=ray energy for each isotope, and C = the specific activiily of
__the sample (curies) for each isotope. The summation carried out
for all isotopes present in the sample indicates that heat generated
,413 of the order of mllllwatts and can be 1gnored for all practloal

The trap temperature w111 be regulatad at 50 ° during activity
asurementa by means of thermostatically controlle& eleciric
- Temperaturs measurement will be by means of thermocouples
'”the trap body as near to the charcoal as p0881b16o




Thewhe%ters will also be capable of raising the trap - tempera-
ture to 150°C so that by flushing with clean helium, fission
products may be driven off to regenerate the traps. During this
operation provision has been made for the scintillation counter

to be raised clear of the trap by means of a remotely operated
electric motor to avoid overheating of and possible damage to the
instrument. ' :

A general arrangement of a charcoal trap instailation is
shown in Fig. 5.

3«5 Installation of Equipment

All the valves and instruments which comprise this system (excepting
the v-spectrometry equipment) will be installed in sealed containment
vesgsels approximately 4 ft 6 in deep and 8% in minimum inside diameter
built into the biological shield floor over the fission product plant room
of the reactor building. Biological shield plugs are provided in the
mid-section of each vessel, with the valve or instrument assembly below
and electric cables, etc., passing through suitable holes in the shield
plugse.

Solenoid valves and other electrically actuated equipment will be
remotely operated from the main control room.

All the equipment has been designed to permit its being removed and
replaced by remote handling equipment during reactor shut down periods.
Mechanical seals are made between the valves, etc., and pipe stubs in the
containment vessels and the vessels can be monitored by leak detection
equipment to locate any possible leakage from the installationss

3.6 Tlexibility of System

Because all the valve and instrument assemblies can be removed and
replaced by remote handling equipmenit, various modifications to the system
can he made sliould theoretical premisesd not be fully borne out in
practice. A charcoal trap assembly, for example, can be replaced by one
of different volume, geometry, charcoal grain size and charcoal density
and a leak coil can be replaced by one of different bore size and/or
length.  Further, where such items as restriction orifices and filters
are fitted, these have been made easily removable so that alternative
sigzes may Ve assembled if necessarye.

From the operational viewpoint, a wide range of experiments can be
performed as described in Section 2. For these experiments, dilution
of the purge gas can be varied as can also the carrier flow through
the charcoal traps and the trap temperatures.

4. FISSION PRODUCT ANALYSIS -~ COATED PQRTICLE FUEL

The following paragraph outlines the calculation of activities for an
assumed fuel condition and fission product release. This is a purely theoretical
. consideration for purposes of illusiration. The actual activity may be some-
what different in practice and indeed one would be very surprised if it were not.
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4.1 Calculation of Fission Products Present in the Purge Flow

The activity of the fission products present in the purge gas is
caloulated for a reactor heat output of 20 MW for which the number of
f1381ons per second is equal %o

N.205x3.12 2108
= 6.24 x 101 fissions/s

The rate of production of one fission product

= 6.24 x 10'? ¥ atoms/s

there Y is the yield in %.

, Assumlng a purge flow of 2.5 x 103 cc/s, (i.e., at 50°C and
20 atm absolute pressure) and a release of gaseous fission products into
the purge flow equal fo 10-4 of the total, then the concentratlon of a
' ,glven fission product in the purge gas will be

6.24 x 10 15 Ly 2107

5 atoms/cc
2.5 x 10

C =

C = 2.50 x 108 ¥ atoms/cc

. The specific activity of the fission product under consideration in
~ the purge gas is equal to

10

Moo 20 1 curies/cc
3.7 x '10 o

= 6 76 x 107° 1 curies/cc
‘lwhere A is the decay constant (s ).

Table 1 shows the activities of all gamma=emitting fission products in
~ the purge gas plus those which produce gamma-emitting daughters and the
corresponding gamma-spectrum is shown at Fige Te

, The activity of the daughter products in the fixed sample volume
' can be calculated by the formula

o

. At
i v v (1 - )




4.2

where Xl is the decay constant of the parent (8“1)

¢, is the concentration of the parent (atoms/cc)

A, is the initial specific activity of the parent (curies/cc)

is the decay constant of the daughter (5—1)
t is the time during which the sample volume has been allowed to
decay (s)

It can be seen (see also Figs. 11 and 14) that there will be a
maximum activity from the daughter depending on A,C, and A,t. For
subsequent decay of parent and daughter the activities of 6ach will be
very roughly the same. Where there is a continued supply of the parent,
(ieee, continuous flow of sample gas) the daughter activity will rise to
equal that of the parent according to the formula

A, =

2

FPission Product Analysis in the Xenon Trap

It is hoped that by means of gamma spectrometry the following isotopes
can be identifieds~ .

