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ABSTRACT 

At the U.S. Department of Energy’s (DOE) National Energy Technology Laboratory 

(NETL), researchers regularly use geoscience (italic words appear in the glossary at the end of this 

document) materials to conduct scientific analyses for fossil fuel research and development. At 

NETL, these scientifically valuable materials are currently not under any type of management plan 

for their use and storage. This puts these materials at risk of becoming damaged, lost, 

deaccessioned, or even passed up by a researcher in need by not even knowing of their existence. 

Many other non-NETL academic or scientific research institutions also use geoscience materials 

and lack a well-developed plan for managing their materials. Leading experts in the field of 

geoscience at the United States Geological Survey (USGS) and the National Research Council 

(NRC) have made recent mandates in association with government agencies in recommending 

better management practices for institutions using geologic materials, such as instituting a 

geoscience collections management system, or geoscience physical and digital repository. Having 

a geoscience repository in place increases the likelihood of third-party researchers and facilities 

donating and storing geologic materials at an institution like NETL. More broadly, the White 

House and DOE have both issued recent mandates instituting preservation and accessibility of 

products associated with federally funded research efforts, such as physical and digital geo-

products. Implementation of an NETL geoscience collections management system, digital and 

physical, would support these mandates, safeguard the materials’ future utility, and increase 

efficiency for DOE and NETL’s scientific collaboration and research efforts. The functional 

requirements, as well as reporting from the USGS, NRC, and other institutions leading the field in 

the creation and management of such a system is outlined in this report. This paper can be used as 

a reference and serve as a guide to any institution looking for an introductory analysis and overview 

of how to adopt and implement a geoscience collection management system.  

 
1. INTRODUCTION 

NETL is operated by the DOE’s Office of Fossil Energy, and has a broad directive to 

enhance the energy security of the United States. As such, the majority of research at NETL is 

focused on studying the environmentally-responsible production and consumption of fossil 

energy. This includes research and development (R&D) associated with geologic carbon dioxide 

storage, offshore and onshore conventional and unconventional oil and gas resources, geothermal 

resources, coal, and strategic minerals. Much of this research depends on the analysis and testing 

of Earth materials, also known as geoscience materials, and their associated digital data files. These 

geoscience, or Earth materials, align to research spanning NETL’s oil and gas, carbon storage, 

geothermal, rare earth element, coal, and wellbore integrity related programs. Such materials 

include samples of rocks, sediment, soils, freshwater and brines, petroleum and natural gas, 

biological samples, and certain man-made materials such as cement. See Table 1.1 for a brief list 



of example geoscience materials. A well-developed geoscience collection management system 

may assist with preservation, discoverability, and accessibility of both physical samples and 

associated digital analyses in support of near and long-term scientific goals for NETL and the 

broader energy R&D community alike.  

 

TABLE 1.1.  
List of Earth materials, a.k.a. geoscience materials or geo-samples. 

• Rock outcrop samples 

• Cores  

• Drill cuttings 

• Dredged sediment 

• Geochemical samples 

• Thin sections/SEM mounts 

• Minerals 

• Macro- and micro-biology 

samples 

• Soil 

• Water samples (river or lake 

water, fresh groundwater, 

produced waters or brines, 

hydrothermal fluids, seawater)  

• Petroleum and natural gas 

• Fluids associated with 

extraction of analyses from 

other geoscience materials 

• Certain man-made material 

such as cement 

 

Collections of geoscience materials are often thought of as having two main components: 

the physical samples collected by the researcher and the data generated by any analysis of those 

samples. The data mainly exist today as digital data, as opposed to physical paper data, and can 

come from instrumentation-based field surveys or engineering research conducted on the physical 

samples (The Geologic Materials Repository Working Group, 18). Sometimes if a physical sample 

was only temporarily utilized at NETL, there may only be digital data available to researchers (see 

Table 1.2 for a list of digital data examples).  

Geoscience material records for both physical and digital samples should always be 

associated with appropriate metadata. Metadata is important to identify the sample and offer 

context for the sample, both physical and digital, for the end user. Without at least knowing the 

geographic coordinates and depth commonly found in the metadata, a sample is of little or no use 

to a researcher and may be disposed of or donated off-site. More details on metadata and sample 

disposal and deaccessioning are found in section 2. 

TABLE 1.2.  
List of various digital data examples. 

• Metadata (location, other attributes) 

• Other geospatial data (e.g. GIS, remote 

sensing, etc.)  

• Seismic  

• Magnetic 

• Electric 

• Photographs 

• CT scans 

• Microscopic 

• Microbiologic  

• Spectroscopic  

• Petrographic 

• Geochemical 

• Fluid chemistry 

• Well logs 

• Other physical properties 

 

These geoscience material collections can vary greatly in size and scope; some may be small 

(e.g. a few rocks in a lab drawer) or large (e.g. thousands of samples and core on multiple shipment 



palettes). According to the USGS Geological Collection Management System in 2015, “a 

collection is a set of specimens that have been brought together on the basis of some common 

characteristic” (The Geologic Materials Repository Working Group, 42). Since the projects that 

researchers work on can have a variety of types and quantities of geoscience materials and can be 

physical or digital in nature, they can be broadly referred to as geoscience collections, instead of 

geologic materials or geo-samples. Museums often refer to their groupings of specimens as 

collections as well. In the interest of protecting these valuable and irreplaceable specimens, a well-

developed collection management system must be adopted by any entity maintaining such 

collections to support tracking, custodianship, discoverability and access to a collection.   

