
PPA/C/61 <\ •

MY9700892

PROCEDURE FOR THE DETERMINATION v ^

OF GAP AND BASE GROUND SURFACE CONFIGURATIONS ^

BENEATH THE BOTTOM PLATE OF STORAGE TANKS ^

USING NEUTRON GAUGING INSPECTION TECHNIQUES
. • • • - • m

(Including Radiation Safety Procedure and Emergency Procedure) -..̂

. UNIT TENAGANUKLEAR, KEMENTERIAN SAINS, TEKNOLOGI DAN ALAM

NUCLEAR ENERGY UNIT, MINISTRY OF SCIENCE, TECHNOLOGY AND THE ENVIRONMENT,

MALAYSIA.

m . 28ife 19 •W



PROCEDURE FOR THE DETERMINATION
OF GAP AND BASE GROUND SURFACE CONFIGURATIONS

BENEATH THE BOTTOM PLATE OF STORAGE TANKS
USING NEUTRON GAUGING
INSPECTION TECHNIQUES

(Including Radiation Safety Procedure and Emergency Procedure)

PROCEDURE CG/GG-93-02
Revision : 0.2

Date: May, 13, 1993

Prepared by

Jaafar bin Abdullah
Head, Industrial Radiometric Group

Programme of Non-Destructive Evaluation
Unit Tenaga Nuklear

Kem. Sains, Teknologi dan Alam Sekitar
Komplek PUSPATI

Bangi, 43000 Kajang
Selangor Darul Ehsan

Tel: 03-8250510 ext 1228
Fax: 08-8258262



UTN
UNIT
TENAQA
NUKLEAR

INDUSTRIAL

RADIO METRIC

GROUP

PROCEDURE FOR THE DETERMINATION
OF GAP AND BASE GROUND SURFACE

CONFIGURATIONS
BENEATH THE BOTTOM PLATE OF STORAGE TANKS

USING NEUTRON GAUGING
INSPECTION TECHNIQUES
(Prepared by Jaafar bin Abdullah)

PROCEDURE CG/GG-93-02

PPTR

REVISION:0.2

Page 1 of 38

TABLE OF CONTENTS

1 Scope

Background and Justification

Principle of Neutron Gauging Techniques

Personnel Qualification and Team Composition

Equipment and Instrumentation

Preparation

Calibration Procedure

8 Inspection Procedure

9 Data Evaluation and Reporting

10 Follow-up Inspection

11 Safety Procedure For Neutron Gauging Inspection

12 Emergency Procedure Involving Radioactive Source(s)

page

2

11

13

16

18

19

25



UTN
UNIT
TENAGA
Nil KL EAR

INDUSTRIAL

RADIO METRIC

GROUP

PROCEDURE FOR THE DETERMINATION
OF GAP AND BASE GROUND SURFACE

CONFIGURATIONS
BENEATH THE BOTTOM PLATE OF STORAGE TANKS

USING NEUTRON GAUGING
INSPECTION TECHNIQUES
(Prepared by Jaafar bin Abdullah)

PROCEDURE CG/GG-93-02

PPTR

REVISION:0.2

Page 2 of 38

SCOPE

This procedure is intended for the neutron gauging inspection of gap between
the bottom plate and the foundation of bulk storage tanks, which potentially
exhibit uneven sinking of the bottom plate and the foundation.

This procedure describes the requirements for the performance of neutron back
scattered inspection techniques (or radiometric non-destructive evaluation
techniques), using an isotopic neutron source associated with neutron detecting
systems, to detect and size the gap between the bottom plate and the
foundation as well as to quantify the presence of hydrogenous materials (e.g. oil
or water) underneath the bottom plate.

This procedure is not only outline the requirements for the neutron gauging
inspection, but also describes the requirements which shall be taken into
account in formulating the radiation safety and emergency procedures for the
neutron gauging inspection works.

BACKGROUND AND JUSTIFICATION

2.1 General Tank Problem

In the oil, gas and chemical refining and processing plants as well as in the
power generating plants, the safety of petroleum, chemical and fire water
storage tanks is of a prime important. The surface shape of the tanks
foundation as well as the condition of the bottom plate are the most important
items to be considered in evaluating the safety of a storage tank.

Uneven sinking of the bottom plate often occurs to storage tanks that are
placed on soft ground near seashore due to repeated loading and off-loading of
liquid hydrocarbons, chemical or fire water which may contain inside them. A
localized sinking of the bottom plate may develop stress concentration which in
turn will cause the formation of cracks. As a result, petroleum or chemical or fire
water contained within the tank may leak out leading to financial loss,
environmental disturbance and possible fire hazard. To ensure the safety,
various inspections have to be carried out, covering both the tank and its
foundation.
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Realizing the importance and the potential applications in Malaysia, the
Industrial Radiometric Group (IRG), Programme of Non-Destructive Evaluation
(PNDE) of the Unit Tenaga Nuklear (UTN) has developed a new Non-
Destructive Evaluation (NDE) technique which offer a unique inspection
technique, covering both the bottom plate and its foundation.

