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Introduction

The University of Maryland Radiation Facilities is a user facility located on the University of 

Maryland, College Park campus. The facilities include a 250 kW TRIGA reactor, a panoramic 

Co-60 irradiator, a 6 MeV electron linac, as well as spectroscopy and dosimetry equipment. 

All are available to support education, research, and industrial applications.  

This document provides brief descriptions of the facilities and their experimental capabilities, 

the ancillary capabilities of the Radiation Facilities to support experiments, the process for 

users to conduct an experiment, and the conditions that apply to experimenters. 

Location

The Radiation Facilities are in the Chemical and Nuclear Engineering building on the Univer-

sity of Maryland College Park campus. The address is 4418 Stadium Drive, College Park, MD 

20742. Packages may be shipped to this address, Radiation Facilities. Rollup doors are avail-

able for moving large pieces of equipment into the building, but there is no loading dock or 

forklift available. Please plan accordingly when planning and transporting experiments.

The Radiation Facilities offices 

are located in the west wing of 

the building (the left entrance 

when entering from the front of 

the building). Paid visitor park-

ing is available on campus; the 

location nearest to the Radia-

tion Facilities is the top floor of 

Regents Drive Garage. The fa-

cility is also easy to access from 

the College Park Metro Station 

via the University Shuttle. 

Access and Security Rules

The Chemical and Nuclear Engineering Building is open during business hours. The reactor, 

irradiator, and linac are all in secured areas. All visitors to these secured areas are required 

to fill out a visitor form and must be escorted at all times. Visitors should have a photo ID 

when arriving at the facility. 
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Packages and bags shall be searched before entering the secured areas. As such, we request 

that you limit what you bring as much as is practical. Photos are not allowed in the secured 

areas; if you would like a photo, please let your escort know and they may be able to take it 

for you. Failure to follow instruction may result in your being removed from the facilities.

As escorts are required when working in the facility we request that you do not constantly 

tend your experiment if it is not necessary. Unattended experiments are often billed at lower 

rates than attended experiments due to the lower requirements on staff time.

Nuclear Reactor

Reactor Description

The Maryland University Training Reactor (MUTR) is a 250 kW conversion TRIGA reactor that 

achieved criticality in 1974. The reactor is an upgrade from the 10 kW HEU Materials Testing 

Reactor built in 1960. 
The MUTR is an open pool 

reactor with a maximum 

licensed, steady state thermal 

power of 250 kW. The fuel is 

TRIGA-type stainless-steel-

clad cylindrical fuel elements 

with Uranium-Zirconium Hy-

dride (UZrH) fuel-moderator. 

This fuel type has excellent 

safety characteristics and 

is widely used in dozens of 

reactors around the world. 

The MUTR core sits in a 21 

foot deep pool of light water 

for cooling, moderation, and 

biological shielding. Reactor 

power is monitored through 

three in-pool  neutron de-

tectors: a fission chamber, a 

compensated ion chamber 

(CIC), and an uncompensated 

ion chamber.
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The figure at right shows the reactor 

experimental ports. The graphite filled 

thermal column provides an ex-core 

beam of thermal neutrons for experi-

ments. Samples can be placed adjacent 

to the core in either the beam ports or 

the through tube. The beam ports can 

also provide ex-core gamma and neutron 

beams. Finally, in-core irradiations of 

small samples can be performed using 

the pneumatic transfer system (Rabbit). 

Irradiation of samples in the pool near 

the core is also possible

Pneumatic Transfer System (Rabbit)

The Pneumatic Transfer System or “Rabbit” is the highest 

flux experimental facility available at the MUTR. It uses a 

carbon dioxide compressed gas system to move samples 

in polyethylene capsules into an in core irradiation facility. 

The interior dimensions of the capsule allow samples up to 

0.75” in diameter and 1.80” in length or 0.60” 

in diameter and 2.15” in length. A photo of the 

rabbit capsule is shown above.

The peak thermal neutron flux available 

is 2.1x1012 n/cm2/sec. The peak fast flux is 

1.4x1012 n/cm2/sec. The maximum gamma 

dose rate is 3.4 kRad/sec. Additionally, sam-

ples up to 1” in  diameter may be lowered 

down the rabbit tube on a cable to perform 

instrumented irradiations; however, such ex-

periments will require additional review by the 

Reactor Safety Committee.
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There is a broad authorization for irradiating samples in the rabbit, however, irradiating any 

of the following materials in the rabbit will require additional review by the Reactor Safety 

Committee:

• Highly flammable organic solids and solvents, or other highly flammable materials.