1.1 Value of a Geoscience Collection Management System 

The importance of geoscience materials to the field of science, and more specifically to the 

Department of Energy, cannot be understated. The National Research Council’s (NRC) 2002 

report, Geoscience Data and Collections: National Resources in Peril, describes the significance 

of these materials: 

 

“Geoscience data and collections are a trove of untapped resources awaiting scientists, 

engineers, educators, and policy makers…It is an appreciation of these issues that led a 

broad range of government agencies and other organizations (American Association of 

Petroleum Geologists,…, Department of Energy-Fossil Energy,...National Science 

Foundation…, and US Geological Survey) to support this study” (p. 8).   

 

Geoscience collections are important to understanding Earth’s past, its formation and age, 

the history of life upon it, and other critical geoscience knowledge. Geo-samples help researchers 

understand particulars about the engineering behavior of fossil energy resources while also 

offering broader insights into the natural system associated with these energy systems. An example 

is the Marcellus Shale, the shale gas play that launched the unconventional gas development boom 

in the Appalachian Basin around 2007. Samples from this shale are an important and valuable 

geoscience material that can provide an investigator with a wealth of research data.  

Given the importance of geoscience materials, especially to NETL research, a well-

developed collections management system could be beneficial to NETL. This could support 

preservation of the collections for long-term use and storage. It would also allow more efficient 

access to the samples and their data to researchers across all of NETL facilities, save NETL time 

and money by minimizing project delays, decreasing the frequency of duplicating previous efforts, 

keeping track of inventory, and safely and securely storing valuable geoscience collections. A 

suitable geoscience collection management system will also handle special storage requirements 

necessary for many geoscience materials which need environmental control or special packaging 

for their short and long-term viability. For more details on the benefits that a well-developed 

system would have on the organization, as well as an assessment of NETL’s current management 

of their geoscience materials, please refer to Assessment of & Recommendations for Management 

of NETL’s Physical & Digital Geo-Sample Assets (Bean, Peluso, et al., 2016).  

 
2. REQUIREMENTS OF AN EFFECTIVE GEOSCIENCE COLLECTION MANAGEMENT 

SYSTEM 

 An effective geoscience collection management system is composed of two main parts: a 

physical geoscience repository, as well as a digital database catalog. A physical geoscience 

repository allows for proper storage, curation, and security of collections. It is important to note 



that many geoscience materials require special storage environments. Ice cores1, for example, need 

to be kept frozen to maintain their geo-chronologic and paleoclimate information. Sediment cores, 

rock cores, and other geoscience materials also require special handling, storage, and specific 

environments. (More information on special storage requirements is found in sections 2.3-2.5).   

The digital database portion of the system is a virtual catalog of the physical collections 

and their associated data and metadata. It not only allows researchers to search through a 

collection’s physical geoscience materials, it also provides tracking and inventory of the samples 

and sometimes offers access to digital results from analyses already conducted on a given physical 

collection. This information is important for knowing exactly what materials exist in a given 

collection. The digital portion of the collection management system is fundamental for “allowing 

access to collections metadata by any researcher, no matter where they are located,” as well as 

“[facilitating] communication and hopefully [enhancing] collaboration between a project’s 

principal investigators and anyone interested in the same research topic” (The Geologic Materials 

Working Group, 10).  

2.1. Integrated Digital Database Management Systems 

 Without an integrated digital database management system to properly catalog and store 

data and metadata for samples, a geoscience collection is at high risk of being deaccessioned, 

misplaced, unofficially “borrowed”, or disposed of accidentally. What’s the difference between 

data and metadata? Metadata, put simply, is data about data. It is high-level information about a 

sample or item. The metadata for a digital photograph, for example, might include the time, date, 

creator, copyright information, exposure/aperture settings, lens size, color profile, etc., whereas 

the data is the actual photographic information obtained by the camera’s image sensor as light hits 

it to create the image. Geoscience specimens, unlike a beautiful photograph of the Half Dome in 

Yosemite National Park, hold little to no scientific value if they do not have their associated 

metadata. A photograph is still stunning, but a rock without its metadata is just a rock, no more. A 

geoscience sample’s metadata details, at the very least, their origin (e.g. geographic coordinates 

and depth). According to Maziet Cheseby, curator at the Oregon State University Marine Geology 

Repository, many established repositories will dispose of a sample if it does not have any 

corresponding metadata (Cheseby interview, 2015). Often, and in general, only the principal 

investigator has or knows where the metadata for a collection is held. In these types of situations, 

where a computer database system has no standardized format or medium to store it on, or when 

only handwritten notes or index cards are available, “individual collections are commonly 

accessible only when the investigator is present” (National Research Council, 36). This leads to 

major problems when the scientist(s) retire or leave, as “much of the institutional memory about 

the collection also departs” (National Research Council, 36).   

The process of storing important metadata associated with geoscience collections is very 

similar to cataloging at a traditional library. Libraries in today’s world have adapted to using digital 

databases to manage 21st century library collections. These database systems allow library users 

to search both physical and digital content. Before the Digital Revolution brought about the Digital 

or Information Age, any metadata—whether associated with a book or a scientific specific—was 

kept in logbooks or alphabetical index cards. Someone who wanted to access the specimen or its 

data had to physically go to the institution and/or communicate with a record-keeper to find its 

whereabouts or reference its data. This archaic process, while still important to understand and 

possibly use as a backup system, is ineffective in today’s world, and can lead to unstandardized 

                                                           
1 Note that ice cores are currently being studied at NETL for important hydrate research. Hydrates may be utilized as an energy 

source in the future for natural gas extraction.   



approaches adopted by many different people in an organization. The National Research Council’s 

committee concluded in their document, Geoscience Data and Collections: National Resources in 

Peril (2002), that “inadequate cataloging is the single biggest inhibitor to productive use of even 

well-maintained geoscience collections in the United States” (p. 64). Therefore, it is important for 

an institution that uses geoscience collections to adopt an effective digital database management 

system that is designed with strong cataloging standards within its foundation.   

