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Abstract: NASA, in coordination with the European Space Agency, proposes to conduct a 
campaign to retrieve samples from Mars and transport them to Earth. A scientifically selected set 
of samples (i.e., Martian rocks, regolith, and atmosphere), acquired and cached on the surface of 
Mars by the Perseverance rover, would be returned to Earth for scientific analysis and research. 
The proposed MSR Campaign involves several flight elements associated with retrieving the 
samples on Mars, launching them into Mars orbit, capturing the samples in orbit, and returning 
them to Earth for study. The proposed sample landing location is the DAF-managed UTTR, with 
supporting activities proposed at U.S. Army-managed DPG. Additional Earth-based ground 
elements associated with sample transportation and sample management/research (otherwise 
referred to as “curation”) involving the development and operation of a Sample Receiving Facility 
(SRF) are also part of the MSR Campaign architecture.  

NASA is the lead agency, with the DAF serving as a cooperating agency because the scope of 
NASA’s Proposed Action involves activities under DAF jurisdiction by law; other cooperating 
agencies listed above are serving as cooperating agencies due to special expertise. This PEIS 
has been prepared in accordance with the National Environmental Policy Act (NEPA) of 1969, as 
amended (42 United States Code 4321 et seq.); Executive Order 12114, Environmental Effects 
Abroad of Major Federal Actions; the 2022 Council on Environmental Quality Regulations for 
Implementing the Procedural Provisions of NEPA (Title 40 Code of Federal Regulations [CFR] 
Parts 1500–1508); NASA’s procedures for implementing NEPA (14 CFR § 1216.3); and DAF 
procedures for implementing NEPA in the Environmental Impact Analysis Process (EIAP) 
(32 CFR Part 989). NASA is the agency that will sign a Record of Decision (ROD) and, depending 
on what activities would occur on the UTTR or CCSFS, the DAF may also sign a separate ROD 
or cosign the NASA ROD.  

Because of the campaign’s large scope and uncertainty regarding future timing, locations, and 
environmental impacts associated with ground element actions, this PEIS programmatically 
addresses the potential impacts associated with all elements of the MSR Campaign and site-
specifically addresses potential impacts at the UTTR. Future tiered analyses are planned to 
address site-specific impacts associated with sample transportation and development and 
operation of an SRF. 
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SUMMARY 

S.1. INTRODUCTION 

NASA, in coordination with the European Space Agency (ESA), proposes to conduct a 
campaign to retrieve samples from Mars and transport them to Earth. A scientifically 
selected set of samples (i.e., Martian rocks, regolith, and atmosphere), acquired and 
cached on the surface of Mars by the Perseverance rover, would be returned to Earth for 
scientific analysis and research. The proposed Mars Sample Return (MSR) Campaign 
involves several flight elements associated with retrieving the samples on Mars, 
launching them into Mars orbit, capturing the samples in orbit, and returning them to 
Earth for study. The proposed sample landing location is the Department of the Air Force 
(DAF)-managed Utah Test and Training Range (UTTR), with supporting activities 
proposed at U.S. Army-managed Dugway Proving Ground (DPG). Additional Earth-based 
ground elements associated with sample transportation and sample management and 
research (otherwise referred to as “curation”) involving the development and operation of 
a Sample Receiving Facility (SRF) are also part of the MSR Campaign architecture.  

NASA is the lead agency, with the DAF serving as a cooperating agency because the 
scope of NASA’s Proposed Action involves activities under DAF jurisdiction by law; other 
cooperating agencies are serving as cooperating agencies due to special expertise (i.e., 
the Department of the Army, U.S. Department of Agriculture, and Centers for Disease 
Control and Prevention). This Programmatic Environmental Impact Statement (PEIS) has 
been prepared in accordance with the National Environmental Policy Act (NEPA) of 1969, 
as amended (42 United States Code [U.S.C.] 4321 et seq.); Executive Order (EO) 12114, 
Environmental Effects Abroad of Major Federal Actions; the 2022 Council on 
Environmental Quality Regulations for Implementing the Procedural Provisions of NEPA 
(Title 40 Code of Federal Regulations [CFR] Parts 1500–1508); NASA’s procedures for 
implementing NEPA (14 CFR § 1216.3), and DAF procedures for implementing NEPA in 
the Environmental Impact Analysis Process (EIAP) (32 CFR Part 989). NASA is the 
agency that will sign a Record of Decision (ROD) and, depending on what activities 
would occur on DAF-managed properties (mission preparation, use of staging area[s], 
and sample return vehicle landing and recovery operations), the DAF may also sign a 
separate ROD or cosign the NASA ROD to accommodate these activities. 

S.2. PURPOSE AND NEED 

The purpose of the proposed MSR Campaign is to collect samples of Martian rocks, 
regolith, and atmosphere and then return those samples to Earth for detailed analysis to 
enable significant advances in the following: 

• the search for evidence of ancient life forms on Mars;  

• the understanding of the origin and evolution of Mars as a geological system and 
how it may relate to the origin and evolution of other terrestrial planets;  

• the understanding of the processes and history of climate on Mars; and  

• the preparation for human exploration. 
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The need for the Proposed Action is to support major goals of the international planetary 
science community. Obtaining a scientifically selected set of samples of Mars for study 
on Earth has been a major goal of the international planetary science community for 
several decades. From the earliest Mars missions, it was recognized that the complexity 
and cost of sending advanced instruments to study Mars in place (in situ) would restrict 
the scope and detail of the science that could be done; many important classes of 
scientific instruments are not amenable to the miniaturization and ruggedization that 
would be necessary to operate from a spacecraft. An important aspect of this is that 
many critical measurements can only be done on samples that have been through 
intricate sample preparation processes, and most of those processes are not able to be 
automated. These same principles regarding the importance of using terrestrial 
laboratories to enable the best scientific return also apply to the care and attention to 
detail that would be required to conduct a proper and comprehensive sample safety 
assessment in a proposed SRF. 

By acquiring and delivering to Earth a rigorously documented set of Mars samples for 
investigation in terrestrial laboratories, scientists would have access to the full breadth 
and depth of analytical science instruments available across the world. Similar to the 
lunar samples returned by NASA’s Apollo missions to the Moon (1969–1972), the Mars 
samples would be studied for many decades and would include using future techniques 
that have not yet been invented. 

S.3. OVERVIEW OF THE PROPOSED ACTION AND ALTERNATIVES 

S.3.1 Proposed Action (Mission Overview) 

The MSR Campaign includes three flight elements and two ground elements. The flight 
elements consist of the Perseverance rover, a Sample Retrieval Lander (the “Lander”), 
and the Earth Return Orbiter (the “Orbiter”), including its payload (the Earth Entry System 
[EES]) and payload recovery. The two ground elements are transportation of the EES 
from UTTR/DPG to an SRF, as well as development and operation of an SRF.  

 
Key: EES = Earth Entry System; MSR = Mars Sample Return; NEPA = National Environmental Policy Act. 

Figure S-1. MSR Campaign Elements 
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NASA is taking a programmatic approach to analyzing the environmental consequences 
of the MSR Campaign program elements because of the campaign’s large scope and 
uncertainty regarding future timing, locations, and environmental impacts associated 
with ground element actions. This programmatic approach allows for near-term focus on 
issues ripe for decision and establishes a foundation for follow-on tiering (sequencing) 
to future actions and minimizing detailed topics previously decided at the initial 
programmatic level. This PEIS programmatically addresses the potential impacts 
associated with all elements of the MSR Campaign and site-specifically addresses 
potential impacts at the UTTR/DPG. Depending on NASA's decision on the Proposed 
Action as set forth in a ROD, future tiered NEPA analysis would occur after the ROD is 
finalized but before additional action is taken to address specific environmental impacts 
related to EES transportation (e.g., over the road or via aircraft) from the UTTR/DPG 
complex to an SRF. The type, location, construction, and operation of an SRF would 
also be analyzed in specific detail after mission requirements are more robustly 
characterized. 

Because the proposed launches are more than five years away, and the landing 
potentially ten years away, the mission and design requirements are still in development 
and subject to further refinement. As a result, the MSR Campaign and its elements are 
described using the most current planned mission architecture at this time. Should 
substantial changes relevant to environmental concerns, as described and analyzed in 
this PEIS, be proposed for the MSR Campaign architecture or should NASA become 
aware of significant new circumstances or information relevant to environmental 
concerns and bearing on the Proposed Action or its impacts, NASA may prepare a 
supplemental environmental impact statement or analyze the changes in its Tier II 
document for ground elements, as appropriate. 

Flight Elements 

Launches and Landings 

Currently, the Perseverance rover (launch analysis of this aspect was previously 
addressed in the Mars 2020 Supplemental EIS) (NASA 2020a) is collecting samples and 
caching them on the surface of Mars. The Lander—to be launched by NASA at either 
Cape Canaveral Space Force Station or Kennedy Space Center—would deliver the Mars 
Ascent Vehicle with the Orbiting Sample container, a Sample Transfer Arm provided by 
ESA, and up to two Sample Recovery Helicopters to the surface of Mars. The 
Perseverance rover would be the primary means of transporting samples it has retained 
on board directly to the Lander, where the Sample Transfer Arm would load the sample 
tubes into the Orbiting Sample container and attach a closure that would, in conjunction 
with filtered vents, provide for particle containment. The Sample Recovery Helicopter, 
based on the design of the Ingenuity helicopter that landed on Mars with Perseverance 
and has operated well beyond its original planned lifetime, would provide a secondary 
capability to retrieve samples cached on the surface of Mars. The Mars Ascent Vehicle 
would launch the Orbiting Sample container loaded with sample tubes into Mars orbit. 
The Orbiter (also provided by ESA and launched from French Guiana) includes the 
Capture, Containment, and Return System (CCRS) provided by NASA, which would 
capture and contain the Orbiting Sample container for return to the surface of Earth. The 
CCRS comprises four elements: 1) the Capture Enclosure, 2) the Assembly Enclosure, 3) 
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the Earth Entry Vehicle, and 4) the Micrometeoroid Protection System. The CCRS 
captures the Orbiting Sample, ensures the exterior is sterilized and seals it inside a 
second layer of containment within the Earth Entry Vehicle, creating the EES.  

Sample Recovery 

The flight element aspect of the MSR Campaign also includes the recovery of the EES 
once it has landed. Once the EES has landed, the notional plan is that the whole EES 
would be recovered and contained within a “vault” (an environmentally isolated, 
biocontained, safe and secure enclosure) and transported to an SRF (not on the 
UTTR/DPG), where the samples would be processed and analyzed. Transportation of 
the EES from the landing site to an SRF, as well as development and operation of an 
SRF, are considered ground elements of the MSR Campaign. Recovery operations 
specific to the UTTR/DPG are described in Section S.3.1.1 (Site-Specific Aspects 
[UTTR/DPG]). 

Consensus opinion within the astrobiology scientific community supports a conclusion 
that the Martian surface is too inhospitable for life to survive there today, particularly at 
the location and shallow depth (6.4 centimeters [2.5 inches]) being sampled by the 
Perseverance rover in Jezero Crater, which was chosen as the sampling area because 
it could have had the right conditions to support life in the ancient past, billions of years 
ago (Rummel et al. 2014, Grant et al. 2018). There is no current evidence that the 
geologic samples collected by the Mars 2020 mission from the first few inches of the 
Martian surface could contain biological entities (living organisms and/or bioactive 
molecules capable of propagation) that would be harmful to Earth’s environment. 
Nevertheless, out of an abundance of caution and in accordance with NASA policy and 
regulations, NASA would implement measures to ensure that the Mars material is fully 
contained (with redundant layers of containment) so that it could not be released into 
Earth’s biosphere and impact humans or Earth’s environment. The material would 
remain contained until examined and confirmed safe or sterilized for distribution to 
terrestrial science laboratories. NASA and its partners would use many of the basic 
principles that Biosafety Level 4 (BSL-4) laboratories use today to contain, handle, and 
study materials that are known or suspected to be hazardous. 

Although not listed or designated as such under any regulatory definition, the Mars 
samples would be handled in a manner consistent with guidance from protocols for 
Biological Select Agents and Toxins (BSAT) (i.e., 7 CFR Part 331, 9 CFR Part 121, and 
42 CFR Part 73). BSAT are specific biological agents that fall under a congressionally 
mandated level of control. BSAT material requires the use of additional biosafety 
measures (e.g., a higher level of biocontainment). Biocontainment will be accomplished 
per Biosafety in Microbiological and Biomedical Laboratories (CDC 2020) and NIH 
Guidelines for Research Involving Recombinant or Synthetic Nucleic Acid Molecules 
(NIH Guidelines) (National Institutes of Health 2019). Because the samples would be 
treated as though potentially hazardous until demonstrated otherwise, they would be 
handled in a manner that provides the highest level of security and containment during 
the EES landing, recovery, transportation, sample storage, and receiving/curation 
mission phases and that is consistent with BSAT protocols in support of the planetary 
protection requirements. The samples would be stored and handled consistent with 
BSAT protocols until deemed safe for release. 
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Ground Elements 

EES Transportation 

After containment of the EES at the landing site and transfer to the vault, the EES would 
be transported to an SRF. The objective would be to recover the EES, place it in the 
vault, and begin the transport process from the vault location at the UTTR/DPG to an 
SRF as soon as reasonably practicable; NASA intends to move the vault from the 
UTTR/DPG to the SRF as soon as practicable barring specific weather and other day-
of-landing operational constraints. Transport methods have yet to be determined; 
however, the vault would be delivered to the SRF using either over-the-road (OTR) 
transport or a combination of OTR and aircraft (e.g., C-130) transport. Exact 
transportation methods and routes would depend on the type of vault utilized and the 
location of an SRF. Thus, in this PEIS, potential impacts associated with possible 
transportation methods are analyzed from a programmatic perspective based on either 
OTR and/or aircraft use. This programmatic analysis identifies protocols and 
requirements associated with transportation of BSAT-type materials and general 
impacts associated with OTR and/or aircraft use (e.g., air emissions). This PEIS can be 
utilized to guide Tier II analysis once the vault type, location of an SRF, and 
transportation methods to an SRF have been identified and proposed. This PEIS does 
not include site-specific analysis of EES transportation from the landing site to an SRF. 