• Samples that are highly reactive with water.

• Any substance known or likely to exhibit characteristics due to irradiation that would 

require special safety precautions.

• Anything containing more than trace amounts of mercury.

• Samples containing more than trace amounts of elements with large neutron-absorption 

cross sections, including cadmium, indium,and boron. An assessment of the reactivity 

effect may be required.

• Special Nuclear Materials, natural uranium, depleted uranium, or natural thorium in ex-

cess of 1mg of each substance per individual sample.

• Materials known or likely to create undesirable conditions, such as unusually high dose 

rates or airborne radioactivity.

• Samples with an estimated absolute reactivity worth greater than $0.50.

Neutron Activation Analysis

The most common application for the rabbit system is Neutron Activation Analysis (NAA). 

NAA is an elemental analysis technique that involves placing a sample in a known neutron 

flux and observing the radioisotopes that are produced. From the amount and type of ra-

dioisotopes produced, the elemental composition of the sample can be determined. NAA is 

sensitive to up to 74 elements, sometimes in concentrations less than .1 ppm. Typically NAA 

requires no chemical processing and only minimal sample preparation. Some advantages of 

NAA include:

• Many elements can be analyzed simulta-

neously 

• Very low detection limits for many ele-

ments  

• No chemical preparation  

• Small sample sizes (1 – 200 mg)

• Non-destructive  

• Insensitive to matrix elements such as C, 

N, O, H, and Si, making detection of trace 

elements possible  
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Samples for NAA should be supplied ready for analysis in small sealed polyethylene vials. 

The researcher may need to provide standards (samples with known concentrations of the 

elements of interest) in order to properly measure the sample. In some cases it may be de-

sirable to use a cadmium shield to block thermal neutrons from the sample. Cadmium cov-

ers for 0.5” diameter 0.1” thick disks are available for thermal neutron shielding. Samples 

that can be placed in these disks are highly desirable. Other cadmium for shielding is avail-

able, but its use is much more difficult.

Samples are activated for a pre-determined time (typically on the order of minutes) and fol-

lowing an appropriate decay period, the gamma-ray spectrum is measured and recorded us-

ing a High Purity Germanium Detector (HPGe) (See photo above). The decay period depends 

on the element of interest and the other elements present in the material. In some cases, 

the spectrum is recorded as soon after irradiation as possible. In others, the sample may de-

cay for a day, week, or month before analysis. A staff member will take the information from 

the sample and the standard(s) and perform the requested analysis. Some customers only 

need raw data, while others will want a more formal report. Samples may either be returned 

to the customer or disposed of at UMD. 

Isotope Production

The Rabbit system may also be used to produce short lived isotopes such as Na-24, Al-27, 

Ar-41, Cu-64, or others for experiments. The transfer of these isotopes to the experimenter 

requires them to have a suitable radioactive materials license.
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Thermal Column

The Thermal Column is a large piece of graphite that extends to within 5/8” of the reactor 

core. It is currently configured to provide a collimated beam of highly thermalized neutrons 

with low gamma ray contamination to the exterior of the reactor. The beam is about 2” in di-

ameter. Neutron fluxes up to approximately 3x104 n/cm2/sec are possible with a gamma dose 

rate of 25 mR/hr or less. This beam goes to a shielded benchtop workspace (shown below) 

where it may be used for a variety of purposes including neutron detector testing and neu-

tron imaging. 

Neutron Imaging

The most common application for the Thermal Column 

beam is neutron imaging. Neutron imaging is often 

used as a complementary technique to x-rays as neu-

trons are highly penetrating in dense materials such 

as lead, but very sensitive to light elements such as 

hydrogen and lithium. The beam of neutrons passes 

through the sample and interact with a Li-6 ZnS scintil-

lator sheet to produce photons in the visible spectrum 

which can be imaged by an image intensified camera 

mounted on a movable slide mechanism to provide 

focusing. Once the detector has received the image 

it sends the information to the computer where it 

can be analyzed for the experimenter. Samples up to 

approximately 2” in diameter can be imaged with a 

resolution of about 300 microns. Applications have 

included imaging ion motion in lithium-ion batter-

ies, determining hydrogen concentration in titanium 

(photo at left), and measuring the uptake of water in 

stone samples. 