Xe-135, Xe-133, and Xe-138: the latter also by means of its solid
daughter product Cs=138. :
In order to coverithis range of identification, 4 separate analyses
have to be considereds—
(1) After no decay in the trap it may be possible to identify Xe-138
which has the highest energy peak (ses Fige. 8 for y-spectirum)
despite interference from peaks of Xe~135m.

Since Xe~135m and Xe-138 have short half-lives (15.6 min and 17 min
respectively), if the sample is allowed to decay for, say, 3 h,
Xe=135 (half-life 9.1 h) can be measured. During this decay time,
there will also be a build-up of the solid daughter product Cs-138
owing to decay of Xe-138 according to the formula in Section 4.1.
However, Cs~138 has a short half-life (32.2 min) so that after
about 1 hour its activity will equal that of “the parent whose
half-life is only 17 mine. Hence, owing to this rapid decay rate
no influence will be made on the measurement of Xe-135. The gamma
spectrum after 3 h decay is shown at Fig. 9 and the total activities
at Table 2.,

(i)

If the sample is allowed to decay further for a total of 45 h
(see Table 3) the longest lived isotope, Xe-133 (half-life 5.27 days)
can then be measured (see Fig. 10 for gamma spectrum).

(iii)




(iv) As mentioned above, Xe-138 will produce the solid daughter Cs-138
after a short time. It is therefore proposed that, by sweeping
out the gaseous figsion products with clean helium via Solenocid
Valve 51, the activity of the remaining Cs-138 can be measured and
 hence the activity of the parent calculated. Fig. 11 shows the

build-up and decay curve for Cs—~138 [ 3] from which the best soaking
_time can be established as being about 33 min.

~ Thls, of course, must obviously be a separate experiment with
another gas sample for the reasons in (ii) above.

' ;3 Fission Product Anal sis in the Krypton Tra

By means of this second trap gamma spectrometry can be used to
',_‘determine the presence of Kr~87, Kr-85m and Kr-88 by means of its solid
daughter Rb-88.

For 1dentif1catlon of these fission products three separate gamma
' spectra must he consldereds— !

(i) Wwith no deeay in the trap (see Fig. 12) it may be possible 1o dotact
only the isotope Kr-87.

(11) It is doubtful whether Kr—83m can be measured because of the complex
. low energy spectrum. However, the half-life of Xr-83m is short
(114 mlnfyso that decay of the sample will permit the measurement
~ of Kr-85m. In order to also discriminate between Kr-85m and Kr-88
~ which have half-lives of a similar order (4.3 h and 2.7 h respectively)
the delay must be sufficiently long to permit adequate decay of the
Kr-88. A delay time of 20 h has therefore been assumed (see Fig. 13
~ for gamma spectrum and Table 4 for activities).

_As a separate experiment with a second gas sample, advantage can
be taken of the decay of Kr-88 to form Rb-88 and the gaseous
products flushed from the trap in order to measure the remaining
solid daughter. In this case, the flushing direction must be
reversed to avoid contamination of the trap with xenon and this
can be achieved by flushing via Solenoid Valve 49, I.P. 13 and

_ 8eV. 47, valve S.V. 44 being opensd to the dqump tanks, after first

flushing out I.P. 13 down to the main F.P. purge line. From

_measurement of Rb-88, the activity of the parent Kr-88 can be

'estlmated.

~ Reference to Fig. 14 will show the build=-up and decay of
Rb-88 [3] and the best soaking time for this experiment as being
60 min approx.

f4;4 gFiésian Product Anal,sis,of the Ungeparated Sample

A further experiment of a less sophlstlcated nature can also be
carried out on the unseparated purge gas. This experiment can be
performed in two ways. '

 '(3)  The gas sample can b6 luolated in 1.7, 10 as desoribed

DD .




in Section 3.2, and a total count recorded in addition to
gamma spectrometry of the sampls. Gamma spectirometry may
allow the immediate identification of Xe-138 (see Fig. 7).