Transportation of the EES would follow guidelines under U.S. Department of 
Transportation’s Hazardous Materials Regulations (Title 49 CFR Parts 171–180) and the 
Federal Select Agents Program. Section 11 of the select agent regulations (42 CFR § 
73.11, Select Agents and Toxins, Security; 7 CFR § 331.11, Possession, Use, and 
Transfer of Select Agents and Toxins, Security; and 9 CFR § 121.11, Possession, Use, 
and Transfer of Select Agents and Toxins, Security) requires development and 
implementation of a security plan sufficient to safeguard the select agents or toxins 
against unauthorized access, theft, loss, or release. Transportation of the EES would be 
guided by these security requirements as identified through a NASA-developed security 
plan (which will be prepared in coordination with appropriate cooperating and 
coordinating agencies), as well as the results of NEPA analyses, mitigations carried 
forward, and resulting RODs. 

Samples (Mars and landing site soils) would remain in NASA custody from 
landing/retrieval through transport to an SRF; no custody transfer of samples to any 
other entity would occur before the material was determined to be nonhazardous or 
before safe methods for transfer and handling were established and reviewed by 
appropriate authorities. 

Sample Receiving Facility 

An SRF would be a temporary or permanent facility used to isolate unsterilized Mars 
materials from the Earth’s environment. Activities anticipated at this type of facility are 
removal of the Mars samples from the EES; sample safety assessment; curation 
(including the preservation, conservation, management, preliminary examination, 
cataloging, allocation, and distribution) and physical security of Mars materials; and 
analysis, which may include scientific or planetary protection activities. Mars sample 



Mars Sample Return Campaign Programmatic EIS  

S-6  

 

and EES elements would not be released from containment until proven safe by 
analysis or sterilization.  

As proposed, the Mars samples will be handled in accordance with protocols that apply 
to BSAT materials, as described previously. These protocols include appropriate 
measures to store and curate the samples at an existing BSL-4 laboratory, a new-
construction BSL-4 equivalent facility (including modular or mobile). The specific 
requirements for an SRF are currently in development; however, this PEIS applies 
BSL-4 equivalent facility protocols as being representative of construction and operating 
standards that may be adopted in the future to manage the storage and curation of 
Mars samples. As a result, analysis of potential impacts associated with development 
and operation of an SRF are identified and analyzed programmatically in this PEIS. By 
applying the BSL-4 framework, NASA is able to identify and analyze reasonably 
foreseeable environmental impacts of its Proposed Action (e.g., the air emissions from a 
representative existing BSL-4 facility) and evaluate, from a programmatic perspective, 
whether the environmental effects may be significant. This programmatic analysis can 
be utilized to guide SRF type and location planning, as well as analyses once these 
aspects have been identified and proposed.  

S.3.1.1 Site-Specific Aspects (UTTR/DPG) 

Currently, NASA proposes to land the EES on the UTTR (Figure S-2). The proposed 
landing site at the UTTR is referred to as the West Desert of the UTTR South Range. 
The UTTR is a military testing and training area located in Utah’s West Desert in west-
central Utah, primarily in Tooele County (portions of the North Range are in Box Elder 
County), about 129 kilometers (km) (80 miles) southwest of Salt Lake City. NASA 
proposes to utilize the DAF-managed Detachment 1 (Det-1) location adjacent to 
Michael Army Field on DPG as the primary location area for recovery team staging and 
the vault location (see Figure S-3). The Det-1 location is leased from the U.S. Army and 
managed by the DAF. 

The nominal landing target area consists of an ellipse approximately 379 square 
kilometers (km2) (146 square miles [mi2]) contained within an area of the UTTR. The 
nominal ellipse defines the area with a 99.9999 percent probability of nominal landing. 
The notional area associated with an off-nominal (abnormal or unexpected) landing 
event is an expanded version of the nominal ellipse; in off-nominal scenarios, it is 
expected that the landing ellipse may shift further to the northeast but would remain 
within the UTTR boundary. The notional off-nominal ellipse covers an additional area of 
approximately 191 km2 (74 mi2). The entire area susceptible to a small area impact 
(e.g., the size of the EES, which is about the size of a semitruck tire) is approximately 
570 km2 (200 mi2). Figure S-3 shows the nominal, off-nominal, and desired landing 
location (90-percent probability of landing).  

Although the project would be designed to minimize the probability for an off-nominal 
event, the project design is still evolving. While an off-nominal event (one in which the 
EES or its components land outside the 99.9999 percentile ellipse) would be considered 
extremely unlikely, a statistical probability is currently unavailable at this time, as this 
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information would be made available as project design is more defined.1 This 
information is relevant to assessing the potential for impacts to occur outside the 
nominal landing ellipse. However, there is a high degree of certainty that the EES would 
still land on the UTTR should an off-nominal event occur. 

NASA anticipates up to 6 recovery operation dress rehearsals during the 24 months 
prior to EES landing, with a team of up to 12 personnel, depending on required 
operational parameters. Dress rehearsals would likely involve the use of two to four 
helicopters. Additionally, NASA anticipates that a team of up to 40 personnel may be 
staged at the UTTR and/or DPG 6 to 12 months prior to the EES reentry date for site 
preparation and recovery operations setup. Support for dress rehearsals and recovery 
operations setup would likely involve use of equipment (e.g., helicopters, wheeled 
vehicles, etc.), infrastructure (facilities, utilities, etc.), and personnel support supplied by 
the U.S. Army and DAF. This support would be coordinated with the respective 
agencies once requirements have been defined. 

Currently, the UTTR South Range contains debris such as aerial gunnery tow targets 
(referred to as “target darts”). Within the landing ellipse are many target darts, many of 
which (perhaps up to a few hundred) could require removal, which would be conducted 
by the DAF. Prior to landing, a portion of the landing area would be prepared by 
removing landing hazards in order to prevent inadvertent impacts with objects that 
would adversely affect the integrity of the EES. 

After release from the Orbiter, the cone-shaped EES (about the size of a tire on a 
semitruck) would passively enter Earth’s atmosphere on a predictable path shaped by 
gravity and atmospheric drag. It is estimated that the EES will reach terminal velocity2 
(about 35 to 45 meters per second or 78 to 100 miles per hour) before landing; it is 
calculated that after entering the Earth’s atmosphere, it would take approximately 
377 seconds (about 6 minutes) before the EES lands. During reentry, a sonic boom 
would be generated at a very high altitude. The EES would be tracked to its landing 
location using UTTR radar/tracking instrumentation. One or more recovery teams may 
be staged outside the landing ellipse at previously disturbed test sites with road access, 
with the vault located at the DAF-managed Det-1 location adjacent to the Michael Army 
Field runway on DPG.  

Based on drop testing activity, upon landing, the EES would be expected to create an 
impact crater of approximately 1.2 meters (4 feet) in diameter and 0.5 meter (1.6 feet) in 
depth, based on soil composition, with soil ejected from the crater to a distance of 
approximately 15 meters (approximately 49 feet) from the EES. 

Once the EES has landed, one or more recovery teams would transit to the landing site 
(either via helicopter or ground-based vehicles) and contain the EES. The EES would 
be handled under protocols similar to BSL-4 protocols; NASA intends to manage the 
EES, and the Mars material it carries, as potentially hazardous until demonstrated 
otherwise.  

 
1 40 CFR § 1502.21 requires the identification of incomplete or unavailable information when that information is relevant to 

reasonably foreseeable significant adverse impacts. 
2  Terminal velocity is the maximum speed attainable by an object (based on its mass) as it falls through the air (i.e., when the 

resistance of the air has become equal to the force of gravity). 
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Figure S-2. Regional Location of the UTTR and DPG 



 Summary  

S-9 

 

 

Figure S-3. Proposed EES Landing Site and Potential Staging Areas 
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BSL-4 reflects the highest level of containment, handling, and transportation regulatory 
standards (CDC 2020) (49 CFR Parts 171–180, 42 CFR § 73.11, 7 CFR § 331.11, and 
9 CFR § 121.11). Therefore, to ensure proper containment of the site, recovery teams 
would handle the landing event as though a release has occurred. After arrival of the 
recovery team, the landing site around the EES would be cordoned off. The EES would 
be recovered, enclosed within a protective bag similar in function to a biohazard 
containment bag, and then inserted into a 2-meter by 2-meter (6.56-foot by 6.56-foot) 
sealed travel case; the case would be a lightweight, temporary container, designed to 
facilitate rapid transportation from the landing site to the vault. The EES travel case may 
be decontaminated and then would be transported to the vault for shipment to an SRF. 
After removal of the EES, the entire landing site (which may involve the impact area and 
extent of ejecta) may be decontaminated as a precautionary measure.  

Although anticipated as a precautionary measure (release of any Mars materials is 
considered highly unlikely), at this time, the exact decontamination method(s) that may 
be used for the EES travel case and landing site have not been determined.3 For 
purposes of this PEIS, it is assumed that any decontamination activities would be in 
alignment with Chemical, Biological, Radiological, Nuclear, and Explosives (CBRNE) 
response planning for U.S. Environmental Protection Agency (EPA) and the DAF 
Readiness and Emergency Management Office. The standard decontamination of 
biohazards in soil typically involves applying chemical sterilants as liquid or fumigants 
(such as chlorine dioxide or aldehyde) in place (EPA 2017). It is assumed that any 
decontamination would be in situ, using a fumigation method or “safe” liquid (e.g., the 
type used for groundwater decontamination) that would allow soils to remain in place 
with minimal residual hazards, thus eliminating the need for soil removal and minimizing 
any associated waste generation/disposal issues.  

It is anticipated that the vault containing the EES would be transported off the UTTR to 
an SRF location as soon as possible barring specific weather and other day-of-landing 
operational constraints. However, in the event of an off-nominal landing, NASA 
personnel could remain on site for several weeks or months as part of contingency 
activities. Specific contingency activities are unknown at this time, as NASA is currently 
evaluating contingency planning concepts. Contingency activities may be relevant in 
understanding potential impacts associated with health and safety, hazardous material 
and waste, ground disturbance, and infrastructure-related needs. Should these 
contingency activities result in potential impacts outside the scope of those analyzed in 
this PEIS, supplemental NEPA analyses may be required. 

S.3.2 No Action Alternative 

Under the No Action Alternative, the MSR Campaign as described in this PEIS would 
not be undertaken. As a result, investigation of Mars as a planetary system would be 
limited due to the cost and complexity of sending instruments into space or to Mars for 
in situ analyses. By not undertaking the MSR Campaign, scientists would not have 
access to the full breadth and depth of analytical science instruments available in Earth 
laboratories. 

 
3

 40 CFR § 1502.21 requires the identification of incomplete or unavailable information when that information is relevant to 

reasonably foreseeable significant adverse impacts. 
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S.4. ENVIRONMENTAL CONSEQUENCES 

A launch from either Kennedy Space Center or Cape Canaveral Space Force Station in 
Florida would consist of a routine payload and has been addressed in previous NEPA 
analysis; no significant adverse impacts were identified for these activities. Launch of 
the Orbiter from French Guiana is addressed under EO 12114, Environmental Effects 
Abroad of Major Federal Actions. The focus of this PEIS is therefore flyby of the Orbiter, 
to include release, entry, and landing of the EES; initial recovery; containment; and 
handling of the EES on Earth’s surface. 

This Tier I PEIS considers the overarching environmental impacts associated with the 
proposed MSR Campaign and near-term decisions, which NASA and cooperating 
agencies may then incorporate into subsequent, tiered analyses and decisions 
associated with future proposed MSR Campaign activities. 

S.4.1 No Action Alternative 

Potential impacts associated with transportation of Mars samples and development of 
an SRF would not be realized. The No Action Alternative would not result in any 
additional resource-related impacts at the UTTR, DPG, or surrounding areas outside of 
those associated with ongoing and potential future military operations and other 
activities occurring at the site. 

S.4.2 Proposed Action 

S.4.2.1 Health and Safety 

Programmatic Analysis 

Significant adverse impacts associated with EES transportation to an SRF are not 
anticipated. The travel and handling procedures for the EES and the security and 
functionality of the SRF would be based heavily on the proven techniques used for 
safely handling biological toxins and known infectious agents used in Earth-based 
research labs. Potential impacts associated with SRF development and operation would 
be related to the location of the facility, as well as the type and size. Tier II analyses for 
determination of impacts associated with health and safety would consider the location 
of the proposed facility and surrounding community/land use type, health and safety 
system requirements associated with a BSL-4 equivalent facility, and risk analysis 
involving failure of containment systems that results in a release within the facility. 