Most non-hazardous samples can easily be imaged 

in the Neutron Imaging Facility. Most samples do not 

become significantly activated and can be returned 

to the experimenter.
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Beam Ports and Thermal Column

The reactor has 2 Beam Ports facing the core that provide neutron and gamma beams from 

the reactor or be used to irradiate samples placed inside of them. A Through Tube spans the 

reactor pool and can be used to irradiate samples within 1” of the reactor core. The maximum 

diameter for samples in the Beam Ports or Through Tubes is 5-3/8”. These tubes are shield-

ed by large concrete plugs. Alternative shielding plugs with cable penetrations are available 

for performing irradiations with powered or instrumented samples. Such irradiations are sub-

ject to more intensive experimental reviews due to increased radiation hazards. Thermal flux 

levels in the through tube are up to 2.8x1011 n/cm2/sec coupled with fast flux levels of about 

2.0x1011 n/cm2/sec and a maximum gamma dose rate of .38 kRad/sec.

Experiment Design Tips

• Experiments containing materials corrosive to reactor components, compounds highly 

reactive with water, and liquid fissionable materials shall be doubly encapsulated.

• Explosive materials or potentially explosive materials in quantities greater than 25 mg 

TNT or its equivalent may not be irradiated in the reactor. Explosive materials in quan-

tities equal to or less than 25 mg TNT or its equivalent may be irradiated provided the 

pressure produced upon detonation of the explosive has been calculated and/or experi-

mentally demonstrated to be less than the failure pressure of the container. The failure 

pressure of the container is one half of the design pressure. Total explosive material 

inventory in the reactor facility may not exceed 100 mg TNT or its equivalent. 

• Experimental materials, except fuel materials, which could off-gas, sublime, volatilize, or 

produce aerosols under normal operating conditions of the reactor or credible accident 

conditions shall be limited in type and quantity such that if 100% of the gaseous activity 

or radioactive aerosols produced escaped to the reactor room or the atmosphere, the air-

borne radioactivity in the reactor room or outside environment will not result in exceed-

ing the applicable dose limits set forth in 10 CFR Part 20. 

• Liquids, powders, and any solid that may decompose and present a loose contamination 

hazard must be irradiated inside of a primary encapsulation vial that can be packed into 

the Rabbit. Currently, approved primary encapsulation methods are polyethylene vials 

(which may be heat sealed), flame sealed quartz tube, and aluminum containers.
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• Experiments containing fissionable materials must be controlled such that the total inven-

tory of iodine isotopes 131 through 135 in the experiment is no greater than 5 mCi.

• Neutron flux measurements are based on measurements with activation foils. For the 

most accurate neutron fluence measurements, witness activation foils can be placed on 

the experiment to measure the fluence it receives for an additional cost.

• Experiments that require power or instrumentation should have cables at least 50’ long 

if they are to be irradiated in the Rabbit tube or 30’ long if they are to be irradiated in the 

Beam Ports or Through Tube.

• For longer irradiations it may be necessary to bring several sets of cables so they may be 

replaced as the insulation will degrade.

• Cadmium is available for shielding experiments from thermal neutrons. However, large 

amounts of cadmium may make the reactivity worth of experiments too large.  

• Materials made from C, H, O, and N have minimal activation. 

• Use aluminum when possible due to its low cross section, short half-life, strength, and 

light weight. Alloy 6061 is the best widely-available alloy of aluminum to use for reactor 

experiments.  

• PTFE also cannot be used, as it releases fluorine gas from radiation exposure.

• Avoid PVC, as it degrades and activates significantly, and avoid anything else with chlo-

rine

• If tape is needed for an experiment, we have found Kapton (polyimide) tape to be the best 

choice. 

• If a high-temperature material is needed, titanium is a better choice than other metals. It 

will activate significantly more than aluminum, but less than metals such as iron, nickel 

and chrome. 

• Use insulators made from alumina and silica. 

• Avoid Fe, Ni, Cr, Co, and steel.

