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ABSTRACT 

A remote handling facility is described which
will aid in the assessment of the radionuclide
m1x and total activity content of spent 

purification filters. The facility will also dry 
filters as part of their preparation for off-site
shipment. One possible system design, consisting
of a robot w1th five degrees of freedom, a 

shielded Ge-Li detector, and a vacuum drying
system, is described. Benefits could include
reduced operating and waste storage or burial
costs, feedback on filter performance, and an 
improved understanding of environmental
protection requirements.

INTRODUCTION 

In convent1onal (nonrad1oact1ve) flu1d 
systems, f1ltrat1on is requ1red to remove 
part1cles wh1ch could 1nterfere w1th the 
operat1on of equ1pment. In nuclear power 
stat1ons, f1lters serve the add1t1onal funct1on 
of remov1ng rad1oact1ve corros1on and f1ss1on 
products from the flu1d; th1s reduces the 
rad1at1on f1elds on system equ1pment, and reduces 
rad1oact1ve contam1nat1on in areas where leakage 
of reactor flu1d occurs. 

A f1 lter des1gn frequently used 1n reactor 
app11cat1ons 1s a cy11ndr1cal cartr1dge, w1th 
flow d1rected from the outs1de of the cyl1nder to 
the 1ns1de. The f 11ter mater1a1 1s normally 
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res1n-1mpregnated paper, whose surface area ls 
max1m1zed by a pleated arrangement . The pore 
s 1 ze 1 s often 1 es s than 1 ml c ron, 1 n order to 
trap the large fract1on of rad1oact1ve 
part1culates wh1ch are 1n th1s s1ze range. 

A pract1cal f1lter assembly w111 cons1st of 
several cartr1dges housed w1th1n a steel pres sure 
vessel (F1gure 1) . Dur1ng use, the flu1d 
pressure drop across the f11ter assembly 
gradually 1ncreases due to part1 culate 
accumulat1on on the cartr1dges . When the 
pressure drop reaches a predeterm1ned value 
(often 1dent1f1ed by the f11ter manufacturer), 
e1ther the 1nd1v1dual cartr1dges or the ent1re 
f1lter assembly 1s changed. 

Var1ous degrees of mechan1zat1on have been 
tr1ed to fac111tate the f1 lter chang1ng process 
[1,2,3); due to the substant1a1 rad1at1on f1elds 
1nvolved, spec1al precaut1ons are requ1red 1n all 
phases of process1ng th1s waste: 

(1) Water removal, 

(2) character1zat1on of waste type, 

(3) packag1ng, 

( 4) sh1pp1ng, and 

( 5) d1sposal or 1ndef1n1te storage. 
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In general nuclear stat1ons could carry out 
the f1rst three of these operat1ons 1n a more 
orderly and eff1c1ent manner w1th 1mproved 
resources. In th1s paper, a fac111ty 1s outl1ned 
that would address th1 s need. As an 
1llustrat1on, the operat1on and benef1ts of the 
system are descr1bed for a 4-un1t CANDU-PHWR 
stat1on. For perspect1ve, a rev1ew of current 
filter handl1ng systems (and assoc1ated problems) 
1s f1rst presented, before descr1b1ng the 
proposed fac111ty. 

SHIELD 

FILTER 
ELEMENT 

FILTER 
VESSEL 

FIGURE 1: MUL Tl-ELEMENT CARTRIDGE FILTER 

REVIEW OF CURRENT SPENT FILTER HANDLING SYSTEMS 

V1rtually all flu1d systems 1n a nuclear 
reactor, eg, pr1mary heat transport (PHT), 
moderator, and gland seal cont1nuously cycle the 
water through a pur1f1cat1on c1rcu1t cons1st1ng 
of 1on exchange columns and/or f1lters. To 
change a spent f1lter, 1t must f1rst be valved 
off from the system, dra1ned, and then dr1ed. 
The latter task 1s normally accompl1shed by 
forc1ng a1r through the f1lter and vent1ng the 
exhaust to act1ve waste treatment. 

