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Abstract. Pakistan Research Reactor-1 (PARR-1) is a pool-type research reactor. Reactor aging has
resulted in the increase of water seepage from the concrete walls of the reactor pool. To stop the
seepage, it was decided to augment the existing pool walls with an inner lining of stainless steel. This
could be achieved only if the pool walls could be accessed unhindered and without excessive
radiation doses. For this purpose a partial decommissioning was done by removing all active core
components including standard/control fuel elements, reflector elements, beam tubes, thermal shield,
core support structure, grid plate and the pool's ceramic tiles, etc. An overall decommissioning
program was devised which included procedures specific to each item. This led to the development of
a fuel transport cask for transportation, and an interim fuel storage bay for temporary storage of fuel
elements (until final disposal). The safety of workers and the environment was ensured by the use of
specially designed remote handling tools, appropriate shielding and pre-planned exposure reduction
procedures based on the ALARA principle. During the implementation of this program, liquid and
solid wastes generated were legally disposed of. It is felt that the experience gained during the
refurbishment of PARR-1 to install the stainless steel liner will prove useful and better planning and
execution for the future decommissioning of PARR-1, in particular, and for other research reactors
like PARR-2 (27 kW MNSR), in general. Furthermore, due to the worldwide activities on
decommissioning, especially those communicated through the IAEA CRP on "Decommissioning
Techniques for Research Reactors," the importance of early planning has been well recognized. This
has made possible the implementation of some early steps like better record keeping, rehiring of
trained manpower, and creation of interim and final waste storage.

1. Introduction
The Pakistan Research Reactor-1 (PARR-1) is a pool-type research reactor originally

designed to operate, with 93% Highly Enriched Uranium (HEU) fuel, at a maximum power
level of 5 MW(th). It rendered invaluable services in the training of manpower, production of
radioisotopes and basic research for about 25 years. Due to proliferation resistant policies
initiated during late 80s, the HEU fuel was no longer available. Thus it was decided to convert
the reactor core to the currently available 19.9% Low Enriched Uranium (LEU) fuel and raise
the neutron flux by upgrading the reactor power to 10 MW(th). This conversion and upgrading
could only be accommodated by making some adjustments in the reactor systems, i.e. the
primary cooling system (to dissipate the 5 MW(th) additional power), which in turn requires
the partial decommissioning of PARR-1 before beginning adjustments/improvements in the
facility and installation of equipment for the core conversion and upgrading. It was a major
activity involving the reactor, its support systems, primary cooling system, process
instrumentation and reactor pool. If only the power was being upgraded, this activity could
have been limited to the primary cooling system and process instrumentation but due to the
aging related increase of seepage from the pool walls, it was decided to augment the pool
walls with a stainless steel liner. For this purpose, decommissioning activities required
unhindered access to the pool.
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Extreme care was exercised as high radiation fields were involved. Decommissioning
procedures were prepared for dismantling of major components. Measures were taken to
protect the personnel. However, unavoidable exposures were planned according to the
ALARA principle. After the commissioning of the interim fuel storage bay and a cooling
period of about three months for fuel and active reactor components, dismantling of the core
was begun.

All active core components including the fuel elements and graphite reflector elements
were removed from the reactor pool and transferred to an interim storage bay via a fuel
transfer cask. The core support structure with the grid plate was completely removed from the
reactor bridge and stored temporarily in a specially built shielded arrangement. The ceramic
tiles from the reactor pool as well as from the holdup tank were decontaminated and lined
with a stainless steel lining. Major modifications were made to the cooling system that
included:

(i) replacing the aluminium primary piping with stainless steel,
(ii) installing a new set of pumps,
(iii) adding two more heat exchangers, and
(iv) enhancing the cooling capacity of the cooling tower.

The old piping was decontaminated and made available for re-use.

2. Description of PARR-1
PARR-1 (originally operating at 5 MW(th) is a pool-type research reactor. It is cooled,

moderated, reflected, and shielded by demineralized water. Overall shielding is provided by
light water and high-density concrete. The reactor core is immersed in a reactor pool having
two sections, called the open and stall pools. The cross-sectional view of the reactor is shown
in Figure 1. A concrete wall containing a tapered opening that could be opened or closed with
a removable watertight aluminium gate separates the two sections. The stall pool contained all
the beam tubes, pneumatic rabbit terminals and the graphite thermal column. The open pool
has a large area for bulk irradiation, a transfer port for underwater transfer of irradiated
samples to the hot cell and a gamma cell for dry gamma irradiation. An aluminium tower
supporting the reactor core is suspended from the manually operated bridge. One Pu-Be
neutron source (lxlO7 n/sec) is placed near the core.