• In many cases it will be necessary to estimate the production of radioisotopes in the ex-

periment. Online calculators to help with this are available here and here.
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• If estimates of the dose rate of activated experiments need to be made specific gamma 

ray constants can be used, but this misses the beta dose. As a general rule, you can ex-

pect beta emitters to produce 5 rem/hr per mCi at 4”. It is good to estimate the dose rate 

at several times after the end of the irradiation to account for radioactive decay.

Experiment Process

The Radiation Facilities staff will work with you to develop a plan for the experiment. Some 

experiments like Neutron Activation and Neutron Imaging have broad authorizations and as 

long as the sample meets certain conditions it will be approved. More complex experiments 

will need to have an experimental proposal approved by the Reactor Safety Committee. The 

Radiation Facilities Staff can provide you with a template to assist with preparing the propos-

al. An important consideration in the experimental proposal is the disposition of the samples 

after the experiment. 

60Co Irradiator

Irradiator Description

The Radiation Facilities Cobalt-60 Irradiator was built in the early 1970s for use as a polymer 

production facility. Fresh cobalt-60 was received in 1987 and 2007. It is capable of a wide 

range of dose rates scaling from just a few rad/hr to approximately 3 MRad/hr. 

The irradiator consists of a 60Co source that is stored in a pool of water and a large, shield-

ed, vault. During operations, the source is raised from the pool into the center of the vault. 

Samples as large as a refrigerator (or larger) can be accommodated. Dose rates in the main 

portion of the vault range from approximately 2 Rad/hr to 1 MRad/hr. The dose rate falls off 

as approximately the square of distance from the source so larger samples are subject to 

considerably lower than the maximum dose rate. 

Additionally, there is a 2” diameter sample hole in the center of the 60Co array where the 

dose rate is approximately 3 MRad/hr and relatively uniform. Research in live electronics, 

polymer science, destructive spaceflight testing, biological sterilization, as well as in many 

other fields have been conducted.
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Experiment Design Tips 

Experiments in the irradiator are subject to far fewer restrictions than in the reactor. 

• Irradiation of explosive materials, or food destined for human consumption is not allowed. 

Additionally, no more than small quantities of flammable materials with a flash point be-

low 60 degrees Celsius (140 degrees Fahrenheit) can be irradiated. 

• Irradiations of hazardous materials, materials that will evolve toxic gases, and other un-

usual samples as the staff sees fit will be subject to additional safety reviews.

• Experiment fixtures should minimize the use of PVC to prevent chlorine gas.

• Experiment fixtures should use radiation resistant materials like aluminum, glass, and 

polyethylene. Try to avoid materials that are subject to severe radiation degradation like 

polypropylene.

• Try to utilize low density materials in experiment fixtures to minimize radiation shadow-

ing.

• 120 VAC power is available for experiments in the vault.

• Cables or tubing can be run to instruments in the vault but must be able to be bent in a 

tight (approximately 1”) radius. 

• Cabling should be at least approximately 40’ long to reach into the vault.

• Radiation doses are based on dose maps of an empty vault. For the most accurate results 

dosimeters should be affixed to the experiment to monitor the dose it receives. This ser-

vice is available for an additional cost.

• A variety of ring stands and an optical table are available to help support experiments.

• Sealed neutron sources can be placed in the irradiator vault to provide a combined neu-

tron/gamma environment that is high in gamma rays and low in neutrons.
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Experiment Process 

Requested experiments will undergo a safety review. Typically experiments that meet the 

conditions above will be approved promptly. For many simple irradiations, samples can be 

shipped to the radiation facilities and then returned. These are charged at a lower rate than 

attended experiments. For more complex experiments requiring considerable setup and mon-

itoring it is expected that the experimenter remains in attendance. Samples will not be made 

radioactive by gamma ray irradiation and can freely be returned to the experimenter.

Electron Linac

Accelerator Description

The Facilities’ Electron Linear Accelerator (Linac) is a modified Varian Clinac-6 (V7715) with 

a variable electron beam energy and current. The Linac produces a beam of electrons with 

energies from 4-6 MeV in individual pulses, with a repetition rate of up to 300 pulses per 

second. The pulse width is fixed at three microseconds. Pulsed beam currents of hundreds 

of milliamperes can be focused on an area of a few square centimeters. Beam powers of 

approximately 500W are at-

tainable. The accelerator can 

be used to produce very high 

X-ray dose rates with the use 

of a tungsten converter.

Experiment Design Tips

Experiments in the linac are 

subject to far fewer complica-

tions than in the reactor. 

