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ABSTRACT

In the present study, the scrap yards (located within the latitudes 33°
21’ 613 to 33° 21° 290” North, and longitudes 44° 51° 299” to 44° 50’
904” East) at Al-Tuwaitha nuclear site were scanned for the period from
January to February 2016 using hand-held radiation detectors with the
intent of locating radioactive sources thrown within piles of scrap material.
Only one *’Cs radioactive source has been found with an estimated activity
of 6.3x10° Bg, which was found to be considerably less than the
“dangerous quantity” D-value of 1x10" Bq. Assessment of the potential
radiological consequences arising from exposure to the source during
normal conditions has been conducted using Rad Pro Calculator Version
3.26 (2009). The potential radiological dose arising from normal
occupational exposure situation was estimated to be 139 mSv/y at 1 meter
distance from the source, which was considerably higher than the
occupational dose limit of 20 mSv/y recommended in the International
Atomic Energy Agency (IAEA) GSR Part 3 (2014), indicating that this
source must be removed and treated as radioactive waste.
Key words: Abandoned radioactive sources, scrap yards, Al-Tuwaitha Nuclear
Site
1. Introduction

Al-Tuwaitha Nuclear Research Center, currently owned by Ministry
of Science and Technology (MoST), served as the foundation of nuclear
research and development in Irag from 1967 until 2003. Al-Tuwaitha
central nuclear complex covers a land area of approximately 1.6 km? (1200
m x 1400 m) within the bermed area and was the main site for nuclear
researches before 2003. By 1991, Al-Tuwaitha site comprised several
facilities dedicated to nuclear researches, such as nuclear fuel fabrication,
radiochemistry, processing facilities, radioisotope production, radioactive
waste treatment, waste storage facilities, and biological researches
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buildings [1]. Most of these sites suffered substantial physical damage
during the Gulf war in 1991 and several have been subject to looting of
materials and equipment as a consequence of the challenging security
situation in the country in 2003. Looting has increased the spread of
contamination and related health problems among the local residents [2-4].

The so-called “orphan source” phenomena is a serious national
problem and significant potential threat in Irag as sources showing up
unexpectedly in scrap yards, border crossings, or numerous other public
locations. Radioactive sources and substances can become associated with
scrap metal in various ways and if not discovered they can be incorporated
into steel and non-ferrous metals through the melting process. This can
cause health hazards to workers and to the public as well as environmental
concerns and it can also have serious commercial implications. Numerous
incidents have occurred in recent years involving the discovery of
radioactive sources in scrap metal and, in some cases, in metal from the
melting process. These incidents have proved to be very costly in relation
to the recovery and clean-up operations required but also in terms of the
potential loss of confidence of the industry in scrap metal as a resource.
This has led the scrap metal industry to seek ways of managing the problem
on the international level [5].

Radioactive source can be defined as a source containing radioactive
material that is used as a source of radiation. Sealed sources commonly
consist of concentrated radioactive materials encapsulated in small metal
containers. The radioactive material in a sealed source is permanently
sealed in a capsule, or closely bonded and in a solid form [6]. The radiation
emitted from these sources is quite intense, requiring heavily shielded
containers for their safe use, transportation and storage.

The objectives of this study were:

- Verify whether there were abandoned (orphan) radioactive sources in
scrap yards at Al-Tuwaitha Nuclear Site through performing field
scanning survey using hand-held radiation detectors.

- Evaluating the radiological consequences of found radioactive
sources during normal conditions.

2. Materials and Methods
2.1 Description of the Scrap Yards

There were several tons of metallic scrap at Al-Tuwaitha nuclear site
placed in unsecured areas readily accessible by the public (Figure 1),
including some parts of separators, air ducts, filters, abandoned equipment,
storage tanks and drums from former Iragi nuclear program and other metal
parts associated with the 1991 bombing of nuclear facilities in lIraq,
suspected to be contaminated with radioactive materials. Examples of

2016 -96 su=ll -22 slyall - 64 - g La Y1 &g 531l K42 &loa



Searching for Abandoned Radioactive Sources in Scrap Yards at Al-Tuwaitha
Nuclear Site....... Hazim Louis Mansour, Yousif M. Zayir Al-Bakhat, Huda Nassar Karkosh

materials and equipment that may be found in Al-Tuwaitha scrap yards
include metals, concrete, tools, equipment, piping, conduit, furniture, and
dispersible bulk materials such as trash, rubble, roofing materials, sludge
and possibly radioactive sources. Most of these scrap materials exist in
separate piles. Overall, there were more than 30 distinct piles of scrap in
this area. Some of this damaged scrap was brought from Tarmiya site to the
scrap yard at Al-Tuwaitha at the request of IAEA inspectors [4]. These
piles of debris and rubbles contain miscellaneous contaminated and
uncontaminated items.

