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ABSTRACT

Practical problems of the ion exchange filter of ET-RR-1 Reactor are discussed.
Remedy program is described. The program includes:

- Evaluating the efficiency of the resins.
- Discharging process of the radio-active resins from the filter
- Identification of corrosion and repairing process of the filter vessel
- Charging process of the fresh resins.
- Evaluating the efficiency of the new resins

Waste radio-active resins were discharged by siphon effect. The chloride content
in reactor cooling water decreased from 5.8ppm to 1.1 ppm after changing the
resins. Nevertheless, the chloride content is still much higher than the standard
value o.o5 ppm. This is due to the high level of the chloride ion in the
demineralized water produced by the demineralizer, 0.8 ppm.

Therefore, it is recommended that the resins of the mixed bed demineralizer be
tailored to produce the standard water quality. The filter vessel cannot be
quaranteed to be in good service condition for a long period. The vessel should
be replaced by a new design which would facilitate the process of discharing the
radioactive resins and charging the fresh resins. The inner surface of the vessel
should be coated or cladded to withstand the aggressive environment of the water.

Periodical water chemical analysis is necessary to investigate reactor coolant and
filter conditions. The aging effect of the stored water suppply to the reactor
should be taken into consideration. New demineralizer should be installed near
the feed water supply tanks so that the stored water could be refreshed.

The device save the costs of production of fresh demineralized water.
Development of radioactive waste transportation mechanisms and storing are
necessary.



Introduction

Ion-Exchange Filter is assigned for purifying reactor primary
cooling water from impurities. The function of ion-exchange
mixed bed filter is based on the exchange of cations and
anions in feedwater with those of resins. Filter efficiency
is a measure of its ability to decrease the ions content in
the circulating water [1].
Corrosion is associated with dissolved oxygen and/or low pH
value which is the amount of hydrogen ion In solution . The
standard pH for reactor water ranges from 5.5-6.5 which is
acidic and could help in accelerating corrosion in stainless
steel. Dissolved oxygen content increases in water at long
shutdown periods/ promoting the corrosion process.

Filter Design Specifications

The main design feature of the ion exchange filter, Fig.l, is
as follows, [2]:
-Inner diameter 630 mm
-Height 1600 ram
-Stainless Steel Material Type lxl8H9T
-Weight including shield 9100 Kg
-Distillate flow rate
10 m3/hr.
Resins disposition from top to bottom contains:

a- Cation in H° form , bed thickness 350 mm
b- Anion in OH form , bed thickness 350 mm
c- Activated charcoal, bed thickness 140 mm

Water is delivered for purification through a conduit pipe 50 mm
diameter from the pressure collector of the primary cooling
system (PCS) to the top of the filter vessel. The flow passes
through the resins to the suction collector of the PCS. The
filter shielding consists of nine rings tightened by three
securing pins with nuts.

3?r©fel@i8 Definition

Water quality of the PCS was not improved by circulating through
the filter, table (1).
Chemical analysis was done for 10 ml water sampling taken from
reactor core under the following conditions:-
a- Sample (A), neither pumps nor filter were in operation.
b- Sample (B), after 15 minutes from pumps operation to insure

water mixing,
c- Sample (C)., After 2 hours operation of the ion-exchange filter

to give ample time for filter operation. The results are
illustrated in Table (1),
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Table (1) Primary Cooling Water Chemical Analysis

Sampling place"™* From Reactor "Core"""""
Date 10/4/1993

." Sampling Condition A 8' - - £ — — — —

Net 1 activity "" "" ~" """ —
Count/Sac./ml 0.33 " 4.53 1.65
Bq/ml 2.9 39.1 14.24
pK 4.5 4.3 3-8
Conductivity us 11 16 32
Fe*f ppm 0.12 0.07 0.05
Cu 2 ppsi -ve 0.02 -ve

ppm 1.8 3.3 5.8
ppm 1.0 2.0 1.0
ppm 0.016 0.01 0.07

it" is"evident"that when the reactor coolanT"wa¥ circulated
through the filter, the pK value decreased from 4.3 to 3.8. The
chloride and aluminum ions in water Increased from 3.8 to 5.8
ppm and from 0.01 to 0.07 ppm respectively. Therefor®,the resin
became ineffective to improve water quality compared to those
recommended by the standard specifications of reactor cooling
water, Table (2), [1].
It Is noticed that both the anion and cation are exhausted
because of the negative efficiency of the chloride and the
aluminum ions removal capacity respectively. The resin became
a source of ions to the affluent water of the PCS from the
filter, instead of removing those ions from the circulating
water. Therefore, that resin had to be changed.