Site-Specific Analysis (UTTR/DPG) 

Significant adverse impacts at the UTTR or DPG are not anticipated. During landing site 
preparation, the potential for unexploded ordnance (UXO) encounters is small, and 
there would be a UXO technician with project personnel during all operations in the 
area. Personnel tasked with debris removal activities would be trained to identify 
potential UXO, and removal would be deferred to trained explosive ordnance disposal 
personnel in accordance with Air Force Manual (AFMAN) 32-3001, Explosive Ordnance 
Disposal (EOD) Program. With regard to EES release and landing, the MSR Campaign 
has established stringent probability targets to drive robust containment engineering. 
The MSR Campaign selected a target value equivalent to a 99.9999 percent probability 
of successful containment. These targets are applied to each of three material vectors 



Mars Sample Return Campaign Programmatic EIS  

S-12  

 

or pathways along which Mars material may reach Earth: 1) free particle transport; 2) 
approach, entry, and descent; and 3) landing. Throughout MSR Campaign element 
design, NASA will continue to assess numerous factors that may influence Mars 
material containment and/or sterilization success for each vector. For EES recovery, all 
personnel involved in recovery operations would be required to wear personal protective 
equipment (PPE). After the EES has been transferred, in the travel case, from the site 
to the vault, soil and PPE may be decontaminated. The exact means of potential 
decontamination has not been determined. However, any decontamination activities 
would follow standard decontamination protocols for biological hazards typically 
involving application of chemical sterilants as liquid or fumigants at the landing site in 
place. All activities would be in alignment with CBRNE response planning for EPA and 
the DAF Readiness and Emergency Management Office. 

S.4.2.2 Cultural Resources 

The effect of mission preparation, landing, and retrieval of the EES is discussed under 
Site-Specific Analysis. 

Programmatic Analysis 

Transportation of the EES to an SRF would not be expected to result in any cultural 
resource impacts. Furthermore, operation of an SRF would not be anticipated to impact 
cultural resources; the main impact driver for this resource is the development of an 
SRF. Construction activities that may impact cultural resources are all ground-disturbing 
activities, including land clearing, earth moving, excavation, and vehicle and equipment 
operation on unpaved surfaces. These activities may result in physical disturbance of 
any surface or subsurface archaeological resources that may be present in the areas 
disturbed. Direct adverse effects would result if any of the archaeological resources are 
listed on or eligible for listing in the National Register of Historic Places (NRHP). 
Potential impacts associated with SRF development would be related to the location of 
the facility, as well as the type and size. Tier II analyses would initiate the NHPA Section 
106 consultation process early in the planning process to identify any historic properties 
and/or significant traditional cultural resources that may or may not meet the NRHP 
criteria (as defined in 36 CFR § 60.4) but that are properties of cultural, historical, or 
religious significance to American Indian Tribes or other recognized traditional cultural 
groups within or near the APE. Additionally, the effects of the undertaking on identified 
properties and/or traditional resources would be assessed, and any necessary 
mitigations required to avoid or minimize identified adverse effects would be identified. 

Site-Specific Analysis (UTTR/DPG) 

NASA, with the DAF as the lead, has conducted consultation with the Utah State 
Historic Preservation Officer (SHPO), the Advisory Council on Historic Preservation 
(ACHP), and other entities regarding the effects of the Proposed Action to historic 
properties, in accordance with Section 106 of the NHPA. NASA (as the lead agency), in 
coordination with the DAF and U.S. Army, also initiated consultation with 21 Federally 
recognized Native American tribes on a government-to-government basis. Although 
NASA received no comments from the 21 tribes, tribal consultation will remain ongoing 
as part of normal government-to-government interactions. Section 106 consultation for 
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activities within this Tier I analysis with the potential for impacts to historic properties 
was completed in a March 2023 letter from NASA to all consulting parties announcing 
the execution of a Memorandum of Understanding between NASA and Hill Air Force 
Base (AFB) (the responsible land manager of the UTTR) transferring the lead Agency 
responsibility for the Section 106 consultation to the DAF, and the execution of a 
Programmatic Agreement between Hill AFB, the Utah SHPO, and the ACHP, which 
includes protocols and stipulations for Operational Retrieval of Objects. Ground 
disturbance associated with on-site mission preparation (to include testing and 
rehearsals and landing site preparation), EES landing, and EES recovery could result in 
adverse effects to historic properties if there are any that cannot be avoided during 
vehicular transit to/from each object location or if an object is located within an 
archaeological site eligible for listing in the NRHP. Any potential adverse effects would 
be mitigated through the Standard Mitigation Treatment Measures within the 
aforementioned Programmatic Agreement, which includes stipulations for range 
clearance activities. 

S.4.2.3 Hazardous Materials and Waste 

Programmatic Analysis 

Transportation of the EES to an SRF would not be expected to involve the use of 
hazardous materials or generation of hazardous wastes. Hazardous materials may be 
used, and waste generated, as a part of the construction and operation of an SRF. 
Typical construction-related hazardous wastes consist of petroleum, oils, and lubricants, 
as well as paints, adhesives, and solvents. The amounts of hazardous materials used 
and wastes generated would depend on the size and type of facility. Types of 
hazardous materials and wastes associated with operation of an SRF facility would 
likely be consistent with operation of other similar types of facilities and could include 
materials/wastes such as flammable liquids; flammable, toxic liquids; corrosive liquids; 
oxidizing liquids; and ethidium bromide solids. The types and quantities of hazardous 
materials and wastes used would be particular to the size and function of an SRF. 
Regardless, all hazardous materials and wastes would be managed according to 
applicable Federal, state, and local requirements depending on hazardous waste 
generator status (i.e., large, small, or very small quantity generator). Exact types of 
hazardous materials that would be used; wastes generated; associated potential 
impacts; and applicable Federal, state, and local requirements will be addressed in the 
Tier II NEPA analyses. 

Site-Specific Analysis (UTTR/DPG) 

No significant adverse impacts are anticipated at the UTTR or DPG. Regarding landing 
site preparation, target darts are nonhazardous material (consisting of wood and metal), 
and the small amount of waste material generated could be disposed of as standard 
industrial waste or recycled. Any soil and/or debris associated with landing site 
preparation that would be disposed of offsite would require sampling to determine 
appropriate disposition (e.g., solid waste or hazardous waste fill). Although UXO 
encounters are unlikely (Section 2.1.3.1, Landing at Utah Test and Training Range), any 
potential UXO encountered would be handled in accordance with AFMAN 32-3001, 
Explosive Ordnance Disposal (EOD) Program. The EES contains de minimis amounts 
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of hazardous materials consisting of standard aerospace adhesive materials; there are 
no fuels or other petroleum products used in the EES. The process of retrieving the 
EES and placing it into the vault would be assumed to generate potentially hazardous 
biological waste until demonstrated otherwise. All the systems used, including 
personnel protective gear, would be assumed to be contaminated and would either be 
decontaminated or simply discarded as hazardous waste. Wastes could include plastics 
and clothing. Any liquids used in the decontamination process would be absorbed onto 
solids prior to disposal. It is assumed that any soil decontamination would be in situ 
using a fumigation method or “safe” liquid (e.g., the sort used for groundwater 
decontamination) that would allow soils to remain in place with minimal residual 
hazards, thus eliminating the need for soil removal and minimizing any associated 
waste generation/disposal issues. 

NASA would be accountable to the DAF and U.S. Army for complying with all applicable 
laws governing the proper handling of materials and disposal of waste on their 
properties. Occupational Safety and Health Administration requirements would also 
apply, depending upon the status of personnel (civilian, military, contractor) regarding 
the use of appropriate PPE, etc. This compliance must also incorporate and abide by 10 
U.S.C. 2692 (Storage, treatment, and disposal of nondefense toxic and hazardous 
materials) requirements for the storage, treatment, and disposal of nondefense 
toxic/hazardous materials on Department of Defense property. NASA may need a 
waiver from the DAF and/or U.S. Army to bring any required hazardous materials onto 
respective properties. For hazardous waste disposal, NASA would work with the DAF 
and U.S. Army to determine waste management responsibilities (under the 
requirements of the Hill AFB Hazardous Waste Management Plan (Hill AFB 2016), any 
applicable U.S. Army requirements, and Federal and state regulations) and codify these 
in a Memorandum of Understanding/Agreement. NASA may pursue acquiring its own 
EPA Generator identification number for this particular project. 

S.4.2.4 Soils and Geology 

Programmatic Analysis 

Transportation of the EES to an SRF would not be expected to interact with soils. 
Operation of an SRF would not be anticipated to impact soils or geology; the main 
impact driver for this resource is the site development associated with establishment of 
an SRF. The amount of soil disturbance and associated extent of adverse impacts 
would be dependent on the type and size of the facility, as well as the need for any 
additional or ancillary infrastructure (such as underground utilities and parking). The 
potential for any site-specific impacts to soils and geology associated with SRF 
development will be addressed in Tier II NEPA analyses, which would consider the soil 
types potentially impacted; the amount/area of soil potentially disturbed and the 
potential for, and scope of, soil erosion; the need for a National Pollutant Discharge 
Elimination System permit; geologic limitations and/or influence on-site development; 
and identification of any necessary mitigations required to avoid or minimize identified 
adverse impacts. 



 Summary  

S-15 

 

Site-Specific Analysis (UTTR/DPG) 

There would be ground disturbance associated with on-site mission preparation (to 

include testing and rehearsals and landing site preparation), EES landing, and EES 

recovery operations; however, disturbance would be localized and would not result in 

loss of soil productivity or significant erosion given the flat land area and lack of 

substantive precipitation. Given the context of the landing site and low intensity of the 

action, these activities are expected to have minimal impacts on soils and geology at 

the UTTR. Ground disturbance for similar activities at the UTTR were found to have no 

significant impacts on soils or geology. During landing site preparation and EES 

recovery operations, standard practices for preventing soil erosion would be employed, 

such as minimizing the size of the disturbed area associated with landing site 

preparation activities (e.g., aerial target debris removal) and EES recovery operations; 

stockpiling of all excavated soils and protection from wind and water erosion, with 

replacement or removal of stockpiles when activity is complete; and, to the maximum 

extent practicable, restoration of the environmental condition of the affected landing 

area to its pre-disturbance condition. 

S.4.2.5 Biological Resources 

Programmatic Analysis 

Transportation of the EES to an SRF would not be expected to have an interaction with 
biological resources. Additionally, operation of an SRF would not be anticipated to 
impact biological resources; the main impact driver for this resource is the development 
of an SRF. Construction activities that may impact biological resources include vehicle 
and equipment operation, land clearing, earth moving, stormwater runoff, and potential 
introduction of invasive species. The potential for any site-specific impacts to biological 
resources associated with SRF development will be addressed in Tier II NEPA 
analyses. Analyses would consider the habitat type and amount of habitat area 
potentially impacted; identification of the vegetation, wildlife, and special-status species 
(e.g., Federally and/or state-listed, threatened, endangered, or candidate species) 
potentially impacted within the context of importance (legal, commercial, ecological, or 
scientific) of the species, habitat function, sensitivity, and the availability of regionally 
similar resources and the need for associated consultation under Section 7 of the 
Endangered Species Act; and identification of any necessary mitigations required to 
avoid or minimize identified adverse impacts. Were NASA to identify a location for the 
SRF that would potentially impact species listed under the Endangered Species Act or 
associated critical habitat, NASA would be required to consult with the respective 
USFWS district under Section 7 of the Endangered Species Act. 

Site-Specific Analysis (UTTR/DPG) 

On-site mission preparation (to include testing and rehearsals and landing site 

preparation), EES landing, EES recovery, and EES transportation operations are 

expected to have minimal direct and/or indirect impacts on the biotic environment at the 

UTTR, given the context of the landing area (e.g., desert playa with sparse vegetation 

and lack of suitable wildlife habitat) and the intensity of the action (minor, temporary 

disturbance). Based on analysis presented in this PEIS, there are no Endangered 
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Species Act-protected species located on the UTTR; thus, there would be no effect to 

Endangered Species Act-protected species, and consultation with the U.S. Fish and 

Wildlife Service is not required. 

S.4.2.6 Water Resources 

Programmatic Analysis 

Transportation of the EES to an SRF would not be expected to have an interaction with 

water resources. Both construction and operation of an SRF may have the potential to 

affect water resources, each in a different manner. Depending on the type and size of 

the facility, operation of the SRF may involve industrial stormwater discharges to the 

environment, while development of the SRF may have a direct or indirect impact on 

water resources from sedimentation runoff during construction and may require a 

general stormwater construction permit. The potential for any site-specific impacts to 

water resources associated with SRF development and operation will be addressed in 

Tier II NEPA analyses, which would identify water resources within the affected 

environment, to include wetlands and floodplains, stormwater runoff analysis, and 

potential groundwater use. If site development results in direct impacts to wetlands, 

coordination with the U.S. Army Corps of Engineers may be required for a jurisdictional 

wetland determination, and a Clean Water Act Section 404 permit may be required. If 

site development results in direct impacts to wetlands or floodplains, NASA would be 

required to identify the lack of practicable alternatives to that particular site. 

Site-Specific Analysis (UTTR/DPG) 

Given the context of the action area (no water resources), on-site mission preparation 

(to include testing and rehearsals and landing site preparation), EES landing, EES 

recovery, and EES transportation operations are expected to have no direct or indirect 

impacts to water resources at the UTTR or DPG.  

S.4.2.7 Air Quality/Climate 

Programmatic Analysis 

Transportation of the EES to an SRF would be expected to result in de minimis air 

emissions associated with either aircraft or OTR vehicles. However, both construction 

and operation of an SRF may have the potential to affect air quality associated with 

emissions from point sources and mobile sources. Construction requiring ground 

improvements would result in mobile air emissions from equipment use, as well as 

particulate matter from fugitive dust emissions. Facility operations could involve air 

emissions of criteria pollutants, depending on the types of operations conducted and 

whether there are direct air exhaust systems or roof stacks for incineration activities. The 

potential for any site-specific impacts to air quality associated with SRF development and 

operation will be addressed in Tier II NEPA analyses, which would analyze air emissions 

associated with construction and operation as compared to current local/regional 

emissions and National Ambient Air Quality Standards thresholds to determine any 

exceedances of certain criteria pollutant thresholds that may require general conformity 
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analysis. Analyses would also consider whether a Prevention of Significant Deterioration, 

nonattainment New Source Review, or Title V permit is required. 

