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1. Introduction

The objective of this contract was to cut large-diameter contaminated pipes from the CO2

cooling system of the G2 and G3 gas-cooled reactors by means of explosive charges, and use the
resulting shock wave to remove part of the contamination fixed inside the pipe.

The Applied Research Project section (EAP) of the CEA's Nuclear Facility Decommissioning
Unit (UDIN) coordinated the project with two subcontractors: Nitrobickford, an EPC subsidiary
specialized in pyrotechnic applications, notably explosive cutting of similar non-nuclear facilities,
and Comex Nucléaire, a firm specialized in nuclear engineering.

2. Description of Explosives

Two types of tests were conducted using different explosives in different forms.
• Decontamination tests: the shock wave from the explosion was used to strip off the

contamination fixed on the inner wall, without cutting the pipe.
• Cutting tests: the primary objective was to cut the pipes quickly and cleanly; the secondary

effects of the explosion on the internal contamination level were also investigated.

2.1 Decontamination Tests

Pentrite (PETN) with a chemical formula of C(CH2NO4) was used for the decontamination
tests. This explosive is rated at 1.35 TNT equivalent, and was supplied as flexible detonating fuses
(Figure 1) wrapped in spirals around the outer surface of the pipe. The shock wave propagated
through the pipe, removing a fraction of the fixed contamination from the inner surface. The linear
explosive charge ranged from 10 to 70 g per meter, and was adjusted according to the results
observed during the previous tests.

2.2 Cutting Tests

The pipes were cut using shaped (hollow) charges, based on the following principle: the
explosion projects a molten metal wedge onto the outer surface of the pipe; the speed of the
molten metal jet creates a penetrating effect. Such charges are generally used in the form of rigid,
explosive-filled modules secured around the circumference of the pipe. A standard shaped
explosive module is shown in Figure 2.

The penetration capacity depends on the metal (copper, steel or aluminum) used for the wedge,
on its thickness and on other parameters including the dimensions of the charge, the wedge-to-
surface standoff, the quantity and type of explosive.

These tests were conducted with Nitroroc explosive, a two-component mixture in which
neither component alone is considered explosive: Nitroroc A (nitromethane: CH3NO2) and
Nitroroc B (benzylamine: CvH^N). At room temperature, both compounds are clear liquids.
Nitroroc is obtained by mixing 94.5% Nitroroc A with 5.5% Nitroroc B. The explosive energy
release is 4.45 MJ-kg'1, or 1.01 TNT equivalent.

The optimum cutting module composition and geometry were determined by a preliminary
series of tests. Copper and steel both exhibit good cutting properties; steel was selected in this case
for practical reasons. Table I indicates the optimum module dimensions for various pipe



thicknesses: the G2/G3 pipes to be cut up are 13 mm thick, and thus correspond to an LI5 module
with a linear charge of 430 g-m"1, i.e. a total charge of 1100 g for a pipe 800 mm in diameter.

3. Containment
After testing the cutting modules and decontamination fuses, the effects of the detonations on

the environment were significantly greater than expected. A metal containment device was
therefore designed to absorb part of the energy dissipated by the shock wave and retain the debris
from the explosions. Nonradioactive tests were conducted for this purpose. Closed or partially
closed caissons were tested first; the shock damping effect was satisfactory, but the caisson was
rapidly damaged by the shock wave. Additional tests were therefore carried out using a cylindrical
carbon steel screen 20 mm thick and 1.5 m long, with 30 mm diameter holes at regular intervals.
The optimum shock damping effect was obtained when 75% of the holes initially drilled were
blanked off; in this configuration, the shock wave from the detonation was reduced by 30%.

4. Test Setup

The test site, the former interim fuel storage room in the basement of the G2 reactor building,
was chosen because of its location (underground at a sufficient distance from the reactor) and its
massive concrete structure capable of withstanding substantial overpressure without damage to the
surrounding structures.

