MMIS

MARINE MINERALS INFORMATION SYSTEM
Overview

The Marine Minerals Information System (MMIS) is an Enterprise GIS project that stands apart in its unique
challenges and complexity, solution ingenuity, originality, and future value to society. Developed by Quantum
Spatial, Inc. (QSI) for the Bureau of Ocean Energy Management (BOEM) in collaboration with the National Oceanic
and Atmospheric Administration (NOAA) and the Bureau of Safety and Environmental Enforcement (BSEE), this
GIS/IT solution is a success story that is worthy of widespread recognition.
The mission of BOEM’s Marine Minerals Program (MMP) is to facilitate access to and manage the Nation’s Outer
Continental Shelf (OCS) non-energy marine minerals, particularly sand and gravel, through environmentally
responsible stewardship of resources, prudent assessments of exploration and leasing activities, coordination
with governmental partners, engagement of stakeholders,
strategic planning, and mission-focused scientific research to
improve decision-making and risk management. To enable
access and dissemination of derived geological and geophysical
data and support regional coastal resilience planning efforts,
BOEM contracted with QSI to develop a GIS which would serve
as a central authoritative system of record for all available
ocean sand and minerals geospatial data and non-geospatial
documentation – the Marine Minerals Information System
Sandbags on the
(MMIS).
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Initiated in 2014, the project’s overarching goals were two-fold: 1) to coalesce all available data into an enterprise
GIS (eGIS) with a standardized data model, and 2) to develop tools for viewing, analysis, and collaboration. The
MMIS was developed for a large scope of the OCS along U.S. federal waters of Alaska, Pacific Ocean, Atlantic Ocean
and Gulf of Mexico. It is built upon the Esri platform using ArcGIS Server,
ArcSDE with SQL Server and ArcGIS Desktop, and data query tool
development using Python. After four years (phases) of work, QSI has
completed the first goal, with associated deliverable products accepted
by BOEM in April 2018. The eGIS is a robust, relational geodatabase
populated with data and links to documents for all active and past
projects, accessible to all MMP users. Integration of a public facing web
map, internal dashboard and custom sediment matching tools are in
the final stages of approval for acceptance, but primary products are
already in use by BOEM staff.
OCS regions