Site-Specific Analysis (UTTR/DPG) 

On-site mission preparation (to include testing and rehearsals and landing site 

preparation), EES landing, EES recovery, and EES transportation operations are 

expected to have minimal direct impacts on Tooele County air quality and climate, given 

the context of the landing area (remote site on an active military range with more 

extensive air emissions) and the intensity of the action (temporary de minimis emissions 

from mobile sources and fugitive dust). 

S.4.2.8 Land Use 

Programmatic Analysis 

Transportation of the EES would not be expected to result in any land use impacts. 
Temporary impacts on land use from construction operations can affect ongoing uses in 
nearby areas, both on and off the SRF site. These impacts include elevated traffic, 
including heavier-than-usual truck traffic; dust from ground disturbance and site 
preparation; and noise from construction equipment. While these effects can cause 
inconvenience and some annoyance for local users, upon completion of construction, 
these effects would cease. Were NASA to propose siting the SRF in an area of 
incompatible land use, adverse impacts to existing uses could occur. The significance of 
the environmental impact of SRF siting on land use would be affected by the location 
and type of SRF NASA determines is best suited to carry out the purpose and need for 
the Proposed Action. The potential for any site-specific impacts related to land use 
associated with SRF development and operation will be addressed in Tier II NEPA 
analyses, which would determine whether the proposed site meets zoning requirements 
and/or is incompatible with an existing land use or reasonably foreseeable land use due 
to noise, safety, or other issues and mitigations that may serve to minimize or avoid 
these types of impacts. Additionally, analyses would include identification of potential 
ancillary effects to nearby properties, such as increased traffic and lighting and visual 
effects, and mitigations that may serve to minimize or avoid these types of impacts. 

Site-Specific Analysis (UTTR/DPG) 

On-site mission preparation (to include testing and rehearsals and landing site 
preparation), EES landing, EES recovery, and EES transportation operations are 
expected to have no impacts to UTTR or DPG land use, given the context of the 
activities (within an active military installation and roads for intended use) and the 
intensity of the action (occasional, discrete short-term events). 

S.4.2.9 Socioeconomics 

Programmatic Analysis 

Transportation of the EES to an SRF would not be expected to have any socioeconomic 
impact. Development activities would likely result in some beneficial direct, indirect, and 
induced economic impacts in terms of employment and income, with the scope of 
benefit tied to the size and type of facility. Construction-related impacts would last for 
the duration of the activities. Long-term socioeconomic impacts would be directly tied to 
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the number of new jobs created and the projected population increase associated with 
those jobs. Employment numbers would be dependent on the type and size of the 
facility. Direct impacts to housing, education, and public services (e.g., emergency 
services) would also be dependent on local population increases. Depending on the 
scope of any increase in local population, impacts can adversely affect these aspects if 
availability and capacity cannot adequately accommodate the increase. The potential 
for any site-specific socioeconomic impacts associated with SRF development and 
operation will be addressed in Tier II NEPA analyses. Analyses would consider the 
number of projected workers required and the ability of local workforce to meet demand; 
the local population and population trends and whether any influx of workers (temporary 
and permanent and estimated dependents) would result in a substantive increase in 
population; and, if there was a projected substantive increase in population, would 
determine whether housing availability and education and public services could 
accommodate the associated increase in demand. 

Site-Specific Analysis (UTTR/DPG) 

Within the context of the Proposed Action, mission preparation activities, EES landing 
site preparation, EES landing recovery operations, and sample transportation would be 
expected to have no adverse impacts to socioeconomics, because activities would be 
within the existing range and there are no anticipated effects outside this area. There 
may be de minimis beneficial impacts associated with NASA scientists and other 
recovery team members utilizing services (e.g., hotels, restaurants, etc.) within the local 
community during their time at the UTTR or DPG. 

S.4.2.10 Environmental Justice / Protection of Children 

Programmatic Analysis 

Transportation of the EES to an SRF would not be expected to have any impact to 
environmental justice communities. Impacts to environmental justice communities from 
development and operation of an SRF would be based on the extent to which minority 
and low-income populations reside within the affected environment. Potential 
environmental justice impacts are directly tied to the location of the facility and would 
require site-specific analysis. The potential for any site-specific environmental justice-
related impacts associated with SRF development and operation will be addressed in 
Tier II NEPA analyses. Such analyses would consider the extent to which minority and 
low-income populations reside within the affected environment; the extent to which 
children and elderly populations reside within the affected environment; and whether the 
site-specific effects of any identified noise, land use, and air quality impacts would have 
disproportionate effects on these populations and would identify any mitigations that 
may serve to minimize or avoid disproportionate impacts to environmental justice 
populations. 

Site-Specific Analysis (UTTR/DPG) 

Within the context of the Proposed Action, there are no environmental justice concerns 
associated with on-site mission preparation (to include testing and rehearsals and 
landing site preparation) or EES landing and recovery operations, as these activities 
would all occur within the confines of the UTTR South Range and DPG boundary. There 
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are no anticipated effects outside this area; therefore, there would be no environmental 
justice concerns associated with activities at the UTTR or DPG.  

S.4.2.11 Noise 

Programmatic Analysis 

Transportation of the EES to an SRF would not be expected to result in any significant 
adverse noise impacts. Development of an SRF would generate localized noise 
associated with heavy equipment and generator operation; such noise would be 
temporary (lasting only the duration of the construction project) and would be expected 
to be limited to normal working hours. Construction activities would not be expected to 
result in significant community noise impacts, provided the location is not within or 
adjacent to a residential area. Operationally, external noise may be generated by such 
equipment as cooling towers, laboratory ventilation fans, and emergency generators. 
The need and extent of this type of equipment would be dictated by facility design. 
Provided the facility is located within compatible land use areas, it is unlikely that 
operational noise would result in significant impacts. A noise assessment based on 
facility design would determine potential noise emissions and compatibility with local 
noise ordinances. The potential for any site-specific noise-related impacts associated 
with SRF development and operation will be addressed in Tier II NEPA analyses. Noise 
analysis would assess the potential noise generated by construction and operation of 
the facility and identify adjacent land uses and adjacent sensitive noise receptors (e.g., 
residences, schools, elder-care facilities, etc.). Analyses would then determine whether 
the noise generated from these activities would result in significant increases in noise 
for sensitive receptors, determine whether noise generated from these activities would 
exceed any state or local noise ordinances, and identify any mitigations that may serve 
to minimize or avoid any adverse impacts. 

Site-Specific Analysis (UTTR/DPG) 

Upon entering the Earth’s upper atmosphere, the EES would create a sonic boom 
above the UTTR. UTTR airspace is currently utilized for supersonic aircraft operations, 
and this one-time event would be indistinguishable from regular UTTR operations. This 
sonic boom, while somewhat audible at this altitude, would not be expected to result in 
overpressures at ground level that would result in hearing or structural damage. 
Transport of the EES would result in negligible, transient noise associated specifically 
with the transportation mode selected (e.g., truck, aircraft). Based on the type of noise, 
context of occurrence (roadways or airfields), and single-event transient intensity, this 
type of noise would not be expected to result in adverse impacts. 

S.4.2.12 Infrastructure 

Programmatic Analysis 

Transportation of the EES would utilize the national and/or local transportation 
infrastructure network and would not be expected to have any adverse impacts. The 
main impact driver for utilities is operation of an SRF; development would not be 
expected to result in any adverse utility impacts. The size and intended operational 
parameters of the facility would dictate the amount of electricity and/or natural gas and 
potable water required, as well as wastewater generation. The size, location, and 
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number of employees required for a facility would also determine the extent of potential 
impacts to local transportation networks. The scope of the impacts would also depend 
on the existing level of service for surrounding transportation networks. The potential for 
any site-specific impacts to infrastructure associated with SRF development and 
operation will be addressed in Tier II NEPA analyses. Tier II analyses will address 
existing affected environment utility infrastructure, operational utility loads based on 
facility equipment types and number of employees, the extent to which these loads 
would burden local utility systems and providers, and whether utility system upgrades or 
use permits would be required. Analyses will also identify necessary transportation 
network level of service and whether the number of employees and associated traffic 
would adversely affect the level of service. 

Site-Specific Analysis (UTTR/DPG) 

Under the Proposed Action, on-site mission preparation (to include testing and 
rehearsals and landing site preparation), EES landing, and EES recovery would not 
require the construction of new, or modification of existing, UTTR or DPG infrastructure. 
Hookups to existing Det-1 utility infrastructure for temporary use (e.g., electricity for 
trailers, communications, etc.) may be required, a small number of wheeled vehicles 
may utilize UTTR and DPG roads, and recovery team members may use local 
roadways transiting to/from the UTTR. These activities would not be expected to impact 
infrastructure or utility use on UTTR, DPG, or local roadways. 

S.4.2.13 Cumulative Impacts 

Council on Environmental Quality regulations implementing NEPA require that the 
cumulative impacts of a proposed action and alternatives be assessed (40 CFR Parts 
1500–1508). Cumulative effects are defined as “effects on the environment that result 
from the incremental effects of the action when added to the effects of other past, 
present, and reasonably foreseeable actions regardless of what agency (Federal or 
non-Federal) or person undertakes such other actions. Cumulative effects can result 
from individually minor but collectively significant actions taking place over a period of 
time...” (40 CFR § 1508.1(g)(3)). 

Programmatic Analysis 

From a programmatic perspective, EES transportation would not be expected to result 
in cumulative impacts; this is a discrete event that would have de minimis impact on the 
environment. Cumulative impacts associated with development of an SRF will be 
addressed in the subsequent Tier II analyses once alternatives have been identified. At 
that time, past, present and reasonably foreseeable future actions relevant to the 
affected environment would be identified and analyzed. Analyses would consider 
relationships between the alternatives and other identified actions interacting within the 
same affected environment(s). 

Site-Specific Analysis (UTTR/DPG) 

The UTTR and the Det-1 location are currently utilized for military testing and training 
operations; this would be expected to continue into the future. Other than debris 
removal as part of landing site preparation, no long-term impacts to the UTTR or the 
Det-1 location would be expected, due to the discrete nature of the action. Mission 
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preparation activities and the presence of NASA personnel at the UTTR/DPG within the 
24 months prior to EES landing would result in only minimal short-term impacts, as 
NASA personnel would leave once the mission is complete. The use of facilities at the 
UTTR and the Det-1 location for retrieving the Mars samples would be consistent with 
existing operations and would pose no new types of impacts. Existing facilities and 
infrastructure would be utilized, and no new facilities on site or offsite would be needed. 
Any impacts of the MSR Campaign at the UTTR and DPG would be negligible. The 
incremental impact of the mission would not add to or create any long-term cumulative 
effect on the local or regional environment. 

S.4.2.14 Irreversible and Irretrievable Commitment of Resources 

The primary irretrievable impacts of implementation of the Proposed Action would 
involve the use of energy, labor, and materials and funds. From a programmatic 
perspective, development of an SRF may involve conversion of some lands from an 
unimproved or semi-improved condition through the construction of buildings and 
facilities; however, this would depend on where the SRF is sited and would be required 
to be addressed under Tier II analyses. Irretrievable impacts would occur as a result of 
construction, facility operation, and maintenance activities. Direct losses of biological 
productivity and the use of natural resources from these impacts will be considered as 
part of Tier II analyses. 

S.4.2.15 Unavoidable Adverse Impacts 

For the MSR launch, landing, and recovery operations, analyses of the Proposed Action 
identified unavoidable adverse impacts associated with soil disturbance from landing 
site preparation and EES recovery activities. However, these adverse impacts have 
been shown to not be significant based on the context (dry, flat lakebed on a military 
installation) and intensity (single event) of the Proposed Action. With regard to SRF 
development and operations, unavoidable adverse impacts would be dependent on the 
scope of a particular SRF development scenario, with impacts related to the size of the 
facility and the location to be developed. Unavoidable adverse impacts could be 
associated with air emissions from ground disturbance and operations; impacts to 
natural resources (e.g., forested areas, wildlife, etc.) from ground disturbance, 
depending on location developed; and impacts to local infrastructure and utilities, 
depending on the ability of the locale to support SRF operations. These factors will be 
considered as part of Tier II NEPA analyses for development of an SRF once SRF 
requirements and potential locations have been identified. 

S.4.2.16 Short-Term Uses and Maintenance and Enhancement of Long-Term 
 Productivity 

Analysis of short-term environmental impacts of development of an SRF and on the 
maintenance and enhancement of the long-term productivity would be wholly dependent 
on the location and scope of the SRF. Short term uses of fossil fuels and natural 
resources (e.g., concrete, wood, metal, etc.) during development of an SRF would 
occur, the quantity of use dependent on the scope of the SRF (e.g., development a 
mostly modular facility would likely require far fewer natural resources and fossil fuel 
use than would a complete, large brick-and-mortar facility). Operation of an SRF would 
also require use of electrical energy, potable water, and potentially natural gas. 
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Similarly, the amount of resource use for operations would be dependent on the scope 
of the SRF, as well as implementation of any environmental and “green” design 
considerations. These factors will be considered as part of Tier II NEPA analyses for 
development of an SRF once SRF requirements and potential locations have been 
identified.  