During the test, the pipe was placed vertically on the baseplate, a circular carbon steel structure
1.5 m in diameter and 30 cm high, anchored to the floor. The perforated, rolled sheet metal screen
was erected around the test pipe at a distance of about 20 cm. The upper end of the pipe was
blanked off by a cover, secured to the baseplate by eight slings (each rated at 2 tons) to immobilize
the pipe and the protective screen. The test stand is shown in Figure 3.

A ventilation system was installed to extract the gas and particle matter generated by the
explosions. One exhaust duct opened into the test room; a second was installed directly in the test
stand, creating a negative pressure gradient inside the test pipe, which was continuously swept by
air (6000m3-h"]) from top to bottom. This arrangement limited the dispersal into the room of
contaminated particles from the explosion. The gases collected in the room and from the test stand
were purified on HEPA filters to prevent any radiological pollution of the environment.

5. Decontamination Tests

5.1 Preliminary Tests

Tests were conducted with non/adioactive pipe sections to check the effectiveness of the
ventilation system and the shock resistance of the test stand before the first decontamination tests.

The maximum permissible average overpressure in the test room was. determined to be
389 mbars. The explosive charge used for each test was therefore limited to 530 g of TNT
equivalent, i.e. 390 g of pentrite or 524 g of Nitroroc. The preliminary tests were conducted with
increasing charges (50 g, 100 g, 200 g, 300 g and finally 390 g) of pentrite. The overpressure in
the room was measured and recorded by two pressure sensors and suitable acquisition software.
The results were analyzed by Nitrobickford, and showed no pressures exceeding the previously
determined limit.

5.2 Test Procedure

Pentrite detonating fuses were secured around the outer circumference of the pipe (Figure 4).
The linear charge was initially limited to 40 g-m1, then to 70 g-m'1. The decontamination
effectiveness was poor, and a few tests were conducted with the maximum (390 g) charge to
assess the effect of the explosive charge on the decontamination factor.



The decontamination effectiveness was determined by radiological mapping of the entire
internal surface of the pipe section on zones measuring 10 * 20 cm, i.e. the dimensions of the
measurement device (Figure 5). The mean surface contamination of each pipe was then calculated
as the mean value of the contamination per zone. The mean contamination level of each pipe was
measured before and after each test to determine the decontamination effectiveness.

In all, 19 tests were conducted on 5 pipes with diameters ranging from 500 to 1000 mm, and
with initial (iy contamination levels of 100 to 200 Bq-cm"2, mainly due to ^Co. Several tests were
performed on each pipe section to assess the effect of repeated detonations on the decontamination
effectiveness, and to determine the extent of the decontaminated zone on either side of the fuse
position.

5.3 Results

The following conclusions may be drawn from the decontamination factors observed (Table
II):
• The total decontamination factors (i.e. the ratio of the initial surface contamination to the final

surface contamination) were generally low, and varied widely (1.06 to 1.77) from one pipe
section to the next.

• These values were obtained practically from the initial detonation. In every case, the
decontamination factors were lower for the subsequent detonations: 1.11 maximum for the
second, and 1.05 maximum for the third. Explosive decontamination is therefore effective for
the first shot, but succeeding detonations have practically no effect.

• The decontamination effectiveness depends very little on the charge: a large quantity of
explosive does not necessarily improve the decontamination factor.

• The detonating fuse was placed at a different height on the pipe for each test. No internal zone
could be identified as significantly better decontaminated than the remainder of the surface. No
relation between the decontamination factor and the proximity to the fuse could be determined
from these tests.

• Most of the dust generated by the explosion was removed by the ventilation system. The
remaining particle matter was deposited on the test stand, and analysis did not reveal a high
activity level. Relatively little smoke was produced by the tests, and it was quickly removed by
the ventilation system.

6. Cutting Tests

6.1 Test Procedure

Following the decontamination tests, three pipe sections 13 mm thick and 800 mm in diameter
were cut using explosive fuses as described in § 2.2 (refer to Figure 6). Each test was conducted
with a 450 g charge of Nitroroc to avoid exceeding the maximum permissible charge for the test
room (525 g of Nitroroc). These explosive quantities were sufficient only to cut one-fourth of the
circumference of the pipe, and 4 charges were therefore initially planned for each pipe. Because of
the overlap between the fuse positions for successive tests, however, five detonations were
necessary to fully cut an 800 mm diameter pipe.