Figure 1: Topographic map shows scrap yar
earthen berms (Reference: Google maps).
2.2 Survey Approach

The investigation of scrap yards at Al-Tuwaitha nuclear site (located
within the latitudes 33° 21° 613” to 33° 21’ 290” North, and longitudes 44°
51° 299” to 44° 50’ 904~ East) where radioactive sources were present or
suspected to be presented were undertaken for the period from January to

February 2016 in several phases. The three main investigation phases

include (historical information study, walkover survey, and field

investigation using hand-held radiation detectors). Radiation detectors used
for searching radioactive sources are described below:-

- identiFINDER ICx (digital hand-held gamma spectrometer with
radionuclide identification, Germany) has been used for searching,
localizing and identification of gamma and neutron-emitting radioactive
sources. identiFINDER ICx can be described as a small but powerful
computer further equipped with dedicated detectors for gamma and
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neutron radiation plus some auxiliary sensors such as a receiver for the
Global Positioning System (GPS) [7].
RadEye PRD (Alarming Personal Radiation Detector, Thermo
Scientific, Germany) is a highly sensitive measuring device used to
measure the gross count rate (in cps), the ambient equivalent dose rate
of gamma radiation (in uSv/h) and the accumulated ambient equivalent
dose (in uSv). The survey instrument is also used to detect and localize
radiation sources. The RadEye PRD incorporates a highly sensitive Nal
(TI1) scintillation detector which is equipped with a miniature photo-
multiplier allowing detection of very low radiation levels. The detection
for gamma radiation dose range from 10 nSv/h to 250 pSv/h and counts
display up to 800 000 cps. A safety alarm of 20 uSv/h is set by the
manufacturer before delivery [8].
RadEye SX (External Scintillation Detector, Thermo Scientific,
Germany) is used in the field for searching alpha/beta sources in
surface soil. The RadEye SX is a modern compact multi-purpose for
external scintillation probes. This radiation detector has been recently
developed and marketed enables the in-situ detection of the gross alpha
and beta ray emitter. In conjunction with Nal(TI) (2 inch x 2 inch)
detectors, both alpha and beta measurement data can be displaced and
recorded simultaneously [9].

For scrap yards long ago abandoned and showing obvious signs of

disorder and dilapidation, visual indicators of the presence of radiation
sources may be difficult to employ. The basic operating procedure used to
search for radioactive sources in scrap yards was adopted according to the
guidance provided by the IAEA Technical Document 804 [10] and the
guidance provided in the identiFINDER ICx User Manual [7]. This
operating procedure is illustrated below:

Background measurements for identiFINDER 1Cx, RadEye PRD and
RadEye SX detectors were conducted in place where radiation levels
considered normal. Background measurements were used as a guideline
for detection of areas or spots with excessive alpha, beta or gamma
radiation;

The survey instruments were moved around the site and across the
suspected surfaces (sediments, soil, vegetation, scrap material, rubble
piles) with the intent of locating radioactive source at transect lines 3
meters apart (as terrain and vegetation permit (Figure 2)), while
observing the detectors display. The 3 meters distance will provide
thorough coverage of the area [11]. Normally, measurements were
made at heights of (0.02-1) meter above ground level. Where an
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elevated measurement is indicated, measurement close to the ground
will be performed to enable locating the anomaly, which may indicate a
buried radiation source. Look for physical appearance of the radiation
sources was kept constantly in mind by the search team;

- When an elevated reading is identified from observing the detectors
display, the complete dose rate distribution around the elevated spot is
determined by scanning the area with a series of parallel routes. When
the presence of a radiation source is confirmed from visual inspection,
the ICx identiFINDER’s Finder Mode will be used to determine the
exact location of the radioactive source;

- After locating the position of the radiation source by surveying the
ambient dose rate, the ICx 1dentiFINDER’s Identification Mode will be
used to find out the nuclide the radiation is originating from.

Rad Pro (Radiation Protection) Calculator Version 3.26 (2009)
(developed by Ray McGinnis, US Department of Energy (DOE)) was used
to quantify the activity of the radioactive sources, based on measured dose
rate and the known nuclide composition of the radioactive sources. Rad Pro
Calculator performs many nuclear calculations that are useful to the health
physicist, radiological researcher, radiochemist, radiation safety officer.
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Figure 2: Scanning survey for detection of orphan sources in scrap yards

2.3 Categorization Criteria for Radioactive Sources

A radioactive source categorization system (Table 1) is used to
provide a risk informed ranking and grouping of the sources and their
applications, which in turn are of direct relevance to the regulatory
measures, safety measures, management options, national registry of
sources, import/export controls, labeling of sources, and emergency
preparedness and response [12]. Symbol (A) in Table 1 represents the
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activity of the radioactive material in the source, and D is the dangerous
quantities of radioactive material.