Implementation of the Proposed Action would result in impacts limited to the UTTR/DPG 
and has been shown to have no significant short- or long-term adverse impacts. As a 
result, no adverse impacts to the maintenance and enhancement of the long-term 
productivity of the UTTR/DPG would be expected. 
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Pressure 

1 newton/square meter (N/m2) =    1 psf = 48 N/m2 
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1. PURPOSE AND NEED FOR THE PROPOSED ACTION 

This Programmatic Environmental Impact Statement (PEIS) identifies and analyzes 
potential environmental impacts of the Mars Sample Return (MSR) Campaign Proposed 
Action and No Action Alternative. This PEIS has been prepared in accordance with the 
National Environmental Policy Act (NEPA) of 1969, as amended (42 United States 
Code 4321 et seq.); Executive Order (EO) 12114, Environmental Effects Abroad of 
Major Federal Actions; the 2022 Council on Environmental Quality Regulations for 
Implementing the Procedural Provisions of NEPA (Title 40 Code of Federal Regulations 
[CFR] Parts 1500–1508); NASA’s procedures for implementing NEPA (14 CFR § 
1216.3); and the Department of the Air Force (DAF) procedures for implementing NEPA 
in the Environmental Impact Analysis Process (EIAP) (32 CFR Part 989).  

1.1 BACKGROUND 

NASA, in coordination with the European Space Agency (ESA), proposes to conduct a 
campaign to retrieve samples from Mars and transport them to Earth. A scientifically 
selected set of samples (i.e., Martian rocks, regolith,4 and atmosphere), acquired and 
cached on the surface of Mars by the Perseverance rover, would be returned to Earth 
for scientific analysis and research.  

The proposed MSR Campaign involves several flight elements associated with retrieving 
the samples on Mars, launching them into Mars orbit, capturing the samples in orbit, and 
returning them to Earth for study. The proposed Earth Entry System (EES) landing location 
is the DAF-managed Utah Test and Training Range (UTTR), with supporting activities 
proposed at U.S. Army-managed Dugway Proving Ground (DPG). Additional Earth-based 
ground elements associated with sample transportation (utilizing over-the-road and/or 
aircraft to transport the EES off the UTTR) and sample management/research (otherwise 
referred to as “curation”) involving the development and operation of a Sample Receiving 
Facility (SRF) are also part of the MSR Campaign architecture. 

Overall, the proposed MSR Campaign spans five elements:  

• three flight elements, which include (1) the Perseverance rover (previously 
addressed in the Final Supplemental Environmental Impact Statement for the 
Mars 2020 Mission) (NASA 2020a); (2) the Sample Retrieval Lander and its 
subcomponents (the “Lander”); and (3) the Earth Return Orbiter (the “Orbiter”), 
with its subcomponents5 and recovery of the EES for temporary storage for 
preparation of ground elements; and 

• two ground elements, which include (4) EES transportation off of the UTTR and 
(5) an SRF.  

The Mars 2020 mission launched the Perseverance rover in July 2020; the rover landed 
on Mars in February 2021 and began collecting and storing samples for potential return 
to Earth for study.  

 
4  Regolith is a section of loose unconsolidated rock and dust that sits atop a layer of bedrock. 
5  Subcomponents are detailed in Chapter 2 (Description of the Proposed Action and Alternatives). 
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Figure 1.1-1. MSR Campaign Elements 

A launch from either Kennedy Space Center or Cape Canaveral Space Force Station 
(CCSFS) in Florida would consist of a routine payload and has been addressed in 
previous NEPA analysis (see Table 1.1-1), and launch of the Orbiter from French 
Guiana is addressed under EO 12114, Environmental Effects Abroad of Major Federal 
Actions (see Appendix C, NASA Environmental Checklists). NASA is taking a 
programmatic approach to analyzing the environmental consequences of the remaining 
MSR Campaign program elements because of the campaign’s large scope and 
uncertainty regarding future timing, locations, and environmental impacts associated 
with ground element actions. This programmatic approach allows for near-term focus on 
issues ripe for decision and establishes a foundation for follow-on tiering (sequencing) 
to future actions and minimizing detailed topics previously decided at the initial 
programmatic level. This PEIS programmatically addresses the potential impacts 
associated with all elements of the MSR Campaign and site-specifically addresses 
potential impacts at the UTTR. Future tiered analyses are planned to address site-
specific impacts associated with sample transportation and development and operation 
of an SRF.  

The focus of this PEIS is therefore flyby of the Orbiter, to include release, entry, and 
landing of the EES; initial recovery; containment; and handling of the EES on Earth’s 
surface. Depending on NASA's decision on the Proposed Action as set forth in a Record 
of Decision (ROD), future tiered NEPA analysis would occur after the ROD is finalized but 
before additional action is taken regarding EES transportation planning and SRF siting 
and development. Future tiered NEPA analysis would address specific environmental 
impacts related to EES transportation (e.g., over the road or via aircraft) from the UTTR 
complex to an SRF. The type, location, construction, and operation of an SRF would also 
be analyzed in specific detail after mission requirements are more robustly characterized. 

In summary, this Tier I PEIS considers the overarching environmental impacts 
associated with the proposed MSR Campaign and near-term decisions, which NASA 
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and cooperating agencies may then incorporate into subsequent, tiered analyses and 
decisions associated with future proposed MSR Campaign activities. 

The analysis in this PEIS will be used by decision makers to determine whether to 
proceed with the MSR Campaign and utilize the UTTR as a landing site for the EES. 
Decisions regarding specific methods of sample transportation from the landing site to 
an SRF, as well as the type and location of an SRF, will be deferred to a Tier II analysis 
once the requirements for such activities have been fully defined. 

Applicability of Previous NEPA Analysis 

The specific launch vehicle for the Lander component has not yet been determined.6 
The Lander launch would occur from either CCSFS or Kennedy Space Center (both in 
Brevard County, Florida), depending on the launch vehicle selected, with the launch 
vehicle dependent on Lander design. The launch of the Orbiter would occur from the 
ESA launch facility located in French Guiana. 

The specific Lander design and payload are still under consideration; however, the 
payload is not proposed to contain any nuclear materials (e.g., radioisotope heater 
units). As a result, the launch flight element would be considered a “routine payload 
mission.” Routine payload missions were previously analyzed by NASA for CCSFS and 
Kennedy Space Center in the Final Environmental Assessment for Launch of NASA 
Routine Payloads (NASA 2011) (the “NASA Routine Payload Environmental 
Assessment [EA]”), which concluded that if payload characteristics were within the 
scope of the EA’s analysis, then the launch would not result in significant impacts to the 
quality of the human environment. For purposes of analysis within this PEIS, it is 
assumed that any Lander launch involving routine payloads would fall within the scope 
of the previous NEPA analysis conducted for routine payloads and is not analyzed 
further in this document. 

Because the NEPA analysis of the launch associated with the Lander would be covered 
under the NASA Routine Payload EA (NASA 2011), the NEPA coverage for this 
element is provided using the NASA Routine Payload EA environmental checklist, 
which is included in Appendix C (NASA Environmental Checklists) of this PEIS. If the 
launch flight element for the Lander and/or the associated launch location would not fall 
within the scope of the previous NEPA analysis, then supplemental NEPA analysis may 
be required. Because the Orbiter launch occurs outside the jurisdiction of the United 
States, it is covered under the EO 12114 checklist (see Appendix C). 

The scope of the Proposed Action was also evaluated against other previous NEPA 
documentation for similar actions to determine the necessary scope of analysis within this 
PEIS. Table 1.1-1 lists previous NEPA analyses conducted by NASA and or the DAF, the 
outcome/determination of the associated NEPA analysis, and the relevance to the 
Proposed Action. 

 
6 40 CFR § 1502.21 requires the identification of incomplete or unavailable information when that information is relevant to 

reasonably foreseeable significant adverse impacts. 
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Table 1.1-1. Applicability of Previous NEPA Analysis 

NEPA Document Analysis Conducted 
Outcome/ 

Determination 
Relevance to Proposed 

Action 

Final Environmental 
Assessment for Launch of 
NASA Routine Payloads – 
2011 (NASA 2011) 

Potential impacts were assessed 
from routine (non-nuclear) payload 
launches from CCSFS and KSC 
utilizing the following launch 
vehicles: Atlas, Delta, Taurus, 
Pegasus XL, Falcon, Minotaur, and 
Athena. 

FONSI 

The Proposed Action would 
involve routine payload 
launch activities from KSC 
and/or CCSFS launch 
complexes potentially 
utilizing launch vehicles 
addressed in these EAs. 
Therefore, routine payload  
launches from KSC and/or 
CCSFS are not addressed 
in this document. See 
Appendix C (NASA 
Environmental Checklists) 
of this PEIS for the routine 
payload criteria checklist for 
the MSR Campaign 
mission. 

Final Environmental 
Assessment for SpaceX 
Falcon Launches at 
Kennedy Space Center and 
Cape Canaveral Air Force 
Station – 2020 (NASA 
2020b) 

Potential impacts were assessed 
from routine (non-nuclear) payload 
launches from CCSFS and KSC 
utilizing Falcon 9 and Falcon Heavy 
launch vehicles. 

FONSI 

Stardust Mission 
Environmental Assessment 
– 1998 (NASA 1998) 

Potential impacts were assessed 
from routine payload launch from 
CCSFS and recovery of a sample 
return capsule containing interstellar 
dust particles at the UTTR. The 
capsule’s deceleration was via a 
parachute system. Ground recovery 
operations at the UTTR utilizing 
wheeled vehicles and helicopters 
were also assessed. 

FONSI 
A portion of the landing 
ellipses for the Stardust, 
Genesis, and OSIRIS-Rex 
Mission landing ellipses 
overlapped with the 
proposed MSR Campaign 
EES landing ellipse. While 
landing and ground recovery 
operations were found to 
have no significant impact on 
the UTTR affected 
environment  
(similar to the proposed EES 
landing site), these aspects 
have been analyzed in this 
PEIS to account for  
site-specific conditions as 
well as any changes in 
baseline conditions since the 
previously conducted 
analyses. 

Genesis Mission 
Environmental Assessment 
– 2001 (NASA 2001) 

Potential impacts were assessed 
from routine payload launch from 
CCSFS and recovery of a sample 
return capsule containing solar wind 
particles at the UTTR. The capsule 
deceleration was via a parachute 
system and was to be captured 
midair by helicopter. The potential 
for ground recovery operations at 
the UTTR utilizing wheeled vehicles 
and helicopters were also assessed. 

FONSI 

Environmental Assessment 
for the Origins, Spectral 
Interpretation, Resource 
Identification, and Security-
Regolith Explorer (OSIRIS-
Rex) Mission – 2013 (NASA 
2013) 

Potential impacts were assessed 
from routine payload launch from 
CCSFS and recovery of a sample 
return capsule containing asteroid 
samples at the UTTR. The capsule’s 
deceleration was via a parachute 
system. Ground recovery operations 
at the UTTR utilizing wheeled 
vehicles and helicopters were also 
assessed. 

FONSI 

DAF Environmental Impact 
Analysis Process (EIAP) Air 
Force Form 813 – Drop 
Tests (September 2021) 
(DAF 2021a) 

The EIAP evaluated the potential 
environmental impacts from 
conducting drop tests of a to-scale 
model of the EES on UTTR soils to 
determine what level of NEPA 
analysis would be required. 

Categorical 
Exclusion (i.e., no 
adverse impact or 
need for 
additional NEPA 
analysis) 

The drop tests occurred in 
the TS-6 and TS-8 area of 
UTTR-South. Similar drop 
tests will be conducted over 
time from present until the 
actual mission as part of 
dress rehearsals, etc. 
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Table 1.1-1. Applicability of Previous NEPA Analysis 

NEPA Document Analysis Conducted 
Outcome/ 

Determination 
Relevance to Proposed 

Action 

EO 12114 Compliance 
Package – James Webb 
Space Telescope (JWST) 
Launch from French Guiana 
(2015) 

 

EO 12114 Compliance 
Package – Herschel and 
Planck Space Observatory 
Launch from French Guiana 
(2008) 

In coordination with ESA, NASA 
conducted evaluations of effects of 
“routine payload” operations 
involving European heavy-lift space 
launch vehicles. The reviews 
considered whether the missions 
involved the following: potential 
environmental effects on the global 
commons, potential environmental 
effects on foreign nations not 
participating with the missions, 
export of product or facilities 
producing products (or emissions) 
that in the U.S. are prohibited or 
strictly regulated because their 
effects on the environment create a 
serious public health risk, a physical 
project that in the United States 
would be prohibited or strictly 
regulated by Federal law to protect 
the environment against radioactive 
substances, and potential 
environmental effects on natural and 
ecological resources of global 
importance.  

ESA confirmed 
concurrence for 
both projects that 
the missions 
would not result in 
any significant 
environmental 
effects abroad 
and that the 
launches would 
comply with 
French 
environmental 
laws. 

The same site, using a 
similar launch vehicle with a 
routine payload, would be 
utilized for the MSR 
Campaign. 

 

The EO 12114 Compliance 
Package for the MSR 
Campaign is provided in 
Appendix C (NASA 
Environmental Checklists). 

Key: CCSFS = Cape Canaveral Space Force Station; EA = Environmental Assessment; EES = Earth Entry System; EO = Executive Order; 
ESA = European Space Agency; FONSI = Finding of No Significant Impact; KSC = Kennedy Space Center; MSR = Mars Sample Return; 
UTTR = Utah Test and Training Range. 

Planetary Protection and Sample Curation 

“Planetary protection” is the discipline/practice of protecting solar system bodies (e.g., a 
planet, planetary moon, or asteroid) from contamination by Earth life and, in the case of 
sample return missions, protecting Earth from potential hazards posed by 
extraterrestrial matter.  