2.2 Non-Destructive Evaluation Techniques For Storage Tanks

At present, the condition of the bottom plate is examined using conventional
Non-Destructive Testing (NDT) techniques. Ultrasonic thickness gauge, for
example, is commonly used to provide information on the thickness variations of
the bottom plate, whereas flaws such as cracks are detected by means of
magnetic particle tests.

There has, however, never been any technique that can non-destructively
determine the shape of the foundation. The gap formed between bottom plate
and the foundation is normally measured by destructive and time-consuming
method of hitting and drilling. Unit Tenaga Nuklear (UTN) has, however,
developed a new NDE technique that can measure the gap (or clearance)
between the bottom plate and the foundation, as an alternative to the classical
hitting and drilling method. The technique that is called neutron gauging
inspection techniques or radiometric non-destructive evaluation techniques is
based on back scattering and moderation phenomena of high-energy neutrons
(fast neutrons). The existence of water and/or oil beneath the bottom plate can
also be qualitatively determined by counting and analyzing low-energy neutrons
called as thermal neutrons.

PRINCIPLE OF NEUTRON GAUGING TECHNIQUES

3.1 Design Descriptions of the Gap Gauge

Figure 1 shows diagrammatically a gap measuring gauge. It consists of an
isotopic fast-neutron source (Californium-252, 268 micro Curie on 18th July
1990, Half-life 2.65 years, S/N 5077NC, manufactured by Amersham UK) and
neutron detectors that is positioned on the bottom plate of a cleaned tank. Fast
neutrons emitting from the source, penetrate the bottom plate and undergo
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collisions with the nuclei of the different elements present in the foundation. A
neutron has a such property that the energy lost during collision is independent
of the density of the element, but the lost is higher when colliding with an
element of lower atomic number. Therefore, if the foundation consists of
hydrogenous materials (water, oil, etc.), fast neutron is scattered elastically,
losses a large proportion of its energy to the nucleus, and becomes thermal
neutron. On the other hand, if it consists of much heavier atoms than
hydrogen, fast neutron loses very little energy and remain as fast neutron. After
repeated collisions with atoms in the foundation, neutron is scattered and
diffused back towards the gauge.

3.2 Principle of Gap Measurements and Configuration of Foundations

As the gauge is set on the cleaned bottom plate, some emitted neutrons
penetrate through the bottom plate are scattered back to the gauge after
repeated collision with the foundation material. Some of the neutrons will
remain as fast neutrons if only undergo back-scattering with the surface of the
foundation. The number and energy of returned neutrons, which are measured
as the count-rate of neutrons, N f , depend strongly on the gap, H, foundation
material and bottom plate thickness. Since the later two factors are known and
can be eliminated their effects by a proper calibration, therefore, the Nf value is
related only to the gap value.

To configure the overall shape of foundation, the bottom plate thickness, T, and
the above-sea level of the bottom plate, l_p, are also measured during the
inspection. The above-sea level of the foundation, Lg, is given from following
relationship:

Lg=Lp-T-H •0)

The thickness of the bottom plate is measured by ultrasonic thickness gauges
whilst the above-sea level is determined by using a conventional level
measuring system. In presenting the results, three contours namely gap
contour, bottom plate contour and foundation contour will be plotted. In addition,
the existence of water and/or oil, which is composed of a large amount of
hydrogen atoms can effectively be detected by the gap measuring gauge.
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3.3 Principle of Water and/or Oil Measurements

In many cases, rain water running underneath the tank due to inadequate
sealing around the outside perimeter, or uneven settling of a tank due to
insufficient compaction or sub-soil investigation before the tank was built.

In principle, a fast neutron emitted from the source loses its energy when
colliding with a low atomic number element, such as hydrogen, and becomes a
thermal neutron. Therefore, the probability of a fast neutron to become a
thermal neutron depends strongly on the concentration of hydrogen atoms in
the foundation material. Thermalization means that fast neutrons emitted by the
source are slowed to velocities where further collisions with hydrogen or other
molecules will not further slow the neutrons. It takes 18 collisions with hydrogen
to thermalize a neutron. Far more collision are needed to thermalize a neutron
by elements other than hydrogen; oxygen, a gas (as is hydrogen), is heavier,
and over 8 times the number of collisions are needed for neutron tnermalization
by oxygen than are needed for neutron thermalization by hydrogen. The greater
the atomic weight of an element, the greater the number of collisions required
for thermalization. Therefore, by measuring the count-rate of thermal neutron,
Nt, the amount of hydrogen atoms can be determined and than the existence of
water or oil on/in the foundation can easily be mapped out. Relevant
properties of several elements are tabulated in Table 1.
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Table 1. Properties of Elements For Fast and Thermal Neutrons

Element

H
C
N
0
S
Na
Al

a
Fe
Cu
Sn
Pb

Mass No.

