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2. Disclaimer  
RAMONES is a European Innovation Council (EIC) FET Proactive project in the 

Environmental Intelligence Scope B, related to radically novel approaches to resilient, 

reliable and environmentally responsible in-situ monitoring, funded by European Union 

under Horizon 2020 FET proactive programme, via grant agreement No. 101017808. 

RAMONES project's main objective is to close the current marine radioactivity under -

sampling gap and foster new interdisciplinary research in ocean ecosystems. 

RAMONES will invest a significant effort to provide tools to enable long -term data 

acquisition missions, rapid deployments, low cost per information byte, and propose 

new AI and Robotics-driven and supported methodologies, being ambitious to 

eventually offer scaled-up solutions to researchers, policy makers and communities. 

All these may be achieved by combining state -of-the-art (SoA) methodologies and 

equipment from various disciplines in a well -balanced synergy, and designing new and 

effective methodologies targeting the marine  environment, which will provide efficient 

response to existing natural and man -made hazards, and shape future policies for the 

global population. RAMONES will additionally contribute to shaping a blueprint on 

Environmental Intelligence in the EU and worldwide. 

This document has been produced through funding from 

the European Commission. The content of this 

document is a product of the RAMONES project 

Consortium and it does not necessarily reflect the 

opinion of the European Commission. The editor, author, 

contributors and reviewers of this document have taken 

any available measure in order for its content to be 

accurate and lawful. However, neither the project consortium as a whole, nor the 

individual partners that have implicitly or explicitly participated  in the creation and 

publication of this document may be held responsible for any damage, financial or 

other loss or any other issue that may arise as a result of using the content of this 

document or any of the project outputs that this document may refer  to. 

The European Union (EU) was established in accordance with the Treaty on the 

European Union (Maastricht). There are currently 27-member states of the European 

Union. It is based on the European Communities and the member statesƔ cooperation 

in the fields of Common Foreign and Security Policy and Justice and Home Affairs. 

The five main institutions of the European Union are the European Parliament, the 

Council of Ministers, the European Commission, the Court of Justice, and the Court 

of Auditors (http: //europa.eu.int/).  
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4. Abstract  
RAMONES offers a new fleet of instruments to perform continuous and in situ 

measurements of natural and artificial radioactivity in the marine environment as part 

of the main objectives. Those instruments will be developed, optimized, validated and 

deployed in the field based on implementing specific functional characteristics, 

optimizing integrated solutions, and fine -tuning their overall architecture.  

The main effort in RAMONES is to define the new state-of-the-art in radioactivity 

monitoring in ocean eco systems investing on innovative stationary and mobile 

platforms. Light -weight, high-resolution, power -efficient solutions will be sought for 

radiation spectrometers integrated aboard autonomous underwater vehicles (gliders). 

A benthic laboratory is current ly developed as a multi -instrument platform to offer 

high-resolution spectroscopy and imaging capabilities coupled with additional 

sensors. An autonomous surface vehicle will bridge the communications between the 

underwater vehicles and instruments. That w ay, cross communication among 

instruments and remote stations will be ensured by investing on efficient, high -

transmission rate, low-power communication instruments to facilitate the coordinated 

monitoring by both the mobile and stationary platforms.  

This report provides the starting point of RAMONES in terms of the instruments to be 

developed in line with the Grant Agreement. The integrated solutions towards an 

optimal architecture design, based on individual instruments specifications, synergetic 

features and targeted operation in the field are presented.  
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1. Introduction  

Context 

This report is deliverable D1.2 ƕ1st Instrument Release and Laboratory Testing ReportƖ 

of the H2020 RAMONES project. The report is a product of the work performed mainly 

in all tasks of WP1 ƕDesign and Develop Novel Underwater Gamma Radiation 

InstrumentsƖ, and partially in tasks of WP2 and WP4. 

Contents and Rationale  

The main purpose of the document is to present the fleet of instruments currently 

designed, developed and tested for all seafloor, water -column and sea surface 

measurements and operations. The document contains the current version of the 

instrumentation pl ans and the overall integration of all components in a common 

scheme providing essential information for executing all activities regarding designing, 

building, testing, validating and deploying RAMONES core instruments, and as such 

it is timed early in the projectƔs lifetime. 

This document establishes a framework for the team to effectively carry out all related 

activities, driving innovation in instrumentation development and optimizing the 

designs for efficient deployment in an autonomous, synergetic sch eme during the 

RAMONES lifetime. It is also an initial guide for every member of the consortium to 

extract details on the targeted specifications, operational characteristics and 

integration properties and standards of the RAMONES instruments. Revisions of  the 

present deliverable may be expected in case some of the early -version designs 

change drastically during integration and testing to improve the overall efficiency, cost, 

operability etc. of the project.  

Structure of the document  

Chapter 1 is the Introduction.  

Chapter 2 presents the fundamental concepts in Radiation Detection and Mapping.  

Chapter 3 contains the description of RAMONES Instrumentation & Development 

Status. 

Chapter 4 Integration Status and Experiments.  

The last Chapter 5 outlines Conclusions and Future Steps. 
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2. Radiation Detection and Mapping  

Radiation detection in the marine environment  

Radioactivity exists in the marine environment (as on land and in the atmosphere), but 

it is still significantly under -sampled, unmeasured, and understudied. In particular, 

radioactivity monitoring in the marine environment with current instrumentation is 

relatively limited on both short and long -term periods, focusing mainly on studies in 

the thermocline and using instrumentation and methods developed mainly for land 

and air studies. The massive ocean volume acts as a protective shield to the human 

populat ion from radioactivity sources deep inside the water, of either natural or man -

made origin. Oceans are very often connected to natural resources or intense 

phenomena probably correlated with natural radiation, such as earthquakes, but 

radioactivity in marine environments is widely ignored in terms of the induced 

environmental and possibly human health risks.  

Natural radioactivity in the marine environment has been present since the EarthƔs 

formation, while artificially produced radionuclides have been intro duced into the 

oceans since 1944. While the input of radionuclides into the atmosphere -and 

ultimately into oceans- was considerably reduced with the 1963 test -ban agreement 

between USA, USSR and UK, other direct sources exist, such as low -level liquid 

discharges from reprocessing plants, large -scale releases due to natural disasters 

(e.g., Fukushima Dai-Chi reactors in 2011) and smaller-scale radiological events (e.g., 

nuclear vessel wrecks or marine disposal of nuclear material). 

Radioactivity detection i n the marine environment presents inherent difficulties 

originating from the very slow advances in sensor technology focusing on the marine 

environment, as well as the harsh conditions of the oceans, which pose severe 

limitations to long -term, continuous and agile radiation monitoring. Radiation length is 

significantly smaller in water than air, adding more limitations to efficient 

measurements performed inside aqueous environments, including lagoon, rivers, 

basins etc. 

Solutions to open questions of radiat ion detection in marine environments can be 

provided by investing in a high -risk yet promising effort to develop methodologies 

based on existing state -of-the-art (SoA) interdisciplinary approaches and benefit from 

the latest advances in marine technology.  
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Radiation mapping and imaging  

Besides detection in the water column, various underwater sources of radioactivity 

exist, offering unique opportunities for research and applications. It is known that 

active seismic faults are related to radioactive radon ema nation through cracks and 

fractures of the crust, which typically becomes earlier than earthquake events. 

Hydrothermal vent field activity is also related to releases of radon and other natural 

uranium decay daughters. Similarly, oil drilling sites can dri ve spreading of trapped 

NORM in the ocean crust creating potential radiation hotspots in deep -water 

locations. 

It is clear from the previous examples that having the means to efficiently map and 

image radiation fields can provide valuable information on ph enomena, processes and 

events that may pose serious risks to human populations and marine ecosystems.  

Correlation of radiation with other environmental parameters will provide completely 

new tools and methods for understanding the hidden dynamics of the oc eans. 

RAMONES will invest effort on providing efficient, in situ solutions of mapping and 

imaging radiation in the marine environment being ambitious to define the new state 

of the art in such environments.  
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3. RAMONES Instrumentation and 

Development Status  
Understanding radionuclides distribution and transport in the aquatic environment is 

utterly important. The effects of chronic exposure of marine wildlife populations to 

radiation from nuclear accidents, discharged radioactive waste or naturally occurring 

extreme events are monitored insufficiently and are poorly understood. Traditional 

marine radioactivity measurements require relatively long integration times that, 

together with survey logistics and technological challenges, result in high operational 

costs. In addition to sampling (sediment, water, biota) these surveys deploy tethered 

instruments that require a continuous supervision with a survey vessel, resulting in 

labour intensive and sparse data collection operations.  

Instrumented oceanographic buoys  and drifters can provide unattended long time -

series data collection but require careful studies to be performed beforehand as to 

optimize the number and location of point observations, avoiding costly instrument 

repositioning. Only a tiny fraction of the  oceans is explored in terms of radioactivity, 

any newly acquired information can be invaluable into understanding ocean dynamics 

and evolution. To address the aforementioned shortcomings RAMONES will develop 

and deploy the following instrumentation in bot h mobile and stationary platforms, with 

a targeted TRL of 5. 

Initially, the development time plan during the proposal preparation phase, including all required 

design and simulation steps, followed a gradual, incremental implementation procedure based on 

a per -instruments initiation phase (Table 1). However, acting proactively and in order to detect from 

the very beginning all challenges, as well as, risks and development difficulties for all targeted 

sensors, the actual development phase for all sensors st arted immediately from the begging of the 

project and during M4 the latest. Therefore, the actual (and revised) Task/instrument initiation and 

development duration is presented with red colour in the following  

Table 2.  