For missions returning samples from planetary bodies that might have major and 
protracted effects on the physical or biological environment, NASA is required to 
address Presidential Directive/National Security Council-25, Scientific or Technological 
Experiments with Possible Large-Scale Adverse Environmental Effects and Launch of 
Nuclear Systems into Space, by presenting detailed information regarding the 
importance and potential environmental effects of the mission in this PEIS. NASA’s 
planetary protection policies address missions involving samples returned from various 
solar system bodies as detailed in NASA Policy Directive 8700.1F, NASA Policy for 
Safety and Mission Success. The NASA policies are guided by the planetary protection 
policies published by the international Committee on Space Research as informed by 
the United Nations Outer Space Treaty. NASA Procedural Requirement 8715.24, 
Planetary Protection Provisions for Robotic Extraterrestrial Missions, provides 
guidelines for categorizing missions according to the destination and proposed activity. 
NASA Procedural Requirement 8715.24 also provides specific procedural requirements 
for certain mission categories. All missions returning samples from outside the Earth-
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Moon system are designated as Category V. Under Category V, there are two 
subcategories:  

• Unrestricted Earth Return – sample return missions from solar system bodies 
deemed by scientific consensus to have no extraterrestrial life (e.g., Earth’s 
Moon and Venus) (NASA 2021); and  

• Restricted Earth Return (RER) – sample return missions from solar system 
bodies deemed by scientific opinion to have a possibility of harboring indigenous 
life forms (e.g., Mars or Europa). RER missions have requirements to break the 
chain of contact with the target body as well as isolate and robustly contain 
restricted samples during all mission phases through safe receipt and 
containment on Earth (NASA 2021). 

Due to the potential for ancient life forms on Mars, the sample return portion of the 
proposed MSR Campaign is expected to be classified as a Category V RER activity, 
which requires preparation of an environmental impact statement under 14 CFR § 
1216.306. To provide the most conservative analysis, this PEIS assumes that a 
restricted return may occur.  

Consensus opinion within the astrobiology scientific community supports a conclusion 
that the Martian surface is too inhospitable for life to survive there today, particularly at 
the location and shallow depth (6.4 centimeters [2.5 inches]) being sampled by the 
Perseverance rover in Jezero Crater, which was chosen as the sampling area because 
it could have had the right conditions to support life in the ancient past, billions of years 
ago (Rummel et al. 2014, Grant et al. 2018). Existing credible evidence suggests that 
conditions on Mars have not been amenable to supporting life as we know it for millions 
of years (iMARS Working Group 2008, National Research Council 2011, Beaty et al. 
2019, National Research Council 2022). The surface of Mars, particularly for the 
area/region/middle latitudes being sampled by the Perseverance rover, is too cold (an 
average surface temperature of -55 degrees Celsius [°C] [-67 degrees Fahrenheit (°F)]) 
for water to exist in a liquid form in other than optimal circumstances and then often only 
transiently on or near the surface in isolated pockets. Scientists are interested in 
returning samples to understand what the Martian environment was like billions of years 
ago, when the planet was wetter and could have more easily supported microbial life. 
There is no current evidence that the geologic samples collected by the Mars 2020 
mission from the first few inches of the Martian surface could contain biological entities 
(living organisms and/or bioactive molecules capable of propagation) that would be 
harmful to Earth’s environment. Nevertheless, out of an abundance of caution and in 
accordance with NASA policy and regulations, NASA would implement measures to 
ensure that the Mars material is fully contained (with redundant layers of containment) 
so that it could not be released into Earth’s biosphere and impact humans or Earth’s 
environment. The material would remain contained until examined and confirmed safe 
or sterilized for distribution to terrestrial science laboratories. NASA and its partners 
would use many of the basic principles that Biosafety Level 4 (BSL-4) laboratories use 
today to contain, handle, and study materials that are known or suspected to be 
hazardous. 
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Although not listed or designated as such under any regulatory definition, the Mars 
samples would be handled in a manner consistent with protocols for Biological Select 
Agents and Toxins (BSAT) (i.e., 7 CFR Part 331, 9 CFR Part 121, and 42 CFR Part 73). 
BSAT are specific biological agents that fall under a congressionally mandated level of 
control. BSAT material requires the use of additional biosafety measures (e.g., a higher 
level of biocontainment). Biocontainment will be accomplished per the Department of 
Health and Human Services - Centers for Disease Control and Prevention (CDC) 
Biosafety in Microbiological and Biomedical Laboratories, (CDC 2020) and NIH 
Guidelines for Research Involving Recombinant or Synthetic Nucleic Acid Molecules 
(NIH Guidelines) (National Institutes of Health 2019). For highly infectious or unknown 
materials, the highest level of biosafety (BSL-4) and biosecurity measures, in addition to 
specific measures for transport and inactivation, must be utilized. Because the samples 
would be treated as though potentially hazardous until demonstrated otherwise, they 
would be handled in a manner that provides the highest level of security and 
containment during the EES landing, recovery, transportation, sample storage, and 
receiving/curation mission phases and that is consistent with BSAT protocols in support 
of the planetary protection requirements. The samples would be stored and handled 
consistent with BSAT protocols until deemed safe for release and/or sterilized. 
Regulatory oversight of BSAT material is a joint responsibility of the CDC, the U.S. 
Department of Agriculture (USDA) and the Department of Justice (USDOJ). With the 
exception of the USDOJ, each of these Federal departments, or components thereof, is 
serving as a cooperating agency in the preparation of this PEIS. In coordination with 
NASA, the cooperating agencies will provide their unique experience and substantial 
experience during the development of appropriate safety assessment protocol(s). The 
DAF and U.S. Army would have some oversight responsibility for EES transport on the 
UTTR and DPG, respectively, to ensure regulatory requirements in this regard are being 
met. 

This Proposed Action would combine NASA's expertise in performing planetary 
protection with existing curation operations that have been in place since 1969. With 
over 50 years of curation expertise, NASA’s current curation operations include the 
documentation, preservation, preparation, safe handling, and distribution of 
astromaterials samples collected from the Moon, asteroids, comets, meteorites (to 
include those from Mars), and the solar wind. Astromaterials’ unique history and 
primeval features must be preserved with the highest degree of care. The curation 
laboratories and procedures developed by NASA have proven both necessary and 
sufficient to serve the evolving needs of a worldwide research community. Starting with 
lunar rocks and soils collected by the Apollo 11 astronauts, NASA’s extensive curation 
operations have evolved to include the following: 

• meteorites collected on National Science Foundation–funded expeditions to 
Antarctica; 

• “cosmic dust” collected by high-altitude NASA aircraft; 

• solar wind atoms collected by the Genesis spacecraft; 

• comet particles collected by the Stardust spacecraft; and 

• interstellar dust particles collected by the Stardust spacecraft. 
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Astromaterials acquisition and curation practices directly impact the contamination 
levels of samples and determine both the types of questions that can be answered 
about our solar system and the degree of precision that can be expected of those 
answers. Strict adherence to these practices is in NASA’s and the global astromaterials 
research community’s interest to keep the samples free from any terrestrial 
contamination. Three of NASA’s previous missions were categorized as RER (Apollo 
11, 12, and 14), and sample preservation and containment were critical mission 
elements. NASA has developed first-of-its-kind, advanced curation as a cross-
disciplinary field to provide continuous improvement in curation and acquisition 
practices for existing astromaterials collections and to lay the basis for future sample 
return activities. These goals are accomplished through research and development of 
innovative facilities, technologies, and techniques for sample collection, handling, 
characterization, analysis, and curation of astromaterials. From the first lunar samples 
returned during the Apollo program to new techniques under development for future 
missions, lessons learned from each collection and mission, as well as advancements 
in science and technology, will be integrated into NASA’s plan for acquiring and curating 
future samples. 

Cooperating Agencies 

Several cooperating agencies are involved in this Proposed Action due to jurisdiction by 
law associated with the Proposed Action areas or due to special expertise associated 
with development and implementation of BSAT protocols. Table 1.1-2 lists the 
cooperating agencies associated with this Proposed Action. 

Table 1.1-2. Cooperating Agencies 
Agency Rationale 

Department of Defense 

Department of the Air Force – 
Hill AFB, Utah / Cape 
Canaveral Space Force Station, 
Florida 

The DAF is a cooperating agency because of its jurisdiction over the 
proposed landing site at the UTTR, with Hill AFB as the managing 
entity for the UTTR having special expertise with regard to the landing 
site. Launch activity may occur at CCSFS. The DAF is coordinating 
with NASA through consultation efforts with the Utah State Historic 
Preservation Officer under the National Historic Preservation Act. 
NASA is the agency that will sign a Record of Decision (ROD) and, 
depending on what activities would occur on the UTTR or CCSFS, the 
DAF may also sign a separate ROD or cosign the NASA ROD. The 
DAF decision would be associated with allowing the following mission 
aspects on the UTTR as described in this PEIS: mission preparation; 
use of staging area(s); and allowing for EES landing/recovery activities. 

U.S. Department of the Army – 
Dugway Proving Ground 

The Department of the Army is the designated DoD Executive Agent 
for the BSAT Program (DoD 2016). The BSAT Program is designed to 
protect individuals who work with DoD BSAT materials and mitigate 
potential risk to the general public. NASA has invited the Department of 
the Army to serve as a cooperating agency because of its special 
expertise with regard to BSAT material safety and security protocols 
(e.g., storage, transportation, and contingency planning protocols). The 
Army is a local partner with the UTTR and may be utilized to support 
landing and sample recovery activities. 
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Table 1.1-2. Cooperating Agencies 
Agency Rationale 

U.S. Department of Agriculture  

The USDA provides leadership on food, agriculture, natural resources, 
rural development, nutrition, and related issues. In the past, the agency 
has claimed some jurisdiction over extraterrestrial soils (NASA 2018). 
For example, the USDA was a member of the Interagency Committee 
on Back Contamination during the Apollo-era missions. In that 
capacity, USDA’s involvement included guidance on the movement of 
organisms, plant pests, and soil (Pugel 2017). The USDA / Animal and 
Plant Health Inspection Service has the authority to regulate BSAT and 
non-BSAT infected material that may pose a severe threat to animal 
and plant health/products under 7 CFR Part 331, Possession, Use, and 
Transfer of Select Agents and Toxins, and 9 CFR Part 121, 
Possession, Use, and Transfer of Select Agents and Toxins. NASA 
has invited the USDA to serve as a cooperating agency because of its 
special expertise with regard to BSAT transportation and handling 
protocols. 

U.S. Department of Health and Human Services  

Centers for Disease Control 
and Prevention  

Under the BSAT designation, the Department of Health and Human 
Services was granted authority by Congress to regulate the 
possession, use, and transfer of BSAT material under 42 CFR Part 73, 
Select Agents and Toxins. This authority was delegated to the CDC, 
which has developed regulations for the possession, use, and handling 
of BSAT material. NASA has invited the CDC to serve as a cooperating 
agency because of CDC expertise with regard to BSAT 
management/oversight, biocontainment, decontamination, and 
forward/reverse contamination. Historically, the CDC has consulted on 
other space-oriented projects, providing technical expertise on 
disinfection and sterilization, biosafety, and sampling methods. 

Key: AFB = Air Force Base; BSAT = Biological Select Agents and Toxins; CDC = Centers for Disease Control and Prevention; CFR = Code of 
Federal Regulations; DoD = Department of Defense; DAF = Department of the Air Force; EES = Earth Entry System; PEIS = Programmatic 
Environmental Impact Statement; USDA = U.S. Department of Agriculture; UTTR = Utah Test and Training Range. 

1.2 PURPOSE OF THE ACTION 

The purpose of the proposed MSR Campaign is to collect samples of Martian rocks, 
regolith, and atmosphere and then return those samples to Earth for detailed analysis to 
enable significant advances in the following: 

• the search for evidence of ancient life forms on Mars;  

• the understanding of the origin and evolution of Mars as a geological system and 
how it may relate to the origin and evolution of other terrestrial planets;  

• the understanding of the processes and history of climate on Mars; and  

• the preparation for human exploration. 

1.3 NEED FOR THE PROPOSED ACTION 

The need for the Proposed Action is to support major goals of the international 
planetary science community. Obtaining a scientifically selected set of samples of Mars 
for study on Earth has been a major goal of the international planetary science 
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community for several decades. The two most recent U.S. national analyses of 
planetary science priorities, entitled Vision and Voyages for Planetary Science in the 
Decade 2013-2022 (National Research Council 2011) and Origins, Worlds, and Life: A 
Decadal Strategy for Planetary Science and Astrobiology 2023–2032 (National 
Research Council 2022), confirmed that the MSR Campaign remains among the very 
highest priorities of the science community. This formal recommendation is one of the 
reasons that led NASA to develop and launch the sample-collecting Perseverance 
rover. Perseverance landed in February 2021 and is actively collecting rock, regolith, 
and atmospheric samples from the Jezero Crater landing site—an ancient Martian river 
delta chosen because it offers rock formations that have a high chance of preserving 
evidence of ancient microbial life. These samples are sealed in tubes and would be 
retrieved and returned to Earth in a manner further described in this PEIS. 

The past four decades of Mars missions have explored the planet using a 
multidisciplinary set of scientific instruments, from both orbit and from the Martian 
surface. This orbital and on-surface planetary research has confirmed that ancient Mars 
may have supported environmental conditions favorable to the evolution of life on the 
planet (National Research Council 2011, National Research Council 2022): 

• Mars is now known to have had a much warmer and wetter climate in the ancient 
past in which habitable environments existed at its surface and prebiotic 
compounds could have formed and flourished. 

• Early Earth and early Mars were far more similar to each other than they are 
now, with both hosting environments rich in liquid surface water for significant 
periods of time. It was during that early period that life emerged on Earth and 
may have emerged on Mars.  

• Due to plate tectonics on Earth, older rocks are consumed by natural processes 
and reconstituted—this has obliterated the geologic record of the very earliest 
period of the Earth’s history. However, Mars never had plate tectonics, and it has 
a well-preserved record of the geologic time period that is missing on Earth, 
which may reveal biosignatures of early microbial life that existed on the Red 
Planet. 