Heat generated in the core is dissipated in water by natural convection at low power
levels and through forced circulation of water at higher power levels. The primary cooling
water flows by gravity downwards through the reactor core, grid plate and plenum into the
holdup tank. Subsequently the water is drawn from holdup tank by the main circulating pumps
through the shell side of the heat exchangers and back in the pool as shown in Figure 2.

The experimental facilities consist of 6 radial beam tubes, a tangential through tube,
graphite thermal column, three independent pneumatic rabbit systems, a hot cell, dry gamma
irradiation cell, and a bulk irradiation area. These facilities are depicted in Figure 3.
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3. Preparation for decommissioning
Preparations made before the decommissioning included:

(i) relevant information gathering,
commissioning of interim spent fuel storage bay,
activity assessment of irradiated components,
fabrication of fuel transfer cask,
procurement/fabrication of equipment/tools, and
documentation.

3.1. Relevant information gathering
At this stage of the decommissioning a coordinated effort (between all those who were

involved) was made to gather relevant information from open sources, e.g., IAEA, US NRC.
In this process, the gathered information was reviewed again and again till it is decided by
consensus that sufficient information is there.

3.2. Spent fuel storage bay

In order to make the reactor pool area accessible, all the reactor components had to be
removed and stored in a separate storage area. Therefore, an interim spent fuel storage bay
was constructed and filled with demineralized water.

The interim spent fuel storage bay comprises four underground, interconnected pools
made from reinforced concrete and lined with stainless steel (Figure 4). It has been designed
to store 400 irradiated fuel and reflector elements.

Suitable arrangements have been provided in the interim spent fuel storage bay for:

(i) handling of spent fuel transfer cask and spent fuel element,
ventilation,
water purification,
radiation monitoring, and
other safety requirements.

3.3. Activity assessment
Before dismantling the reactor systems, some of the reactor components (not core

components) were surveyed for radiation/contamination. The dose rates from the active
components that were measured were helpful in planning and executing the handling of these
components.

3.3.1. Analysis of pool water

Samples from the pool water were analyzed. The activity was measured and found to be
less than 1.5 Bq/ml (4xlO~5|aCi/ml), which was due to Ag-110m (no other source was found).

3.3.2. Analysis of pool tiles

Samples of the ceramic tiles lining the pool were analyzed for contamination/radiation.
Tiles, which were not exposed directly, were analyzed and the radioactivity level was found to
be less than 0.04 Bq/g (lxlO"6|iCi/g) due to Ag-110m, Bi-214 and Pb-214. This radioactivity
was found to be slightly above the background level. However ceramic tiles on the floor of
stall end near the core outlet were found to have a maximum dose rate of about 1 mSv/h.
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3.3.3. Dose assessment of reactor components

Dose rates were assessed at the end of the beam tubes, pneumatic rabbit tubes, the
extension of thermal column, thermal shield, grid plate and graphite reflector elements. The
dose rates are given in Table I.

Table I. Activity assessment of core components

No.

1.
2.
3.
4.
5.
6.
7.
8.

Components

End of beam tubes
End of pneumatic rabbit tubes
Thermal column extension
Thermal shield
Grid plate
Reactor core support structure
Plenum
Graphite reflector elements

Dose rate (mSv/h)

5 to 10
10
100
Nil
400
8
340
5 to 400

3.4. Fuel transfer cask
A fuel transfer cask was designed and fabricated (Figure 5) in accordance with the

following IAEA regulations for the safe transportation of radioactive materials:

• The radiation level originating from the package shall not exceed 2 mSv/h (200mr/h) at
any location on the external surface of the package during normal transport; and

• The transport index at any time during normal transfer shall not exceed 10.

The cask was conveniently handled in the reactor hall as well as in the interim fuel
storage bay utilizing the overhead cranes at the respective locations. The lead shield thickness
of the cask has proven sufficient to meet the radiation shielding requirements of four
irradiated fuel elements clustered together.

5.5. Procurement/Fabrication of Equipment/Tools
Numerous tools were either acquired or designed/fabricated locally for the handling of

the active components. Almost all of these were used for the remote and underwater handling
of active components; however, some of these were used for the handling of components like
beam-tubes, etc.

3.6. Documentation
There has been a deliberate effort to ensure that the whole process of partial

decommissioning should be documented in an appropriate format such that it can be readily
accessed and interpreted for any possible future use.