 There are many digital databases systems available that could be used as the driving engine 

of a digital database management system for a geoscience collection. It is important to choose a 

cost-effective system that allows customization of database parameters in order to fit the unique 

needs of an individual repository. Many organizations without a system in place might think they 

are following a good practice by only using spreadsheets, but this is not the case. Although a 

dedicated digital database system is similar in some aspects to spreadsheet programs like Microsoft 

Excel, numerous benefits exist that make a dedicated digital database system a better choice for a 

geoscience collection management system. A digital database may be customizable in many 

different computer coding languages, e.g. Java, PHP, ASP, etc. This customization allows a 

programmer to easily implement the database into a website, as well as write a user-friendly 

software application on top of it for access by almost any 21st century technologically enlightened 

human. One of the most important benefits for a database versus a spreadsheet, however, is the 

ability for multi-user access.   

Spreadsheets have many drawbacks. These include the fact that most of the time only one 

person at a time can access and edit the data. Editing and updating spreadsheets, and then saving 

to a server, or emailing between team members, is inefficient when many people might be waiting 

for a “read-only” copy to become “editable,” or for a copy to be sent to them to make adjustments. 

In geoscience collections, there could be many different researchers trying to inventory and upload 

metadata for many different samples at once. A database allows simultaneous absorption of data 

from users anywhere in the electronically connected world. This inputted data is then automatically 

compiled into a searchable user-interface, which is then ready to be consumed by anyone, 

anywhere, that has access. Some other issues with using spreadsheets include the fact that new 

data entered may not be accessible to the public unless new versions are constantly uploaded, it 

may not be accessible from home if internal, and formatting/language/categorization may not be 

uniform if several different users are updating. 

 A digital database catalog that is specially designed for a geoscience collection 

management system needs to have custom attributes for the data that it will be storing. As 

mentioned earlier in this section, a geoscience sample needs to have at least its origin documented 

for it to have scientific value. The bare minimum for most samples are their geographic coordinates 

and subsurface depths. Additional parameters are used by many geoscience researchers and are 

also valuable for inclusion in the metadata for a sample. See Table 2.1a for an example from the 

System for Earth Sample Registration (SESAR) of an exhaustive list of metadata attributes that an 

investigator may wish to include when inputting data for their samples. Table 2.1b is a similar list 

of metadata attributes customized for possible use at NETL and offers a simpler and possibly easier 

to digest version for an institution’s internal tracking/records. It is also important that a database 

has a user friendly interface for users to enter their information and data. If it is not seamless, 

effective, and easy to use, then users are less likely to adopt the system. A comparison chart of a 

variety of commercial and open-source database systems are listed in Table 2.2.  

 

 



 

 

 

 

 

 

TABLE 2.1a. 
Example of possible metadata fields for a geoscience sample. This table of examples comes directly 

from the System for Earth Sample Registration’s (SESAR) website, www.geosamples.org, where 

Universally Unique Identifiers (UUIDs) can be obtained for geoscience materials. The table was 

modified for context. More on SESAR in Section 2.3. 



Table 2.1b 
Alternative example of possible metadata fields for a geoscience sample.  

Description 

Field Example Submission 

Project Name: Gas Hydrate Project 2A, Marcellus Assessment 2014b, etc.  

Type of Geo-sample: Sedimentary rock core, rock core, or ice core; fossils; thin 

sections; soil; fluids; dredge; rock cuttings; geochemical samples; 

etc. 

Rock Classification: Shale, coal, sandstone, limestone, basalt, granite, gneiss,  etc. 

Sample Description: Rock core taken from the Marcellus shale 

Collection Method: Drill coring, taken from outcrop, ocean drilling program, etc. 

Formation Thickness: 270 meters 

Geologic Age: Devonian period, 358-419 million years ago 

Geologic Unit/Formation: Marcellus formation 

Additional Comments: n/a 

Geolocation 

Field Example Submission 

Latitude: 40˚11’07.3”N 

Longitude:  80˚14’50.0”W 

Depth: 900 meters 

Top Core (meters): 40 meters 

Bottom Core (meters): 53 meters 

Location Description:  Washington, Pennsylvania 

Country: U.S.A. 

City: Washington 

State/Province: Pennsylvania 

County:  Washington Country 

Other: N/A 

Collection 

Field Example Submission 

Field Program/Cruise: Project Marcellus 12a, Glomar Challenger Cruise, etc. 

Collector/Primary Investigator:  John Smith 

Collector/Primary Investigator Contact Phone: 555-555-5555 

Collector/Primary Investigator Contact Email: geologist@email.com 

Collection Start/End Dates: Collected from 23 Oct. 2008 – 15 Nov. 2008 

Curation 

Field Example Submission 

Current Archive: USGS Pennsylvania Core Repository, John Smith’s lab, etc.  

Sample ID Number (only list if already assigned): MGN-B17-B1, or other onsite assigned catalog # 

Universally Unique Identifier (only list if already assigned): N/A 

Storage Requirements: Sealed plastic bag, plastic tube, epoxy coating, moisture sealed 

container, etc. 

Environmental Control: Ice core—needs stored at or below -20˚C;  

Sediment Core—suggested storage temperature is around 4˚C; 

or none. 

Other Special Handling: N/A 

Hazard Information:  N/A, none, NORM (Naturally Occurring Radioactive Material), 

etc.  

Related Samples 

Field Example Submission 

Parents: No parents 

Siblings: One sub-core was taken  

Children: No children  



Table 2.2. 
Comparison chart of various database systems. See legend below table for various acronyms. 