Complexity & Ingenuity

Developing the MMIS was an extraordinarily complex and challenging endeavor due to its nature; geographic
scale; scope and volume of information; variable data format; number and types of data sources; and uncertainty
in the development level-of-effort that would be required. Prior to initiating the MMIS, BOEM had accumulated
over 25 years of marine minerals data and documentation on a project-by-project basis. Moreover, the community
lacked a centralized data model for storing geospatial information which hindered BOEM efforts to access, control,
standardize, integrate, analyze, and disseminate information in an authoritative way.
BOEM’s responsibility to track and provide oversight on the management of a remote resource such as seafloor
minerals is a relatively difficult endeavor to begin with. To locate and appropriately match offshore material with
original onshore sediments, the GIS needed to accurately capture the characteristics of sediments and quantify
and delineate what was known about shelf materials. Understanding details such as location, extent, and volume
of offshore marine minerals, as well as specific characteristics such as grain size, texture, Munsell color, and soil
classification, were critical towards building a reliable GIS. Historical data and documentation on extraction,
leasing, and deposition activities were also identified as essential to track in a GIS so that future activities are
orchestrated and informed. Finally, the seafloor is a complex and dynamic resource to characterize and map,
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requiring unique methodologies and financial investment to detect,
characterize, and delineate on a comprehensive scale. This added
further to the variable quality, completeness, and certainty of the
data.
After identifying these complex data needs, rounding up the actual
data available from a myriad of sources proved to be even more
challenging. We identified, collected, organized, evaluated, and
incorporated 150,000 digital data assets as well as non-digital
documents with associated metadata into the GIS. The type of
A selction of discs, a small portion
information was highly variable to include sediment characteristics
of the data migrated to the MMIS
from substrate samples; surface bathymetry, seismic reflection and
geo-acoustic seafloor classification data from electromagnetic, seismic and sonar surveys; environmental impact
assessment information; lease specifications; dredging operations data; and National Environmental Policy Act
(NEPA) and other agency consultation data. This volume of data represented 30+ years of records collected and/or
catalogued by a diversity of agencies and entities including BOEM, US Army Corps of Engineers, US Environmental
Protection Agency, universities, and various state programs or efforts such as cooperative agreements, sand lease
projects, environmental studies, and the Atlantic Sand Assessment Project. As can be expected when data come
from such disparate sources with no standardization, information was variable in accuracy, comprehensiveness,
resolution, spatial and temporal scale, and geospatial nature.
When QSI embarked on this project, there was no central data model to leverage. Thus, another significant
challenge was to devise a standardized data model for structuring, managing, and maintaining spatial data in
the MMIS geodatabase. Developing a standardized data model is a common endeavor for many organizations
as they migrate from a coverage/file-based system to a geodatabase format. However, devising the model for
the MMIS, given the nature of the data, the various stakeholder needs, and the present and future targets for
enterprise-level functionality was a demanding task. QSI combined elements of multiple scientific datasets and
standards into a new comprehensive schema that could be used for all types of offshore sand and gravel data
and meet BOEM’s needs. In building the data model, we took a careful approach of populating the database for
different pilot areas to identify gaps or shortcomings in our schema. In this way we could then normalize the data
model for universal functionality.
Another difficulty that QSI had to solve was developing a solution that would work within BOEM and BSEE’s
current IT infrastructure for hosting and meeting federal data security standards. To meet federal guidelines
for IT security and hosting, QSI worked with BOEM to step through the FedRAMP (Federal Risk and Authorization
Management Program) and the Assessment and Authorization (A&A) process to ensure the MMIS met a set of
specified security requirements. The MMIS implementation level was Federal Information Security Management
Act (FISMA Moderate). A draft IT technical architecture and system design was created and discussed with BOEM
and BSEE, providing a detailed system design specification for the development of the GIS that would meet BOEM’s
requirements. The final “home” for
MMIS was then assessed during year
3 in close coordination with BOEM,
BSEE, and the Department of Interior
(DOI) to determine a solution, based
on the IT assessment, Business Case,
and the draft IT technical architecture
design. The DOI Office of the Chief
Information Office (OCIO) Denver
Data Center was leveraged as the
destination for hosting and certifying
the MMIS. MMIS was accredited and
was granted an Authorization to
Operate (ATO).
The workflow steps and subtasks
involved in the development of
the MMIS were also intricate and
involved. General phases of the
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project included planning; compiling and cataloging source data; gathering requirements; designing the data
model; designing the geodatabase; migrating data into the geodatabase; IT assessment and business case
development; implementation of data exploration tools; delivery and deployment; and reporting. Each of
these phases involved various subtasks that were multi-dimensional and iterative in their focus on continually
improving, testing, evaluating, adjusting, and building upon previous subtasks towards completion of the final
MMIS. Moreover, during every stage, QSI took steps to ensure data integrity – the maintenance and assurance of
data accuracy and consistency throughout its entire life cycle. Finally, all tasks were coordinated and completed
by a remote team of developers, GIS analysts, and project managers dispersed amongst various QSI office
locations which was a challenging feat in and of itself.

Original/Innovative Application of Techniques

The MMIS is unique in its nature, its utility, and in the innovation approach in how QSI developed it. While other
data models offer various components related to or inclusive of marine minerals data among other information,
the MMIS is the first data schema of its kind that is specific and dedicated to marine minerals alone.
To extend the MMIS’s usability and functionality, QSI developed
innovative tools for users of the GIS that allow for sophisticated
viewing, analyses, queries, reporting or exploration of the data. These
tools facilitate more effective communication and collaboration
among Federal and State partners to manage offshore mineral
resources comprehensively and efficiently. One such useful tool –
called ‘SediSearch’ (Sediment Search) - enables efficient searching
and matching of marine resource material attributes, such as available
volume, grain size, texture, classification and color, to the needs or
characteristics of an onshore beach or other coastal site in need of renourishment. The tool should provide further assurance that offshoreto-onshore transfer of marine materials will ultimately result in
successful shoreline protection, restoration of beaches and wetlands,
and effective shoreline construction projects. The tool’s value is
underscored by its ability to safeguard against extracting marine
materials that are poorly matched for the onshore need. Other tools
created by QSI included an automated map making module as well
as a dashboard to visually track sand resource availability, inquiries,
and analyses.