At the same time, since the validat ion phases, both in the lab, in relevant and 

operational environments, for all instruments were drafted and planned, the overall 

development phase for all instruments is expected to finish at the end of the second 

year in order to synchronize the validatio n campaigns for all instruments together 

avoiding logistic costs (traveling, boat rentals, etc). Thus, in Table 2 the updated time 

plan for WP1 is presented which incorporates all the required revisions for RAMONES 

instrumentation development and testing p hases. 
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Table 1. Initial development plan of RAMONES instruments as part of WP1 activities  

 

 

Table 2. The revised development plan of RAMONES instruments. Certain instruments have been 

started earlier and for certain development phases are scheduled to las t up to end of the second 

year of the project.  
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SERRES - Station for Environmental Radioactivity 
RESearch (Task 1.1) 

This task is about designing, developing, testing and optimizing radiation 

instrumentation and ancillary equipment, as well as combining them with other 

hardware to achieve the scientific goals of RAMONES. The Nuclear Physics 

Laboratory at NKUA offers basic facilities and equipment to support these activities.  

(a) (b) 

(c) 
(d) 

Figure 1. Nuclear Physics Lab Instrumentation at NKUA: (a) -(c) Ȱ-spectroscopy stations GEROS 

and TIGER and (d) dual -head portable spectrometer AMESOS  

A large part of the planned upgrades of the basic laboratory facilities have been carried 

out in the framework of RAMONES, especially those supporting control measurements 

and providing lab facilities for testing. A significant part of the planned upgrades 

depends on the final design of all instruments and will be completed in parallel with 

the development of the instruments. Overall, the lab upgrades include several actions 

across various levels (mechanical, electrical, electronic etc). The main objective is to 

support the development and optimization of the novel gamma sensors, support the 

offline calibrations and characterization, instrument testing and final release. To 

facilitate these, typical electronic instruments used in radiation detection are involved, 

such as: 

ǒ high-voltage (HV) power supply units 

ǒ Preamplification and amplification modules  
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ǒ Pulse generators 

ǒ Signal delay units 

ǒ Count rate meters 

ǒ Analog/Digital Signal Coincidence and TAC units  

ǒ Signal discriminator units  

ǒ Analog-to-digital conversion modules (fast ADC) 

ǒ Multi-channel analysers 

ǒ Visualization and signal processing modules (such as multi -input digital 

oscilloscopes or multi -purpose FPGA) 

ǒ Miscellaneous instruments to support stability of electronic operations, such 

as dedicated electronic NIM crates, voltage stabilizers and uninterrupted 

power supply modules (UPS). 

ǒ Passive shielding materials (e.g., Cu and Pb shields) 

Depending on the type of the instrument and the radiation sensor (gamma/particle), 

integral or modular electronic components have been considered. For the permanent 

test and development lab station, the NIM standard is considered more favourable, as 

it allows for modularity, cross -module operation, and overall stability for all electronic 

modules. 

In addition to electronic modules, other types of electrical/mechanical tools are 

considered necessary for the laboratory upgrade, such as a  3D printer for sensor 

housing construction, custom holder building and component replacement.  
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3)-",ɚ - SIMulations of detectors and development of the 
"ÅÎÔÈÉÃ ,ɚÂÏÒÁÔÏÒÙ ɉ4ÁÓË ρȢςɊ 

Monte Carlo simulations were performed using the MCNP5 code. The detector 

simulated was the ǏSPEC4000 manufactured by RITEC, which is a Ȱ-radiation Micro 

Spectrometer with a large volume CdZnTe crystal (CZT) of 4 cm 3. The geometry 

simulated, included the c rystal of the detector and its shielding. In addition, the 

detector was set inside a glider with walls composed of aluminium and its dome 

simulated with Delrin material. The space outside the glider was simulated as sea 

water (salinity 3.5%). In the follow ing figures, the detector geometry along with the 

glider are illustrated. 

 

Color Coding  Material  

Green Sea water 

Blue Aluminum 

Orange Air 

Pink CdZnTe 

Yellow Delrin 

Light Blue Silicon 

White Void 

Figure 2. Simulated geometry of the glider (left) and the detector alone (right)  

Several simulations with different sources and geometries were performed, in order to 

evaluate the response of the detector under various scenarios. These scenarios are 

the following: 

ǒ Scenario 1 , four different isotropic spherical volume sources ( 152Eu, 60Co, 137Cs, 
226Ra and daughter nuclides) with radius of R=10, 50 and 100 cm  
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ǒ Scenario 2 , two different isotropic point sources were simulated ( 137Cs, 226Ra 

and daughter nuclides) for different distances between the source and the 

center of the CZT crystal (d=10, 30, 50, 70, 90 and 100 cm, respectively)   

ǒ Scenario 3 , isotropic spherical volume source of  226Ra with a radius of 50 cm 

with different seawaterƔs salinity 

ǒ Scenario 4 , two-point source (137Cs) situation with the detector moving 

alongside to them 

ǒ Scenario 5 , two-point source (137Cs) situation with the detect or moving 

perpendicular to them  

ǒ Scenario 6 , two-point source (137Cs) situation with the detector moving 

diagonally to them with different ȵ angles  

Representative spectra from the above scenarios are illustrated in SIMBLȑ - 

SIMulations of detectors (Task 1.2). For more details, please refer to Appendix. 
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Benthic Laboratory  

A stationary benthic laboratory platform will be developed to host the radioactivity 

detectors and imaging instruments at the sea bottom for long -term, high-resolution 

measurements. Moreover, it will serve as a data relay point and positioning aid for the 

autonomous underwater gliders (AUGs). 

The benthic lab will have the capability to include all the radioactivity instruments that 

will be developed in RAMONES (described in the following sections), as well as a 

standard conductivity, temperature, and pressu re sensor (CTD), control unit, 

communications, and energy modules.  

 

Figure 3. An initial draft design render of the benthic laboratory concept  

 

INSTRUMENTSƔ PLACEMENT  
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The developed instruments will be placed on the platform based on measurementsƔ 

characteristics, simulated performance, and protection requirements with motion 

dumbing mounting designs will be employed for vibration and impact sensitive 

sensors. In the original design, imaging instruments were supposed to be mounted 

also in the benthic laboratory on a pan & tilt motorized unit. However, as the sensorsƔ 

design was evolved and because the imaging is directionality sensitive, it was clear 

that the best results  will be achieved if they are mounted on a ROV. That way, there 

will be real time image feedback on the surface that will allowed precise deployment 

and easy access to sensorsƔ settings. Nevertheless, there will be still the option to 

mount them on the ben thic lab in case is needed.  

 

CONTROL UNIT  

The control unit is the heart of the platform. It will include a single board computer 

(SBC) and related electronic modules for instruments, calibration, and 

communications control, data management and logging, pow er cycling scheduling 

and management to reduce overall energy consumption and increase platform 

autonomy. 

 

COMMUNICATIONS  

The platform will be equipped with an acoustic modem from partner Evologics that 

will allow data rates of up to 13.9 Kbit/s with the a utonomous surface vehicle (ASV) 

(WP2). All collected data will be compressed and sent to the surface in a scheduling 

that balances information updates while minimizing transmission time (thus power 

consumption). Optional fiber optic cable connection will a llow high bandwidth and real 

time testing and operations in near shore deployments.  

The acoustic modem has the capability to be used also as a positioning aid via 

acoustic channels for the AUGs, utilizing the platformƔs fixed position.  

 

ENERGY MODULES 

High energy battery system and smart scheduling will be developed for allowing 

multiple-day operations. A power bank of rechargeable Li -ion batteries will be 

developed which will allow for repetitive tests and short operations without the cost of 

battery replacement. The same power bank would be used also with primary lithium 

cells for very long operations, such as in Kolumbo underwater volcano.  
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Smart power scheduling will include: powering off sensors and subsystems when are 

not in need, periodically activati ng modules for maintenance and calibration reasons, 

and keeping essential modules in low power readiness mode (acoustic modem, SBC). 

An optional wire cable connection will allow external power delivery for testing and 

operations in near shore deployments.  

 

PLATFORM STRUCTURE  

The platform structural frame will be constructed from galvanized steel which is a low -

cost material that can withstand seawater corrosion. All metallic instruments and 

modules will be attached to the frame via plastic or rubber insulat ors and will be 

equipped with sacrificial anodes for minimizing cathodic corrosion effects. The final 

shape and dimensions of the platform will be influenced from the instrumentsƔ design. 

 
Table 3. The basic features of the benthic laboratory  

Name Benthic Lab 

Placement  Seabed 

Construction materials  Galvanized steel, syntactic foam.  

Power consumption  Sum(W) of all instruments and required processing units and comms  

Interfaces  Acoustic link, Ethernet, serial, optional fiber optic cable  

Computational demands  Data logging, instruments control, comms  

Acoustic bandwidth  13.9 kbit/s  

Associated modules  

Radioactivity instruments  

ǒ GASPAR 

ǒ ȮSPECT 

ǒ CZT 

ǒ SUGI (optional) 

ǒ CHERI (optional) 

 

Acoustic modem (S2C R 18/34) 

ǒ frequency Band: 18 - 34 kHz 

ǒ data rate: up to 13.9 kbit/s,  

ǒ Bit Error Rate less than 10-Ʋǣ 

ǒ Power Consumption:  

ǒ Stand-by Mode 2.5 mW 

ǒ Listen Mode 5 - 285 mW 

ǒ Receive Mode 0.8 W 

ǒ Transmit Modes: 2.8 W (1000 m range), 65 W (max. available) 

 

Data logging and control module  
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Acoustic releaser 

CTD 

Pan & tilt (optional) 

Energy bank 
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GASPAR - Gamma Spectrometer for Marine Radioactivity 
Studies (Task 1.3)  

GASPAR is a radiation instrument aimed at performing high -resolution, in-situ gamma 

spectrometry. GASPAR will be developed and built around an electromechanically 

cooled HPGe crystal . This type of technology has very recently entered the 

commercial domain and is currently becoming available for nuclear physics 

experimental installations. The system is aimed to use:  

ǒ State-of-the-art electromechanically -assisted thermoelectric cells to ab duct 

heat 

ǒ Ultra-cooling (T196°C) the semiconductor material (Ge crystal) to function 

efficiently as a radiation sensor, overcoming the existing barrier of continuous 

supply of liquid nitrogen for cooling. 