Table (2) Standard Recommended Specifications
PH 5.5-6.5
Conductivity us < 2
Fe+2 ppm < 0.05
Cl~ ppm < 0.05
Al PPf& ** 0 • 05

Material Degradation

Corrosion has been detected in the filter vessel. Twelve areas of
corrosion near to welding joints were marked.Leakage was observed
from most of these areas particularly those areas at the
longitudinal and circumferential welding at the bottom, Fig. 2.
Material aging (more than thirty years),the aggressive
environments and operating conditions caused degradation of
material. Some impurities in water may accelerate corrosion. The
most dangerous ions which could cause the corrosion of the
stainless steel is the chloride ion which is of a very high level
in the circulating water
- Chloride ion content was 5.8 ppm inside the filter, table (1),
while the permissible level is 0.05 ppm.

- Corrosion is also associated with dissolved oxygen and/or low
pH value. The measured pH of the circulating water was 3.8 which
is acidic and could help in accelerating corrosion in stainless
steel, table (1),
Normally, reactor coolant circulates inside the filter when
the circulating water quality degrades below the specified
limits [1].
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Fig.2 Pitting Corrosion



The Remedy Programme

1- Discharging process of the radioactive resins.
2- Inspection/ Repairing and maintenance process.
3- Characteristics of the fresh resins.
4- Charging process of the fresh resins.
5- Evaluating fresh resins efficiency.

1- Discharging Process of The Radioactive Resins
- Dismantling the filter shielding cast iron rings, (9 rings),
Fig. 3.

- The % level measurements in the working area was 50 mr/hr.
It was 75 mr/hr. after opening the manhole,

- The radioactive resin (about 200 Kg) was discharged into
plastic containers (12 barrels) by using siphon effect,
Figs. 4,5.

- The radioactive resins was transported out of the working
area and then decontamination process was done to the area
and to the filter vessel.

2- Inspection, Repairing and Maintenance Process
- Decontaminating the inner surface of the vessel, Fig. 6.
- Inspecting the existing corroded areas on the outer surface

(12 corroded areas distributed around the weld joints).
- Grinding, Welding, Polishing, and Painting processes were
done on the surface, Fig. 7.

- Hydraulic Testing was carried by reactor recirculating pumps

3- Characteristics of the Fresh Rasins
The physical characteristics of the fresh resins, Fig. 8, are
as follows:
- KY-2-8 4.C. Cation in H form.

Grain diameter range from 0.4 to 1.25 nun.
Chloride ion content less than 0.0015 mg/ml.
Full static exchange capacity 1.8 mg-eq./cm3. ,
BulJc raass of water swollen cation 0.75-0.8 t/nr.
Humidity 50-60% .
Swelling Coefficient for the cation in filters when filled with
water 1.0.
Swelling Coefficient for dry cation (humidity 0%) in water 2.1
Density 0.8 gm/cm «
- &B-17-8 4.C. Anion in OH form.

Grain diameter range from 0.4 to 1.25 mm.
Chloride content less than 0.4 rag/ml.
Bulk mass of water swollen anion 0.74 t/m .
Humidity 50-60% .
Swelling Coefficient 1.0.
Swelling Coefficient for dry anion (humidity 0%) in water 2.2
Density 0.64 gm/cm3.

- Activated Charcoal of grade 6AY IOCT 5217-52, Fig.8.
Bed height 140 mm. Grain diameter 0.8-1.5 mm.
Density 0.25 gm/cm3.
Charging Capacity was 11 Kg.
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Fig3 ShieldTng Di'smontltng
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4- Charging Process of the Fresh Resins
The exchange capacity was checked experimentally. It was 320
meq/lOOg for cation and 290 meq/lOOg for anion.
Therefore, the charging weight of cation was 90 Kg and 80 Kg
for anion.
Before charging the fresh resins, they had to be pretreated.
They were rinsed separately with deminiralized water until
the pH value roaches 10 for anion and over 5 for cation
according to supplier reconunen^^wion, Fig.9.
The charcoal (11 Kg) was washed with water before inserting
into the vessel.
Resins are filled into the vessel 2 liters cation and 2
liters anion in turn etc., to decrease the leakage of the

filter, Fig.10. (compared to the previous separate resin
bed)
Deminiralized water was poured into the filter in order
to keep the resins under water to protect it against
degradation, Fig.11. Air was removed outside through the air
vent.