1
12
14
16
32
23
27
35
56
64

119
207

No. of Collisions
to Thermalize *a'

18
115
134
152
297
214
253
325
520
587

1090
1900

Density

1.00 <b>
1.00 <b>
1.00 <b>
1.00 <b>
1.00 <b>
2.20 <c>
2.70
2.20 (°)
7.86
8.92
7.30
11.30

Total

Cross-Section (d)

30.2
0.2
0.5
0.2

0.03
0.2
0.1
1.9
1.1
0.9
0.2
0.5

(a) From 2 MeV to 0.025 eV

(b) Assumed for organic compounds

(c) Value for NaCI

(d) Thermal neutron cross-section, cm'2

PERSONNEL QUALIFICATIONS AND TEAM COMPOSITION

The neutron gauging inspection as described in this procedure shall be carried
out by qualified personnel with good knowledge in nuclear physics or nuclear
engineering, nuclear electronic instrumentation and computer programming. The
person(s) shall also have a sound knowledge in radiation safety aspects and
must be qualified as radiation workers in accordance with the Atomic Energy
Licensing Act requirements.

a. Each inspection team shall consist of at least two neutron gauge
operators/technician, a team leader (cum the Radiation Protection Officer)
assisted by two level meter and Total Station/teodelite-handlers.
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b. The team(s) shall be supervised by at least one inspection manager or
supervisor who will be guiding/leading the complete inspection, including on-
site inspection, on- or off-site data evaluation of all the counting data , X-Y
plotter recording and final reporting. The supervisor(s) shall be a person
who have a tertiary education in science or engineering and have a sound
knowledge in nuclear physics or nuclear engineering as well in radiation
safety aspects.

c. Personnel involve in handling the gap/clearance gauge is subject to the
upper limits on occupational exposure and must be complete a minimal
amount of radiation safety training to be designated an authorized user. As
an authorized user, individuals so designated must work in a "controlled"
environment, to the extent that their exposure to radiation must be
monitored.

EQUIPMENT AND INSTRUMENTATION

The gap measuring system used shall consist of a measuring head (i.e.
comprising of an isotopic neutron source Californium-252, thermal neutron
detectors and neutron and gamma-ray shielding materials) and nuclear
electronic system with appropriate cables and connectors. Figure 1 shows the
inner details for the gap measuring system. For the purpose of marking (grid
points) and the measurements of above-sea level of the tank floor, a level
meter and a total station shall be used. A neutron survey meter and a gamma-
ray survey meter shall be used to monitor the dose of neutron and gamma-ray
respectively.

5.1 Radioactive Source Encapsulation

The radioactive materials shall be double encapsulation with stainless steel.
Encapsulation of radioactive materials to prevent contamination is necessary to
meet "Special Form" requirements. The Californium-252 material shall be
compressed into pellet form, fusion welded in two separate stainless steel
capsules, and contained in the gap measuring system with sufficient lead and
cadmium covered polyethylene shielding. The source nominal activity shall be
268 micro Curie of Californium-252.
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5.2 Neutron Detectors

The detectors shall be gas-filled proportional counters, designed for high
efficiency in neutron counting. The gas pressure inside the counters shall be at
4 ATM or 10 ATM, if Helium-3 proportional counters are used.

5.3 Nuclear Electronic System

The nuclear electronic system shall consist of a High Voltage Power Supply, a
Pre-Amplifier, a Main Amplifier, a Single Channel Analyzer and a Counter/Timer
for each neutron detector. The details are as follows:-

a. The pre-amplifier shall be a charge sensitive pre-amplifier, and shall be
specially designed for proportional counters.

b. The main amplifier shall provide a course gain at 20, a fine gain at 5, a
shaping time at 1 micro second and a positive polarity.

c. The Single Channel Analyzer shall be set so that the upper level is at 10.1
and the lower level is at 1.2 in the integral mode.

d. The High Voltage Supply shall be at the optimum operating voltage for each
detector.

e. The Counter/Timer shall be set at 30 seconds or 1 minute of counting time.

5.4 Standard Block

The standard calibration block shall consist of hydrogenous materials (e.g.
paraffin or polyethylene). Casing for this material shall be aluminum with
minimum dimension of the standard block of 40cm(H) x 42cm(W) x 54cm(L).
This block must be used for stability and calibration tests of the gap measuring
system.
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6 PREPARATION

6.1 Bottom Plate Preparation

For the purpose of gap measurement, the bottom plate shall be cleaned and
must be dried (i.e. free from oil, grease and water) prior to inspection. This is
very important because neutrons emitted from the clearance/gap gauge are
very sensitive to hydrogenous materials. Presence of these liquids on the
bottom plate can cause false indications and may severely affect the inspection
results in a negative way.

Client should perform a check on bottom plate cleanliness if bad cleaning is
expected. A random check should include at least 50% of the total area of the
bottom plate. Re-cleaning should be considered if more than 5% of the tested
areas is in bad conditions.

It is also important to note that during gap measurement, the inside tank shall
be free of any obstacles/obstructions (e.g. scaffolding, removed fasteners from
the manholes). The presence of scaffolding or other structures on the bottom
will degrade the actual gap distribution results.