After dry1ng, the f1lter 1s removed from the 
reactor system for measurement of act1v1ty level, 
packaging, and sh1pment. At P1cker1ng Nuclear 
Generat1ng Stat1on-A (PNGS-A), the removal 
operation is performed using a remotely operated 
hoist . The operator man1pulates the holst by 
watchlng lts movements through a mfrror, whlle 
transferrlng the fllter into a heavlly sh1elded 
shipplng flask (Flgure 1). These manoeuvers have 
been elimlnated 1n the PNGS-8 deslgn by allowlng 
the f1lter to reside 1n lts own shlelded flask 
from the inltial 1n-serv1ce polnt up to final 
lmplacement at a storage slte . At both PNGS-A 
and PNGS-8, a crude estimate of filter acthlty 
level ls made based on the measured doserate on 
the outslde of the sh1pping flask. 

Ne1ther stat1on, however, has a system that 
can meet two important crlter1a: complete drying 
of a spent fllter, and accurate characterlzation 
of the waste as to rad1onuc11de type and actlv1ty 
level. The s1gnlficance of these two po1nts 
merits a brief explanat1on. 
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(1) Water Removal 

Tests conducted w1th1n Ontar\o Hydro have 
shown that approx1mately 0.5 kg of water 
could rema\n trapped on each feed-and-bleed 
pur1f1cat1on f\lter element after dra1n1ng. 
(Annual f1lter usage from a 4-un1t CANDU 
stat1on 1s su11111ar\zed 1n Table 1. ) The 
potent1al consequences are as follows : 

(a) Small quant1t1es of water may be 
trapped 1n a f11ter wh1ch 1s sh1pped to 
the waste storage or dlsposal s1te. 
The presence of 11qulds 1n waste ts 
generally cons1dered to be undesirable . 
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(b) Water trapped In filters can cause 
handl\ng problems for station personnel. 

(c) For spent CANOU f\lters, the estimated 
commercial value of the trapped o2o 
Is on the order of $500 to $1000 per 

reactor per year, based on Table 1. 

TABLE l 

DOSE RATE DISTRIBUTION ON 

FILTERS PRODUCED ANNUALLY 
BY BRUCE NGS-A ANO PICKERING NGS-A 

Dose Rate 

< 1 rem/hr 

> l rem/hr 
< 15 rem/hr 

> 15 rem/hr 

Bruce NGS-A 
PurH1cat1on• 

System 
F\lter 

Elements 

5 

35 

95 

Plcker1ng NGS-A 
PurH1cat1on• 

System 
n lter 

Elements 

13 

11 

13 

*Includes f1lter elements from the PHT Reactor, 
Gland and Fuel1ng Mach1ne Pur1f1cat1on Systems. 

(d) The presence of contam1nated water may 

further compl\cate the task of 
est1mat1ng rad1oacthlty concentrat1ons 
on the f11ter. 

(2) Waste Character1zat1on 

It 1s 1mposs1ble to accurately determine the 
type and actlv1ty concentration of 
rad1onucl\des 1n a f11ter when lt Is 
packaged ln a vessel wlth 5 Inches of lead 
sh1eld1ng ln lts walls . Therefore, the 
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character1zatlon of radlonuc11de 

part1culates on f11ter elements has 
historically been based on laboratory 
studies of part1culate f11tered from small 
quant1t1es of reactor 11qu1ds. As shown by 
Table 2, the tests show several 
rad1onuc11des conta1ned 1n the water, but 1t 
1s not known what quant1ty of each Is 
trapped by f11ters (as opposed to rema1nlng 
1n the flu1d system, or be1ng removed v1a IX 
columns). Also, such tables g1ve no 
1nd1cat1on as to the varlab111ty of 
radionuclide m1x among filters. 

TABLE 2 

ACTIVITIES OF FISSION ANO CORROSION 
PRODUCT RAOIONUCLIOES IN 

PARTICULATE FILTERED FROM 

LITRE OF "TYPICAL" PHT o2o• 

n C1/11tre of o2o 
Rad1onuc11de (Average of 10 Samples) 

Zr/Nb-95 900 

Ru-103 820 

Ru-106 420 

Cs-137 24 

Ce-141 50 

Ce-144 750 

Co-60 2 

Zn-65 6 

Sb-124 3 

Sn-113 2 

Cr-51 5 

Ba-140 5 

Cs-134 11 

Sb-125 7 

Ag-llOM 4 

*Based on the analysis of samples from 
Bruce NGS-A, Un1t #1. 
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S1m11arly, efforts to estimate the total 
field strength are frustrated by the thick 
sh1eld1ng of the sh1pp1ng flask. 
Correlations between the field strengths 
1ns1de and outside of the flask are strongly 
dependent on the rad1onuc11de m1x, which 1s 
unknown. Efforts to manually place a gamma 
survey meter inside the flask to obtain a 
direct reading are awkward, and could result 
in exposure to personnel. 