Name Type Developer Platform Financial Cost License 

Latest 

Known 

Release  

Ease of Use of User 

Interface  
Other Notes 

Filemaker 

Pro 
DBMS 

FileMaker Inc., an 

Apple Subsidiary  
Mac OS 

Varies.  Organization 

size and user count 

determine annual cost. 

Proprietary  2016, May 

Very easy to use with 

built-in templates, 

layout themes, and 

intuitive graphical 

interface. 

The platform is Mac, but it can 

also run on a Microsoft server.  

Easy integration with iPads, 

iPhones, and other Apple 

products. 

Drupal CMS Dries Buytaert PHP Free Open Source 2016, May 

Highly customizable to 

be as user-friendly as an 

organization's 

developers can make it. 

NETL'S Energy Data eXchange 

(EDX) runs on CKAN, which 

works seamlessly with Drupal. 

EMu 

Museum 

Management 

System 

*CMS 

KE Software, an 

Axiell Group 

Company 

Cross-platform 

software.  

Varies.  Organization 

size and user count 

determine annual cost. 

Proprietary  2014, August 
Highly customizable 

and user friendly. 

This is the "Rolls-Royce" of a 

database system for a geoscience 

collection management system.  

It is designed specifically for 

scientific research and used to 

database and catalog priceless 

collections at some of the top 

museums across the country (e.g. 

American Museum of Natural 

History) and includes many 

features like multimedia and 

public outreach components.   

Dspace CMS MIT & HP Labs Java Free Open Source 2015, July 

Highly customizable to 

be as user-friendly as an 

organization's 

developers can make it. 

Mostly used by universities as a 

digital paper repository and 

tends to be pretty bare bones.   

EOS ILS SirsiDynix Inc. Java <$20,000/year Proprietary  2015, July 
Not intuitive. Not easy 

to use. 

Currently, being used by NETL 

library, but is known to be non-

intuitive for users and also has 

low customizability options. 

Koha ILS Koha Community  Perl Free Open Source 2016, May 

Highly customizable to 

be as user-friendly as an 

organization's 

developers can make it. 

Mostly used by libraries. 

Table 2.2. Legend 
DBMS - Database Management System; CMS - Content Management System/Software; ILS - Integrated Library System; *CMS – Collection Management 

System; CKAN – Comprehensive Knowledge Archive Network 

Note: CKAN is a web-based open-source data management system used by NETL’s EDX website. 



2.2. Universally Unique Identifiers 

Since repositories are essentially a type of library, there are many similarities between geo-

sample repositories and conventional libraries. Library science discussions with NETL’s Library 

Team Lead, Rachel Eck, highlighted the importance of having a universally unique identifier 

(UUID) for geoscience samples. A unique identifier is vital for any type of cataloging or curating 

of a collection of items. E.g., digital object identifiers (DOIs) are unique codes assigned to 

electronic items, most notably digital journal articles. An article is assigned a unique DOI that only 

belongs to that article. 

Planet Earth has always been global, but it was not until recently that human civilization 

entered into a globally connected reality of commerce, social networking, and the sharing of 

information close to the speed of light. The sharing of information in humanity’s modern Library 

of Alexandria (i.e. the Internet) allows civilization to evolve intellectually like never before—

giving the species an unprecedented means to advance in science and education. Having a 

standardized universally unique identifier for geoscience samples, like DOIs for journal articles, 

allows humanity to come to the stage and collaborate not just within NETL, but within the national 

and international community of geoscience researchers.   

2.3. The System for Earth Sample Registration and International Geo Sample Numbers 

The System for Earth Sample Registration (SESAR) is an institution that operates as a web-

based registry for geoscience samples. SESAR catalogs and preserves unique metadata profiles, 

and assigns a universally unique identifier, called an International Geo Sample Number (IGSN), 

to the geoscience samples (Figure 2.1. communicates SESAR’s brand and information). IGSNs 

connect a physical sample with repositories, sub-samples, publications, and digital database 

systems (see infographic in Figure 2.2). SESAR is a project of the EarthChem Program and part 

of the Integrated Earth Data Applications (IEDA). IEDA is a national data facility funded by the 

US National Science Foundation (NSF).  

SESAR’s IGSN universally unique identifiers are quickly becoming the international 

standard for geoscience samples, just how DOIs are currently the international standard for journal 

articles. IGSNs are currently being used by the USGS, Arizona Geological State Survey (the DOE 

funded some of this work)2, Woods Hole Oceanographic Institution, and CUNY (City University 

of New York), as well as country-wide integration by Germany, Australia, and the European 

Geosciences Union.   

 On 12 June 2015, Andrew Bean and Daniel Peluso conducted a teleconference interview 

with SESAR and IGSN director, Kerstin Lehnert, as well as her colleague, Megan Carter, who 

work on the SESAR IGSN project in collaboration with the Lamont-Doherty Earth Observatory 

                                                           
2 This information was obtained during a teleconference interview with IGSN President, Kerstin Lehnert, on June 12, 2015.    

Figure 2.1. 

SESAR and IGSN Informational Image  

 



at Columbia University in New York City, NY. See Sidebar 2.1. for a list of notes from the 

conference.  

Each IGSN has metadata associated with it through SESAR’s website (see Table 2.1. for 

an example of an IGSN metadata profile). This includes “registry metadata” and “object 

metadata.” Registry metadata is administrative information that includes the date of registration 

and status of an IGSN. Object metadata describes the actual sample submitted by the user. All 

IGSN metadata can be kept private, if needed, for specific samples. IGSN object metadata includes 

the following information: 

  Identification – sample name (s) 

  Description – material, classification, age, size, etc. 

  Geospatial – geographical names, coordinates 

Collection – Expedition/cruise, platform, date, collector, technique, etc. 