6.2 Documentation

Client shall provide documentation about the tanks to be inspected, including:-

a. Bottom plate lay-out sheets, indicating the position of each plate as well as
the plate numbering in use (if any).

b. Bottom plate lay-out sheets marked with all position of sampling spots.
c. Drawings indicating the positions and thickness of annular and bottom

plates.
d. Drawings indicating the cross-section of the bottom plate and the

foundation.
e. Drawings or data sheets indicating the material specifications of the bottom

plate and the foundation.
f. Information on the inspection history of the tank and the bottom plate to be

inspected.
g. Drawings indicating whole lay-out of the tank.
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6.3 Sunshade/Rain-cover

A sunshade/rain-cover shall be erected at the infront of each manholes. This is
to place a 100 kg paraffin calibration block and to allow the neutron gauging
operators to perform a proper stability and calibration tests during the whole
inspection period .

6.4 Storage Room For the Gap Gauge

Since the gap measuring system contains of an isotopic neutron source, client
shall provide a safe storage room for the system . If a "bomb pit" is not
available at client premises, any room or store with proper lock would be fine,
because the strength of the source is very small, about 268 micro Curie.

6.5 Room For Electronic Systems And Other Equipment

Client shall provide a working room for data evaluation as well as for storing
electronics and detector system. The room should have power points for
equipment charging, data analysis and plotting and the computer system.

6.6 Power Supply and Lighting at Inspection Sites

a. Client shall provide at least three 220 Volts (AC) main supply for powering of
the clearance/gap gauge, the level planner, the Total Station and all other
equipment used during inspection. The power points shall have a good
voltage stability against power fluctuations.

b. Client shall supply proper lighting facilities, to be installed in advance of the
start of the gap inspection.

6.7 Work Permits and Safety Training

a. The neutron gap/clearance gauge system and its associated equipment as
used in accordance with this procedure are not intrinsically safe and shall be
used only in accordance with the clients permit to operate the equipment.
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b. Client will provide instruction to all personnel to be engaged in the gap
examination at site, concerning safety rules and general guidelines in effect
on the site.

CALIBRATION PROCEDURE

7.1 Gauge Stability Test Schedule

The stability and proper functioning of the gap examination equipment shall be
checked and calibrated according to the calibration procedures as indicated in
the Section 7.2. During the performance tests, the gauge must be placed on
the standard paraffin block,

a. at the start of the gap/clearance inspection of each tank
b. after each hour of continuous operation
c. after each interruption during testing, exceeding 15 minutes
d. at the end of each period of operation
e. at any time that improper functioning is suspected

If during the check, it is determined that the testing equipment is not proper
functioning or out of calibration, all points tested since the last check shall be re-
examined.

7.2 Gauge Calibration

The neutron gauging inspection technique as described above is not absolute
and the gauge requires calibration to known plate thickness and material density
of the foundation. Therefore, before using the gap gauge, it is necessary to
conduct calibration tests. The calibration samples must, therefore, be generally
similar in material and composition to the bottom plate and the foundation to be
inspected, and must cover a wide enough range of gaps to ensure that results
for the unknown data can readily interpolated. In most cases, the range of gaps
from 0 to 200mm shall be sufficient for the gauge calibration. All settings of the
electronic counting system of the neutron gauge shall be recorded on a data
sheet as shown in Figure 2.
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7.2.1 Calibration Plate

The calibration is carried out by using a piece of steel plate having the same
thickness and material specifications as the bottom plate under investigation.
This shall be done either by placing the plate on the actual tank base,
particularly for newly constructed tanks or by making a model of the foundation
composed of the same materials.

In this respect, client shall provide a piece of sample plate of the same thickness
and material specifications as the bottom plate prior to the inspection work. The
minimum dimension of the plate shall be 54cm x 42cm.

7.2.2 Ratio of Neutron Count Rate Versus Gap Relationship

The inspection team shall establish calibration curves before executing an
actual inspection work.

To enable gap sizing, empirical equations between the ratio of fast neutron
count rate (Rf) and the ratio of thermal neutron count rate (R,) with respect to
gap values (H) ranging from 0 to 200mm shall be established. This relationship
is referred as the calibration curve.

As an example, gap calibration curves for Rf and Rt for a steel plate of 9mm in
thickness placed on a concrete foundation are shown in Figure 3.

7.2.3 Ratio of Neutron Count Rate Versus Oil/Water Depth Relationship

Similarly, empirical equation for calibration curves to determine water and/or oil
depth on the base ground shall be established prior to an actual inspection
work.

Acrylate plates shall be used to simulate the water and/or oil depth. An acrylate
plate of 1mm in thickness is approximately equivalent to water and/or oil of
0.72mm in depth.
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Figure 4 shows an example of the relationship between the ratio of thermal
neutron count rate (RJ with respect to gap for different thickness of acrylate
plates obtained from a test model. The amount of water and/or oil on the
foundation is given in six different zones. Zone #1 indicates less amount, while
Zone #6 indicates higher.