4. Partial decommissioning of PARR-1

Decommissioning procedures were adopted and then written, from relevant IAEA
guidelines and available US NRC documentation, based on the scope and magnitude of
modifications/changes involved. Consequently these procedures received approval from the
National Regulatory Authority. Checklists were created and completed during each
decommissioning activity. A sample of such a checklist for beam tube decommissioning is
given in Appendix A.
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Figure 5. Irradiated fuel transfer cask.

Some of the decommissioning activities are described below.

4.1. Beam tubes
All the beam tubes are identical; consequently the decommissioning procedures were

also identical. For illustration purpose, the procedure for beam tube No. 1 is described in the
following:

• Removal of beam tube No. 1 was carried out in accordance with the written procedure
(Appendix A).

• Area radiation monitoring was conducted.
• Lead and concrete plugs were removed using special tools.
• The reactor bridge was moved to the open end of the pool and the pool-dividing gate was

installed to allow the draining of the stall end to below the beam tube level
• The water was stored in the holdup and storage tanks
• Bolts holding the tube were removed
• The tube was taken out, the measured dose rates were found to be up to 40 mSv/h
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• The tube was wrapped in polyethylene sheet and stored in the reactor hall at storage
locations mentioned in Table II

• The surface dose rate at the containment wall (reactor hall) was found to be 50 uSv/h.

Similarly, the remaining beam tubes were removed and stored accordingly.

Table II. Storage location of beam tubes

Beam Tube „. _ .. Maximum Contact Storage Surface
M u Storage Location _' , „ ... ~ ' „ / uNumber & Dose(mSv/h) Dose(jiSv/h)
1 Beam port floor N-5 40 50
2 Beam port floor N-7 100 100
3 Gamma Cell 18
4 Gamma Cell 55
5 Beam-port floor N-6 100 70

_6 Beam-port floor N-8 - 6(3

4.2. Thermal shield

The thermal shield was removed using the following procedure:

• the reactor bridge was moved to the open end and the pool dividing gate was installed;
• the reactor pool was drained below the beam-tube level;
• a radiation survey was carried out in the stall end of the pool; and
• the thermal shields were removed, properly cleaned, washed, wrapped, and stored

4.3. Reactor core components

• A total of 65 standard, 17 control, 2 partial and 9 reflector elements were transferred to
the storage bay

• The dose rate at the driver's seat of the transporting vehicle was less than 20 uSv/h

4.4. Neutron source

A special wax-shielded container was used for transferring the neutron source (Pu-Be
with a strength of l x 1 0 7 n/sec) to the storage bay. The source was placed in the container
under water and was stored in the component section of the bay.

4.5. Thermal column

Because of the high radiation dose on the lead plate, identification of the lifting points
became very difficult. The column was eventually removed according to established
procedures (similar to those described earlier in Section 4) and stored on the beam port floor
in a shielded area.

4.6. Core support tower

The contact dose inside the holes of the grid plate varied from 0.5 to 2.3 Sv/h and over
the surface the dose rate was about 0.4 Sv/h. Due to its large size, high dose rate and
alignment problems, removal of the tower was planned very carefully. The dose rate was
determined and a special shielding arrangement was made in the reactor hall for temporary
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storage of the core support structure. The tower was suspended vertically on the beam port
floor, with the lower active part of the tower properly shielded. Following the conduction of a
radiation survey the area was cordoned off.

4.7. Cooling system
Because of the design requirement for upgrading, the entire primary cooling system was

dismantled, except for the embedded portion. In the pump room all the piping, valves and
pumps except the heat exchangers were dismantled. A plasma-arc cutting machine was used
for pipe cutting. As the piping of the secondary cooling system was to be reused in the
upgraded design it was partially dismantled in the pump room and near the cooling tower.
Several valves and pumps were overhauled, packed and stored in the pump room. Only
contaminated aluminium piping was placed in a separate temporary storage area.

4.8. Miscellaneous equipment
The pneumatic rabbit tubes and their supports were removed and stored in a separate

storage room in the reactor hall. As the capsules used for irradiation in the rabbit tubes were
radioactive, having dose rates of about 0.4 Sv/h, they were stored in a shielded hole on the
beam port floor. Fuel element handling tools were stored in a separate storage room.
Components of the transfer port were also placed in that room. Storage locations of various
other components were recorded.