ǒ A fully-supportive set of electronic modules to perform radioactivity 

measurements in the field. Integral solutions will be targeted for the electronics 

to offer operational stability and minimal power consumption.  

Targeted specifications for the radiation  sensor are summarized in Table 4. 

Figure 4. Typical gamma spectroscopy electronic circuit supporting a high -purity Ge (HPGe) crystal 

operating at low temperatures (T~80 K), such as GASPAR. GASPAR will feature an electrical 

cryocooler instead of the ƕtraditionalƖ liquid nitrogen supply. 

Table 4. Typical operational characteristics of GASPAR  

Name GASPAR 
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Placement  Benthic Lab  

Housing  

An initially envisioned design will be updated and optimized based on simulations of the construction 

material, the geometry and the targeted radiation detection efficiency, together with other minor 

parameters that may influence the optimal deployment and  operation of the instrument.  

Mounting  

The spectrometer will be fixed on the benthic lab according to the initial design and assistive 

simulations for radiation detection efficiency. An optimal design is to place the crystal as close as 

possible to the point of measurement, potentially placing the HPGe crystal in a specially designed 

external housing, with respect to electronic and cryocooling modules, which will be mounted on the 

main platform of the benthic lab. Instrument safety and operational optimization are key criteria for this 

decision. 

nominal Energy Range  

Typical energy range of gamma rays detected is 50 -3000 keV. The range is widely available for 

commercial crystals and fully covers the energies of gamma rays emitted by both natural and man -

made isotopes targeted in RAMONES (e.g. 222Rn emits 186 keV, 137Cs 662 keV, 40K 1461 keV) 

nominal resolution  
Targeted energy resolution is FWHM ~1.9 keV at the 662 keV photopeak line 

(or smaller) 

nominal detection efficiency  

Absolute efficiency: The absolute radiation detection efficiency depends on the geometrical factor, the 

type and geometry of the detector, as well as the photon energy detected. Simulations of the 

instrument can provide the optimal conditions and maximize the efficiency for a given set of 

parameters. 

Relative efficiency: Relative efficiency generally refers to the efficiency of the gamma -ray detector as 

compared to a standard 3Ɩx3Ɩ NaI(Tl) scintillator. The relative efficiency of the HPGe will be at least 

40% to ensure high quality of measurement. Higher values of relative efficiency will be targeted, the 

total cost of the spectrometer permitting (e.g. rel. eff. 70 -80%). 

Crystal Operational Voltage  

The superconductive material (high-purity Ge) is essentially a diode, which requires polarization with 

high voltage and low current to function as a radiation detector. Typical values for a crystal with 40% 

rel. eff. is 3-3.5 kV and 1-2 ǏA. The values depend on the size and geometry of the crystal. Power will 

be supplied by an external HV power supply unit.  

Power consumption  

Power consumption is planned to be limited below 100 W for normal operation (after putting 

operational bias on the detector) and it cannot exceed 150W during ramping up/down the detector.  

Minimization of power consumption will be sought considering certain power -cycle scenarios, 

depending on the targeted case of interest.  

Interfaces  

Typical analog signal input/output (energy, timing, gate and check signals) are coaxial -type (e.g. 

BNC/LEMO. Fully digitized pulses will be USB (or Serial). Spectra will be exported as ASCII files, 

compressed to minimize transmission bandwidth limitations  
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Bandwidth  max 1MB/day (for just one measurement) 

Quality control  

Operational stability is highly desired. As the supporting electronics (e.g. preamplifier) may result in 

gain drifts due to large temperature variations or other reasons, calibration will be checked periodically 

during measurements. This can be performed b y various methods, e.g. automatic ROI detection and 

correction, continuous check of a fixed -width/Vpp test input signal provided by a pulser unit etc. 

Automatic stabilization algorithms exist and will be sought for embedding.  

Associated modules (see block  diagram in Figure 4)  

Cryocooling module (supplied with the crystal module)  

HV Power supply 

Preamplifier (typically, factory -incorporated on the crystal body)  

Linear Amplifier 

Digitizer 

Multi-Channel Analyzer/Data acquisition 

Pulser (optional, operational performance checking module)  

The instrument is currently under finalizing the design details with the manufacturer 

who will bid for in the public tender. The most important specificatio ns are listed 

below: 

ǒ A 20% HPGe crystal with an embedded preamplifier and thin aluminium walls 

for low attenuation of gamma radiation.  

ǒ A cooling module with custom, large -cooling plates offering efficient heat 

abduction and ease of mounting on the benthic lab 

ǒ A supporting electronic module with integrated electronics (amplifier, 

discriminator, power supply, digitizer)  

ǒ Modular design to provide minimization of the volume require to house the 

detector, as well as flexibility in arrangement without loss of efficiency  

The stability will be provided by the electronic module, however data storage and 

communication will be han dled by custom solutions to minimize the load at all fronts 

(power, storage space, data transmitting etc).  

A custom housing will be manufactured to host the detector once it is delivered with 

specifications determined by calculations and simulations.  
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ɾ-Sniffers (Task 1.4)  

 

Figure 55. Typical gamma spectroscopy electronic circuit based on a CdZnTe (CZT) crystal  

The agile submarine gliders (Ȱ-Sniffers) will host lightweight CZT radiation sensors.  

CZT crystals (CdZnTe) offer a slightly lower cost option for  spectroscopy than the 

current SoA scintillators (e.g. NaI(Tl)) used in marine studies, but are significantly 

advantageous over their higher resolution in smaller size for the same detection 

efficiency, a critical factor when the overall payload on the aut onomous vehicles to be 

employed in RAMONES is considered. 

Each glider will carry one such spectrometer, together with onboard computing which 

will additionally provide bias, operational stability and data storage. Basic data pre -

processing at the onboard c omputer will filter for values of interest in order to transmit 

only the important info back to the surface for minimizing energy consumption. These 

data will help the path -planning algorithms at the shore station to determinate new 

waypoints and path for the mobile vehicles. 

Table 5. Targeted design characteristics for the Ȱ-Sniffers  

Name Ȱ-Sniffers (2x) 

Placement  Glider payload section or externally based on materials simulation  

Housing  
Various housing materials will be studied with simulations to optimize 

radiation detection efficiency  

Mounting  
Fixed: pending to decide inside or outside the wet area (based on 

simulations) 

nominal Energy Range  50-3000 keV 
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nominal resolution  FWHM ~2-2.5% at 662 keV (662 keV) 

nominal rel. efficiency  

Absolute detection efficiency: It depends mainly on the geometrical 

settings of the device.  

Relative efficiency: 100-120% (as compared to a 3Ɩx3Ɩ NaI(Tl) scintillation 

crystal), depending on the crystal size  

Crystal Operational 

Voltage  

Variable high voltage-low current settings (instrument integrated circuit). 

External bias is provided via USB (12 V) 

Power consumption  <0.5W (detector module only)  

Interfaces  USB / ASCII files (processing in batches) 

Computational demands  not-significant 

Bandwidth  20KB/measurement 

Quality control  

Operational stability is highly desired. The main issue in performance is 

possible gain drifts due to large temperature variations, which can modify 

the spectrometer calibration. Quality control can be achieved by various 

methods, e.g. automatic ROI detect ion and correction, continuous check 

of a fixed-width/Vpp test input signal provided by a pulser unit etc.  

Automatic stabilization algorithms exist and we will seek for embedding.  

Associated modules  digitizer (external) 

 

Measurements in the laboratory w ere performed for a CZT detector to characterize 

and evaluate its performance under different scenarios and setups. The detector is a 

Canberra/Kromek GR1 model (USB) which contains a 1 cm3 CZT crystal encapsulated 

in a tight-sealed housing, featuring miniaturized integrated electronic modules 

(preamplifier, shaping amplifier, baseline restorer, HV supply, multichannel analyser). 

Connectivity was supported via USB connection to a mini -PC with Windows 10 and 

the specialized software KSpect by Kromek.  

Measurements were coupled to simulations using specialized software (MCNP5, 

Geant4). Precise geometrical features of the detector/crystal are necessary to 

determine the quality features, including the absolute energy efficiency in various 

scenarios of operation. Gross properties were provided by the manufacturer. In 

addition, details were investigated by means of X -ray CT scans, placing the detector 

in a 128-head medical CT scanner and an operating voltage of 130 kV. This part of 

characterization is presented in th e next paragraph. 

CT SCANS 

The GR1 detector was scanned with the help of a CT scanner. In the following figures 

CT images as well as 3D reconstructed images are shown.  
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Figure 6.  Full CT topogram of the GR1 detector (left) and a CT slice with the CZT crystal and the 

external shielding (right)  

 

 
 

Figure 7.  Edited 3D reconstructed images of the front side of the detector (the crystal and housing 

walls are illustrated; other compon ents have been artificially removed)  

 

FEPE & ENERGY RESOLUTION (FWHM) 

The Full Energy Photopeak Efficiency (FEPE) and the Full Width at Half Maximum 

(FWHM) as a function of energy had to be calculated. To achieve this, standard 

calibration sources were used containing four different radionuclides ( 137Cs, 60Co, 22Na 
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and 152Eu). The detector was placed with its front window facing the source, at a 

distance of 10 cm. Each measurement lasted for 20 min.  