8 INSPECTION PROCEDURE

8.1 Type of Inspection

The neutron gauging inspection work shall include the following:-

a. Measurements of bottom plate levels (above-sea)
b. Neutron gauging for gap measurements and oil/water detection.
c. Ultrasonic thickness testing

8.2 Sequence of Operation

The sequence of inspection is as follows,

a. Bottom plate cleaning (shall be done by client)
b. Marking of rings and lines for identifying grid points
c. Brushing/grinding grid point areas
d. Level measurement of bottom plate (the client must identify the closest

"Bench Mark (BM)" to the tanks, as the reference point)
f. Neutron radiometric inspection for the measurement of gap between the

bottom plate and the foundation at the grid points.
e. Ultrasonic thickness testing at the grid points.
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Details on the inspection procedure can be summarized as follows,

INSPECTION FOR
NORMAL CONDITION

, Preparation
, Bollom plale cleaning

QUALITY CONTROL
AFTER ADJUSTMENT

. Adjustment

. Grouting

CALIBRATION TEST
. Calibration on actual tank
. Calibration using reference

materials

II
ESTABLISHMENT
OF CwRID POINTS

. Decision on numbers

. Marking of grid points

INSPECTION AND
MEASUREMENT

. Bottom plale level checking

. Gap/clearance measurement

. Water/oil pool detection

. Ultrasonic thickness testing

II
COMPUTER ANALYSIS

AND PLOTTING
. Bottom plale contour
. Gap contour
. Base ground contour/configuration
. Water and/or oil deposits
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8.3 Establishment of Grid Points

Before actual measurement is made, the bottom plate is first laid out in exact
grids by using a Total Station or a teodelite and the measurements are then
transferred to a scale drawing. Inspection points are usually taken at the
intersections of diametric and circular lines. An example of the grid points in
given Figure 5. The positions and numbers of measuring points are decided in
accordance to the dimensions of the tank and/or the shape of the bottom plate.

For easy identification, each measuring points on the bottom plate shall be
labeled with special tags.

8.4 Bottom Plate Levelling

Client must identify a bench mark (BM) nearer to the tank under investigation.
The BM will be used as a standard reference point to determine above-sea level
at each grid points on the bottom plate. The above-sea level shall be measured
by a dumpy level, or a tilting level and a leveling staff. All the data shall be
recorded on a data sheet as shown in Figure 6.

8.5 Survey of Gap and Oil/Water Deposits

After the above-sea level measurements are completed, the neutron gauging
system is placed on the bottom plate and measurements are taken over a
period of one minute for each points. The neutron gauge operator must record
the fast neutron rates as well the thermal neutron count rates in the inspection
sheets. An example of the data sheets is as shown in Figure 7. All settings of
the calibrated system shall also be recorded on the data sheets as shown in
Figure 2. The counting time shall be reduced if a higher activity of the
Californium-252 is used.
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8.6 Ultrasonic Thickness Measurement

After completing the neutron gauging inspection, then the bottom plate
thickness at each grid points will be measured by a digital ultrasonic thickness
gauge. All data shall be recorded on a data sheet as shown in Figure 7.

8.7 Inspection Period

It is estimated that for a storage tank having a diameter of 20 to 30 m, the point
of measurement shall be approximately 400 to 600. The point shall be decided
by the neutron gauging inspection manager or inspection supervisor taking into
consideration the bottom plate arrangement, type of foundation materials,
history of the tank and other relevant data.

It is also estimated that, for an inspection team with five/six personnel, it will take
about six to seven days to inspect the total floor area of a storage tank.

9 DATA EVALUATION AND REPORTING

9.1 Data Sheet(s)

The data sheet as shown in Figures 2 and 7, shall contain:-

a. All information on equipment and settings used during the calibration
and inspection works.

b. All inspection results indicating the fast and thermal neutron counts for
inspected grid points, bottom plate thickness and levels.

c. Any other information important to the inspection results.
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9.2 Daily Status Report

Before 9 a.m. of each inspection day, the inspection supervisor or the team
leader shall present a daily status/progress report (either verbally or in written)
for the proceeding working day, to the clients inspector in charge. This report
shall identify:-

a. Names and designations of all inspection staff at site.
b. Inspection progress, including positions already inspected and those still

working on.
c. All other matters related to the inspection works.

9.3 Final Written Report

Within two weeks after completion of testing, a neutron gauging inspection
written report for each of the tanks shall be presented to client staff, containing
the following information:-

a. General information of the tank
b. Principle of the inspection techniques
c. All data related to the inspections, raw data and computer analysis data.
d. Information on the calibration standard.
e. All settings of all equipment.
f. Computer plotting of contours for gap, bottom plate, foundation and

water/oil.

The results of neutron gauging inspection shall be plotted in the form of
contours. As an example, topographies in Figures 8, 9 and 10 display in color
images of the contour lines of gaps, bottom plate outer surface and the
foundation surface, respectively.
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10 FOLLOW-UP INSPECTION

In case an increased level of confidence will be required, client can decide to
perform a follow-up examination using other inspection techniques with
improved local detection and sizing capability compared to the neutron gauging
inspection technique covered by this procedure, e.g. the hitting and drilling
method etc.

In case the client decides to perform a follow-up inspection using other
inspection techniques, the following is recommended:-

i) A follow-up inspection shall include at least 2% of the total number of
the grid points per tank inspected with the neutron gauging technique
according to this procedure. Grid points to inspect with the follow-up
technique shall be randomly selected across the tank floor.

ii) All grid points with indications equal to or exceeding 200mm of gap shall
be inspected as well, with the follow-up technique.