The radioactive sources that will be found at scrap yards in Al-
Tuwaitha Nuclear site is categorized in five categories in accordance with
the guidance provided in the relevant International Atomic Energy Agency
(IAEA) safety guides and standards [12]. On the basis of this
categorization, risk informed decisions can be made, in a graded approach
to the regulatory control of radioactive sources for the purposes of safety
and security. Category 1 sources could lead to the death or permanent
injury of individuals who are in close proximity to the source for a short
period of time (minutes to hours). Category 2 sources could lead to the
death or permanent injury of individuals who are in close proximity to the
source for a longer period of time than for Category 1 sources. Category 3
sources could lead to the permanent injury of individuals who are in close
proximity to the source for a longer period of time than Category 2 sources.
Category 4 sources could lead to the temporary injury of individuals who
may be in close proximity to the source for a longer period of time than
Category 3 sources. Category 5 sources could, but are unlikely to, cause
minor temporary injury of individuals.

Table 1. Categorization system of radioactive sources used in common
practices [12]:

Category Activity ratio (A/D)
1 A/D > 1000
1000 > A/D > 10
10>A/D>1
1>A/D>0.01
0.01 > A/D and A > exempt
level

OB WiN

3. Results and Discussion

During field survey campaign in scrap yards, an unnoticed *¥'Cs
source has been identified in surface soil with dose rate, measured using
identiFINDER 1Cx range from 19000 to 20000 pSv/h, with a mean value
of 19500 + 707 uSv/h at about 5 cm distance from the radioactive **’Cs
source. Surface o/ activities, measured using RadEye SX range from 1023
to 1487 Bg/cm? with a mean value of 1255 + 328 Bg/cm®. Activity
estimation of the source was made using Rad Pro Calculator. Based on the
measured dose rate at 5 cm distance from the source, the activity of the
source is estimated to be 6.3x10° Bq (about 17 mCi, range from 16.7 to
17.6 mCi). No other radiation source has been identified in scrap yards, as
shown in Figures (3) and (4), since the entire observed gamma dose rates
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and o/f surface soil activities for most of the investigated points were
slightly exceed the local measured natural background level (0.02 uSv/h,
0.12 Bg/cm?), and reached more than twice the measured background level
Iin some points due to presence of surface soil contaminants.

According to the IAEA guide on categorization of radioactive
sources, the identified source is category 5 (A/D = 6x10° < 0.01, where A
is the activity of the radioactive material in the source (6.3x10° Bq), D-
value = 0.1 TBq (1x10" Bq) for **'Cs [12]). Accordingly, this source could
cause minor temporary injury for individuals with no lethal or severe
consequences.

For normal (occupational) exposure scenario (6 hours per day, 5 days
per week, indoor occupancy factor of 80% with building shield (25 cm
concrete) and outdoor occupancy factor of 20% without building shield),
the annual dose arising from the found source is estimated to be about 139
mSv/y at 1 meter distance from the source using Rad Pro Calculator
Version 3.26 (2009), which is considerably higher than the occupational
dose limit of 20 mSv/y [12]. 76% of the estimated dose arising from
outdoor exposure, while the remaining 24% arising from exposure to the
source inside building.
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Figure 3: Results of direct dose rates measurements using RadEye PRD detector
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Figure 4: Results of direct alpha/beta contamination measurements using RadEye SX

4. Conclusions
This study presents the findings of radiological survey conducted for

scrap yards at Al-Tuwaitha Nuclear Site with the intention to search for

abandoned (orphan) radioactive sources within piles of scrap material and
evaluating the radiological impact of found sources during normal
conditions.

Only one **'Cs source has been found with activity of 6.3x10° Bg,
which is considerably less than the “dangerous” D-value of 1x10' Bg.
However, due to relatively large amount of radioactive content estimated in
the source, this source is completely unsafe under normal occupational
exposure conditions.

References

1. Al-Musawi F., Shamsaldin E., Jasim H., and Cochran J., “Radioactive
Waste Management and Nuclear Facility Decommissioning Progress in
Irag — 13216”, WM2013 Conference, February 24 —28, 2013, Phoenix,
Arizona, USA, (2013).

2. Jarjies A., Abbas M., Fernandes H., Wong M., Coates R., “Prioritization
methodology for the decommissioning of nuclear facilities: a study case
on the Irag former nuclear complex”, Journal of Environmental
Radioactivity, doi:10.1016/j.jenvrad.2012.01.001, (2012).