• The beam is a few cm in diameter when it exits the beamline but quickly increases in size 

to about 1m in diameter. The dose rate is dependent on the position of the sample in the 

beam. 

• A tungsten converter can be used to create a very high x-ray dose rate in the linac vault.

• The linac vault has a port to allow for pulse radiolysis, but we do not currently have the 

analysis equipment for this. 

• Irradiation of explosives, vertebrates, or food for human consumption is not allowed. 
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• Irradiations of hazardous materials, materials that will evolve toxic gases, and biological 

samples will be subject to additional safety reviews.

• Utilizing low density materials in experiment fixtures will minimize radiation shadowing.

• Experiment fixtures should minimize the use of PVC to prevent creating chlorine gas.

• For certain materials it may be necessary to take steps to ground the sample to prevent 

excessive charging.

• 120 VAC power is available for experiments in the vault.

• Cables or tubing can be run to instruments in the vault but must be able to be bent in a 

tight (approximately 1”) radius. 

• Cabling should be at least approximately 50’ long to reach into the vault.

• A 40-channel BNC patch panel is available for bringing signals out of the vault. 

• A variety of ring stands and an optical table are available to help support experiments.

Experiment Process 

The process for experiments in 

the linac is similar to the irradia-

tor. Experiments will be reviewed 

for safety. Typically, experiments 

that meet the conditions above 

will be approved promptly. For 

many simple irradiations, sam-

ples can be shipped to the radia-

tion facilities and then returned. 

For more complex experiments 

requiring considerable setup, 

the experimenter is expected to 

assist with the setup. Samples 

will not be made radioactive by 

irradiation with electrons of these 

energies and can be returned to 

the experimenter.
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Other Capabilities

Radiation Spectroscopy

The Radiation Facilities has a variety of radiation spectroscopy equipment available for use. 

This includes 3 20% efficient High Purity Germanium Detectors (HPGes) in lead shields, 2 

portable HPGes, a portable Low Energy Germanium Detector for X-ray spectroscopy, and a 

number of Sodium Iodide detectors. Alpha spectrometers are also available. A 50% efficient 

HPGe and liquid scintillation counter may be available for use from the Radiation Safety 

Office upon request. Spectrum analysis is typically performed with Canberra’s Genie2000 

software. The Radiation Safety Office’s HPGe has been characterized for use with Canberra’s 

LabSOCS software which allows for the activities of samples in non-standard geometries to 

be determined.

Dosimetry

Neutron activation foils can be used to monitor neutron fluxes and radiochromic films to 

monitor gamma and electron doses. These films can measure doses from about 0.05-20 

Mrad. For an additional fee, NIST’s High Dose Dosimetry Service can be used to monitor dos-

es.

Cyclotron

A small cyclotron which can be used to per-

form ion bombardments with protons, deu-

terons, or alpha particles at energies up to 1 

MeV. By accelerating a deuteron beam into a 

deuterated titanium target, the cyclotron can 

be used as a pulsed source of neutrons. To 

use the cyclotron, contact Prof. Tim Koeth

D-T Generator

The Radiation Facilities has a deuterium-tritium neu-

tron generator capable of producing pulses of up to 

109 neutrons or a steady state output of 3x108n/sec. 

It does not currently have a shielding vault and is not 

in regular usage. For a large enough project it may 

be possible to construct a shield or utilize another 

shielded room for the neutron generator.



StockInDesign: The LAB of InDesign Templates

15

Radioactive Sources

The Radiation Facilities has a 

number of alpha, beta, and gam-

ma sealed radioactive sources 

that can be used for spectrom-

eter calibration or other testing 

purposes. There are also califor-

nium and plutonium-beryllium 

neutron sources that can be used 

for testing purposes.  

Other Equipment

The Radiation Facilities has access to electronics test equipment including oscilloscopes, a 

spectrum analyzer, and transistor curve tracer that can be used to help characterize irradiat-

ed electronics. A spectrophotometer is available to characterize radiation induced changes in 

optical materials. 

Fees

A fee schedule is posted on our website. Fees for use of equipment not listed there will be 

determined at the time of request. Government agencies and Universities are charged  30% 

of the normal rate. 

Contact Information

If you are interested in using the Facilities or have questions, please contact us at radiation@

umd.edu of fill out our request form.
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