Engineer Research' and Development Center

Cold Rooms Complex

26 Rooms for Environmentally Controlled Research at Low Temperatures

CRREL’s Main Lab Cold Rooms Complex consists of 26 refrigerated rooms, each varying in size and in other capabilities, allowing for a
variety of environmentally controlled experimentation at low temperatures. These laboratory-grade rooms can maintain
temperatures from -30°C to over 43°C (-22°F to 110°F), with an additional stand-alone unit extending to -40°C (-40°F). When larger
environmentally controlled spaces and other functionality are required, research can expand into CRREL’s additional on-site facilities
(i.e., the Ice Engineering Research Area, the Materiel Engineering Facility, the Geophysical Research Facility, and the Frost Effects
Research Facility).

Applied Research and Engineering Facilities for a Variety of Applications

CRREL’s Cold Room Complex has housed basic research, applied research, and engineering studies with a range of military,
commercial, and academic partners and applications, including

e Ice adhesion (see the Materials, Concrete, and Geotechnical Laboratories page)

e Materials characterization and analysis after exposure to long term temperature and other environmental effects

. Equipment testing and evaluation in Arctic/Antarctic conditions

e US Air Force Airfield Damage Repair at sub-freezing temperatures using cold weather concrete and flowable fill materials

e  Analysis of stratigraphy and physical properties of polar ice cores

e Seaice phenomenology

e Scaled model studies in controlled environmental conditions

* Quantification of the environmental effects of hazardous residues from exploded military munitions

*  Environmental Remediation

*  Analysis of the behavior of JP-8, other fuels, and associated equipment at ultra-low temperatures

¢ Development of Seasonal Ice Mass-Balance Buoys (SIMB) for monitoring the Arctic sea-ice cover

CRREL researchers build and continually refine Ice CRREL summer students Amanda Smith and Elyse Williamson
Mass-Balance Buoys (IMB) as part of a multi-year examine an ice core from Greenland.

effort to monitor the Arctic sea ice cover in the broad (Photo by John Severance, ERDC-CRREL)




context of climate change.
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The CRREL Cold Rooms Complex consists of 26 cold The cold pit serves as a cost-effective intermediate solution

rooms for studies in controlled environmental between studies in small cold rooms and in larger cold

conditions ranging from —40°C (-40°F) to over 43°C engineering facilities, such as the Materiel Evaluation Facility

(110°F). (MEF), the Test Basin, and the Frost Effects Research Facility
(FERF).
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As part of a CRREL student sponsorship program, CRREL researchers collect 120 ice cores on Antarctic sea ice as
University of Puerto Rico Maguaya (UPRM) student part of National Science Foundation (NSF) study to understand a
Hildelix Soto tests the early strength of a prototype variety of characteristics of the sea ice cover. The samples were

cold-weather concrete solution in a CRREL cold room. | later analyzed in the CRREL cold room complex.
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! http://imb.crrel.usace.army.mil/pdfs/SIMB.IGS.Final.pdf




Success Stories

The polar ice sheets of Greenland and Antarctica contain a wealth of past climate data, which can be extracted from the field as ice
cores and analyzed to determine past temperature, atmospheric composition, pollution amounts, and snow accumulation. CRREL
researchers pioneered early ice core drilling efforts in both Greenland and Antarctica, in addition to determining the annual layering
of one of the most high-resolved Greenland ice cores, the GISP2 core drilled from the center of the Greenland ice sheet. CRREL
researchers continue to be involved in several national and internationally sponsored drilling projects, examining the physical
properties of the snow and ice.

The state of the Arctic sea-ice cover, including both its thickness and extent of ice, is widely recognized as a major indicator of
climate change. In response to an increased demand to observe, understand and respond to the rapidly changing Arctic
environment, CRREL developed an autonomous sensing system called the ice mass balance buoy (IMB). The IMB is an important
element of the Arctic Observing Network, providing a time series of ice temperature, snow deposition and melt, ice growth, surface
and bottom ice ablation, ice drift and barometric pressure. The IIMBs are typically deployed alongside complementary atmospheric
and oceanographic instruments. With long-term support from the National Science Foundation and the National Oceanic and
Atmospheric Administration and assistance from a large, international group of collaborators, over 90 of these systems have been
deployed in the Arctic Ocean since 2000. Data from the IMBs is available in real time at http://imb.crrel.usace.army.mil/.