The sample can then be allowed to decay and since the
Kr isotopes generally have shorter half-lives than those of
Xe,y decay for several hours will leave only Xe-131m, Xe-~133m,
Xe-133 and Xe-135. The same considerations of 4.2 will then

apply.

Measurement of the solid daughter products Cs~138 and Rb-88
could also be carried out as described in Sections 4.2 and 4.3.

(b) A continuous flow of sample gas can be viewed either at
I.P. 13 or I.P. 10 (depending on the order of fission product
release) and in this case an equilibrium activity should be
reached owing to build-up of the radioactive solid daughters.
An advantage of this system is that by means of the continuous
flow process the activity of the short-lived fission products
will be in equilibrium, decay need only be considered in terms
of the effects of sampling line delay and measurement can be
more leisurely. Also the solid daughters will build=-up to
an equilibrium condition and therefore, the subsequent

measurement will be simplified. Although by gamma spectrometry

it may be possible to identify Xe-138 and Kr-89 peaks, this
can be a qualitative analysis only. ; :

Measurement of Cs=138 and Rb-88 can be carried out at a
later stage by stopping the purge flow and sweeping the gaseous
products away with ‘clean helium.

Taking this experiment further, the gaseous products above
could be driven through the charcoal traps and measurements
carried out as in Sections 4.2 and 4.3.

It should be noted that for both experiments (a) and (b) above, the
volume of purge gas in I.P. 13 or I.P.10 will be only half, (i.e., 30 cc)
of that passed through the charcoal traps, the remaining 30 cc being
contained in the interconnecting pipework.

5. PISSION PRODUCT ANALYSIS = UNCOATED FUEL

The same remarks apply to the following calculations as for Section 4.

5+1 Calculation of Fission Products Present in the Purge Flow

: , 0
For a 20 MW output, assuming a purge flow of 2,5 x 103 cc/s (at 50°C
and 20 gtm absolute pressure), and 100% release of gaseous fission
products into the purge flow with no delay, then the concentration of
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~ » given fission product will be

624::1015 Y
2.5 % 10°
12

atoms/cc

0. - 2.5 x 10 © Y atoms/co.

1 G
The specific act;v1ty is equal to

' 12

1 2.1 10 0]
= 6746 Y?xcuries/cc
where A is the decay constant.

The activities can also be calculated for any assumed value of delay
in the fuel element.

The activity of the doaughter products can be estimated as in Section 4.1

Table 5 shows the activities of all the gamma emitting fission products

plus those with gamma, emitting daughters, assuming 1 hour delay in the
fuel slement. PFig. 15 shows the gamma spectrum for the unseparated sample
and it is apparent that, because of its complexity, it will be very
difficult to identify immedlately any of the Xe or Kr isotopes, Tmmediate
gamma spectra of the separated Xe and Kr fractions (Figs. 16, 17) are

- szmllarly unhelpfule By successive delay in the charcoal traps, however,
it will be possible to carry out certain measurements as described below.

5 2 Flsslon Producﬁ Analysis in the Xenon Trap

f_ , Measurement of Xe-133, ¥e=133m and Xe=135 is expected plus maasurement
 of Fe~138 via its solid daughter product Cs-138, Three analyses are
'requlred for this as follows:-

(1) The sample can be allowed to decay for 45 h, after which time
activities will be as listed in Table 6 and the gamma spectrum
will be as in Fig. 18, The concentration of Xe-133 and Xe-135
can then be measured. - ‘ * - ~

(ii) The sample is allowed to decay further for a total perlod of
,, 5 days. Measurement of Xe-133m and Xe-133 can then take
place. Activities present after this delay period are shown
in Table 7 and the gamma spectrum at Fige. 19.

 (i1ii) With a separate gas sample,'measurement of the solid daughter
. _product Cs-138 can be performed as previously described in
fSectlon A.2,




Activity of Fission Products in the Purge Gas at SOOC and 20 at Pressure

Uncoated Fuel,

Table 5

100% Release.