In summary, the following consequences are 
believed to result from waste 
characterization problems: 

(a) It 1s difficult to conform to 
regulations which require the 
rad1onuc11de content of waste to be 
accurately characterized. New US 
regulations (10 CFR61), which specify 
several rad1onuclides that must be 
1nd1v1dua11y measured, cannot be met by 
conventional techniques. 

(b) Environmental studies are hampered by a 
lack of data on radionuclide source. 
As a result, waste transportation, 
storage, and disposal fac11it1es are 
designed to accommodate the uncertainty 
in hazard level. Th1s leads to a 
s1gn1f1cant economic penalty. 

(c) A decay profile for the activity of 
each filter cannot be established. 
Such information would allow each 
filter to be managed as economically as 
possible. For example, a filter could 
be transferred from its temporary 
heavily-shielded storage area to a less 
expensive long-term facility after a 
calculated decay time. 

(d) Filter design for nuclear application 
could be optimized by knowing the 
concentration and spatial distribution 
of radlonuc11des on the spent filters. 

PROPOSED FILTER HANDLING SYSTEM 

(1) Outline 

- 210 -

A filter handling facility Is proposed that 
would strive to meet the following criteria: 

(a) Safety: Operations that would result 
In a slgn1f1cant radiation dose to 
personnel, or awkward manipulations 
with equipment not designed for the 
task at hand should be minimized. 

(b) Fluid Removal: The filters should be 
completely dried before shipment from 
the station. 

(c) Waste Characterization: Standards 
specified by the US Code of Federal 
Regulations, Part 10, Chapter 61, 
should be met . 

The proposed f ac 111 ty Is shown In Fl gure 2. 

The remote handling equipment consists of a 
•robot• (mobile crane) with 5 degrees of 
freedom: 3-dlmenslonal translation, 
rotation about the vertical axis, and an 
on-off filter grabbing mechanism, or 
•gripper•. A video camera Is Included to 
facilitate remote control of the handling 
mechanism. Apart from the rotational 
movement and a requirement for 
computer-assisted control, this system Is 
similar to that being Installed at the 
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Darlington Nuclear Generating Station (DNGS). 
The vacuum drying system, and computerized waste 

characterization equipment indicated in Figure 2, 
however , are not included in the Darlington 
design. 

Gripping Device -+----i t 
Plastic Bag __, ____ _ 

Dispenser 

In-Station ,j/~ 
Flask 

Vacuum Dryer 

Shielded 
Gamma 
Detector 

Shipping Flask 
with Disposable 
Liner 

Lid k ✓--- #"--' ~---ToSignal 
Pre-amplifier _____________ ...J Analyzer 

FIGURE 2: PROPOSED FILTER HANDLING FACILITY 

(2) System Operation 

The following sequence of operations to 

process a spent filter is proposed; minor 
modifications would be requlred to suit the 

peculiarities of each station's purification 
system design: 

(a) A spent filter is valved out of 
service, dr<!ined, and air- blown dry to 
the extent possible. 

(b) A vacuum drying system, described ln 

Subsectlon 3, ls connected to the 
filter to complete the drying operation. 

(c) A mechanical gripper is remotely 
latched on to the spent filter. 

(d) The filter is hoisted out of lts 

shielded i n-servlce 1 ocat lon and p 1 aced 
ln a temporary shieldlng flask . A new 

filter is then installed in the 

purification clrcult. This task could 
be operator-contro 11 ed using the video 
camera. 

(e) The dlsposable filter vessel (or 
indlvldual cartridges ln the case of a 

reusab 1 e ves se 1) is l lfted out of the 
flask by the crane, carried over to the 
radlonuclide characterlzatlon 
equipment, analyzed, and then placed In 

a disposable container located lnslde a 
shlpping flask. Details of the 
analysis procedures and equlpment are 
described in Subsection 4. 