Screenshot of the SediSearch Tool

Due to the intricate nature of the workflow processes, complexity of the project, yet ultimate need for a
pragmatic end-product, we employed Agile/Scrum methodologies in our management of the MMIS project.
Agile methodologies were principally developed for tracking and managing software development workflows.
QSI’s innovation was to apply these same methodologies to managing all components of a project like the
MMIS, including requirements gathering, data inventorying, data modeling, data development, applications
development, stakeholder engagement, etc. The Agile approach involves incremental and flexible development
of solutions through a series of work iterations or ‘sprints’, which ultimately reduce overall project risk and ensures
that the end-product(s) will serve intended needs. Through daily self-organization, exchange of information,
adjustments and adaptation, changes to the approach at hand or to specific tasks are made quickly, facilitated
by a Scrum Master.
Employing an Agile approach requires
a new paradigm shift from expecting
the delivery of an entire finalized
product at the end of the contract, to
delivery and acceptance of individual
components throughout the life of
the contract. Better definition and
accountability of the interim tasks and
products involved in completing one
large project goal or final end-product
leads to more efficient allocation of
the budget throughout the project,
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while also ensuring delivery of a final functional product that meets client and user expectations. Especially for
government contracts on a firm-fixed-price, not-to-exceed budget scenario, where the end goal is formidable but
relatively undefined or open-ended, the Agile approach can be beneficial to both client and contractor. It assures
against scope creep or unforeseen issues occurring late in the contract, increases client-contractor transparency
and communication on expectations and progress, and ultimately ensures early acceptance and satisfaction of the
final product. For GIS projects with similar diversity of components, stakeholders, datasets and user expectations
as the MMIS, we believe using Agile methodologies will be key to ensuring the success of future GIS government
contracts.

Future Value

Shoreline erosion can result in significant consequences for
natural resources, energy, defense, public infrastructure, and
tourism. BOEM’s commitment to improving the MMP recognized
that it is in our best interest as a nation to develop an eGIS
such as the MMIS. Aside from enabling BOEM to save time and
money, the MMIS and interactive viewer tools will also support
forthcoming resource planning and decisions; help to resolve
or prevent future marine use conflicts (e.g., submarine cables
intersecting with dredgers; accidental capture of endangered
marine fish and wildlife, protection of archeological sites within
sand lease areas); and provide reliable shared access to marine
minerals data for coordinated and responsible management into
the indefinite future.
A QSI employee discusses the

By providing a new authoritative and accurate data source with MMIS with BOEM personnel
which agency officials, planners, contractors, scientists, and
citizens can make informed decisions, the MMIS viewer also
enhances the public’s faith in the value of geospatial data in making reliable public policy decisions. With
confidence in the accuracy of the data, users of the viewer will be able to view, access, query, and download
publicly released marine minerals information associated with offshore mineral resource characteristics as well
as planning, development, and leasing activities. Transparency into the MMP through access to MMIS data will give
stakeholders and the general public greater confidence in BOEM’s performance and accountability in negotiating
lease agreements for the OCS.
The MMIS will also certainly result in social and economic benefits. The greater ability and ease of identifying,
locating and evaluating these data will save time and money for those in need of the data for research, planning,
or mineral resource management. And, with accurate and comprehensive data to guide them, BOEM and partners
will be able to proceed with high confidence that specific projects will result in positive social and economically
viable outcomes. The frequency of making poor resource management decisions due to inadequate or lacking
information will be significantly reduced.
Finally, QSI’s approach to executing the MMIS project exemplified the benefits of using Agile methodologies to
further advance large federal programs in possession of formidable valuable geospatial datasets. The success of
the MMIS will encourage other federal agencies to follow suit by partnering with geospatial firms that can help
advance our collective geospatial intelligence.

Client Satisfaction

BOEM and partners were very pleased with QSI’s high-quality, on-schedule execution and deployment of the
Marine Minerals Information System, exemplified by the project’s Exceptional rating captured in the government’s
Contractor Performance Assessment Reporting System (CPARS). Our client was especially appreciative of our
flexibility in accommodating MMIS training needs so that that data sharing and collaboration could quickly follow.
Our team of project managers, GIS developers, and technical architects, using an Agile approach to management
and execution, received especially high marks for supporting efficient staff resourcing and continuous progress
on significant milestones. All in all, BOEM applauded our performance in working closely with all stakeholders
to design an economical and cost-effective eGIS solution that would ultimately improve the effectiveness of the
Marine Minerals Program.
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