5. Radiation protection
During the decommissioning, adequate measures were taken to protect the personnel

working around the reactor, the general public and the environment against radiation
exposure. All the workers were provided with TLDs, dosimeters, dungarees (overall),
overshoes, gloves and masks as required. Additional ventilation was provided in the working
areas. On-site radiological monitoring and periodical radiation surveys were carried out. In
case of unavoidable exposures, the ALARA principle was followed. After completion of daily
work, personnel were monitored for contamination and radiation dose. During the period of
about ten months from decommissioning to re-startup of PARR-1, the maximum external
dose received by a worker was 4.7 mSv (470 mR), which is much below the maximum
permissible annual limit. Moreover, whole body counting of the workers heavily involved in
the decommissioning activities was arranged and no internal contamination was found.

6. Contamination control and waste disposal
During the decommissioning activities, measures were taken to control contamination.

Liquid and solid wastes generated during these activities were treated and disposed of.

6.1. Solid waste

Solid waste generated from PARR-1, consisted mainly of the ceramic tiles removed for
making channels to install the base plates and strips on the walls of pool and holdup tank to
which the stainless steel liner was attached. The ceramic tiles were decontaminated in situ by
flushing water on the pool wall interior before being removed. When working in the
contaminated area, it was mandatory for the workers to wear protective clothing. After
completion of assigned work, the workers were checked for contamination. The debris
produced during the work was put in the containers, which were unloaded into drums placed
over polyethylene sheets near the reactor pool. Direct dose from the tiles was negligible.
However tiles on the stall pool floor, which had a high dose rate because of the direct
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irradiation of these tiles, were kept separated from the other tiles. Analysis of these tiles
showed the presence of following isotopes:

152Eu, 154Eu, 60Co, 66Zn, 47Ca, 46Sc and 108Ag.

The total activity was about 2><104 Bq/g (6xlO~5 mCi/g) while other tiles, which were
not exposed directly, had only n mAg with activity of the order of 4x10"2 Bq/g (10~6 (j.Ci/g).

The waste was packed in about 66 drums having a total volume of about 14 m3 and was
disposed of according to instructions of the Waste Management Group of the institute. The
number of drums and their surface dose rates are given in Table-Ill:

Table III. Characterization of solid waste

S.No.
1.
2.
3.

Number of Drums

5
16
45

Dose Range (jiSv/h)

100 to 360
10 to 100
<10

Another source of solid waste was aluminium piping discarded from the primary
cooling system. These were washed for the removal of loose contamination, wrapped in
polyethylene sheet and temporarily placed in a separate store. The pipes are not active but had
only negligible fixed contamination. These pipes will be salvaged for any future use in
radioactive drainage system.

6.2. Liquid waste

The major source of liquid waste was the primary cooling water in the pool and holdup
tank. After a delay time of about three months, the analysis of a sample from the pool water
indicated an activity of less than 1.5 Bq/ml (4x10~5 u.Ci/ml) due to Ag-110m. No evidence of
other radioactive elements was found. This activity was in the low range, as such, the primary
water was sent to the seepage pit in two batches after dilution. The total quantity of liquid
waste was estimated at 600 m3.

7. Planning for PARR-1 decommissioning
After the refurbishment of the PARR-1 including its conversion from HEU to LEU fuel

and upgrading from 5 MW(th) to 10 MW(th), it was concluded, after careful studies that
PARR-1 will not be decommissioned within the next 20 to 30 years. No need is felt by the
authorities to set up a special group to start the planning for decommissioning at this stage.
However, due to the worldwide activities on decommissioning and especially due to this
IAEA CRP on "Decommissioning Techniques for Research Reactors", the importance of
early planning has been well recognized. Taking this into account the following steps have
been taken:

• the addition of a chapter on decommissioning in the safety analysis report of PARR-1;
• the consideration of different approaches to decommissioning;
• better classification of records and record keeping;
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• rehiring of trained staff;
• the addition of an interim spent fuel storage bay of ample capacity
• enhancement of waste disposal facilities
• a proposal for a national repository for disposal of nuclear waste

7.1. Safety analysis report

A special chapter on decommissioning has been added to the final safety analysis report
of PARR-1. In this chapter, which was not present in the original document, it is stated that
the Pakistan Atomic Energy Commission (PAEC), a state organization, and owner of PARR-1
will be responsible for the allocation of funds for decommissioning. The major considerations
in the preparation of the decommissioning plan include:

• the availability of waste storage or disposable facilities;
• the required regulatory criteria before or during the development of the

decommissioning plan
• release criteria for radioactive waste
• the establishing of criteria for unrestricted use of the facility by the national regulatory

body;
• adequate funds; and
• trained manpower, if necessary the training of personnel on mock-ups to reduce the time

spent in radioactive zones.