  Archiving – physical location of the sample (repository) 

Sidebar 2.1. 
Teleconference notes between NETL and SESAR & IGSN director, Kerstin Lehnert, and colleague, Megan Carter.  

June 12, 2015. 

• Kerstin has built scientific databases for over 15 years 

• SESAR now has over 4 million samples registered with IGSNs 

• SESAR and IGSN is NSF funded 

• In 2011 SESAR and IGSN was founded as an international organization  

• The IGSN is truly globally unique with its 9-digit alphanumeric code.  The first 5 letters 

of code uniquely identify the institution that registers the sample and is called the user 

code.  It can generate over a million IGSNs per user code or institution.  Special codes 

can also be generated to allow up to billions of IGSNs.  Basically, the bottom line is that 

an organization should never run out of codes for its samples using their system. 

• The USGS had a special code generated to allow up to billions of IGSNs 

• There is a parent, child, sibling relationship that can be set up in the metadata for samples 

with sub-cores, sub-sub-cores, etc.  

• They even have biological samples for rocks 

• Samples can be kept private if needed 

• QR codes are included with each IGSN and can easily be printed over and over from 

their site 

• IGSNs link within academic papers along with DOI numbers  

• It is possible to attach images and URLs to IGSN metadata profiles  

• There is no fee to register, receive, and use IGSNs 

• There is an option to become a SESAR and IGSN member, which gives the benefit of 

attending and voting in board meetings, and the ability to help shape the future of SESAR 

and IGSN.  The cost for membership is 500 euros/year (approximately $568 USD).   

 



There is also the option of adding extended metadata, e.g. images, documents (.pdf, .xls, .doc), 

references, links to online data, and user defined metadata fields (user defined is under 

development) for a sample. The IGSN metadata profile for a geoscience sample also generates a 

unique QR code and URL that links back to the profile on SESAR’s website.   

It should be noted that IGSNs are not intended to replace sample names already in place at 

an institution, but are to be used with them for the proper curation of samples. IGSNs are akin to 

a social security number or driver’s license number; they are a unique and standardized identifier. 

The names given to a sample by an institution should also be standardized by that institution in 

order to make in-house cataloging and curation organized and efficient. 

IGSN is not a database for samples. An organization would still need to use their own 

database system for collection management (see Table 2.2. to reference some recommended 

database systems). The SESAR architype does not prescribe a naming scheme for samples, e.g. a 

call number or catalog number, which is vital for proper digital curation of a geoscience collection. 

The metadata registered with a geoscience sample’s IGSN is only for securing its place within the 

house of international standardizations—a security and benefit already explained. The information 

put into the IGSN metadata is used only to transmit core metadata needed for registration, 

resolution, and administration of the IGSN service. A complete metadata profile with more 

complete detail (such as primary investigator, lab notes, analyses, catalog numbers, etc.) about the 

sample should be housed within whatever database system an organization decides to implement 

for management of their geologic collections.   

An IGSN can be used within a digital database, anywhere online, and within a scientific 

paper or journal. With the custom web link that SESAR generates for each IGSN, a user can be 

lead directly to the samples IGSN metadata profile on SESAR whenever they click on it. This 

creates a direct linkage between the physical sample that is stored in the repository and its digital 

representation online. This is very useful for a researcher when referencing a sample in literature, 

articles, papers, and any web accessible databases. The DOI(s) for an article(s) are also listed as 

relevant links in the SESAR metadata profile. Additional benefits of using IGSNs in an 

organization’s digital data system include the ability to use the IGSN to track the analytical history 

of a sample and link data collected at different times by different investigators. Another extremely 

Figure 2.2. 
IGSNs connect the sample with subsamples, the 

physical and digital repository, datasets, 

publications, and online and internal metadata 

profiles 



convenient feature are IGSN data links, which are shown in action within the IGSN metadata 

profile, as well as within an example academic paper in Figure 2.3. 

Figure 2.3. 
IGSN linking academic paper and DOI. 



Sidebar 2.2. 

IGSN Syntax – How does the code work? 

 

• The IGSN is a 9 digit alphanumeric code 

• It follows a syntax from the URN (Uniform Resource Name), which is composed 

of a NAME SPACE IDENTIFIER, a unique, short string, and the NAME SPACE 

SPECIFIC STRING. 

• The IGSN is “mostly unintelligent” (meaning it does not have any encoded 

information).    

• The first 5 characters are the NAME SPACE IDENITIFER  

o The first 2 characters of the NAME SPACE starts with IE (for IEDA, 

Integrated Earth Data Applications, the facility that oversees SESAR and 

IGSN).   

o The last 3 characters of the NAME SPACE are alphanumeric (0-9, A-Z) 

and unique to and chosen by the user. E.g. NETL may possibly choose to 

use “IEDOE” for their NAME SPACE.  

• The last 4 characters are the NAME SPACE SPECIFIC STRING 

o The NAME SPACE SPECIFIC STRING is the second half of the code.  

o These 4 characters are alphanumeric (0-9, A-Z) and random. 

o The 4 characters in this part of the code allow for 36^4 = 1,679,616 unique 

sample identifiers! 

o A more custom IGSN code can also be created to accommodate billions of 

unique codes.  Details on this custom code would need to be discussed 

with SESAR for clarification.  

 

 

  



Sidebar 2.3. 

SESAR designates a printable unique QR code and label for each IGSN. Benefits are as follow: 

•All samples registered with an IGSN get their own unique QR code 

•The QR codes can be printed as labels as many times as needed and can be placed on samples, 

on containers, or on index cards or paper slips inside the container 

•Recall that the IGSN is for all types of geologic samples such as rocks, cores, soils, water, gas, 

etc. Below are some photos of the printable QR code label for various samples and labeling 

methods. 