4 h Delay in Fuel,

S iiiiifi; Activity Specific Activity Activity
Fission for A Reduction Activity for for
Product No Delay ”?f‘;\zr (curies/cc) 30 cc 60 cc

= 67.6 TA e :

Kr-83m 3.2 x 1070 0.363 0.696 2,220 x 107 | 6.66 x 107 | 1.33 x 107
Kr-85m 436 x 1072 0.169 0.8 5,68 x 1070 | 1.4 x107 |} 2.2 x 107
Kr-87 2.62 x 1072 0.533 0.587 1.53 1072 | 459 x107 | 9.8 x 107
Kr-88 1,69 x 1072 0.25 0,73 1.52 1072 | 3,96 x 10~ 7.92 x 107
Xe=131m 1,32 x 107 2.4 x 1070 0.999 1.32 % 1070 5,96 x 1072 7.92 x 1072
Xe-133m | 3.68 x 1072 1.26 x 102 | 0,985 363 x 1072 | 1.09 x 107 | 2.8 x 107
Xe-133 6.42 x 107* 5., x100 | 0.995 6.38 x 107 | 1.91 x10™ | 3.82 x 107
Xe-135m | 8,72 x 1072 2.66 0.07 6.4 x 107 | 1.83 x 107 5.66 x 107
Xe=135 8.6 %1070 7.6 x102 | 0.927 7.97 x 10 | 2.39 x 10~ 4.78 x 107
Xe-138 2.4 x 107 2.4 0.087 2,42 x 1072 | 6.36 x 107 1.27




Table 6

vity of Fission Products in the Xenon Trap
at 50°%C and 20 atm Pressure
coated Fuel. 100% Release. 45 h Decay

| | Specific | aotiviiy - .
| Pission | Activity Reduction Specific Activity
- Produc't . for Tactor AC'{;lVl’ty for
| TNo Decay x| (euries/ec) 60 oo
, | _

Xe-131m | i 1.19 x 1076 | 7.14 x 1075
Xe-133m 2.09 x 1072 | 1.25 x 1072

. Iz | 5.03 x 107% | 3.02 x 10°
x| | 2.84 x 1074 | 1.70 x 10°

2
2

e R

Table 7

Activity of Fission Products in the Xenon Trap
; at,50°C and 20 atm Pressure
Uncoated Fuel. 1007 Release. .5 days Decay
. 1 Bpecific Activity
Fission | Activity ; Reduction l
(

Product for Pactor
, | No Decay e-ht

Specific Activity
Activity for
curies/cc) 60 co

s

6 | 0.288 |0.748 - 9.88 x 1077 5.93 x 1055 ,

6 | 486 5 107°
2

| xe=131m | 1.32 x 107
Xe=133m | 3.68 x 1072 | Jo.22 8.1 x 107
Xe-133 | 6.42 x 107% | 0.648 [0.523 | 3.36 x 1074 | 2.02 x 107
rei3s 86 x10° 1.09 x 1074 9.38 x 1077 | 5.63 x 1077

o s e




5¢3 Fission Product Analysis in the Krypton Trap

‘ . In the krypton trap it is hoped to measure the concentration of
| Kr-85m.and'Kr—88, the latter by means of its solid daughter Rb=88.,
Analysis will be by two separate experiments as follows:~

(1) The sample can be allowed to decay for 20 h.,  (See Table 8 for
activity levels and Fig. 20 for gamma spectrum.) Tdentification
and measurement of Kr-85m can then be performed.

(ii) As previously described in Section 4.3, a separate sample can be
taken and measurement of Rb-88 carried out by sweeping away the
gaseous fission products.

Table 8

Activity of Fission Products in the Krypton Trap
at SOOC and 20 atm Pressure

Uncoated Fuel. 100% Release. 20 h Decay

Specific Activity o L
Fission | Activity At Reduction iﬁi;ﬁfzc Ac;;zlty
Product for Factor (curie /cz) 60 co
No Decay oMt res

Kr=83m | 3.2 x 10™3 T7.27 | 6.92 x 1074 | 2.22 10‘6 1433 x 1074

Kr-85m | 4.36 x 1073 | 3.18 | 7.27 x 1072 | 3.17 x 1074 | 1.9 x 1072
kr-87 | 2.62 x 107° | 10.68 | 2.29 x 107 6 x 1071 | 3.6 x 1077
(§§:gg) 1.69 x 1072 | 5 6.75 x 107> | 1.14 x 1074 | 6.84 x 1073

5e¢4 Fission Product ‘Analysis in the Unseparated Sample

The same considerations will apply here as for the coated fuel case
covered in Section 4.4. Because of the assumed 1 h delay in the fuel,
however, the contribution from short lived fission products will be much
less,.