An organizational chart for decommissioning program is shown in Figure 6.

1.1. Decommissioning Project
Manager

Health Physics

& Safety

Advisor

Quality

Assurance

Administrative Processes

Technical

Records Officer
Assay Officer Waste

Management

Specifications Standard Codes Procedures Planning

Decommissioning Engineer

Mechanical and Materials Services
Supervisor

1

Electrical, Control and Instrumentation
Services Supervisor

Figure 6. A decommissioning management organization.
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7.2. Approaches to decommissioning

The initial requirement of decommissioning is to determine the right approach for
decommissioning. The three different strategies normally found in the literature are:

(a) Storage with surveillance
(b) Restricted site use
(c) Unrestricted site use

The final decision concerning which strategy, or combination of strategies, will be
followed will be made at the time of decommissioning. However, it is felt that, keeping in
mind the partial decommissioning experience, option c) will be easily achievable, at least to
the extent that the reactor building can be used unrestricted.

7.3. Better record keeping

The main purpose of the records maintained during the operation of PARR-1 has been
to satisfy the requirements of the national nuclear regulatory authorities. However, now
PARR-1 records also include the information (based on the experience from partial
decommissioning and from IAEA CRP), which may prove helpful in decommissioning. The
details of the relevant records are as follows:

• the operating history of PARR-1, including any changes in the core geometry;
• spills or inadvertent releases of radioactive material/contamination that might affect

decommissioning;
• modifications to the facility;
• operating and maintenance records of systems and equipment;
• the design and location of experimental devices used during the lifetime of PARR-1;
• radiation survey data;
• system and facility drawings;
• photographs;
• process and operating manuals; and
• special activities and techniques developed during the partial decommissioning of the

reactor.

It has been learned from the experience of partial decommissioning that due emphasis
must be given to archiving the system drawings, facility drawings, and documentation of
special activities and techniques developed during the partial decommissioning of the reactor.
Furthermore, a record classification system, based on the mandatory minimum time to keep
that record, was introduced. Consequently some of the records have been properly archived
and will be kept for the life of the facility.

After such a long time, the design documents have started showing signs of decay/wear.
To cope with this problem the design documents were redrawn with AutoCAD®. The others
were scanned and stored on computer-readable compact disks (CDs). The existing paper
copies are reproduced and stored for the intended life of the facility. The special procedures
adopted for removal of each reactor component during the partial decommissioning were
documented. Photographs and videos of such activities were also made to facilitate the
training of manpower and future decommissioning of PARR-1.
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7.4. Rehiring of trained staff
Recognizing the importance of plant knowledge and experience of the staff, particularly

those involved in the installation and/or partial decommissioning of PARR-1, it was decided
to rehire some of the retired staff on an as-needed basis. To attain this goal it is decided to
keep track of the retired personnel, who have worked on key assignments on PARR-1,
particularly during partial decommissioning.

7.5. Interim spent fuel storage bay capacity

As mentioned previously, an interim spent fuel storage bay has been developed. This
bay has been designed to store 400 irradiated fuel and reflected elements.

After the upgrade of the reactor power, the increase in flux has decreased the irradiation
time of samples by a large amount because a central gap has been provided for these
irradiations. The flux in the central gap is of the order of 1014 n/cm2/sec. Figures 7-9 show the
operation of the reactor during the last four years. These figures show that the time of
operation has reduced over the years. The length of irradiations has been reduced due to the
increase of flux, better management and the modernization of the radioisotope production
facility i.e. the procedures of radioisotope production have been changed from wet to dry.

With the present frequency of spent fuel introduction into the interim spent fuel bay
(approximately 3 spent fuel elements per year) the total spent fuel elements, including the last
core (about 30 elements) will be about 90 to 120 fuel elements in the next 20 to 30 years
respectively. Including the HEU spent fuel elements (84), already stored in the interim spent
fuel bay, these become equal to about 170 to 200 fuel elements. Calculations are presently
been performed to analyze the possibility for the reuse of HEU fuel elements previously not
fully utilized. The operation of the reactor core with mixed fuel elements would further
decrease the number of fuel elements to be introduced in the storage bay.

The final storage of the fuel elements has not been considered yet. However, work on a
fuel repository has been started.