  
Figure 8. Full Energy Peak Efficiency (FEPE) and Full Width at Half Maximum (FWHM) of the detector 

as a function of Ȱ-ray energy  

Fitting of experimental data was made using two different equations. For the 

efficiency, we used the well -known Debertin equation:  
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On the other hand, FWHM was fitted using the equation:  

ὊὡὌὓ ὥ ὦ Ὁ ὧὉ  

 

CZT VS HPGE VS NAI 

After the characterization of the CZT detector, measurements were carried out with 

the aforementioned standard calibration sources by employing a 23% HPGe det ector 

with the goal to compare the FEPE and FWHM values with the respective ones of CZT 

detector. It should be stressed that, the comparison can only be considered indirect, 

as the active volume of the HPGe is more than 40 times larger than the CZT detecto r, 

resulting in a much larger number of interactions with the crystal material. This factor 

has not been considered in the comparison shown below. The FEPE values were 

calculated by considering the geometrical factor for both detectors. The results are 

shown in the following figures.  
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Figure 9. Full Energy Peak Efficiency (FEPE)and Full Width at Half Maximum (FWHM) of a HPGe and 

a CZT detector as a function of Ȱ- ray energy.  

As it can be observed, a CZT detector has a very good efficiency at low energies but 

it decreases more rapidly co mpared to HPGe after E>300 keV due to its smaller active 

thickness. The spectra in Figure 10 was obtained by using a 152Eu and a 22Na standard 

calibration sources, respectively, placed 10 cm away from detectors' window. The 

counting rates in these figures have been scaled to show spectra on a single plot.  

Figure 10. Spectra obtained from a 152Eu source located 10 cm away from detectors' windows for 

the same measurement time.  
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Figure 11. Spectra obtained from a 22Na source located 10 cm away from detectors' windows  

In Figure 11 a comparison of gamma-ray spectra between three different type of 

detectors is depicted by employing a 22Na standard calibration source. Even if the 

resolution of a CZT detector is slightly  worse compared to the HPGe for high Ȱ-ray 

energies, it is far better compared to a NaI detector.  

 

ANGULAR DEPENDENCY 

Next step was to study the angular dependency on the absolute efficiency of the 

detector. A 137Cs standard calibration source was used. Th e source was located at a 

distance of 10 cm from the center of the detector's front window. Measurements were 

carried out at different angles for 300 secs each. At first the detector was placed with 

the logo "Canberra" on top (see Fig. XX). Additional measurements for certain angles 

were performed after rotating the detector so that the "Kromek" logo would be on top. 

Note that the angle value zero corresponds to the position shown in Figure 12.  
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Figure 12. Experimental setup used for angular dependency measurements  

 

From the spectra obtained, the absolute efficiency of the detector was calculated as 

a function of the irradiation angle.  

Figure 13. Absolute efficiency of the detector as a function of irradiation angle. The detector was 

placed with the "Canberra" logo on top.  
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Figure 14. Comparison of absolute efficiency values, after horizontal rotation of the detector. No 

significant difference was observed within experimental uncertainty  

 

NARROW BEAM TESTS (PENCIL BEAM ) 

The next set of measurements was performed aiming to estimate the active volume of 

the CZT crystal, as well as its actual position and extent with respect to the housing 

(shielding). The radioactive source used was again a 137Cs standard calibration source. 

The measurement setup included two lead (Pb) bricks in order to create a narrow beam 

with 5 mm diameter (source collimation). The 137Cs source was located on the left side 

of the brick and the detector on their right side, both v ery closely to them. 

The measurements consisted of three different stages. During the first one (Test 1), 

the detector was positioned as shown in Figure 15 left (with "Canberra" logo on top). 

Measurements of 5 min each, were taken at different positions. P osition zero 

corresponds to the position where the middle of the detector's front window is aligned 

with the middle of the narrow beam.  
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Figure 15. Experimental setup indicating the relative position between source and detector during 

Test 1 and Test 3  

The second stage (Test 2) had the exact same setup as the first one (Test 1), the only 

difference was the fact that the detector was positio ned with the "Kromek" logo on 

top.  Finally, during the third stage (Test 3), the detector was positioned 

perpendicularly with respect to the beam line. Position zero was determined as the 

measurement where the detector's front window was parallel with the  'middle' of the 

beam path (see Figure 15 right). In order to assess the detector's response for each 

measurement, the absolute efficiency was calculated and plotted against the relative 

position between the detector and the beam line.  

Figure 16.  Absolute  Efficiency as a function of detector's position during Test 1  
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Figure 17. Absolute Efficiency as a function of detector's position during Test 2  

 

Figure 18. Absolute Efficiency as a function of detector's position during Test 3  

Figure 18 indicates that the crystal is approximately located at a distance of 0.5 cm 

from the detectorƔs front window, which was also observed from the CT scan. 
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WATER TESTS  

The next step was to evaluate the effect of introducing water between the source and 

the detector, on the  spectrum obtained. To do so, we used a 137Cs standard calibration 

source. The testing setup is depicted in the following Figure.  

 
 

Figure 19. Measurement setup for the evaluation of attenuation introduced from different water 

levels with and without the plexigalss dome  

 

The 137Cs source was placed under and in the middle of a plastic bottle. 

Measurements, each lasting for 10 min, were carried out with different levels of tap 

water inside the bottle (see Appendix).  The detector was placed at a distance of 10 

cm from the top of the bottle, with its front window facing down. The total distance 

between the source and the front window of t he detector was 35 cm. The bottle was 

made out of plastic, with a diameter of 8.5 cm and a thickness between 1 and 2 mm.  

For the exact same levels of water, measurements were conducted including a dome 

made of plexiglass, sitting at the top of the bottle with its curve surface facing the 

bottom of the bottle. The diameter of the dome was 10.5 cm and its thickness was 4 

mm. Some representative spectra are illustrated below in order to pinpoint the effect 

that tap water and dome have on the spectrum obtained  by the introduced attenuation 

from them.  
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Figure 20. Spectra measured with the same level of water, with and without the dome, as well as 

without any tap water in the bottle at all  

 

ATTENUATION TESTS 

The attenuation introduced from other materials than t ap water was also studied. The 

employed materials were Al, Pb, Cu and plexiglass. For all the aforementioned 

materials except Pb, different thicknesses were used. The measurement setup 

included a 137Cs standard calibration source located 30 cm away from the detector, in 

a manner that it was aligned with the center of the detector's front window. The 

attenuator was placed at 20 cm from the source. The duration of all measurements 

was 3 min. From each measurement, the absolute efficiency of the detector was 

calculated and plotted against the material thickness.  

We noticed that with increasing thickness (for each material), the absolute efficiency 

of the detector decreases. This is due to the attenuation in the source intensity by the 

material. What seems peculiar at first is that for the same thickness Pb leads to a 

higher absolute efficiency than Cu. Even though Pb has a higher Z than Cu, the build -

up factor for Pb is more intense, as well as X -rays produced and possible intrinsic 

radioactivity, causes the increased counts.  
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Figure 21. Absolute efficiency using different attenuators and thicknesses  

 

TEST WITH REAL SAMPLES  

Apart from the measurements by employing standard calibrated sources, we have also 

performed measurements with a natural sample. More specifically, we used a sample 

of granite rock known to have natural uranium content. The purpose of these 

measurements was to investigate the effect that the variation of two parameters will 

have on the gamma ray spectrum: first, the variation of the distance between detector -

sample and, second, the variation of the duration of the measurements for two specific 

detector -sample distances.   

 

Figure 22. Experimental setup for the measurements with the natural sample  
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For the first part of the measurements, the position of the detector was kept fixed and 

the natural sample was moving far away from it. Each measurement lasted for 900 

sec. From Figure 22, it can be observed that as the natural sample was moving to 

higher distances from the detector, the count rate was decreasing.  

Figure 23. Spectra obtained for different distances between detector -sample for 900 sec 

measurement's duration  

For the second part, both detector and natural sample had fixed positions for two 

different detector -sample distances but the duration of the measurement was varying. 

As it was expected at low distance (10 cm) between the detector and the natural 

sample the response of the detector is much better. This is also the case for the higher 

measurement duration.   
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Figure 24. Spectra obtained for (left) 10 cm distance between detector -sample by varying the 

duration of the measurement, (right) 50 cm distance between detector -sample by varying the 

duration of the measurement  
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SUGI - Submarine Gamma Imager (Task 1.5)  

 

Figure 25. The main SUGI components and connection diagram for the CZT+SiPM detector 

(pixelized)  

 

The Submarine Gamma Imager (SUGI) is a novel real-time underwater Ȱ-radiation 

imager. The goal of SUGI is to detect, localize and measure radioactivity hotspots near 

the seabed. The SUGI will be mounted on the benthic laboratory (and/or a ROV) 

offering complimentary measurements to GASPAR recording the distribution of 

submarine radioactive hotspots.  

SUGI design and realization build on similar technology currently employed in nuclear 

reactor decommissioning and waste management handling in land or underground 

facilities. Currently, there is no similar solution for underwater gamma imaging, hence 

special attention is be given in detecting and measuring gamma emission (particularly 

from Rn, Cs, K and others) at low-dosages. To this end, state-of-the-art solutions 

employing pixelated CZT cryst als coupled with pixelated Silicon Photomultipliers 
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(SiPM) or Single Photon Avalanche Diode (SPAD) arrays  of sufficiently high spatial 

resolution (e.g. 11x11 or better), is considered.   