The results of the follow-up inspection shall be compared to the results of the
neutron gauging technique and may be used for:

i) Upgrading of the neutron gauging inspection results,
ii) Water/oil depth determination,
iii) Bottom plate adjustment.



UTN
UNIT
TENAGA
NUKLEAR

INDUSTRIAL

RADIO METRIC

GROUP

PROCEDURE FOR THE DETERMINATION
OF GAP AND BASE GROUND SURFACE

CONFIGURATIONS
BENEATH THE BOTTOM PLATE OF STORAGE TANKS

USING NEUTRON GAUGING
INSPECTION TECHNIQUES
(Prepared by Jaafar bin Abdullah)

PROCEDURE CG/GG-93-02

PPTR

REVISION:0.2

Page 19 of 38

11 SAFETY PROCEDURE FOR NEUTRON GAUGING INSPECTION

11.1 Introduction

Since the use of radioactive sources poses a potential health hazard to neutron
radiometric personnel and members of public, safety precautions must be
observed at all times.

11.1.1 Radiation Safety Policy

One of the function of UTN, particularly the Industrial Radiometric Group (IRG),
is to provide neutron gauging inspection services. Thus, the policy of UTN is
that the neutron gauging inspection shall be conducted strictly in accordance
with this procedure to ensure safety of workers and members of public. This
procedure is prepared to meet the requirement of Atomic Energy Licensing Act
1984 and its subsidiary legislation.

11.1.2 Scope of Procedure

i) The objective of this procedure is to guide the employer of UTN on good
and safe working practices involving neutron sources.

ii) This procedure details the instruction which apply to the measure that
are to be taken to ensure the protection of other personnel as well as the
member of public from radiation hazard.

iii) The application of this procedure is mandatory at any location where the
use of neutron gauging devices for industrial inspection is involved.
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11.2 Administration

11.2.1 Classification of Personnel

To ensure the safe conduct of neutron gauging inspection, personnel is
classified as follows:-

i) Radiation Protection Officer (RPO). The RPO is an expert in the
subject of radiation protection which are capable of giving good advice
and supervise all works related to site neutron gauging inspection, and
to ensure that all works conform to the requirements of the Atomic
Energy Licensing Board (AELB). In the event of more than one
inspection sites are to be supervised, the RPO may delegates his/her
responsibilities to other personnel approved by UTN.

ii) Operator. Operators are responsible in the operation of neutron
gauging devices at the inspection site.

iii) Assistant Operator. Assistant operators are responsible in assisting the
operators in industrial neutron gauging inspection, but he/she shall not
perform the neutron gauging operation.

iv) Other Persons (Non-Radiation Personnel). Any persons other than
those categories under i), ii) and iii) are classified as non-radiation
workers. This includes officers, workers, drivers, etc. Persons classified
under this category shall not at any times operate any neutron gauging
devices or entering controlled areas.
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11.2.2 Classification of Working Area

For the purpose of radiation protection the area at the inspection site is
classified as follows:-

i) Controlled Area. Any area at the site, at the limit when neutron gauging
examination is conducted which dose limit exceeds 0.5 rem/year or 0.25
mrem/hr.

ii) Clean Area. Areas other than those specified in the class i) above, shall
be considered as clean areas.

11.2.3 Medical Surveillance

All radiation personnel (i.e. RPO and operators) shall undergo the following
medical examination which is to be carried out by an approved registered
medical practitioner.

i) Pre-employment medical examination,
ii) Annual medical examination,
iii) Retirement medical examination.

All the records of examination shall be kept by the RPO and made available for
inspection.

11.2.4 Personnel Monitoring

i) UTN shall be responsible to provide a film badge and pocket dosimeter
for each person involve in radiation works.

ii) RPO, operators and assistant operators shall wear his/her film badge at
all times during the course of their duty. This badge shall be worn at
waist or chest level and when not in use it shall be stored in a radiation
free area.

iii) Film badge shall be change monthly. After replacement, used film shall
be sent to SSDL Unit of UTN for dose assessment.
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iv) If it is known or suspected that an operator has received a dose which
exceeds 100 mrem over a period of 1 week, his/her film shall be
submitted to SSDL Unit of UTN for urgent dose assessment.

v) If it is known or suspected that a film badge has received a high radiation
dose while not being worn, that film shall be sent to SSDL Unit of UTN
for assessment with an explanatory note.

vi) The RPO shall kept a accumulative record of all radiation doses
recorded by film badge worn by operators. Individual working record care
shall be made available to the employee on termination of employment.

vii) Other persons who wish to enter the controlled area shall be provided
with a pocket dosimeter and its reading shall be recorded before and
after visit.