7.6. Enhancement of waste disposal facilities
It is felt that liquid waste from the reactor can be dealt with easily, as was done during

partial decommissioning of the reactor (Figure 10), and hopefully will not pose any problem.
However, the solid waste facilities need to be enhanced.

Previously the solid waste was disposed off in 4 m deep trenches of different sizes. The
practice was to cover the trench with clay when it is filled to two third of its depth. The area
was fenced and was approachable only by the radioactive waste management personnel.

Recently, about two years ago, some funds were made available for enhancement of the
waste facilities. Consequently a compactor was purchased to compact the solid material by the
use of an hydraulic press in standard 200 litre MS drums (Figure 11). An engineered trench
was constructed measuring approximately 15x3x4 m (Figure 12). The trench, when filled up
to 3 m, is capped with clay and concrete. In addition to this, a small sized cementing facility
was also made available allow the cementation of radioactive waste drums.
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Figure 10. Tanks for storage (for decay) of low-level liquid radioactive waste.

Figure 11. Multi-barrier MS and concrete drums. Figure 12. Trench for solid waste.

A proposal has been submitted to the relevant authorities for development of radioactive
waste technologies at the Pakistan Institute of Nuclear Science and Technology where
PARR-1 is located. The technologies planned for development are:

• separation of radionuclides of importance by chemical methods;
• evaporation;

compaction/super compaction;
cementation;
bitumization;
vitrification; and
containment for spent fuel elements.
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7.7. National repository for disposal of nuclear waste
A proposal for the design, development and construction of a national repository for

disposal of packages of radioactive waste has been initiated. A 10-year plan has been
proposed to the concerned authorities.

8. Conclusions
The partial decommissioning and restart of PARR-1 provided an experience to work

with the reactor fuel and components having high radiation fields. It was also an experience to
handle large volumes of solid and liquid radioactive waste. The whole operation was
completed without any overexposure or contamination of the workers due to sound planning,
careful monitoring and supervision. No uncontrolled releases of radioactivity to the
environment took place during the whole operation. Though the work was carried out under
some financial constraints and non-availability of sophisticated tools, safety of workers and
environment was ensured by the use of remote handling tools, shielding and pre-planned
exposure reduction procedures and adherence to the ALARA principle. Within the country
these practices of radioactive waste management have received approval of the National
Regulatory Body and safety experts. The upgraded reactor has been licensed by the National
Regulatory Body to be operated at 10 MW(th). The experience has demonstrated that safety
objectives and criteria can be met. This experience will prove useful in even better planning
and execution of future decommissioning of PARR-1 in particular, and for other Pakistani
research reactors like PARR-2 (27 kW MNSR), in general.

The worldwide activities on decommissioning, particularly those communicated through
the IAEA CRP, have brought the awareness of some aspects/actions to be implemented
regarding planning for decommissioning at an early stage. In this regard, it is worth
mentioning that the importance of early steps, i.e., record keeping, rehiring of trained staff,
and interim and final waste storage has been well recognized. Such steps have already been
initiated at PARR-1.
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Appendix A

DECOMMISSION PROCEDURES FOR BEAM TUBES

Head ROG
Reactor Supervisor
Three reactor operators, two technicians, one health
physicist and two laboratory attendants.
Tools for removal and installation of plug collimator,
nuts, and flanges. One stainless steel blind flange and
screw jack for the removal of beam tube.

(a) Radiation field will exist in the working area;
(b) Possibility of industrial hazards exists.

A.6. GENERAL PROCEDURES REMARKS/INITIAL

1. Fill proformas ROG-22* and HP-2*
2. Arrange tools, spanner set, socket set, screw

jack, polyethylene sheet etc.
3. Arrange S.S. blind flange
4. Move the bridge to the open end.
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sam-tube le\

7. Drain beam tube-1. Remove lead and concrete
plug from tube.

8. Proforma radiation monitoring.
9. Remove the nuts of beam tube flange.
10. Apply screw jack and remove the beam tube.
11. Measure maximum dose rate and wrap the tube

in polyethylene sheet.
12. Store beam tube at N-5 hole in reactor hall area.
13. Fix the blind flange and tighten the nuts.
14. Fill the stall pool slowly and check for seepage/

leakage around the blind flange.
15. Insert lead plugs and fix the end cover.
16. Remove pool-dividing gate.
17. Move the bridge to stall end.

* Particular Proforma which are to be filled for any activity in the reactor hall for approval of Head Reactor
Operation Group & Head Health Physics Division.
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