(f) A crane places a lld on the shipplng 

flask, which ls then manually secured . 

(3) Filter Drying 

The drying system can be a portable 
lnstallatlon or flxed if all filters are 
dried at one location . The conventional 

method is to pass air through the filter for 
a period of about 24 hours . The water 
displaced fronl the filter can be collected 

by an air drying system. This method 
employs existing station facilities 
(Instrument air and active exhaust), but has 
the disadvantage of only removlng 75 to 85% 

of water from the filter. Further drylng of 
the fllter ls requlred to provide consistent 
fllter radloactlvlty characterlzatlon 
measurements and to prevent contamlnatlon of 

the work area . Thls addHlonal drylng can 
be achleved by a vacuum system employed as a 
backup to, or Independently of, the alr 
drying system. 

1475m20 
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A vacuum dry1ng system cons1sts of vacuum 
hoses, vacuum gauges, re11ef and 1solat1on 
valves, a vacuum pump, and water vapour 
co11ect1on and hand11ng fac111t1es. A 
conf1gurat1on for a vacuum dry1ng system 1s 
shown 1n f1gure 3. The f11ter vessel to be 
evacuated 1s connected v1a a valv1ng and 
vacuum gauge arrangement to a vacuum surge 
tank. The surge tank prov1des for a more 
regulated evacuat1on of the f1lter assembly 
and protects the vacuum pump from s 1 ugs of 
water wh1ch can occur 1f the f11ter vessel 
1 s not d ra1 ned or 1f water condenses 1 n the 
vacuum 11 ne. The surge tank w111 requ1 re a 
dra1n valve and should have the same 
capac1ty as the largest f11ter vessel. A 

typ1ca1 f11ter vessel of 0.2 m3 capac1ty 
could conta1n 4 kg of water after dra1n1ng. 

f l'~~ i~ 
~ ~~t Filter Vessel I :r";"• 
~ 

,0 c-: 

Vacuum 
Gauge 

Vacuum 
Surge Tank 

To Active Venti llation 

Vacuum 
Pump / Drain 

Condensation 
Tank 

FIGURE 3: VACUUM SYSTEM CONFIGURATION 

Var1ous vacuum pump arrangements could be 
used to evacuate the f1 lter vessel. A 
su1table pump for th1s app11cat1on 1s a two­
stage vacuum blower w1th a canned motor. 
These pumps, wh1ch are reco11111ended for toxic 
or rad1oact1ve gas app11cat1ons, can ach1eve 
pressures 1n the range of 0.15 Pa (10-3 

Torr) at pump1ng speeds of 5. 5 x 104 cc/s, 
(100 cfm). 

A condensor follow1ng the vacuum pump w111 
extract water from the vacuum pump 
d1scharge . Th1s water can be dra1ned to a 
container, p1ped to a cleanup area, or 
released to a drainage sump. for f11ters 
used 1n heavy water systems, the water w111 
be collected for clean-up. 

After dry1ng, the particulates on the filter 
can be easily d1slodged. Care should be 
taken to bring the filter vessel slowly to 
atmospher1c pressure. Afr flow 1nto the 
vessel should be 1n the same d1rection as 
process water flow to prevent backflushlng 
of the particulates from the filter 1nto the 
filter vessel. 

(4) Waste Character1zat1on 

The objective of 
determ1ne the 

character1zat1on 
concentrat1on of 

1s to 
each 

prominent rad1onucl1de on the f11ter as a 
funct1on of posit1on. for mult1-element 
f11ters sealed 1n d1sposable vessels, thls 
w111 requ1 re that act1v1ty measurements be 
made as a funct1on of ax1a1 pos1t1on Z and 
c1rcumferent1a1 pos1t1on e. In the case 
of dis~osable cartr1dge elements 1nside a 
reusable vessel, the elements are 
suffic1ently thln (approximately 4" d1ameter 
for PHf f11ters), that there would be no 
s1gn1f1cant 
f1elds, 1 and 
w111 suff1ce. 