11.3 Preparation Prior to Commencement of Inspection Works

The following items must be made available before commencing any neutron
gauging inspection works.

a. Personnel Monitoring. All personnel working with radioactive sources must
wear appropriate personnel monitoring badges at all times during inspection
works. The film badge shall be worn at the chest or waist level. The film
badges shall be stored in a radiation free area when not in use and must
never be brought back home. Any accidental exposure or damage to the
film badge due to mishandling shall be reported immediately to the Radiation
Protection Officer or Safety Office In-Charge.
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b. Radiation Survey Meter. The following points shall be checked regarding
the use of radiation survey meters.

i. The response of the instrument should be appropriate to the type of
radiation,

ii. Only calibrated instruments shall be used. Refer to the instrument's
certificate of calibration,

iii. The instrument shall cover a suitable range of doserate e.g. 0-500
mrem/hr.

iv. The most important thing to remember is to ensure that the instrument's
battery is in good working condition.

c. Warning Signs. Warning signs of adequate size and with appropriate
radiation symbols must be made available. These signs shall be used to
identify and define the controlled/restricted areas.

11.4 Duties of Neutron Gauging Operator

Person using radioisotopes of neutron radiation in industrial nuclear gauging
inspection should understand the following items:-

a. The fundamental of radiation protection.
b. The proper use of the neutron gauging device and electronic equipment.
c. The procedure to be followed in the event of an accident involving radioactive

materials.
d. The Atomic Energy Licensing Regulations pertaining the use of radioisotopes

in nuclear gauging devices.

11.5 Methods to Reduce Exposure

When operating radiation equipment the operator must take every effort to
minimize the risk of over exposure. There are three factors to consider when
looking for ways to reduce exposure - time, distance, and shielding. The
simplest way to reduce exposure of course, is to keep the time spent near a
radioactive source to an absolute minimum.
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Distance is also a very effective means of limiting exposure because particles
(alphas, beta, and neutrons) can only travel a short distance through matter. In
addition, gamma rays, analogous to light and all other forms of electromagnetic
radiation, become less intense as the square of the distance:

lz=(l1D1
a)/(D2

a)

where I, = intensity at location 1, etc.
D:= distance to location 1
D2= distance from source to location of interest

This formula, known as the inverse square law, simply means that if the
distance from a radioactive source is doubled, the resulting exposure is one-
fourth instead of one-half as much. Similarly, if the distance from the source is
tripled, the resulting exposure is only one-ninth of the original exposure, etc.

The final method of reducing exposure to radiation is shielding. While some
types of radiation can be stopped by a single sheet of ordinary typing paper,
denser materials are generally more effective as a radiation shield.
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12 EMERGENCY PROCEDURES INVOLVING RADIOACTIVE SOURCE(S)

12.1 General

Generally speaking, an emergency situation arises when the source in a
portable or a mobile nuclear gauge is accidentally separated from the source
holder/container.

Since work should be conducted in a predetermined barrier and constant
monitoring of the dose is carried out using a survey meter, the presence of any
unshielded source should be apparent immediately. In the event of this
incident, the following action should be taken:-

a. Action by Operators

i) Using a survey meter, MEASURE THE DOSE RATE AROUND THE
AREA AND ESTABLISHED A NEW BARRIER (e.g. beyond which the
dose rate is less than 0.25 mrem/hr).

ii) RESTRICT ACCESS TO THIS BARRIER AND DISPLAY A WARNING
LIGHT around it together with a radiation warning notice. If barrier
materials are not available 'sentries' should be posed to ensure that no
one passed through the barrier except those engaged in rescue
operations. Detain any persons who may have been inside the barrier
during the accident. If this is not possible, obtain their names, addresses
and telephone numbers so that they can be contacted later if necessary.

iii) THINK AND PLAN CAREFULLY A COURSE OF ACTION while outside
the barrier. Prepare all equipment required for the rescue operation, e.g.
long handling tongs, quartz fiber electroscope and charging device or
other integrated dosemeter for gamma-ray and also neutron dosimeter,
emergency storage container, tools (such as pliers, screwdrivers, long-
handled wire cutters, adjustable spanner, wrench, rope, hand lamp etc.)
shielding materials, etc.
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iv) INFORM THE PERSON IN CHARGE OF THE AREA WHERE THE
WORK IS CONDUCTED, of the mishap and the proposed action to be
taken.

v) ATTEMPT TO PLACE THE SOURCE INTO ITS CONTAINER QUICKLY
if possible by using long handling tongs. NEVER TRY TO PICK THE
SOURCE WITH BARE HANDS. The recommended maximum
permissible times for rescue operation involving neutron sources should
be determined. A second person must stand at the barrier to time the
operation and shout when the permitted time is up.

If fails, try to attenuate the radiation intensity using whatever materials
available (e.g. concrete block, paraffin block, sand, wood, etc.)

vi) CALL FOR ASSISTANCE FROM THE SAFETY OFFICER who will
summon any other necessary help. In case he/she is not available,
advice may be obtained from the competent authority (e.g. The Unit
Tenaga Nuklear, The Atomic Energy Licensing Board).

b. Action by Safety Officer

Upon arrival at the scene, the supervisor's action depends on whether or not the
source has been return to its container.

If the source is already returned into its container:-

Ai) CHECK THE SHIELDING AND ITS FASTENER.

Aii) REMOVE PERSONNEL involved in the recovery operation from the
radiation work until their doses have been established.