The US Coast Guard (USCG) and the US Navy (USN) have become increasingly concerned about the effects of ice adhesion on their
vessels entering Arctic waters and are interested in materiel-development solutions that offer anti-icing and de-icing advantages.
CRREL has long led the technical community in developing a variety of tests to quantify the effects of ice adhesion on materials and
equipment in order to aid in the development of better technologies for anti and de-icing. In response to the USCG and USN’s
needs, in the Cold Rooms CRREL has pioneered a new shear test technique called the “peel test,” which is appropriate for
quantifying the effects of sea ice adhesion in certain fracture modes. Copntact the facilities manager for more information.

The US Army has been concerned in recent years about its ability to rapidly repair roadways in contingency environments, such as
Irag and Afghanistan, using existing Army Engineer equipment. A broad technical community responded to this challenge over time
with a variety of solutions, none of which were suitable in cold weather (near or sub-freezing temperatures). CRREL responded to
this need by developing a custom cold-weather concrete solution for the US Army in Afghanistan, enabling roadway repairs with
cheap, locally procurable materials in 20%—25% of the time required for conventional construction methods and materials. The cold
weather complex allowed rapid testing in multiple rooms set at different environmental conditions to develop a solution to meet the
Army’s needs within the requested 30-day timeline.

Features

* 26 low to high temperature rooms from ranging in size, from 9 ft (I) x 7 ft (w) x 10 ft (h) to 24 ft (I) x 46 ft (w) x 10 ft (h),
maintaining temperatures from -30°C to over 43°C (-22°F to over 110°F)

0 Temperatures above 80°F can also be obtained with additional setup time and portable heating equipment (please consult
the facility manager for this capability).

* A cold pit for larger experiments that require additional horizontal and vertical space. The cold pit is 21 ft (I) x 20 ft (w) x18 ft (h)
with a removable metal grate floor. The lower level can be filled up to 10 ft with water. The cold pit has an entryway clearance of
9.9 ft x 6.4 ft and can sustain temperatures from -22 to over 110°F.

¢ An ultra-low temperature room in the sub-basement is a 10 ft x 12 ft room refrigerated by a stand-alone system and can maintain
temperatures from -40°C to over 43°C (-40°F to over 110°F).
e Supporting equipment:

0 Specialized ice and frozen soil equipment for sample preparation and measurement

0 Easy accommodation of additional equipment and capabilities from the abutting concrete lab and related testing
equipment, soils and grinding lab, materials testing labs (1st floor and basement), and other assets throughout the main lab

0 Large sample size (15 cm diameter) micro computed tomography (micro-CT) scanner

¢ Instrumentation:

0 Specialized ice and frozen soil equipment for sample preparation and measurement
0 Adedicated, secure website and other functionality for remote video and photo monitoring;



0 Each room equipped with a conduit to connect instrumentation and controls to adjacent rooms (and hallways) when room-
temperature office space is desired

ERDC Points of Contact

Our capabilities and facilities are available to assist you in addressing and solving a variety of cold regions science and engineering
challenges. Please consult the Facility Manager for facility usage and rate information, which varies depending on the type of
activity and support needed. The Facility Manager can also provide additional technical documentation on the Cold Rooms Complex
and supporting equipment and on other recent success stories.

Jared Oren

jared.i.oren@usace.army.mil

603-646-4458

The U.S. Army Engineer Research and Development Center (ERDC) solves tough engineering and environmental challenges. ERDC develops
innovative solutions in civil and military engineering, geospatial sciences, water resources, and environmental sciences for the Army, DOD, civilian
agencies, and our Nation’s public good. Find out more on our website: www.erdc.usace.army.mil.
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