Because of those conditions, Mars may still contain evidence of processes that 
happened billions of years ago, in the same era that life was beginning on Earth. If life 
arose on Mars, signs of that ancient life (much like the fossil record on Earth) may have 
been preserved in such a manner that they could still be found today. Mars, therefore, 
provides the opportunity to address fundamental questions about the origin and 
evolution of life on Earth (and elsewhere in the solar system), such as Did life arise 
elsewhere in the solar system, and if so, how and when? How did Mars evolve into the 
planet it is today and what can that tell us about Earth’s evolution? and How are the 
biological and geological histories of a planet related? Progress on these important 
questions can be made more readily through the collection, return to Earth, and 
scientific analysis of Martian geologic and atmospheric samples than from any other 
planetary body in the solar system (National Research Council 2011, National Research 
Council 2022). 
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From the earliest Mars missions, it was recognized that the complexity and cost of 
sending advanced instruments to study Mars in place (in situ) would restrict the scope 
and detail of the science that could be done; many important classes of scientific 
instruments are not amenable to the miniaturization and ruggedization that would be 
necessary to operate from a spacecraft. An important aspect of this is that many critical 
measurements can only be done on samples that have been through intricate sample 
preparation processes, and most of those processes are not able to be automated. 
These same principles regarding the importance of using terrestrial laboratories to 
enable the best scientific return also apply to the care and attention to detail that would 
be required to conduct a proper and comprehensive sample safety assessment in the 
proposed SRF. 

By acquiring and delivering to Earth a rigorously documented set of Mars samples for 
investigation in terrestrial laboratories, scientists would have access to the full breadth 
and depth of analytical science instruments available across the world. Similar to the 
lunar samples returned by NASA’s Apollo missions to the Moon (1969–1972), the Mars 
samples would be studied for many decades and would include using future techniques 
that have not yet been invented. 

The science potential of samples delivered from Mars was most recently re-evaluated 
by the international MSR Samples and Objectives Team (iMOST), which was active 
from 2017 to 2018. iMOST outlined a set of seven proposed objectives for MSR 
science, along with the types of samples and measurements that would be needed to 
achieve those objectives (Beaty et al. 2019). One of the major findings of the iMOST 
study was that a set of diverse, scientifically selected samples collected by 
Perseverance and delivered to Earth by the MSR Campaign would allow for major 
progress to be made on all seven of the proposed objectives. The resulting 
investigations of these returned samples would enable scientific advances in multiple 
areas, including the following: 

• the search for past life on Mars; 

• the understanding of the origin and evolution of Mars as a geological system; 

• the understanding of the processes and history of climate on Mars; and 

• the closing of knowledge gaps required to prepare for future human exploration. 

The missions that would conduct Mars sample return represent the knowledge gained 
from decades of research and investigations in planning and operating a series of 
progressively larger, more complex, more scientifically rewarding missions to Mars. The 
samples being gathered by Perseverance in and around the rover’s landing site in 
Jezero Crater are being carefully selected to address fundamental science questions 
about habitability and the history of the planet’s geology and climate. If the samples are 
successfully returned and analyzed, it is expected that they would ultimately 
revolutionize scientific understanding of the potential for the ancient Martian 
environment to support life, the broader evolution of the solar system, and humanity's 
place in all of it. 
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2. DESCRIPTION OF THE PROPOSED ACTION AND 
ALTERNATIVES 

2.1 DESCRIPTION OF THE PROPOSED ACTION 

Under the Proposed Action, NASA, in coordination with the European Space Agency 
(ESA), would conduct the Mars Sample Return (MSR) Campaign to retrieve a 
scientifically selected set of Mars samples (i.e., Martian rocks, regolith, and 
atmosphere). As a cooperating agency, the Department of the Air Force (DAF) would 
provide support and decision making for the proposed landing of the Earth Entry 
System (EES) at the Utah Test and Training Range (UTTR). The proposed sample 
landing location is the DAF-managed UTTR, with supporting activities proposed at U.S. 
Army-managed Dugway Proving Ground (DPG). Currently, the Perseverance rover is 
collecting samples and caching them on the surface of Mars. Under the Proposed 
Action, selected samples would be transported to Earth for scientific analysis and 
research. This chapter provides a mission overview from a programmatic perspective 
(Section 2.1.1, Mission Overview), provides a description of the programmatic elements 
that would occur from a site-specific perspective at the UTTR (Section 2.1.3, Site-
Specific Elements), and discusses the No Action Alternative (Section 2.2, Description of 
the No Action Alternative).  

2.1.1 Mission Overview 

The MSR Campaign includes three flight elements and two ground elements. The flight 
elements consist of the Perseverance rover, a Sample Retrieval Lander (the “Lander”), 
and the Earth Return Orbiter (the “Orbiter”), including its payload (the EES) and payload 
recovery. The two ground elements are transportation of the EES from UTTR/DPG to a 
Sample Receiving Facility (SRF), as well as development and operation of an SRF.7  

As previously discussed, the Perseverance rover selects, acquires, and caches Mars 
samples. The Lander—launched by NASA—would deliver to the planet's surface the 
Mars Ascent Vehicle with the Orbiting Sample container, a Sample Transfer Arm 
provided by ESA, and up to two Sample Recovery Helicopters. The Perseverance rover 
would be the primary means of transporting samples it has retained on board directly to 
the Lander, where the Sample Transfer Arm would load the sample tubes into the 
Orbiting Sample container and attach a closure that would, in conjunction with filtered 
vents, provide for particle containment. The Sample Recovery Helicopter, based on the 
design of the Ingenuity helicopter that landed on Mars with Perseverance and has 
operated well beyond its original planned lifetime, would provide a secondary capability 
to retrieve samples cached on the surface of Mars. The Mars Ascent Vehicle would 
launch the Orbiting Sample container loaded with sample tubes into Mars orbit. The 
Orbiter (also provided by ESA) includes the Capture, Containment, and Return System 
(CCRS) provided by NASA, which would capture and contain the Orbiting Sample 
container for return to the surface of Earth. The CCRS comprises four elements: 1) the 
Capture Enclosure, 2) the Assembly Enclosure, 3) the Earth Entry Vehicle, and 4) the 

 
7 More detailed information regarding the MSR Campaign architecture, goals, and objectives can be found in “Mars Sample 

Return Campaign Concept Status” by Muirhead et al., published June 13, 2020, in Acta Astronautica and available at 
http://doi.org/10.1016/j.actaastro.2020.06.026. 

http://doi.org/10.1016/j.actaastro.2020.06.026
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Micrometeoroid Protection System. The CCRS captures the Orbiting Sample container, 
ensures the exterior is sterilized and seals it inside a second layer of containment within 
the Earth Entry Vehicle, creating the EES. Once the EES has landed, the notional plan 
is that the whole EES would be contained and transported to an SRF (not on the 
UTTR), where the samples would be processed and analyzed. 

Figure 2.1-1 presents a graphical overview of the MSR Campaign. Figure 2.1-2 
provides the timeline of the MSR Campaign.  

 
Key: ERO = Earth Return Orbiter; esa/ESA = European Space Agency; OS = Orbiting Sample; SRL = Sample Retrieval Lander. 

Figure 2.1-1. Planned MSR Campaign Overview 
 

 
Note: The Sample Retrieval Lander element is anticipated to launch as early as 2028, with a backup opportunity in 2030; the Earth Return 
Orbiter would arrive no earlier than 2033, with a backup opportunity in 2035. 

Figure 2.1-2. Baseline MSR Campaign Timeline 
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As discussed in Chapter 1 (Purpose and Need for the Proposed Action), the Earth return 
portion of the proposed MSR Campaign is expected to be classified as a Category V 
mission with Restricted Earth Return (RER) to prevent release of uncontained or 
unsterilized material from Mars into Earth’s biosphere; this is referred to as “backward 
planetary protection.” This protection drives the design of MSR systems to return the 
Mars sample tubes in the Orbiting Sample container to Earth while containing and/or 
sterilizing any other Mars material that the MSR flight elements may have contacted. 
NASA currently proposes landing the EES containing the Mars samples at the UTTR.  

Figure 2.1-3 shows the regional location of the UTTR and proposed EES landing site, which 
is in an area in the South Range with soft sandy/clay soils in the “Type 45-Playas” soil 
profile. The UTTR and associated MSR Campaign activities proposed at the UTTR are 
discussed in Section 2.1.3 (Site-Specific Elements). 

Because the proposed launches are more than five years away, and the landing 
potentially ten years away, the mission and design requirements are still in development 
and subject to further refinement. As a result, the MSR Campaign and its elements are 
described using the most current planned mission architecture at this time. Should 
substantial changes to the MSR Campaign architecture (as described and analyzed in 
this Programmatic Environmental Impact Statement [PEIS]) that are relevant to 
environmental concerns be proposed, or NASA become aware of significant new 
circumstances or information relevant to environmental concerns and bearing on the 
Proposed Action or its impacts, NASA may prepare a supplemental environmental 
impact statement or analyze the changes in its Tier II document for ground elements as 
appropriate. 

2.1.2 Programmatic Elements 

As discussed in Chapter 1 (Purpose and Need for the Proposed Action), this PEIS 
analyzes the potential impacts of the MSR Campaign both programmatically (flight and 
ground elements) and site specifically (Earth-based launch elements and landing of the 
EES at the UTTR). Appropriate transportation, storage, and curation protocols for the 
Mars samples, including transportation from the UTTR landing site, are currently under 
investigation, with details incomplete at this time.8 This PEIS identifies and evaluates, 
from a programmatic perspective, the conceptual transportation methods and 
representative SRF options (i.e., new construction, existing facility, modular, or hybrid) 
that are most likely applicable to this future recovery and curation action; however, 
those elements of the Proposed Action cannot be analyzed from a site-specific 
perspective at this time. Subsequent Tier II National Environmental Policy Act (NEPA) 
analyses will address site-specific impacts associated with sample transportation off the 
UTTR and type, location, development and operation of an SRF.  

2.1.2.1 Flight Elements 

The flight elements associated with the MSR Campaign include the Perseverance rover, 
the Lander and its subcomponents, and the Orbiter and its subcomponents.  

 
8 40 CFR § 1502.21 requires the identification of incomplete or unavailable information when that information is relevant to 

reasonably foreseeable significant adverse impacts. 
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Key: EES = Earth Entry System; UTTR = Utah Test and Training Range. 

Figure 2.1-3. Regional Location of the UTTR
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2.1.2.1.1  Perseverance Rover 

For mission flexibility and functional redundancy to 
the Lander mission, the Perseverance rover may 
cache part of its samples in multiple depots for 
subsequent retrieval and/or return sample tubes 
directly to the Lander. This flight element was 
previously analyzed in the Final Environmental 
Impact Statement for the Mars 2020 Mission (NASA 2014) and the Final Supplemental 
Environmental Impact Statement for the Mars 2020 Mission (NASA 2020a). While the 
NEPA process was completed for the launch of the Perseverance spacecraft, the rover 
is included in this PEIS to describe the enabling role that it is playing in implementing 
the MSR Campaign on the surface of Mars, which was to assemble a returnable cache 
of samples for possible future return to Earth. As a result, although discussed within the 
context of the overall MSR Campaign, this flight element is not analyzed further in this 
PEIS. 

The Perseverance rover is the primary proposed method to deliver samples to the 
Lander / Mars Ascent Vehicle. A select subset of samples collected by Perseverance, 
approximately 30 samples of rock and regolith weighing about 15 grams each 
(0.03 pound), will be deposited directly into ultraclean and sterile sample tubes (Farley 
et al. 2020) for return to Earth. The total sample amount returned would be 
approximately 450 grams (about 1 pound). 

2.1.2.1.2 Sample Retrieval Lander 

The Lander would include a lander platform delivered from launch through entry, 
descent, and landing on Mars. An ESA-provided Sample Transfer Arm on the Lander 
would be used to transfer samples from the Perseverance rover to the Orbiting Sample 
container. The Lander would include the Mars Launch System, consisting of the Mars 
Ascent Vehicle and the Mars Ascent Vehicle Payload Assembly that delivers the 
Orbiting Sample container to Mars orbit. The Orbiting Sample container would be 
released to Mars orbit after Mars Ascent Vehicle burnout.  

It is anticipated that the launch for the Lander would occur as early as 2028, arriving at 
Mars in 2030, with the specific launch vehicle and location of the launch (i.e., specific 
launch location at Cape Canaveral Space Force Station or Kennedy Space Center 
located in Brevard County, Florida) dependent on the launch vehicle selected. A backup 
launch date is in 2030, with the expected return of the Mars samples approximately five 
years after launch. As discussed previously, launches involving routine payloads were 
previously analyzed by NASA in the NASA Routine Payload Environmental Assessment 
(EA) (NASA 2011). This document concluded that if payload characteristics were within 
the scope of the EA’s analyses, the launch would not result in significant impacts to the 
quality of the human environment. As a result, although discussed within the context of 
the overall MSR Campaign, this flight element is not analyzed further in this document. 
Should the selected launch vehicle for the Lander, and/or the associated launch 
location(s), not fall within the scope of the previous NEPA analysis, supplemental NEPA 
analysis may be required (NASA 2011).  

 
Image credit: NASA/JPL-Caltech 



Mars Sample Return Campaign Programmatic EIS  

2-6  

 

The NEPA coverage for this element is provided using the NASA Routine Payload EA 
environmental checklist, which is included in Appendix C (NASA Environmental Checklists) 
of this PEIS. More detailed information regarding the engineering behind the Lander and 
its subcomponents is available at https://mars.nasa.gov/msr/. 