 
 

  

 

Water sample using IGSN label with QR code (left) 

Water sample being collected in the field (right) 

D-Tubes using IGSN labels with QR code 

Coral sample with metal index card with 

IGSN and QR code label attached 

Examples of IGSN and QR code labels 



Sidebar 2.4. 

IGSN Genealogy, Hierarchy, or Parent-child Relationship: Since many samples will yield a 

subsample, and sometimes give rise to hundreds of these subsamples taken from the same core, 

IGSN allows for the creation of parent-child relationships between samples and their IGSN 

identifiers.   

• Subsamples are the children of a parent sample 

• Subsamples can then be sampled themselves, which leads to even more complex 

hierarchies, e.g. grandchildren, great-grandchildren, etc.  

• Each subsample will receive is own unique and independent IGSN identifier.  

• Figure 2.4. presents an example of a parent-child relationship in action. 

 

Internal Database Integration with SESAR and IGSN is possible if an organization wishes to 

create a database system to push information into and out of SESAR, easily obtain IGSNs, as well 

as allow a machine-to-machine communication. In order to implement this, information from 

SESAR’s backend is important to know for on-site developers. Below are a few notes directly 

from IGSN President, Kerstin Lehnert, on this issue3. 

• The SESAR website utilizes the Drupal platform to customize and run their website 

• The SESAR’s IGSN data, however, is stored using PostGres, a separate database 

management system 

• PostGres is then integrated into the Drupal platform to create a seamless user-interface  

                                                           
3 Information obtained from email communication with Kerstin Lehnert of SESAR on July 6, 2015.  



• There are several web services available that will allow client systems to pull information 

from the SESAR database, and others that allow an external database system to push 

information into SESAR and obtain IGSNs in machine-to-machine communication.   

• Users of IGSN should have their developers go to the following site for more information: 

http://www.iedadata.org/services/sesar_api 

• Executing this capability will allow an internal database to work with the external IGSN 

metadata within SESAR’s database.  

2.3 Physical Location and Storage of Assets 

 Finding or constructing an appropriate storage location that suits the needs of the physical 

geosamples collection is essential. Some of the specimens at NETL are extremely volatile, require 

control over temperature, humidity, and pressure, and can be radioactive.  Some examples of 

special storage requirements are documented in Appendix 2 of Assessment of & Recommendations 

for Management of NETL’s Physical & Digital Geo-Sample Assets (Bean, Peluso, et al., 2016)..  

It is critical to take these factors into account, as well as total volume of samples, when researching 

potential repository locations. 

 One necessity of a physical repository is adequate capacity. The facility needs to be large 

enough to not only store current inventories, but also collections acquired in the future. The ability 

to expand features such as shelving to accommodate unforeseen additions is important. Each 

sample type is different, however, and requires particular storage. For example, 4 inch diameter 

slabbed sandstone core requires a heavy-duty rack much different than the lightweight shelving 

needed to store small vials of fluid samples. Storage facilities must account for each classification 

of geologic sample and volume.  

Figure 2.4. 
Example of how the parent-child relationship is setup within the SESAR registry. The parent-child relationship 

is established by recording the IGSN of the parent within the child metadata profile when registering that 

child. 



 Having an accessible repository increases efficiency. Proximity of the storage facility to 

the laboratories where the research is being conducted reduces project delays and saves valuable 

time, instead of traveling to a collection stored miles away. The task of requesting samples or 

gaining access to them should be relatively easy and not overly bureaucratic. Informing researchers 

about the layout of the site, locations of samples pertinent to their projects, and procedures for 

adding or removing geologic specimens in the repository should be simple. 

 As mentioned above, some samples are unsuitable for storage at room temperature. Gas 

hydrate collections originate from ice cores that must remain frozen to be stable. Synthetic cements 

need to be stored in low humidity environments, such as desiccators or nitrogen-purged bags. 

Epoxy coatings may be applied to samples that might be affected by oxidation. Impermeable 

plastic bags and other sealed containers can be utilized to reduce moisture losses from certain cores 

that contain hydrated clay minerals. Specimens with elevated levels of Naturally Occurring 

Radioactive Materials (NORM) require special labeling and storage in a designated area of the 

facility (The Geologic Materials Repository Working Group, 85). Ultimately, for many of these 

collections, it is imperative that they are placed in controlled, environmental settings specific to 

each sample type to ensure long-term stability. 

 Packaging is often different for each type of collection. Drill core may be kept in boxes 

constructed of cardboard or wood in 3 to 5 foot lengths.  Core is commonly slabbed lengthwise, 

with the larger or “face” slab becoming the “work” half, and the smaller “butt” slab becoming the 

“archive” half.  Slabbed core samples are often stored in half-round D-tubes4. Loose rock from 

outcrops or dredged materials can typically be found stored in plastic buckets, tubs, or wooden 

crates placed on shelves. Sediment and ground powders are packaged in sealed bags, bottles, or 

vials to preserve the entire sample, as are cements for protection against moisture. Liquid samples 

are also packaged in bottles or canisters designed to protect the liquid for long-term storage. 

 With many collections, it might seem that tagging individual specimens is simple. Core of 

rock and sediments can be labeled on the side of the packaging, such as on the caps or ends of the 

D-tubes. Fluids can be marked on the exterior of the bottles. However, this task becomes unsuitable 

when taking cements or loose rock into account. It may be tempting to consider writing on the 

sample itself to identify it. However, this may chemically alter the specimen and/or fade after years 

of sitting on a shelf. Non-corrosive, non-reactive markers have to be used if marking on the sample. 

Various museums, such as the Carnegie Museum of Natural History in Pittsburgh, PA, found a 

solution to the situation of a fading marker in India ink (Kollar, 2015). For samples which India 

ink is not a viable solution, such as smaller specimens, placing them in a bag or container and 

labeling the exterior would be effective. The tags themselves should contain information about the 

sample, such as the principal investigator, project name, sample type, and a UUID (refer to Section 

2.2), labeled following a systemized naming methodology.  