Directionality provisioning is foreseen to offer coverage of as much o f the scene as 

possible.  This is achieved either via suitable mechanized (pan-tilt) mounting solutions 

or multi-module arrangements considering also different collimator options, such as 

pin-hole and Compton scatter collimation. The solution employed is b ased on specific 

use-cases considered, considering aspects pertaining to overall cost of the instrument 

sub-system, as well as effective resolution, field -of-view provided by collimator 

options and scene coverage. Based on these considerations, suitable ho using is also 

be designed and built, considering the trade -off between instrument marinization and 

operation conditions, with the help of simulation.  

The nominal energy range of the instrument is in the range of 50-3000 keV for gamma 

rays. 

Regarding processing, SUGI delivers real-time data at short integration times for fast 

response. Depending on the directionality provision solution adopted, specialized 

processing to be performed on the benthic lab may be required to help optimize the 

orientation of SUGI. Nevertheless, the detection and monitoring of possible sources is 

performed off -board via batch processing of the collected data, both due to the 

increased computational power required and to allow the on -board processing unit to 

focus mainly on the management of the whole platform. Simulations and extensive 

experimentation are carried out to study the computational and bandwidth 

requirements of the instrument, to offer suitable scheduling of the measurement 

pipeline. 

 

Table 6. Targeted design characteristics for SUGI  

Name SUGI  

Placement  Benthic Lab - Remote operated vehicle 

Housing  Study different housing materials  

Mounting  Motorized (possibly Pan-Tilt) or multi-module array 

nominal Energy Range  50-3000 keV 

nominal resolution  FWHM ~2.5% for 662 keV 

Crystal Operational 

Voltage  
High voltage-low current (instrument integrated circuit)  

Power consumption  <2W 

Interfaces  USB / ASCII files (processing in batches, compressed stream)  
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Computational demands  
based on scheduling, reactive behaviours based on on -board processing, 

detailed analysis to be done off -board 

Bandwidth  <150KB/measurement (rate: ~1 measurement per minute) 

Associated modules  directionality provision (pan -tilt or multi -module) 
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ɻ30%#4 - Underwater Alpha Spectrometer (Task 1.6)  

ȮSPECT is a novel spectrometer for monitoring alpha radiation in the marine 

environment. RAMONES aims at building a prototype instrument to monitor alpha rays 

emitted by both natural and artificial radionuc lides in the seawater. 

The natural radioactive decay chains proceed mainly via alpha decay, emitting 

energetic helium nuclei (Ȯ particles) before they start emitting Ȱ rays as in the case of 

radon production from radium isotopes. Due to strong interaction with matter, Ȯ-

particles quickly lose their energy within very short ranges, typically in the order of 

micrometer in water, therefore forbidding remote sensing of this type of radiation.  

 

 

Figure 26. A connection diagram for the in situ alpha spectroscopy  instrument, ȮSPECT 

 

A novel, one-of-a-kind Ȯ-radiation spectrometer (ȮSPECT) will be developed, able to 

perform underwater high -resolution alpha spectrometry. The ambition behind ȮSPECT 

is to offer fully efficient (~100%), high -resolution, in situ detection of Ȯ-particles in 

deep-ocean waters and offer quantification of activity rates and energy dose delivery 

data, to be further used as reliable input for modelling (physical, geo/chemical, 
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radiation protection). If successful, this instrument will be a game changer for in situ  

alpha-radiation spectroscopy in aqueous environments, as it is currently unavailable 

for a wide range of applications RAMONES envisions to access.  

Since alpha-rays path in matter is very short, a special design is mandatory to allow 

for efficient radiatio n. The initial concept is to preconcentrate radon gas from seawater 

in a fixed-volume chamber by pumping/circulating, allow radon to be transferred in 

front of a charged detector via a one -directional membrane (via osmosis or other 

method) and measure the emitted alpha particles.  

Table 7. Targeted design characteristics for ȮSPECT 

Name ȮSPECT (charged particle detector) 

Placement  Benthic Lab  

Charged particle detector 

type  

The initial design plans to incorporate solar cells to bring cost and 

power demands down. However other types can be considered based 

on simulations (e.g. CCD). 

Housing  

study different housing materials with provisional inflow -outflow 

mechanism and support for supporting electronics and radon 

preconcentration  

Mounting  Fixed 

nominal Energy Range  
depends on the type of the charged particle detector. Typical alpha rays 

have energies in the range of a few MeV 

nominal resolution   depends on the type of the charged particle detector.  

Detector Operational Voltage  a few Volts, low-current 

Power consumption  <2W 

Interfaces  USB / ASCII files (processing in batches) 

Computational demands  not-significant 

Bandwidth  not-significant  

Associated modules  

Collect and process water, options:  

ǒ pump 

ǒ input from CTD 

Additional Notes  
Calibration will be assisted by simulations. Radon calibration standards 

may be used for ȮSPECT calibrations off line. 

 

RADON DETECTOR 

Typical high-resolution alpha spectrometry requires High to Ultra High Vacuum (UHV) 

conditions, which are demanding in b oth cost and energy. However, commercially 

available radon detectors, take advantage of the interaction of emitted alpha particles 
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with the air in non-vacuum conditions. For example, in Pulsed Ionization Chambers, 

ionization electrons are created as the emitted alpha particles are stopped in the air 

inside the chamber.  

 

Figure 27. Cylindrical ionization chamber. As high voltage between the electrodes results to the 

drifting of the ion pairs to the corresponding electrode.  

Under the influence of the electric field the resultant positive ions and dissociated 

electrons are attracted towards the electrodes of the opposite polarity. The measured 

signal is primarily the alpha decay from 222Rn and its subsequent daughter nucleus 

218Po. Depending on the electrode geometry, large volumes are possible, resulting to 

rather high detection sensitivity. However, there are two major drawbacks:  

ǒ The energy resolution of the detector is ǋȔ/Ȕ=~5%, which results to 

incapability to discriminate between alpha particles emitted by 222Rn and 

220Rn (5.49 and 5.29 MeV respectively)  

ǒ The above region of the spectrum may be further distorted by alpha particles 

(5.31 MeV) emitted from the long-lived 210Po, whose concentration will 

increase over time 
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To overcome these limitations, a different approach is going to be implemented, 

named Electrostatic precipitation with alpha spectrometry. In Figure 29 a typical setup 

is presented. 

Figure 28. Typical Rn spectrum obtained by a pulsed ionization chamber. Alphas  emitted by 222Rn, 
220Rn and 218Po overlap, and cannot be separated.  
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Figure 29. Typical electrostatic precipitation setup  

The gas sample, including Rn, is pumped within the high voltage (HV) dome. Although, 

alphas emitted by the Rn isotopes are not dir ectly measured by the instrument, the 

variably charged daughter products are precipitated onto a silicon detector by the 

electric field. There, subsequent alpha decays of the Ra decay chain are measured 

with a 50% probability due to the geometry.  

 

Figure 3 0. Alpha spectrum from 222,220Rn progenies. No line blending is observed, allowing for 

222Rn and 220Rn discrimination.  

 

As can been seen, in Figure 30, measuring alphas, not from 222Rn and 220Rn, but 

from their respective progenies, eliminates any line blending and allows for better 

quantification of 222Rn and 220Rn concentrations.  

The method of electrostatic precipitation  with alpha spectrometry, first proposed in 

19891, has been even recently adopted in various projects for the development of 

 
1 https://www.sciencedirect.com/science/article/pii/0168900289 909601 

https://www.sciencedirect.com/science/article/pii/0168900289909601
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radon monitors 234. Since this method presents major advantages in terms of 

spectroscopy, it was selected for the implementation  of ȮSPECT. 

In principle, the sensitivity of the sensor is proportional to its sampling volume 5. 

However, there are two fundamental limitations with regards the detector's volume:  

ǒ First, larger volume requires higher voltage for the electrostatic field for the 

charged 216,218Po ions since they will have a longer drift path until they reach 

the silicon detector.  

ǒ Considering the marinization of the instrument, there are limitations to the 

shape of the detector  

To address these two limitations, the following design is proposed:  

 

Figure 31. Proposed ȮSPECT radon gas detector setup.  

 

Instead of a single HV dome, a series of sub-domes will be implemented, each one 

equipped with photodiode PDB -V617-2, similar to the ones used in ROSPHERE6 for 

 
2 https://link.springer.com/article/10.1007/s12648 -012-0243-7 
3 https://www.sciencedirect.com/science/article/pii/S0168900215014679  
4 https://iopscience.iop.org/article/10.1088/1742 -6596/469/1/012007/pdf  
5 https://iopscience.iop.org/article/10.1088/1742 -6596/469/1/012007/pdf  

6 https://www.sciencedirect.com/science/article/abs/pii/S0168900219314299  

https://link.springer.com/article/10.1007/s12648-012-0243-7
https://www.sciencedirect.com/science/article/pii/S0168900215014679
https://iopscience.iop.org/article/10.1088/1742-6596/469/1/012007/pdf
https://iopscience.iop.org/article/10.1088/1742-6596/469/1/012007/pdf
https://www.sciencedirect.com/science/article/abs/pii/S0168900219314299
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particle detection, all connected in par allel. This geometry allows for significant volume 

increase, thus a sensitivity increase. 

 

Figure 32.  Sensitivity calculations for proposed setup.  

 

 

Figure 33. Characteristics of commercial radon gas detectors. Sensitivities provided in 

cpm/kBq/m3.   
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In Figure 32 calculations for the sensitivity of the proposed setup are presented, while 

in Figure 33 sensitivities of commercial models are shown. It can be seen that the 

proposed setup exceeds the state -of-the-art apparatuses. 

 

COMPLEMENTARY EQUIPMENT  

1. Gas extraction 

 

Figure 34. Complementary equipment for the extraction of Rn gas from water. Schematic and table 

are from [https://www.sciencedirect.com/science/article/pii/S1350448718303354].  