5- Fresh Resins Efficiency
Before testing the efficiency of the fresh resin, part of the
reactor cooling water was drained due to its deteriorated
state (sample C, table 1) up to the permissible background
level of radiation inside the reactor hall have been
detected [3] and supplying fresh deminiralized water into the
core through the feedwater supply system, (11/7/93).
In order to evaluate fresh resin efficiency several samples
of water have been collected under the following
conditions:
Sample (A) was taken from the output of the main feedwater
deminiralizer (27/6/1993).
SamDle (B) was collected from reactor core after replacement
4 m' from reactor core, (11/7/93).
Sample (C) was collected after 3 hours operation of the
primary circuit pumps, (12/7/93).
Sample (D) was taken after refreshing again the inventory of
the central tank by 4 m3 , (17/7/93).

- Sample (E) was taken after pumps operation, (18/7/93).
Sample (F) was collected after 2 hours operation of the ion
exchange filter with the fresh resins, (18/7/93).
Sample (G) was collected just before reactor operation,
(25/7/93).
Sample (H) was collected after 48 hours reactor operation at
2 Mw , (1/8/93).

- Sample (I) was taken in 10/8/93.

Water chemical analysis rerults are illustrated in table 3 :
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Fig. It) Charging Fresh Rosins



• 1 5 -

g. 11 Fresh Rosens inside th© Filter



0.97
4.3
5.0
-ve
-ve
0.8
2.0
0.01

1.23
4.94
21.0
-ve
0.02
1.1
0.5
0.01

0.25
4.8
12.0
-ve
-ve
0.8
1.5
0.025

22.16
4.6
11.0

2.15
4.8
9.2

0.025-ve
-ve
1.6
3.0
0.05

-ve
1.1
0.5
0.035

2.12
4.58
7.4
-ve
-ve
1.1
0.5
0.035

687.02
4.6
10.0
-ve
-ve
0.5

196.96
4.52
8.6

-ve

-ve
-ve
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Table (3) Results of the New Conditions

Sample A "1 C D E F G H~
_ _ _ _ _ ™™ .

Bq/ml
pH 4.58
Cond.us <1
Fe+'ppm —
Cu^ppm
Cl~ ppm 0.8
Sio?ppm —
Al+Jppm —

From the results it can be seen
- The fresh demineralized water was produced with Chloride
content 0.8 ppm, which is 16 folds the standard water quality
(0.05 ppm). Therefore, the demin®ralizer which supplies water
should be replaced to give the standard water quality.

- The chloride content in the reactor is two times its value from
the demintralizer since water in the PCS was not totally
drained.

- The Chloride content in reactor cooling water is improved from
3.8 ppm (table 1) to 1.6 ppm (table 2) by changing some water
from the PCS.

- The efficiency of the fresh resin is calculated by [1]:

Filter efficiency = 1- effluent/inffluent
Based on the data of samples E 6 F ,The results are shown in
table (4):

Table (4) Fresh Resin Efficiency

Ions Efficiency

Iron
Copper
Chloride
Silicon
Aluminum

100
100
31
83
30

In case of changing the water of the PCS completely the
chloride content will improve to 0.55 ppm by circulating
through the filter which is 10 times the standard quality.
In order to have the standard water quality as an output from
the filter the Chloride content in the PCS has to be 0.073 ppm.
The demingralizer has to give this value instead of 0.8 ppm.
The fresh resin is also effective in improving the % activity
and the conductivity in the circulating water.



- 1 7 -

\

Fig..12 Shielding Assembly Process

•* 1

• •



- 18 -

Conclusions

1- The filter vessel cannot be guaranteed to be in

good condition for long periods of tine . It

should be changed by another design which facilitate the

process of discharging the radioactive resins and charg-

ing the freshresins. The vessel inner surface should be

coated by appropriate cladding material in order to

withstand the aggressive environment of the water.

2- Best qualities of fresh resins should be used. Periodical

analysis is necessary to control reactor coolant water.

3- The quality of demineralized water to reactor feedwater

supply system should be improved to approach the standard

recommended specifications particularly the chloride con-

tent.

4- The aging effect of the stored demineralized water supply

to the reactor should be taken into consideration. As a

remedy to keep the quality of the stored water to the

standard, an additional demineralizer should be installed

near the tanks so that the stored water could be

refreshed. The device save the costs of production new

fresh demineralized water.

5- Corrosion build-up increases at long shutdown periods due

to increase in dissolved oxygen content in the stagnant

water and lower pH.

6- Development of radioactive waste transportation mechanisms

are necessary.
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