The decontamination effectiveness for each cutting test was determined as described in § 5.2.

6.2 Results

The following results were obtained (Table HI):
• The pipes were cut cleanly and uniformly with a thin kerf (Figure 7) and with relatively limited

projection of metal particles.



• Although relatively large quantities of explosive were used, the decontamination factors
obtained from the detonation shock wave were similar to those observed during the
decontamination tests, i.e. relatively low and variable, ranging from 1.14 to 1,70.

• As in the decontamination tests, the decontamination zone covered the entire internal pipe
surface.

• Large amounts of smoke were produced during the cutting tests, and about ten minutes were
required after each test before entering the room.

7. Conclusion
Explosive decontamination is not effective enough to warrant implementation in dismantling

large-diameter pipes such as those found in the G2 and G3 reactor cooling systems. The
decontamination factors obtained did not exceed 1.8 and varied widely; they appeared to depend
on the distribution, degree of fixation and depth of contamination on each individual pipe, and the
effect of the explosion was not localized, but extended over the entire internal surface of the pipe.

Encouraging results were obtained using explosives as a cutting tool. The quality of the cut was
excellent, and detonating fuses can be installed in only a few minutes, minimizing the occupational
dose. Moreover, as the charges are secured around the outer circumference, the pipe itself provides
a degree of biological shielding and protects the personnel from contamination.
Several problems remain, however, for in situ application of this process:
• Handling and utilization of explosives in a nuclear environment are possible only when severe

safety measures are implemented.
• Propagation of the detonation shock wave may cause major damage to adjacent pipes and

structures due to resonance effects or superimposed shock waves. The amplitude and
consequences of such phenomena are difficult to model, and are therefore unpredictable.

• Explosives project solid particles, release gaseous waste and large amounts of dust in suspen-
sion, requiring static and dynamic containment provisions to protect the work environment.

In situ explosive cutting operations should therefore be reserved for a limited number of
operations under specific conditions:
• cutting of light gauge components (to limit the quantity of explosive used);
• operation in environments with a high degree of mechanical strength;
• absence of sensitive (e.g. electrical) equipment near the workpieces;
• highly irradiating environments that preclude conventional manual operations.



Table I. Cutting Module Dimensions for Various

Thickness
(mm)

10
15
20

Module

L10
L15
L20

Height
(mm)

20.5
26.5
32.5

Width
(mm)

17
22
27

Pipe Thicknesses

Standoff
(mm)

8.5
11
13.5

Wedge
thickness

(mm)

1
1.5
1.5

Optimum wedge angle: 90°

Table II. Results of Explosive Decontamination Tests

Pipe
Designation

500/1
800/1
800/2

1000/1
1000/2

Diameter
(mm)

500

800
800

1000
1000

Initial

1X7 main lira I fun
(Bqcnr2)

174.9

176.4
189.4
109.4
199.4

Number
of Tests

4

2

3
3
3

Decontamination
Factor

1.77

1.06

1.1
1.3
1.65

Table III. Results of Explosive Cutting Tests

Pipe
Designation

800/3
800/6
800/7

Diameter
(mm)

800
800
800

Initial
Contamination

(Bqcm2)

104.6
165.4
136.09

Number
of Tests

5
5
5

Decontamination
Factor

1.14

1.7

1.34

Conductors

Explosive (generally pentrite)

Cellophane or terphane film wrapper

2 layers of polypropylene or cotton insulation

_ Polyethylene coating

Figure 1. Detonating fuse



Explosive

Metal wedge

Workpiece

Figure 2. Explosive Cutting charge

Figure 3. Test stand



Figure 4. Pipe section prepared for a decontamination test

Figure 5. Surface contamination measurement on surface zones



figure (>. liv/iiinivc cuittitii churçe secured to a pipe

Figure 7. Pipe section after explosive cutting