Figure 34 shows the necessary equipment for the extraction o f radon gas, along with 

typical models for each component. Blue line denotes the circulation of water, while 

the green line denotes circulation of gas. In the case of water, a flow pump is required 

for the circulation of water, along with a pollutant filte r before the degassing 

membrane. Following the membrane, a vacuum pump extracts the gas to a moisture 

filter. Proper removal of moisture is considered an important step for two reasons. 

First of all, increased water content may interfere with the HV dome. The second 

reason is that increased water content will result to the neutralization of the 218,216Po 

ions, resulting to signal loss, since neutralized ions will not be electrostatically 

deposited over the silicon detector. Towards that goal, purging the de tector with He 

gas, which has the highest ionization energy is considered as an additional step.  

 

2. Electronics 

Regarding the read-out units, these are the preamplifier, the shaping amplifier and a 

Multi-Channel Analyzer (MCA). Selected models are the CR-Z-110-HV preamplifier by 

Cremat, the CR-S2-1us shaping amplifier by Cremat, and the MCA527 by GBS -

elektronik. The latter can provide with both the power supply for the Cremat units, 

along with the HV required for the domes.  
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CHERI - Cherenkov Imager (Tas k 1.7)  

 

Figure 35. The main components of the CHERI instrument (top) and the connection diagram for a 

CZT+SiPM detector with an optical filter to focus on Cherenkov radiation (blue wavelengths)  

RAMONES invests on the design, optimization, construction and deployme nt of a 

prototype underwater imager of Cherenkov radiation. The Cherenkov Imager ( CHERI) 

is a novel imager for underwater Cherenkov radiation detection.  The system consists 

from a single photon camera and a CMOS UV camera with high quantum efficiency 

image sensor. 

The imager adopts design principles and solutions proposed for SUGI. Directionality 

provision is not less critical in this case due to the relatively low directionality of the 

phenomenon. The instrument is equipped with a suitable optical filter,  to maximize its 
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sensitivity around the blue spectrum. In deep ocean waters, ambient light is very low 

and flux from cosmic muons is reduced, offering an advantage for the envisioned 

operation of CHERI. Due to the unprecedented nature of CHERI, the calibra tion of the 

instrument is challenging, and novel procedures will be established during the next 

project period. In addition, sensitivity limits in the present case are largely unknown, 

posing an additional challenge. Typical characteristics for CHERI are s hown in Table 

8. 

Table 8. The basic features of CHERI  

Name CHERI  

Placement  Benthic Lab Ɲ Remote operated vehicle 

Housing  study different housing materials  

Mounting  fixed or sensor module array 

  

Single photon camera   

nominal Energy Range  50-3000 keV for Ȱ rays 

Crystal Operational 

Voltage  
High voltage-low current (instrument integrated circuit)  

Power consumption  <2W 

Interfaces  USB / ASCII files (processing in batches) 

Computational demands  not-significant 

Bandwidth  <20KB/measurement 

Associated modules  optical filter (sensitivity in blue spectrum)  

  

CMOS UV camera   

Optical format  1" 

Optical diagonal  12.13mm 

Resolution  1280 x 1024 

Dark current  252 e-/s 

Spectral range  Monochrome: 160 to 1000nm (to 10% of peak responsivity)  

Responsivity  Monochrome: 2100 x 10³ DN / (J/m²) @ 580nm / 8bit  

Quantum Efficiency  Monochrome: < 70  

Dynamic range  53dB 
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4. Integration Status and Experiments  
 

RAMONES will bring new innovative solutions as part of the projectsƔ objectives to 

achieve beyond the SoA status in achieving in situ radioactivity monitoring in the 

marine environments. The fleet of instruments described in the previous sections are 

envisioned to set new standards in both independent and synergetic underwater 

operation. 

A major effort will be to carry out measurements using the benthic laboratory and the 

mobile Ȱ-sniffers carrying all radiation-detecting sensors described earlier. Both typ es 

of instruments need to be well optimized to ensure maximum efficiency in their 

performance. An additional, equally important, requirement is the optimal integration 

of the instruments in terms of cross -communication, collaborative measurement, 

power consumption, stability in operation and practicality in terms of deployment and 

retrieval. 

This section reports the initial tests that have been done in a laboratory environment.  
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3)-",ɚ - SIMulations of detectors (Task 1.2)  

 

Monte Carlo simulations were performed as described in SIMBLȑ - SIMulations of 

detectors and development of the Benthic Lȑboratory (Task 1.2). Here we report the 

spectra from these simulations.  

 

SCENARIO 1 

For all the cases the corresponding spectrum was calculated, assuming 15 min as th e 

measurement duration. The activity of the virtual volume source was set to 300 Bq/L, 

a typical concentration measured in water.  

  
Figure 36. Ra -226 spectra for a spherical volume source with radius 10 and 100 cm  

From the above spectra (Figure 36), there are three important points that should be 

noted. Firstly, the increased Compton continuum is observed in the lower energy part, 

which is mainly due to the presence of water. The water contributes a great amount 

of scattering of the gamma rays emitted, before they reach the detector. Secondly, 

the detector has much better response in the lower energies. Gamma rays with high 

energies are very penetrating and as a result the rather small size of the CZT crystal 

cannot provide adequate attenuation to such energies, in order for them to deposit 

their full energy to the crystal. Finally, with increasing radius of the source the overall 

response of the detector is decreasing, because the bigger the volume of water the 

higher is the absorption of the gamma rays before they are detected.  

 

SCENARIO 2 
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The point source was simulated along the z axis with an activity of 300 Bq, where z is 

the symmetry axis of the detector. The duration of measurement was set to 15 min. 

Spectra from the above simulations were extracted, in order to evaluate the range of 

the detector that can provide us with useful information. As examples, spectra for the  

137Cs source are presented in Figure 37. 

 

 

 
Figure 37.  Cs-137 spectra for point isotropic sources at various distances from the CZT crystal  

We observe that up to distance of 70 cm, the spectra obtained can provide us with 

useful information about the existence of radioactivity in the sea water. For higher 

distances the observed count rate is significantly reduced (see Appendix). 

Furthermore, the absolute efficiency of the detector was calculated as a function of 

the distance between the source and the CZT crystal. In Figure 38, the absolute 

efficiencies both for the 137Cs and the 226Ra sources are depicted. For distances up to 

70 cm from the cr ystal, a good agreement between the efficiency values is observed. 

For distances greater than 70 cm, the absolute efficiency for the 226Ra source is larger 

because of the higher mean energy of the spectrum compared to the 137Cs source.  
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Figure 38.  Absolute efficiency as a function of the source to CZT crystal distance  

 

SCENARIO 3 

The activity of the volume source was set equal to 300 Bq/L and the measurement 

duration was 15 min. From Figure 39 it is clear that the effect of salinity on the 

extracted spectrum can be considered negligible. Then, for each simulation the 

absolute effic iency of the detector was calculated. By increasing salinity, the absolute 

efficiency seems to take lower values, however, the level of uncertainty of the 

measurements does not allow for a firm conclusion. The reducing trend can be 

explained by the fact th at the higher the salinity of the water, the higher is its density. 

Increased density means augmented absorption of the gamma rays from water and 

as a result fewer photons interacting with the detector.  
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Figure 39.  Spectra of a Ra -226 volume source w ith various salinity values of sea water and absolute 

efficiency of the detector as a function of the salinity  

 

SCENARIO 4 

Our goal was to evaluate the response of the detector in a two -point source situation. 

We tried to simulate the radiation detected wh en the detector is moving alongside two 
137Cs isotropic point sources, essentially emulating a moving glider scenario passing 

near two sources. 

Figure 40. Illustration of the geometry studied with the detector passing alongside two points 

sources (S 1 and S2) 
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Figure 41. Absolute efficiency as a function of the position of the detector for the same (A 1=A2) and 

different (A 1=2A2) activity for the two sources   

In Figure 41, the red dashed lines represent the position of the two points sources. 

The zero value on the x-axis corresponds to the moment when the detector reached 

the middle of the distance between the sources. The difference between the efficiency 

values observed near the dashed lines (on the left figure) is due to differing attenuation 

introduced by the glider.  

 

SCENARIO 5 

The concept of this scenario is the same as the previous one. The only difference is 

that the detector is moving along the perpend icular bisector of the two 137Cs isotropic 

point sources. Figure 42 illustrates the approach.  
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Figure 42. Illustration of the geometry studied with the detector passing along the perpendicular 

bisector of two -point sources (S1 and S2)  

 

  
Figure 43. Absolute efficiency as a function of the position of the detector for the same (A 1=A2) and 

different (A 1=2A2) activity for the two sources   

The red dashed lines in Figure 43 represent the position of the two points sources. 

The zero value on the x-axis corresponds to the moment when the detector reaches 

the middle of the distance between the sources.  

 

SCENARIO 6 

In this case, the response of the detector was studied in the situation where the 

detector is moving diagonally, with an angle of ȵ degrees, compared with the 



 1st Instrument Release and Laboratory Testing Report  

www.ramones-project.eu 

 

WP1 - Design and Develop Novel Underwater Gamma 

Radiation Instruments 

 Page 63 of 91 

 

perpendicular bisector of the line connecting the two 137Cs isotropic point sources. 

The two sources had equal activities and the distance between them was 100 cm. 

Three simulations were performed with angles of 30, 45 and 60 degrees.  