6. ACTIVITY MEASUREMENT OF THE REACTOR PRIMARY COOLANT

Reference to the flowsheet, Fig. 3 will show that a differential pressure
transducer is located in instrument pot I.P. 11, one side of which is connected
to the dump line from the reactor pressure vessel. This transducer and another
(not shown on Fig. 3), form part of the system for faulty fuel element detection

‘I' (to be described in a separate D.P. Report). A by=pass valve is provided
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w[.acrass this pressure transducer so that when desgired, a sample of prmmary ' .
coolant gas may be ftaken through valve SeV. 48 and thence to either I.P. 13 ‘ .
_ or T1.P. 10 so that its activity may be measure& and gamma specira obtained.
- The same general procedure for activity measurement can be adopted as
~ previously described in Sections 4 and 5, but because of the comparatively low
activity level of the primary coolant, some modification of the techniques
{,employed w111 probably be necessary. ,

DETAILS'OFfACTIVITY VEASURBNENTS

  7@1'_Activitx Measurement at T.P. 13

As previously mentioned in Section 3.2, the total activity of
the purge flow from any fuel element can be measured at I.P. 13 by either
an ion chamber or, for a fission product release of the order of about
107° or less, a scintillation counter. This measurement can be performed
by operating the selector valve manuvally or automatically.

For automatic scanning of fuel elements the velocity of the scanning
 system is determined by the time required for the sample gas to flow from
~ the fuel element to the monitor pipe coil plus an allowance for equilibrium

conditions to be established, The gas volume in the coil should, therefore,
~_be reasonably small yet high enough to permit activity measurement by an
~_ion chamber during 100% fission product release., The coil volume has,
accordingly been made 30 cc and the flow delay time (1gnor1ng possible
adsorption of gases on the pipe wall between fuel element and monitor) w111
~ be about 35 s, the purge gas having an estimated flow rate of 8 cc/s.
Delay times of 50, 70 or 100 s have been provided for on the timing unit
_of the selector valve control system for gutomatic activity scanning.
These times can be easily supplemented if necessary by fitting different
_ cams %o the timer unite. ,

_ Vhen the scintillation counter is used, the sensitivity of the aySOem
can also be reduced by ingerting lead shielding between the counter and

'”;;the coil. (See Fige. 4.)
Tl Ion Chamber Measurement

_ The ion chamber being provided is of stainless steel, fille.
with argon at 6 atm pressure.

The output current of the chamber can be calculated by the
approximate formula

t_sex10 8125

DZ

_where C is the specific actlvity of the sample (curies/cc)
V is the volume of the sample gas in the coil (cc)

E is the average y~energy of the photons (Mev)




§ is the sensitivity of the chamber (A/mR/h)

D is the distance between the chamber centre and the source
centre (cm).

For the case consideredy, D = 5.6 cm and V = 30 cc

_5.2x10°x30¢CEs

7.4
I=4.98x 106 CES

..O I

The computation of ion current for each of the two fuel
configurations considered is shown in Tables 9 and 10,

Table 9
Current Output of Total Activity Monitor in the
Sample Line at I.P. 13 Using Ion Chamber
Coated Fuel. 10—4 Release. No Delay Assumed
Specific ‘Average Sensitivity's :
Fission Activity Y-Ener (a/mR/h) Current
Product (curies/cc) (MeV?y £ 10~12 (amps)
Kr-83m 3.2 x 10°0 | 0.0415 6.92 4.59 x 1013
Kr-85m | 4.36 x 10~1 | 0.181 1.33 5,23 x 10713
Kr=87 2,62 x 107% | o0.56 1.0 7.32 x 10712
Kr-88 1.69 x 107 | 2.07 1.0 1.74 x 107"
Xe-131m | 1.32 x 1079 0,163 |  1.49 1.6 x 10°16
Xe-133m | 3.68 x 1077 | 0.233 1,15 4,91 x 10717
Xe=133 6.42 x 1070 | 0.081 3449 9.04 x 10714
Xo=135m | 8.72 x 1076 | o.52 1,0 2,26 x 10~
Xe-135 | 8.6 x 1071 | 0.268 143 | 1.29 x 10712
Xe-138 2.44 x 1072 | 0.522% 1.0 6434 x 10712
Total | 5-6 x 10”1

* pApproximate only.