8-dependence of rad1at1on 
therefore axial measurements 

The sequence for rad1onucl1de analys1s would 
be as follows: 

(a) The robot would grlp a f11ter cartr1dge 
(or disposable filter vessel) and 11ft 
1t out of the temporary storage flask. 
To prevent contam1nat1on spread, thls 
manoeuvre would be used to pull a 
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disposable polyethylene bag off a 

retaining ring located · above the 

vessel . The bag would elastically 

self-seal at top and bottom 

(rigure 2) . Where the process water 

flow i s from the inside to the outside 

of the f11ter, it may be possible to 

eliminate the polyethylene bag. 

(b) The robot would take the element to a 

heav11y-shielded Ge- L1 detector with a 

single columnar opening in 1ts 

shielding wall. A preamplifier would 

be contai ned w1th the detector inside 

1ts shielded cavity; the remainder of 
the analysi s equipment (amplifier, 

multi-channel analyzer , etc) would be 
located remotely (rigure 4). A small 

computer would be essential to process 

the large quantity of data. 

Lead-Shielded 
Detector With 

Colli mated A perture r, -- __ 
echanical I I Multi- Channel --- -~- - __ 

II

"'"-__ (• Gripper I Analyzer Robot~ ~-

1 
Ji~ ,.---- 011t1on 

lj l~ ! ~ I s;,~, I 
-----"------' I 

- - - - Output I 
Filter Element 

- - - - -- - Recorder ---·--
Plastic Bag 

Pre-ampl if ier 

FIGURE 4 : RADIONUCLID.E CHARACTERIZATION EQUIPMENT 

(c) The robot would position one end of the 
filter at a preprogrammed position near 

the opening to the shielding wall , and 

pause while the activity is counted . 

Note that some form of automatic 
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positioning mechanism ls required, as 

the activity count rate would be very 

sens Hive to small errors In 
pos i tioning . Computer control of the 

facility for these manoeuvers is 

therefore desirable. 

(d) A permanent record would be made of the 

count rates at energies corresponding 

to prominent particulate rad1onuc11des . 

(e) The robot would then move on to allow 

activity measurements at a sequence of 

preprogrammed positions. 

(f) 

( g) 

A minicomputer would use these data , 

combined with a signal Indicating the 

filter's position, 

activity profile 

to 

of 

constr uct an 

the f11ter 

element. From these results, a decay 
profile plus doserate-versus-time chart 

can be constructed, and an appropriate 

selection made as to shipping and 

storage/burial facilities . 

The filter element would 

disposable container 

shipping flask, and 

be placed In a 

Inside the 

the operation 

repeated for the next element . 

An obstacle which prevents the design of an 
economical f11ter handling fac111ty ls the 

large variety of f ilter designs used within 

a single station. Some degree of 

standardization ls strongly recommended. To 

reduce waste storage/burial costs , the 

exclusive use of disposable f11ter 
cartridges (with reusable vessels) would be 

an important step in thi s direction . 
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SUMMARY AND CONCLUSIONS 

The proposed f11ter handling fac111ty would 
require a substant1al f1nanc1al 1nvestment for 
des1gn and construction, part1cularly 1f ex1st1ng 
stations were to be backf1tted. However, such a 
move would bri ng the follow1ng benef1ts: 

( l) The fac11 ity would meet the requ1rements of 
10 CFR61 1n character1zing the rad1onucl1de 
content of waste. 

( 2) The vacuum dry1ng system wotJld remove the 
traces of water trapped 1n the filters sent 
for storage or disposal, and promote 
add1t1onal recovery of o2o for heavy water 
reactors . 

(3) Because the characterist1cs of each waste 
1tem would be accurately known, the 
conservat1sm of current storage and d1sposal 
system des1gns m1ght be relaxed; this could 
lead to a considerable financ1al sav1ng, 
wh1le a more accurate f11ter class1f1cat1on 
system would promote equ1valent or 1mproved 
standards of environmental protect1on. 

(4) Knowledge ga1ned as to the spat1al 
d1str1but1on of var1ous radionucl1des 1n a 
spent f11ter could lead to 1mprovements 1n 
f1lter des1gn or mode of operat1on . 

(5) Worker safety would be enhanced by the 
presence of a completely automated f11ter 
handl1ng system. 
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