Figure 44. Illustration of the geometry studied with the detector passing diagonally, with an angle 

of ȵ degrees, compared with the perpendicular bisector of the line connecting the two Cs -137 

isotropic point sources (S 1 and S2) 

The zero position, in Figure 44, corresponds to the moment the detector is located in 

the middle of the line connecting the two sources. As a re sult, every position shown in 

Figure 45 represents the distance between the moving detector and the point zero, 

always along the detector's trajectory.  
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Figure 45. Absolute efficiency of the detector as a function of the position of the detector, during a 

diagonal movement for all three studied angles  

Apart from the usage of MCNP5 code, the elaborate Geant4 toolkit was additionally 

used for the same purpose. Geant4 has been initially created by CERN to support 

simulations of very complex detection assembli es and features continuous 

development for over 20 years. In Figure 46, the comparison of the gamma ray spectra 

of a 60Co point source simulated by MCNP5 and Geant4 codes for the same geometry 

and materials is presented. The distance between the source and  the middle of the 

CZT crystal was selected to be 10 cm. As it can be observed, the simulated spectra 

which were produced from the two codes are essentially identical, thus confirming 

that both codes can work equally well for the various scenarios studied,  as well as for 

more complex cases to be studied in the near future.  
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Figure 46. Comparison of gamma ray spectra of  60Co point source simulated by MCNP5 and Geant4 

codes  
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CHERI - Cherenkov Imager (Task 1.7)  

 

Figure 47. Hardware Setup - SPC3 camera  

 

Table 9. Camera specs  

pixels  64x32  

Pixel pitch  150 Ǐm 

Sensor size (diagonal):  10.73 ~= 1/2.5Ɩ 

Frame rate:  up to 96kfps  

NUV response without micro -lens array 

(MLA) 

(50% @ 400nm), 8-bit @ max fps 

Power  12VDC 300-600mA 

connection  USB3  

lens  C-mount (ThorLabs SM1 mount internally) 

Working temperature  15-40°C 

 

Experimental Procedure 
 

DAY1 
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Tests ran in the photographic room, in the basement of the School of Rural, Surveying 

and Geoinformatics Engineering. The 383nm led was used mostly for early testing. 

Tests were performed with the use of a Keithley Series 6485 Picoammeter in series 

with led, in order to monitor the current, and therefore, the luminosity of the led. A 

50Hz noise (highly correlated with HPPC) was observed on later analysis, and the 

voltage supply was replaced with a 4.5V battery pack.  

Figure 48. Day 1 results  

DAY2 

Tests ran in the photographic dark room, in the basement of the SRSGE. The 396nm 

led was used in a distance of ~270mm. Measurements with respect to 

current/luminosity were conducted for all combinations of UV filter and housi ng 

material. The current was set to a logarithmic scale from 50Ǐȑ->20Ǐȑ->10Ǐȑ->5Ǐȑ-

>2Ǐȑ->1ǏȑƏ In the no-filter, no-material scenario, the 100-1000nA range was 

measured with a 100nA step. Preliminary analysis shows the following:  

A lower detection limit (si gnal indistinguishable from noise) was found at ~100nA. As 

explained later, this is related to the distance of the led from the camera.  

The UV filter provides with a ~40% reduction @396nm, where it should be less. Even 

with the observed problems, the relat ive intensities regarding the UV filter and the 

housing materials may be estimated.  
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The dome shaped housing results to ~20% reduction, while for the flat parts there is 

dependence on whether the material is vertical or not with respect to the lens.  

It was observed that there was an angular dependence for the detection without any 

intermediate material, and it was attributed to the fill factor of the camera  

Figure 49. Day 2 setup  

 

DAY3 
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Tests ran in ambient light due to repairs taking place to the basement l ab of the 

SRSGE. The angular dependence was studied, by placing the led at approximately 

320cm from the camera, and slightly turning the camera. This distance allowed for the 

presence of the signal to a single pixel of the camera. As the camera turned, pix el 

intensity decreased to zero, and following that, the intensity for the corresponding 

neighbour pixel increased. By measuring 5 maxima of the intensity, the corresponding 

angle between 2 maxima was found to be approx. 1.36 degrees. Following the test, a 

large wooden box was drilled in order to serve as a dark room.  

Figure 50. Test chamber setup  

 

DAY4 

The test chamber was assembled and used. Noise levels were within the 

manufacturer's margin. The box was externally illuminated in various positions, to 

check for possible light leaks. The main interest of the day was exposure time. It was 

realised that for a stable radiation source, longer exposure times lead to stronger 
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signal since statistical noise is statistically distributed over the screen. Taking this  a 

step further, it was found that averaging at least 10 long frames, could result in 

satisfactory signal-to-noise ratios. 

Applying this approach, 4 LEDs were connected in parallel, and placed in front of the 

camera, in order to be measured by more than on e pixel each. By averaging the area 

that the 4 LEDs were detected on screen, a SNR of 2:1 was achieved when using 

approx. 50nA for each LED. 

It should be noted that this value is a result of the proximity of the LED to the camera 

(placed right in front) that allowed for the minimization of the effect that the fill factor 

of the chip introduced.  

 

Results  
Photon Count Measured wrt Led Forward Current  

Led used: 400nm 
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Figure 51. Comparison wrt Filter and Housing (Dome)  

 

Note: Measurements with the dome are not directly comparable with the rest because 

experiment setup has slightly changed in between the measurements. The led -camera 

distance has changed as well as their relative configuration, possibly affecting counts 

due to the low fill -rate issue (see above). 
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Figure 52. Detail of the curve for low currents (0.1 -1uA) 
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Figure 53. Photon counting in relation to applied current  

 

Figure 54. Comparison wrt different housings  

Note: These experiments were performed with the same setup, keeping the LED 

forward current at 1uA  
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DARK COUNT REDUCTION 

Goal: Evaluate how much dark count rate is affected by camera temperature  

Quantify dark current every ½-1 hour for 3-4 hours of continuo us operation (possibly 

with thermometer or thermal camera ) 

Cool camera in fridge and repeat the experiments (measure temperature and humidity)  

EXPERIMENT SETUP 

Put camera together with dehumidifier and thermometer/hydrometer in zip bag to drop 

temperature and reduce humidity (to avoid condensation)  

 

Figure 55. Dark counts per pixel within 1 sec in the temperature range from 12.6 to 36.9 °C  

Measurements every 5min for 1 hour of continuous acquisition at 

231X10.40usec=2.4024msec for the range 21.5 to 36.9 °C 

Measurements every minute from 12.6°C until reaching 21.6 °C at 

231X10.40usec=2.4024msec 
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Figure 56. Temperature vs time for 1 hour of measurements  
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Figure 57. Raw data for the first 262142 measured frames for the measurements from 21.5 to 36.9°C 

(size limit due to automatic file slicing by VisualSPC3 software)  

 

TEST WITH WATER 

Put the camera in the housing and perform measurements in a container fille d with 

water. Seal led with thermal glue and put in water directly.  

Put Raspberry Pi in housing 

Build battery pack for camera + Raspberry Pi  

EXPERIMENT SETUP 

Used 6Ɩ housing as SPC3 (and MiniPC) do not fit in smaller ones 

Used flat window (6mm) 

Prepared camera mount in housing 

Used x86-64 MiniPC (Beelink T4) as SPC3 does not currently have SDK for ARM 

Setup VNC for accessing and controling MiniPC via WiFi  

Powered both the MiniPC and SPC3 with two separate 3S1P (11.1V) batteries  
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Figure 58. SPC3 camera mount  
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Figure 59. MiniPC  

 

Figure 60. Led not fixed with housing  
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Figure 61. Led fixed with the housing  
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Figure 62. Results   
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Underwater Deployment and Communication Aspects  

A number of sensors and support equipment will be installed on the AUGs and ASV. 

These include Ȱ-sniffers and CTDs (one on each glider, optionally on ASV), 

communication and positioning modems, as well as embedded computer modules for 

control. Special cons ideration will be on the power and physical parameters in the 

installation as these are very limited resources for these types of vehicles.  

There are predefined placement positions on the glider for the CTD, depending on the 

chosen model. Most probably, a n extra payload section will be needed for the glider 

to host the embedded computer and modem. The Ȱ-sniffer can be placed internally in 

the payload area or externally. This will be decided after modeling sensor performance 

at both scenarios with the invol ved materials. 

All the integrated sensors will be connected and controlled from the embedded 

computer and this will be responsible to ƕtalkƖ with the vehiclesƔ navigation and control 

unit.  

Power consumption 
Power for the robotic vehicles and the benthic l aboratory is provided from onboard 

batteries.  The new sensors will be designed with as low power as possible electronics 

for ensuring multi-day autonomous operations. Moreover, smart power time 

scheduling will remove power from sensors and subsystems or p ut them in standby 

mode according to the needed measurements.  

Practicality in deployment and retrieval 
The marine environment can be very harsh for instrument deployment and the involved 

personnel. The deployment of gliders follows a standardized protocol and procedures 

and attention will be given for the integration of sensors not to interfere with each 

other. That will mostly be the case if sensors have to be attached on the outer part of 

the vehicle's body.  

Ship based operations will be needed for the de ployment of the benthic platform. 

There are two main deployment practices, free falling (lower cost) and cable 

deployment (higher cost). Both techniques will be evaluated via simulations because 

radioactivity sensors are based on fragile crystals. For reco very, the platform will be 

equipped with an acoustic releaser that can receive acoustic command from surface 

to release a drop weight and the platform will become buoyant due to its pressure 

tolerant foam panels. 
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Quality assessment of radiation sensors performance during 
operation 
Stability in radiation sensors operation is essential for the successful deployment and 

reliable data accumulation. Particularly for GASPAR and the Ȱ-sniffers, operational 

stability will be ensured by either continuous monitoring of critical parameters (such 

as gain stability, bias stability etc) and providing online corrections or by adjustments 

(gain, bias etc) to remedy decline in normal (optimal) operation of the instruments and 

the associated supporting modules. Such procedure s are essential parts of the overall 

architecture of the RAMONES instruments and rely on optimal synergy among the 

different integrated technologies.  