Table 10

Current Output of Total Activity Monitor
in the Sample Line at T.P. 13 Usingylon Chamber
~ Uncoated Fuel., 100% Release
1 h Delay in Puel Assumed

Specific ~ Average Sensitivmty 5
Activity C xsmnerg ) (A/mR/hg
‘(curles/cc) (mev ~ x 107!

{ Pission
Product

6.92
1.33
1.0
1.0
1449
1.15
e
1.0
1.13
’ 1.0

X
x
.
x
X
x
x
x
X
x f

Total Current
*Approximate only.
- 7 1.2 Scintillation Counter Measurement

, The gointillation counter being provided will utilise a
~ right cylindrical Nal crystal, 14" diameter and 1" long.

 The counting rate can be oaleulated by the approximate
formula ,

Re3.7210%7e
 whére C is the specific activity of the sample (curies/cc)
V ia the valume of the sample in the coil (cc)
¢ is the intrinsio efflciency of the crystal

(see Section 7 3.1 for details.)




- Pables 11 and 12 show the computation of counting rates for coated
and uncoated fuel confipurations respectively.

Table 11
Comnting Rate of the Total Activity Monitor in the
Sample Line at I.P. 13 Using Scintillation Counter
Coated Particle Fuels 1074 Release. Wo Delay Assumed
Pission Average Aveg?§§ intrinsic Bpecific Count Rate for
’ Y-Energy piilelency Activities 30 co
Product (MeV) of tie1g£§stal (curies/cc) , c/s
Kr=83m 0.0415 5,75 3.2 x 1077 2,04 x 10
Kr-85m 0.181 4450 4.36 % 107 2.18 x 104
Kr~87 0.56 2,20 | 2.62 x 1076 6.41 x 104
Kr-58 2,07 1,25 1.69 x 1076 2,34 x 104
Xe=131m 0.163 4.90 1.32 x 1010 -
Xe=133m 0.233 440 | 3.68 x 1077 1,63 x 10°
Xe=133 0,081 5460 6.42 x 1078 3.98 x 103
Xe=135m 0.52 2435 8.72 x 1078 2.28 x 10°
Xe=135 | 0.268 3.60 8.6 x 1077 3.44 x 104
Xe-138 | 0.522% 2.35 2.44 x 1072 | 6.37 x 10°
Total Count* | 1,033 x 10°

# Approximate onlys

742 Activity Measurement at I.P. 10

The monitoring system will be identical to that when the scintillation
counter is used at I.P. 13 (see Section 7.1.2), the purge sample being either
diluted or undiluted as necessary. The count rates shown in Tables 11 and 12
are those which would occur for the undiluted sample for each fuel case.

T




Table 12

Counting Rate of the Total Activity Monitér in the
Sampling Line at T.P. 13 Using Scintillation Counter
Uncoated Fuel. 100% Release. 1 h Delay in Fuel Assumed

ol

Average Intringic
Gifficiency
of the Crgstal
x 10

Average
Y-finersgy
{meV

_ Bpecific Count Rate for
Activities 30 oo
{curies/cc) /s

| Fission
| Product

%e-83n | o0.0415 | | {2102 | 1.0+
Rr85a | 0.181 | 3,68 £ 1073 1.84 x
Xe-87 | 0.56 1 153 2 1077 3.4 2
|88 | 2.0 1,32 x 1072 1.83 x
o 1.32 x 107° 7.18 x

{Xe=133m | o0.233 | 3.63 x 1070 1.61 x

1072 | 159 %

1072 3.19 1
2

Xe-135m | 0.52 6.1
Xe-135 | 0,268 7.97
Xe-138 0.522% ~ ‘ 2.12

X
x
X ‘
Xe=133 | o081 | 6.38 x 107* | 3.96 =
X
X
X

10 5,53 X

Total Count 195 x

_ ®ppproximate only.