 The physical repository and samples also require upkeep and maintenance. The physical 

layout should allow for the easy addition or removal of samples from the collection (i.e. without 

having to pull a dozen boxes out of the way to get to something).  Most sizeable repositories have 

a dedicated team in the building with the responsibility of vetting and queueing the requests in and 

out, checking if previous research has already been conducted on a certain sample, pulling the 

samples out of storage and placing them on display for researchers, cutting, drilling or portioning 

subsamples as needed, and ensuring the assets are catalogued correctly when entering or exiting 

the collection. This staff would also judge when deaccessioning should occur. 

2.4 Requesting Samples 

                                                           
4 Commonly used storage container for rock or sedimentary core. See Image 2.4 for examples.     



 The ability to track samples by checking-in and checking-out is a large aspect of a physical 

repository and again, the analogy of a traditional library is an appropriate one here as well. If a 

researcher needs to locate a specific specimen from an exact location and wishes to contact the 

principal investigator, having this information available will facilitate the process. Sample request 

or donation forms are used by most large repositories and can be found on their websites. For 

example, the Lamont-Doherty Earth Observatory (LDEO) at Columbia University asks for details 

of intended research when requesting a sample, such as a statement of proposed research, sample 

location and position, number of samples, and size of samples. Furthermore, when the research is 

complete, the person receiving samples is required to provide copies of each publication on that 

specimen to the repository from which it was borrowed. 

The type of form might also differ depending on intention and duration of use. If a 

researcher is retiring and wishes to donate samples to a collection permanently, the metadata must 

be collected at the time of endowment. If an NETL scientist’s research requires mechanical 

destructive testing of core, the sample will be checked-out permanently within NETL. Any 

samples being checked-out temporarily or permanently outside of NETL require a point of contact, 

determination of the responsible party, and agreement over shipping and payment arrangements.   

2.5 Example Repositories 

 The USGS Core Research Center (CRC) in Denver, Colorado is a good example of a 

functional physical repository. The 1.7 million feet of core collection consists of slabbed and full 

cores, as well as well cuttings. In order to store this high number of samples, the shelves and racks 

are ceiling-high, with some samples requiring fork lifts to reach them. Core being archived is 

neatly stored and organized in cardboard boxes and shelved similar to books in a library for ease 

of retrieval. The CRC also shares a facility with the National Ice Core Laboratory, where nearly 

17 kilometers of ice cores are housed in -35°C. These are placed in metal tubes about a foot in 

length. In both of these locations, the samples are labeled on their casings with their respective 

project names and depth. The CRC also has a text- and map-based search through their catalog 

located on the website. 

 



 
Image 2.1. 
Slabbed core in cardboard boxes on shelves at USGS Core Research Center. 

 

 

The LDEO at Columbia University, which hosts the IGSN (refer to Section 2.3), also 

curates a repository, which houses deep sea collections, coral cores, dredge samples, and terrestrial 

cores. Dry (2,168.5 square feet) and refrigerated (3,279 square feet at 40° Fahrenheit) storage exist 

at the facility. The core resides in D-tubes stored on 101 total racks, and small subsamples are 

placed on rolling racks. Each tube is labeled with a project number and a depth on the end caps of 

the casings. Sample request forms do exist for LDEO and ask for name, affiliation, and method of 

contact for all investigators, as well as intention of use, project description, and return date. 

Separate request forms exist if only data of a sample is needed. 

 



 
Image 2.2. 
 Slabbed core on racks at Lamont-Doherty Earth Observatory. 

 
Figure 2.5. 
 Schematic view of storage locations at Woods Hole Coastal and Marine Science Center. 
  

The Woods Hole Coastal and Marine Science Center’s (WHCMSC) Samples Repository 

is another storage facility that houses geological, biological and geochemical samples in 

Massachusetts. The refrigerated room (RE01) is roughly 775 square feet and maintains a 4° Celsius 

temperature, while the freezer (FR01) maintains -20° Celsius. Analytical data and photographs can 

be visualized on a CoreWall in the adjacent laboratory (LAB). It is possible to search the entire 



WHCMSC catalog online by text or interactive map. If a sample is requested, filling out a form is 

required.  

The Carnegie Museum of Natural History in Pittsburgh, PA, maintains a collection of 

thousands of fossils. Although not the typical geologic repository, the treatment of fossils in a 

renowned museum is similar to that of core or other subsurface samples. Accession5 numbers are 

used as UUIDs to link publications and metadata to the specimen. India ink is used on many fossils 

to catalog them without fading. The collections are stored in marked, roll-out drawers in labeled, 

secure cabinets. Some older samples are encased in trays with wooden frames. A slightly outdated 

but still relevant database system called Paradox is utilized to log information related to each 

fossil. 

 

 
Image 2.3. 
 Secure cabinets containing drawers of fossils at Carnegie Museum of Natural History. 

 

The Marine Geology Repository (MGR) at Oregon State University (OSU)6, which houses 

sediment core and samples, deep sea core and nodules, dredge, and planktonic specimens. The 

repository has 41,000 cubic feet of refrigerated space and 1,100 cubic feet of frozen storage.  