Aiii) SEND THE FILM BADGES WORN BY THE PERSONNEL INVOLVED to
the approved laboratory (e.g. SSDL Unit of UTN) for urgent examination.

Aiv) Make full investigation of the incident, taking written statements from the
operator or any other members of public including details of where they
were in relation to the neutron gauging device and for how long.
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IF THE SOURCE IS STILL OUTSIDE ITS CONTAINER:-

Bi) CHECK THE BARRIER, warning signals and notices are satisfactory,
and the access to the radiation area is under controlled.

Bii) MAKE FURTHER ATTEMPTS TO RETURN THE SOURCE into its
container. If this fails, a decision must be made either to continue the
rescue operation or obtain other container as a temporary shield for the
source.

Biii) WHEN THE SECOND CONTAINER IS AVAILABLE, PLACE THE
SOURCE INSIDE IT. The container must have adequate shielding
properties so that it is capable of attenuating the radiation down to a
permissible dose. At this stage, a decision must be made either to
return the source to its original container with the aid of handling facilities
at the base or to take disposal actions. In the latter case, it will be
necessary to contact the Licensing Authority to obtain further advice.

Biv) The series of actions Ai) to Aiv) should now be set in motion.

12.2 Vehicles Involved In An Accident

This situation may occur as a result of road or other accidents. Before
commencing any source rescue operation, efforts must be made to rescue any
injured or trapped persons. The rescuers must be told about the presence of
radioactive materials. Until measurements have been made with a survey meter,
it should be assumed that the source is unsealed, then carry out necessary
actions as stated in Section 13.1.

12.3 Source Involved In Fire

In the event of a fire, try to remove the container away from the scene.
However, if not possible abandon it, and report to the Fire Services
Department of the presence of radioactive materials as quickly as possible.
Then commence the series of actions as mentioned in Section 13.1.
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12.4 Missing or Stolen Source

In this case, the following action should be taken:-

i) BEGIN AN IMMEDIATE SEARCH using whatever detectors are
available,

ii) If it cannot be found, INFORM THE POLICE, THE SUPERVISOR AND
THE PERSON IN CHARGE OF THE AREA.

If a vehicle containing a source is missing the police and the supervisor must be
informed immediately.

12.5 Source Lost In Transport

If a source container has been loaded into a vehicle for transport, and at the
end of the journey, it cannot be found, the police and the supervisor must be
informed immediately. It may be necessary to retrace the exact route taken by
the vehicle, making both a visual search for the source container and an
instrumental search for the radiation from the source.

12.6 Source Capsule Found Damaged or Leaking

Source capsule can developed leaks due to corrosion, defective construction, or
damaged suffered in accidents. Leak of radioactive material is likely to cause
spread of contamination. If a sealed source is found to be leaking in the course
of routine checking or maintenance of the equipment, the following steps should
be taken:-

i) Wear your film monitor.
ii) Close the device.
iii) Inform the safety officer for further action e.g. leak testing.

Emergency procedures outlined in this note serve as a guideline to operators
and supervisors. It has been prepared carefully, taking into account all the
possible emergency situations that may arise during neutron gauging
inspection. It is hoped that these guidelines will be able to help operators
minimize the risk of overexposure in the event of unforeseen accidents that may
occur.
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Figure 1. Principle of measurement of gaps between the bottom plate and the
foundation of a storage tank by neutron gauging techniques
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DETERMINATION OF GAP AND BASE GROUND SURFACE CONFIGUARTIONS

OF STORAGE TANKS

EQUIPMENT

Minibin

Power Supply

High Voltage
Supply

Counter & Timer

Single Channel
Analyser (SCA)

Amplifier

3re-Amplifier

detector

-

TYPEWOOEL

TENNELEC
model MB1

TENNELEC
model TC 909

CANBERRA
Model 3102D

TENNELEC
llrafol TC fl^P

TENNELEC
Model TC 534

TENNELEC
Model TC 246

ORTEC
Model 550A.

TENNELEC
Model TC 246

ORTEC
Model 572

ORTEC
Model 142PC

REUTER-
STROKES
Model RS-0806-
264

TYPE OF

SETTING

Voltage:

Voltage:

Counting time:

Upper level:
.ower level:
\1ode:

Upper level:
.ower level:
^ode:

Coarse gain:
:ine gain:
Polarity:

Coarse gain:
-ine gain:
Shaping time:
Polarity:

Gas pressure:
Optimum Voltage:

SETTING

FAST NEUTRON

/

/

1500 volt

60 Sec.

10
1.3

integral

20
5

positive

10 atm.
1500 volt.

THERMAL NEUTRON

1

1

1200 volt

60 Sec.

10.1
1.2

integral

20
5

1 micro sec.
positive

4 atm.
1200 volt.

Figure 2. Equipment settings data sheet
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NEUTRON GAP GAUGE: CALIBRATION CURVE

(FAST NEUTRON)

Found
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Figure 3. An example of gap calibration curves
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Figure 4. An example of calibration curves for water and/or oil determination
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Figure 5. An example of making grid points
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Figure 6. Data sheet for levelling the grid points
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Figure 7. Inspection data sheet
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