3. Abbas M., Mousa Al-Atia, Ahmed B., Helou T., Al-Mubarak M.,
“Decommissioning of the Iraq Former Nuclear Complex”, Proceedings
of the 11" International Conference on Environmental Remediation and

2016 -96 su=ll -22 slyall -70 - g La Y1 &g 531l K42 &loa



Searching for Abandoned Radioactive Sources in Scrap Yards at Al-Tuwaitha

Nuclear Site....... Hazim Louis Mansour, Yousif M. Zayir Al-Bakhat, Huda Nassar Karkosh

Radioactive Waste Management, ICEM2007, Oud Sint-Jan Hospital
Conference Center, Bruges, Belgium, (2007).

4. IAEA, “lraq decommissioning project, Decommissioning of the Iraq

former nuclear complex”, Project Overview, http://www-
ns.iaea.org/projects/irag/, (2015)
United Nations, “Recommendations on Monitoring and Response
Procedures for Radioactive Scrap Metal”, United Nations Economic
Commission for Europe, (2006).

6. International Atomic Energy Agency, “Management of disused long

10.

11.

12.

13.

14.

lived sealed radioactive sources (LLSRS)”, IAEA-TECDOC-1357,
(2003).

ICx Technologies, “identiFINDER® 2 Digital Handheld Gamma
Spectrometer with Radionuclide Identification”, User Manual,
identiFINDER® 2/en/1.0(7801)/, (2010).

Thermo Scientific, “RadEye PRD Alarming Personal Radiation
Detector”, Operating Instructions, DB-057-050322 E, (2009).

Thermo Scientific, “RadEye SX External Scintillation Detector,
Operating Instructions”, DB-078 E, (2011).

International Atomic Energy Agency, “Methods to Identify and Locate
Spent Radiation Sources”, IAEA-TECDOC-804, (1995).

Roca Honda Resources, “Sampling and Analysis Plan, Section 10:
Radiological Survey”, NM 87507, (2009).

International Atomic Energy Agency, “Radiation Protection and Safety
of Radiation Sources: International Basic Safety Standards”, IAEA
Safety Standards Series No. GSR Part 3, IAEA, Vienna, (2014).

INES, “The International Nuclear and Radiological Event Scale User’s
Manual”, Co-Sponsored by the International Atomic Energy Agency
and OECD/Nuclear Energy Agency, (2013).

International Atomic Energy Agency, “Application of the concepts of
exclusion, exemption and clearance”, IAEA Safety Guide No. RS-G-
1.7, (2004).

2016 -96 su=ll -22 slyall -71- g La Y1 &g 531l K42 &loa


http://www-ns.iaea.org/projects/iraq/
http://www-ns.iaea.org/projects/iraq/

Searching for Abandoned Radioactive Sources in Scrap Yards at Al-Tuwaitha
Nuclear Site....... Hazim Louis Mansour, Yousif M. Zayir Al-Bakhat, Huda Nassar Karkosh

e QBMQA:\SJJM\ daiial) Jdlbaall e duald)
95 Ay il adga A5 A

FS S Jlal s Jyaia gl ajla
3= Bl i pemtndl Aaalall ¢ 1 A (ol 3l oo
R Guna i gy

My — @) yall L ol 33l 5 o glall 3 ) 55 cAn g5l 5 dpeladV) ALl 4y
dadal)

Cana Al ) saaal) 330 cilalud eladl zeae slal A Al b
’50 %44 7299 51 %44 5 Yl 290 °21 °33 N 7613 21 233 cildlaay)
21245 2016 Lo Al IV 558 con s sl DA 555 Rl s 3 (614 7904
Crania A pall g Basdiall Axdiall jobaall e Gl Congy A genall g lalY) RIS 3 eal
Bliiy 137-asmdl el aaly ade saae o Jsiall & Lalhally Gl o)
M10XT 3 saaaadl 5 sl 4uesl o JB1 yiiny g5 cJiySo ade 630 — aia elad
a3l il acadd] asdall el Alls 6 el i) e bet1 A jall a3 . S,
ilaadl deletV) de all culSy 2009 alal 3.26 il duse il Rad Pro s
e Al Ao Al @jin e 139 20aa didl jaaall Seall g 23l ge dealil
Jsin b culelall S0 Gelet¥) g adl 5o e o) Lt Ay aaaall e aal
A ABUall Al pall ANSY Ly 3 Ly sl iy i e 20 ZAI) g eyl
ailalaay pdiall jaadl SIS A3 55 0 35 Lee 2014 oLl GSR Part 3 a8l
Jade ALK

Lﬁj}-‘j‘ 2\:95:\1\ cj}q c'éd)';.“ @A;:\ Slala c:\SJJM\ il _)JLAAM @;M\ LK)

2016 -96 su=ll -22 slyall -72 - g La Y1 &g 531l K42 &loa