Between the sediment and deep sea collection, MGR has over 22 kilometers of core when laid end 

to end; nevertheless, it ensures efficiency with its methodical storage approach. For physical 

housing, they primarily use D-tubes for the slabbed core, with one half becoming the archive and 

the other the work half. Each end of each tube is identified with marker specifying what project it 

belongs to and what depth it originated from. The D-tubes were tightly packed on racks, similar to 

                                                           
5 Accession – “The process by which a specimen is formally entered into a collection. Accession includes listing the 

specimen in the collection’s permanent inventory” (National Research Council, 63). 
6 NETL also stores core at OSU belonging to projects involving Kelly Rose and Corinne Disenhof. 



the organization at LDEO (refer to Image 2.2 above). Sediment sample collections were located 

within coolers in the walk-in freezer with the bags individually labeled. Dry dredge collections 

were stored in sacks in trailers. Regarding the digital data of the collections, plans are in place for 

MGR to implement IGSNs to each sample and produce QR codes to simplify the tagging process. 

Approximately 90% of the data, which includes multi-sensor core logging data, is on the Index to 

Marine and Lacustrine Geological Samples (IMLGS) (Cheseby, 2015). 

 
Image 2.4.  
Rows of slabbed core stored in D-tubes, placed on racks in refrigerated room of OSU’s Marine Geology Repository. 



 
Image 2.5. 
 Shelves of sacks of dredge samples at OSU’s Marine Geology Repository. 
 

 

Image 2.6. 



 Coolers of sediment cores, mostly from DOE-FE projects on the Alaska North Slope, in NETL’s walk-in freezer 

housed at OSU’s Marine Geology Repository. 

 
3. ADVANTAGES OF A GEOSCIENCE COLLECTION MANAGEMENT SYSTEM 

 There are numerous advantages to implementing a Geoscience Collection Management 

System that apply to physical collections as well as digital data. Having a repository in place 

provides accessibility and ease of retrieval of relevant samples, allowing for more efficient and 

timely execution of project goals. A digital database would improve discoverability of existing 

samples and respective information about those samples from previous experiments. This storage 

facility would also ensure greater accountability for the geosamples. They will be stored in a secure 

facility and are subject to tracking as researchers “check-in” and “check-out” the materials. 

 A physical repository also grants housing to those volatile samples that require storage at 

refrigerated or frozen temperatures, such as certain microbiological, fluid, gas, and sediment 

samples, by using environmental chambers. For more stable samples, standard climate controlled 

facilities with appropriate shelving for cements, cores, hand samples, powders, thin sections and 

other needs can be provided in a dedicated location.  A universal method of packaging, tagging, 

storing, and handling would be introduced. 

Metadata about these samples would be captured via a universal method of tagging, 

packaging, and requesting samples tailored as appropriate to different sample types. It would 

become possible to track samples and associate those samples with analytical data acquired on 

them. Locations of current use, name of the borrowing researcher, previous experiments conducted 

on the sample, and what to expect when the sample is returned will all be captured. Having a 

physical geologic repository will also provide opportunities for stakeholders to discover, utilize, 

and contribute samples, as well as attract relevant and valued collections. 

 
4. CONCLUSIONS 

The study of geoscience opens a window to understanding the past history of life and 

environment on Earth. The geoscience collections at NETL, and worldwide, are all extremely 

valuable in their essence as being the keys that open that window into the past. It is these 

geoscience materials that are at heart the true foundation of the majority of operations conducted 

at an institution such as NETL—coal, natural gas, oil, and other natural resources are all geoscience 

materials from the planet Earth. Safeguarding these valuable geoscience samples protects their 

longevity. Using a collections management system and database for NETL’s geoscience 

collections would promote collaboration in science and education, support the White House’s 

public access directive, as well as produce a more efficient way of conducting research because of 

the positive effects of implementing curation techniques that virtually every successful library and 

museum across the world uses. Other institutions that use geoscience materials would also reap 

the same benefits for their collections by adopting a geoscience collections management system.  

 
GLOSSARY 

Accession – “The process by which a specimen is formally entered into a collection. Accession 

includes listing the specimen in the collection’s permanent inventory” (National Research 

Council, 63). 

Cataloging – “The process of recording metadata in some centralized database, usually with 

some kind of index number system on index cards, ledger books, or computer software” 

(National Research Council, 63). 



Collection Management System – “The ongoing process of acquiring and maintaining a 

collection.  It involves defining the policies and procedures that govern sample handling, 

labeling, storage, cataloging, conservation, and access to the samples” (The Geologic Materials 

Repository Working Group, 44). 

Curation – “The process by which specimens are cleaned, sorted, boxed, identified, labeled, 

catalogued, and perhaps undergo reconstruction when they are properly brought into a 

collection” (National Research Council, 99). 

Deaccession – “The procedure by which a specimen is formally and permanently removed from 

a collection” (National Research Council, 99). 

Geoscience – “Any science or study focused on earth-related systems and materials, including 

geology, oceanography, atmospheric sciences, ecology, and geography; geoscience samples and 

collections are not limited to solid-earth materials” (The Geologic Materials Repository Working 

Group, 44). 

Metadata – “Documentation about a sample or collection that describes pertinent background 

information, including field information (original geographic location, collector, date, specimen 

number), the nature of the material, and any associated descriptive characteristics” (The 

Geologic Materials Repository Working Group, 45). 

Preservation – Prolonging the life of a specimen, as well as “various steps necessary to care for 

geoscience data and collections including: data acquisition, organization and maintenance, 

making users aware of samples and data, making data accessible, and assuring that data are 

useful and of sufficient quality” (National Research Council, 100).   

Repository – “A facility that assumes responsibility for the long-term management of physical 

collections” (The Geologic Materials Repository Working Group, 44). 

Universally Unique Identifier (UUID) – “A designation assigned to each sample to distinguish 

it from all other samples in the [Geologic Collections Management System (GCMS)]. Use of a 

UUID prevents ambiguity by systematizing sample designation and ensures that the accessibility 

of all information associated with a sample is preserved on a global scale” (The Geologic 

Materials Repository Working Group, 47). 
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