 

Communication Aspects 
Regarding the collaborative integration of measurements carried out by different 

platforms two main settings are foreseen. First, when significant radiation events are 

detected based on the measurements of the benthic lab instruments, the gliders will 

need to assist in further scanning the water column above the lab, as well as the area 

surrounding it, in order to better monitor and map the occurring event. On the other 

hand, the Ȱ-sniffers mounted on the gliders may detect events of interest while 

traversing their area of operation. Such events need to be timely elaborated and 

assessed in order to allow the agents to adapt their behaviour (path planning, 

navigation, etc.) and work in a collaborative fashion to localize and recognize the 

radiation sources. Both the settings foreseen require a suitable combination of on -

board and off -board processing capabilities, which need to respect the challenges of 

the communication options discussed above.  

Underwater Acoustic (UWA) communications and positioning belong to key 

components of the RAMONES system.  

The project foresees the use of autonomous surface vehicle (ASV) as the master 

communication and main geo -localization node, providing the possibility for 

distribution of different data streams to other vehicles, benthic and shore stations. 

Realization of the communications tasks requires the integ ration of an UWA. The geo-

localization task involves the use of a ultra -short baseline (USBL) modem, and the set 

of functionalities providing synthetic long baseline (LBL) positioning of the underwater 

equipment. Since the geometrical span of the system do es not excess 3 km, the UWA 

modems, which are intended to be used in the project, belong to the series S2C 18/34 

of Evologics production.  
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A set of additional functionalities will be included in the standard UWA modems carried 

by the AUGs. Cooperative navigation of the AUGs aims to estimate the state (positions 

and velocities) of multiple marine vehicles involved in a given mission by exploiting 

inter-vehicle communication links and the use of relative range and/or bearing 

measuring units among vehicles. At that, ASV having direct GPS access and the 

benthic laboratory (after its position has been estimated) are planned to be used as 

navigation aid. To support these functionalities, the modems are going to be equipped 

with the EvoLogics intelligent Networking Software (EviNS) Framework giving the 

opportunity for easy integration of project -specific algorithms and protocols directly 

on board of the modemƔs processor. 

This expects that underwater vehicles and instruments will communicate in a 

coordinated manner. Particularly communication with the Ȱ-Sniffers is going to be 

enabled to ensure in-mission coordination possibility.  

Continuous radioactivity monitoring will i nclude the AI-based module providing 

detection of abnormal radioactivity levels, which will have an impact on the behaviour 

of the glider by affecting the planning operations of the vehicle. Particularly, the event 

of abnormal radioactivity will trigger co mmunication with the master communication 

node, passing relevant information for further processing. Similarly, events detected 

at the benthic lab will be evaluated by the decision -making mechanisms onboard to 

adjust the instrument array, direct the sensor s to an area of interest, as well as trigger 

communication with the master node. Obviously, the realization of such a task will 

require advanced data networking approaches (particularly, based on the EviNS 

Framework) which will be implemented onboard each modem processing platform.  

In general, collaborative analysis and data exchange between robotic assets through 

underwater acoustics and data -driven behaviour of the underwater vehicles will be 

based on integration of the off -shelf acoustic modems (with fur ther developments 

during the project) capable for operation in different networking scenarios. As an 

example, "negotiations" of the AUGs, for joining the mission (that represents a data -

driven event), will require operative (on-line) data exchange, that will be solved by 

means of the underwater acoustic network, capable of finding the shortest (fastest) 

route for data exchange.  

Regarding USBL-positioning, the peculiarity of the USBL -modem will consist in the 

flexibility to operate in numerous selectable/adjustable modes including 

measurements of bearing and elevation angles in absence of bi -directional signal 

exchange, thus providing silent positioning of underwater assets, as well as reduction 

of active signalling and minimizing hardware infrastructure. This functionality will 
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require implementation of additional protocols of the USBL -modem and integration of 

the newly implemented features with soft - and hardware of the RAMONES vehicles. 

Since systems integration and validation tasks require comprehensive experimenting 

with many system components, the project partners will be supplied (in the first project 

phase) with simulating software in order to avoid frequent at -sea testing and thus to 

reasonably concentrate the available resource onto key tasks of the project. For 

example, tasks devoted to network communications and to the integration of the 

Navigation, Motion Planning and Co ntrol, Positioning and Communication systems, 

as well as to the assessment of their performance will be done first in simulations. Only 

after successful completion of all integration tasks at the simulators, the consortium 

will start with real (expensive) at-sea trials. For this purpose, two software platforms 

will be connected: i) NetMarSyS - A Tool for the Simulation and Visualization of 

Distributed Autonomous Marine Robotic Systems, proprietary of IST -ID, and ii) the 

Software Emulator of Acoustic Network  of Evologics. 

 

Figure 63. Underwater acoustic modem S2CM18/34 OEM  

According to the abovementioned requirements, the UWA modems will possess a 

number of project -specific functionalities:  

ǒ distribution of different data streams among different underwater pl atforms on 

distances of up -to 3 km (vehicle to vehicle, glider/ASV, vehicles to benthic 

station), 

ǒ data networking in different scenarios (with several media -access and network 

layers), 
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ǒ inter-vehicle communication in cooperative navigation tasks,  

ǒ USBL posit ioning with reduced signalling scheme  

ǒ LBL positioning of the underwater equipment via synthetic positioning 

algorithm, 

ǒ Full-functional support of the simulation software.  

Based on standard features of the USBL -modems, an innovative approach will be 

implemented, in which the AUGs will perform navigation using three complementary 

methods: - "truly silent" ultrashort baseline positioning , using onboard depth 

sensors and USBL units capable of measuring bearing angles to the ASWG and 

receiving from the latter (via acoustic modems) its geo -referenced position available 

via GPS,  

- range -based single tracker localization , whereby the ASWG, acting as a tracker 

unit (performing sufficiently rich manoeuvre at the surface) measures ranges to the 

AUGs, estimates their positions, and routes this information back to them via an 

acoustic modem (i.e., multiple target positioning u sing a single tracker) and  

- range based single beacon positioning , using measurements of the ranges from 

the AUGs to the benthic laboratory, once the latter has been deployed and its position 

is known with good accuracy.  

For the task of data delivery fro m the glider/ASV to shore station, the UWA modem 

will provide an easy-to-use interface to a GSM modem of the glider/ASV which in turn 

will be able to communicate to the shore operator module.  

The hardware solution intended to be used in the project is base d on the modem 

S2CM 18/34 OEM. The modem has the following characteristics:  

ǒ Operating Depth: 2000 m 

ǒ Frequency Band: 18 - 34 kHz 

ǒ Transducer Beam Pattern is omnidirectional  

ǒ Acoustic connection: data rate via acoustics: up to 13.9 kbit/s  

ǒ Bit Error Rate less than 10-10 

ǒ Host Interface: Ethernet or RS-232, 

ǒ Interface Connectors: up to 4 connectors.  

ǒ Power: stand-by mode 2.5 mW, listen mode 5 -285 mW, receive mode 0.8 W, 

transmit modes: 2.8 W (1000 m range), 8 W (2000 m range), 35 W (3000 m 

range), 65 W (max. available). 

ǒ Power Supply: External 24 VDC (or 12 VDC), or internal rechargeable battery 5 

Ah (or 10 Ah). 
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5. Conclusions Ɲ Future Steps  
In the previous sections, the typical components, design characteristics, and 

integration principles of the targeted instruments to be built in RAMONES have been 

presented in some detail. Each instrument may have som e common features with the 

others, but also has its own unique characteristics which makes it a particular key 

player in achieving the partial goals and overall objectives targeted in RAMONES.  

It has to be noted that the design of the various instruments and sub -components 

relies on both optimal solutions offered in the market, novel simulations of 

performance for various scenarios of operation, testing, calibration, benchmarking, 

optimization, and finally fine integration under a common design architecture. As the 

project presents various risks across all stages of development, special protocols and 

standards will be implemented to ensure the beyond -the-state-of-the-art realization 

of the initial concept.  

As the majority of the instruments in RAMONES can be considered prototypes, 

standardization in the procedures related to production of the instruments (from 

acquiring hardware components up to full deployment in the field) is highly desirable 

and will be pursued in the near future, together with continuous quality -control at all 

levels (personnel, equipment, procedures, field testing).  
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6. APPENDIX   
Monte Carlo simulations were performed for a CZT detector, under various 

measurement scenarios using different sources and geometries. As mentioned in 

chapter 10 (3.2) the detector simulated was a ǏSPEC4000 manufactured by RITEC. 

Detailed description of the scenarios and sources implemented can be found in the 

above chapter. In this Appendix additiona l plots obtained from the respective 

scenarios are included.  

 

SCENARIO 1 

 

Figure 64. Ra -226 spectrum for a spherical volume source with radius 50 cm  
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SCENARIO 2 

  

Figure 65. Cs -137 spectra for point isotropic sources at various distances from the center of the 

CZT crystal  
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SCENARIO 6 

 

  
Figure 66.  Absolute efficiency of the detector as a function of the position of the detector, during a 

diagonal movement at 30 o ,45o and 60 o   

 

Additionally, measurements in the laboratory were conducted using different setups. 

In this case the detector used was a Canberra/Kromek GR1 model (USB), which 

contains a 1 cm3 CZT crystal. Chapter 1.4 describes all the different setups, one of 

which was the investigation of attenuation introduced by different levels of water as 

well as from a plexiglass dome. Spectra from these measurements are listed below.  
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Water tests 

 

Figure 67.  Spectra measured with two different levels of tap water  

 

 

Figure 68.  Spectra measured with the same level of tap water, with and without the presence of 

the plexiglass dome  