7.3 Activity Measurement in the Charcoal Traps

The same type of scintillation counter will be ingtalled as for .
 TI.P. 13 and I.P. 10 and the count rate is given by the approxim te formula

R=3.7x109%¢cve

In this case, however, the sample volume passed through the traps will

be twice that measured in the coils at I.P. 13 and I.P. 10, as explained

in Section 4.4. The crystal efficiency will also be slightly increased

gince the source is closer to the crystal. Against this, however, the

specific activity in each trap will be less owing to the separation of the
__xenon and krypton, so that the maximum counts recorded and hence the ”
 dilution required, will be of the same order.

. ~fIn order tb makeaquantitative measurements of the concentration of
figsion products, the intrinsic efficiency of the system must be known.
 The intrinsic efficiency can be calculated, assuming a point source, by




1.4

the formuls

0
o

L (1 -e—uﬁ dﬂ

nO

£ =

where & is the intrinsic efficiency of crystal

1 is the solid angle subtended by the crystal measured from the
point source

¥ is the y-absorption coefficient for sodium iodide varying with
Y-=energy

Z is the general thickness of the crystal encountered by the
Yeradiation

Calculations of peak intrinsic efficiencies for right cylindrical
NaI crystals have been made by various groups [5,6,7]1 and from one such
report, [5], efficiencies have been extracted for a 14 in diameter x 1 in long
orystal in order to avoid laboriocus- calculations. It must be noted that
the efficiencies calculated. in the above report are based on a point source
being located on the extended axis of the cylinder whereas in our case the
source will be at 90° to this axis. Some margin of error must, therefore,
be expected in the efficiencies used, ‘

Te3s1 Measurement at I.P. 9 (Xenon Trap)

The trap will have a bore of T mm and will surround the crystal
such that the geometric efficiency of the crystal is roughly the same
wherever the xenon may be located in the trap.

Tables 13 and 14 show the calculation of count rates for the
xenon trap for no decay, 45 hours and 5 days decay for uncoated fuel
and no decay, 3 hours and 45 hours decay for coated fuel.

7+3.2 Measurement at I.P. 8 (Krypton Trap)

The same geometry will occur as for the xenon irap above but
the trap, being of larger capacity, has a bore of 11 mm. Tables 15
and 16 show the count rates obtained from the krypton trap for no

decay and 20 hours decay for both coated and uncoated fuel arrangements.

Shielding from Background Radiation

The containment vessels which house the instruments are, as stated
in Section 3.5, built into the floor above the F.P. plant room and the
vessels will protrude below the floor for some 7 in.  Background radiation
from directly below, attributable to dump tanks and delay beds, etc., is
estimated at 104'r/h of average energy 1 MeV. Since we would like to

-530




~ Table 13
Count Rates for Xenon Trap
 Coated Particle Fuel. ‘lO"4 Release

. Intrinsic
Pission Efficiency of
| Product | Crystgl
; ~ x 107

Count Rate | Count Rate for | Count Rate
for no Decay 3hDecay | ford5h
in Trap |  in Trap | Decay in Trap

Xe-131m | | 24.3 I - -
Xe-133m ' 5,37 x 10° sbxi0° |
Ke-133 | 1u2x10* | 1.4 x10* 1.41 x 10
Xetsu}l 39 | 1s1210° | a3sizi0f | .
| Ze135 | 6 15210 | 9,53 x 10" | 3.78 x10°

12 | s L aipete | 16 207 |

(0s-138) 7.25 x 102 -

| rotet cous Tz | tam o

e e

Table 14

Count Rates for the Xenon Trap
Uncoated Fuel. 100% Release
1 h Delay in Fuel Assumed

, ' . Intrinsic Count Rate Count Rate for Count Rate
| Pission | Efficiency of | for no Decay 45 h Decay for 5 days
| Product |  Crystal in Trap in Trap | Decay in Trap
' x 1072 1 /s ~ ¢ofs ~ o8

lxet3tn | 83 | 2asx10° | 2492107 | 1.8 x10°
L s | s e | o 1.7 x 10°
Xe-133 10 142 x 100 | 1.1 | 7.43 x 10
Xe-135m | 3.9 | s8s10® | | -
i1 | 6 106107 | 3.5 2100 | 1452100
Xe-138 | 19 1.82 x 107 . .

’Totaly Count | 3.56';109 ' 7.58 x 10




Table 15

Count Rates for the Krypton Trap

Coated Particle Fuel.

10"'4 Release

Intrinsic ;
Pission | Efficiency of Couﬁt %ate for Count Rate for
Product Crystal o Yecay 20 h Decay
x 10~2 in Trap in Trap
Kr-83m 10 7.1 x 104 49.4
Kr-85m 7.5 7.26 x 10% 3.03 x 10°
Kr-87 3.7 2.15 x 105 -
Kr-88 2.0 7.52 x 104 5.06 z 102
(Rb-88) 4.0 - 1.01 x 103
Total Count 4.31 x 105 4.6 x 103
Table 16
Count Bates for the Krypton Trap '
Uncoated Fuel. 100% Release
1 h Delay in Fuel Assumed
Intrinsic
Fission Efficiency of Count Rate for Count Rate for
Product Crystal No Decay 20 h Decay
z 10_2 in Trap in Trap
8 5
Kr-83m 10 4.93 x 10 4,93 x 10
Kr-85n 75 6.13 x 10° 5.28 x 107
Kr-87 3.7 1,26 x 107 4.93 x 104
(Rb-88) 1.7 - 1,01 x 107
Total Count 2.95 x 10° 6.85 x 107




reduce the background count rate below 30 o/s for all the activity
measurements, lead shielding has been provided at the lower ends of
the appropriate containment vessels. This shielding is 12 in thick '
at the basse of the vessel and has a radial thickness of 4 in around
that part of the vessel which projects below floor level. 1In the two

 charcoal trap installations, further shielding has been provided inside ,
the containment vessels to reduce any background from pipework, this being

_ particularly important for measurement of Kr-085m where the activity is
very low and a background counting rate below 7 ¢/s is desirable.

1.5 Summary of Counting Rates
| " Tables 11 to 16 inclusive show the estimated count rates obtained
for the unseparated sample and for the separated xenon and krypton

fractions for each type of fuel considered.

7.5.1 Costsd Puol. 10" Welesse

Total Count o/s k

(a) Unseparated Sample = no decay ; 1.033 x 106

(b) Krypton Trap - no decay 4.31 x 10°

(e) Krypton Trap - 20 h dscay 4.6 x‘103

(a) Xenon Trap - no decay 3x 106

(e) Xenon Trap = 3 h decay | ‘ 1412 x 102
(f) Xenon Trap - 45 h déoay o 1.488 x 104

From thevabbvefitkcan be seen that the mgximum count rate
ocours for case (d) where the count is 3 x 10° ¢/s. If the

 maximum count rate for the instrument is 5 x 104 c/s it is apparent
that the purge sample must be diluted by a factor of at least

6
3x10 _ ¢

5% 104 '

For this degree of dilution, the minimum count rate recorded
will be for case (e) where the count rate, after dilution would be

e 3
i:é_%ﬁlg_ 16 approx.

, For a fission product release of 10-6, no dilution of the
purge gas will be required and for a release of 10=2 the dilution
must be inereased to 6 x 103, The count rates obtained will

~ thus be similar to those above and activity measurement of the
sample can be achieved over this range of fission product release.




8.

Te5e2 Uncoated Fuel, 1004 Release. 1 h Delay in Tuel

Total Counts ¢/s

(a) Unseparated Sample - no decay 1.95 x 107
(v) Kryptoﬁ Trap - no decay 2,95 x 10°
(¢) Krypton Trap = 20 h decay 6.85 x 107
(d) Xenon Trap = no decay 3.56 x 107
(e) Xenon Trap - 45 h decay 1.49 x 108
(£) ZXenon Trap = 5 days decay ; 7.58 x 107

The maximum count rate occurs for case (d). 4 The dilution
required, assuming a maximum count rate of 5 x 10 c/s for the
instrument is, therefore,

9
242§—5;19—~= Tx 104 PPTOX,

5 x 10%

For this dilution, the minimum count rate will be for case (e¢)
when the count rate will be reduced to

7
§$§2~f8%9— = 300 approx.
x

In the case of the unseparated sample measured at I.P. 13,
the sensitivity of the scintillation counter can be reduced by
the insertion of lead shielding between the counter and thekcoil,
when an average reduction factor of 0,13 can be obtained in the
counting rate. Without lead shielding, it should be poss:ble to
measure a maximum concentration of fission precducts

approx. of that considered in Table 5. With lead

7 x 104 ;
shielding, however, this figure can be increased to ~—T approx. so
10

that there will be an appreciable overlap between the ion chamber
system and the scintillation counter system.
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