2.1.2.1.3 Earth Return Orbiter  

The Orbiter would be provided by ESA and launched from French Guiana as early as 
2027. A backup Orbiter launch date is 2028. The Orbiter would rendezvous with the 
Orbiting Sample container in space and return it for a safe entry and landing on Earth. The 
Orbiter would be capable of 1) providing communications relay for all MSR flight elements 
on the surface of Mars—the Lander, Perseverance rover, and Mars Launch System; 2) 
locating the Orbiting Sample container in Mars orbit; and 3) supplying power, propulsion, 
and navigation needed for the NASA-provided CCRS payload to function. More 
information regarding ESA’s role in the proposed MSR Campaign can be found at the ESA 
website: https://www.esa.int/Science_Exploration/ Human_and_Robotic_Exploration/ 
Exploration/Mars_sample_return. 

The CCRS payload would provide the ability to capture and contain the Orbiting Sample 
container, transfer the Orbiting Sample container into the Earth Entry Vehicle (creating 
the EES), and protect it during the return flight to Earth. The EES, once released, would 
continue to a landing on Earth. More detailed information regarding the science behind 
the Orbiter and its various components can be found at http://www.jpl.nasa.gov/missions/ 
mars-sample-return-msr. 

In addition to the EES, the Orbiter is considered a potential contamination vector for the 
Earth-Moon system for backward planetary protection. Although highly unlikely, the Orbiter 
may be exposed to Mars particles from the exterior of the Orbiting Sample container prior 
to capture, and thus mitigation measures are being implemented as a precaution. Once 
the Orbiting Sample container has been captured and break-the-chain9 has been 
completed, the portion of the CCRS potentially contaminated with unsterilized Mars 
particulates is jettisoned into a stable orbit of Mars. The remaining hardware on the 
Orbiter, used for Earth return, conducts an Earth avoidance maneuver to ensure that the 
system will avoid inadvertent impact with Earth. 

To avoid Earth, the Orbiter implements a dual-pronged strategy, including mission design 
and diversion operations. For mission design, the Orbiter leaves Mars on a path that will 
pass by Earth. After all critical spacecraft systems can be verified to be healthy and 
reliable, the Orbiter would be maneuvered onto a path that would allow the EES to land 
precisely in the target area. After EES release, the Orbiter would navigate to a trajectory 
that would avoid Earth for over 100 years, ensuring that residual Mars material, if any, 
associated with the Orbiter is not returned to Earth.  

The Orbiter is designed to ensure high reliability across all systems that are critical for EES 
delivery and the Earth avoidance maneuvers and is designed with redundant navigation 
and avionics capabilities. These procedures are expected to keep uncontained, 
unsterilized Mars particles associated with the spacecraft from arriving on Earth to a high 

 
9 “Break-the-chain” means that no uncontained and unsterilized hardware that contacted Mars, directly or indirectly, shall be 

returned to Earth. 

https://mars.nasa.gov/msr/
https://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Exploration/Mars_sample_return
https://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Exploration/Mars_sample_return
https://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Exploration/Mars_sample_return
http://www.jpl.nasa.gov/missions/mars-sample-return-msr
http://www.jpl.nasa.gov/missions/mars-sample-return-msr
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probability. The system includes two, redundant containment layers designed to ensure 
Mars material is contained upon landing on the soil types encountered within the landing 
ellipse to a high degree of certainty (99.9999%). These containers work in concert with the 
structural characteristics of the Orbiting Sample container and the EES to ensure the 
integrity of the sample tubes, as well. Assessments are being conducted to determine how 
this low-likelihood event may proceed, to further characterize the potential that particles 
delivered in this manner could represent a hazard to Earth’s biosphere.   

The MSR Campaign has 
established stringent probability 
targets to drive robust containment 
engineering, with a selected a 
target value equivalent to a 
99.9999 percent probability of 
successful sample containment. 
The MSR Campaign is performing 
analyses based on both designs 
and operational planning to meet 
this target. Key features of these 
analyses include efforts to better 
understand the population of Mars 
material transported by the wind on 
the planet (dust particle sizes, 
etc.), improved knowledge about 
how and how fast this material 
accumulates on specific exposed 
surfaces over time, and the rate and timing of particle emission from surfaces exposed to 
space, including the effects of the space environment on particle sterilization and 
trajectories.  

As a matter of standard practice, NASA and ESA would closely monitor spacecraft 
telemetry and health, including vehicle attitude, throughout flight. To the extent that any 
anomalous indications can be positively attributed to micrometeoroid damage, that 
information will be included in operational decision making. The MSR Campaign 
mission concept provides a micrometeoroid protection system that has multiple layers of 
protective materials, which provides protection throughout the entire flight from launch 
out to Mars and back to Earth. 

Because the launch of the Orbiter from French Guiana, an area beyond the territorial 
jurisdiction of the United States, would be a joint effort between NASA and the ESA, it is 
addressed in this PEIS under Executive Order (EO) 12114, Environmental Effects Abroad 
of Major Federal Actions. While EO 12114 addresses Federal actions abroad, which are 
not included under NEPA, the EO furthers the purpose of NEPA by requiring Federal 
agencies to consider the significant effects of their actions on the environment outside the 
United States, its territories, and possessions. NASA’s checklist for compliance with EO 
12114 requirements is provided in Appendix C (NASA Environmental Checklists). 
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EES Landing 

After departing orbit around Mars on an Earth-bound trajectory, the Orbiter would release 
the EES above the Earth’s atmosphere. After EES release, the Orbiter would continue past 
Earth while the EES performs entry, descent, and landing as it returns to Earth. The 
Orbiter would navigate to a trajectory that would avoid Earth for over 100 years, ensuring 
that residual Mars material, if any, associated with the Orbiter is not returned to Earth. 
NASA and ESA would not expect the Orbiter to reencounter Earth after navigating to the 
avoidance trajectory and have run orbital simulations to demonstrate this for at least 
100 years. The expectation is that Orbiter would remain in a heliocentric orbit and not 
return to Earth. However, it gets increasingly difficult to demonstrate for timeframes 
exceeding 100 years. The cone-shaped EES, about the size of a tire on a semitruck, would 
passively enter Earth’s atmosphere on a predictable path shaped by gravity and 
atmospheric drag. It is estimated that the EES will reach terminal velocity10 (about 35 to 
45 meters per second or 78 to 100 miles per hour) before landing; it is calculated that, after 
entering the Earth’s atmosphere, it would take approximately 377 seconds (about 
6 minutes) before the EES lands. During reentry, a sonic boom would be generated at a 
very high altitude (see Section 3.14, Noise). Figure 2.1-4 shows the Orbiter release and 
EES landing process. 

 
Key: EES = Earth Entry System; ERO = Earth Return Orbiter; m/s = meters per second; UTTR = Utah Test and Training Range.  

Figure 2.1-4. Orbiter EES Release Process 

The EES has a fully passive aerodynamic design for entry and landing without use of a 
parachute, which reduces potential failure modes to the minimum. This design decision 
eliminates major potential failure modes involving systems such as parachutes or 

 
10 Terminal velocity is the maximum speed attainable by an object (based on its mass) as it falls through the air (i.e., when the 

resistance of the air has become equal to the force of gravity). 
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retrorockets that have levels of reliability lower than those required for successful 
landing of the EES. A series of ground-based impact tests involving drop towers and the 
dropping of full-scale test articles from a helicopter (which reach speeds and forces 
equal to or greater than the expected impact of the flight vehicle) have validated this 
approach. The pictures in Figure 2.1-5 show the impact results of an EES drop test at 
the UTTR under very dry conditions; the pictures show a small dust cloud lasting for a 
few seconds—the actual landing would be expected to occur during the fall when soils 
are relatively moist and soft, thus reducing the size of any potential dust cloud. 

 

Figure 2.1-5. Impact Results of an EES Drop Test 

Data from these tests are informing detailed computational models of the landing as 
well as future drop tests. This information, in combination with the soil properties at the 
baseline landing site at the UTTR, provides high confidence that the EES would 
maintain containment through touchdown. 

The EES includes two levels of containment designed to sustain the integrity of the 
sample container and sample tubes upon landing (see Figure 2.1-6). While the EES 
design is still evolving, the EES is estimated to be approximately 1.25 meters 
(49 inches) in diameter and 0.52 meter (20.5 inches) tall. The final dimensions could be 
slightly different by a few inches one way or another but would not be expected to 
substantively change the results of impact analysis within this PEIS. The EES would be 
composed of titanium, aluminum, carbon-fiber, carbon-phenolic and cork-based thermal 
protective material and assorted small steel components. There would also be standard 
aerospace adhesives and lubricants in small quantities. However, the EES would carry 
no fuel or propellent.  
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Figure 2.1-6. MSR EES Configuration 

EES Recovery, Containment, and “Decontamination” 

It is anticipated that tracking capabilities provided by Hill Air Force Base (AFB) would 
provide sufficient resolution of the landing site such that a single recovery team may be 
utilized; however, studies of the need for multiple teams and the required capabilities 
are underway. Prior to EES landing, one or more recovery teams would be staged at a 
strategic location away from the proposed landing site, with the objective to contain and 
recover the EES promptly. The staging area would include communications equipment 
and vehicles (land and/or air) and equipment for use in transport to and from the landing 
site, as well as a mobile containment system (or “vault,” as described in subsequent 
sections). The exact location of the staging area has not yet been determined; however, 
the most likely location for a staging area would be the DAF Detachment 1 (Det-1) 
location adjacent to the Michael Army Field runway located on Dugway Proving Ground 
(DPG); the Det-1 location is DAF managed and leased from the U.S. Army. The Det-1 
location has ready access to improved roadways and utilities if needed. This would 
facilitate transportation of the EES to the vault once contained, as well as transportation 
of the vault off Department of Defense (DoD) property. Other staging areas that may be 
utilized would consist of previously disturbed test site areas near the proposed landing 
ellipse that are accessible by road or air from DPG (see Figure 2.1-9 on page 2-19). 
While the EES recovery team would likely access the landing site via helicopter, the use 
of wheeled vehicles cannot be discounted. 
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Once the EES has landed, the recovery team would transit to the landing site and 
contain the EES. The EES would be handled under protocols similar to Biosafety 
Level 4 (BSL-4) protocols; NASA intends to manage the EES, and the Mars material it 
carries, as potentially hazardous until demonstrated otherwise. BSL-4 reflects the 
highest level of containment, handling, and transportation regulatory standards (CDC 
2020) (49 CFR Parts 171–180, 42 CFR § 73.11, 7 CFR § 331.11, and 9 CFR § 121.11). 
Additionally, although release of Mars sample particles is considered an off-nominal 
event, NASA has decided that, based on the current operations concepts, the best 
practice for planetary protection is to handle the encapsulation/recovery in a manner 
that does not assume containment has been successful. NASA does not expect that 
there would be Martian particles on the exterior of the EES and, in an off-nominal 
scenario, both containment vessels would have to be breached for a release to 
potentially occur, which is unlikely given the engineering parameters of the EES and the 
soft soils at the landing site. Nonetheless, studies regarding burnup/breakup, 
atmospheric release, contingency planning, and the extremely low likelihood that any 
Mars material will be distributed outside of the landing site radius are ongoing, and 
procedures to recover the EES fragments if it is damaged upon reentry and landing are 
still in development. As a result, this information is currently unavailable.11 This 
information is relevant regarding understanding the potential for impacts associated with 
EES landing mishaps and sample release (see Sections 3.2, Incomplete or Unavailable 
Information, and 3.4, Health and Safety, for more discussion on this topic). 

Therefore, to ensure proper containment, the site recovery teams would handle the 
landing event as though a release has occurred, which may involve the 
decontamination of both the landing site (impact area and extent of ejecta) and the 
packaged EES. This means that throughout the recovery and any decontamination 
process, all personnel in contact with the EES and involved in decontamination activities 
would be required to wear personal protective equipment appropriate for handling 
biohazardous material (CDC 2020). After arrival of the recovery team, the landing site 
around the EES would be cordoned off. The EES would be recovered, enclosed within a 
protective bag similar in function to a biohazard containment bag, and then inserted into 
a 2-meter by 2-meter (6.56-foot by 6.56-foot) sealed travel case; the case would be a 
lightweight, temporary container, designed to facilitate rapid transportation from the 
landing site to the vault. The EES travel case may be decontaminated and then would 
be transported via helicopter to the vault for shipment to an SRF. After removal of the 
EES, the entire landing site (consisting of the impact area and extent of ejecta) may be 
decontaminated as a precautionary measure. Samples of the landing site/impact area 
would also be taken for contamination/biological knowledge after the EES was removed 
but before decontamination of the area. These samples would be transported under 
containment with the EES to the SRF for analysis.  

Although anticipated as a precautionary measure (release of any Mars materials is 
considered highly unlikely), at this time, the exact decontamination method(s) that may 
be used for the EES travel case and landing site have not been determined.12 The 

 
11 40 CFR § 1502.21 requires the identification of incomplete or unavailable information when that information is relevant to 

reasonably foreseeable significant adverse impacts. 
12

 40 CFR § 1502.21 requires the identification of incomplete or unavailable information when that information is relevant to 
reasonably foreseeable significant adverse impacts. 
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decontamination method is relevant to addressing impacts to the environment 
associated with effects to natural resources, use of hazardous materials, and generation 
and management of hazardous waste. For purposes of this PEIS, it is assumed that any 
decontamination process would involve standardized decontamination and/or 
sterilization methods, in alignment with current accepted practices by hazardous 
materials response teams (FEMA 2018, FEMA 2019). All decontamination activities 
would be in alignment with Chemical, Biological, Radiological, Nuclear, and Explosives 
(CBRNE) response planning for U.S. Environmental Protection Agency (EPA) and the 
DAF Readiness and Emergency Management Office. The standard decontamination of 
biohazards in soil typically involves applying chemical sterilants as liquid or fumigants 
(such as chlorine dioxide or aldehyde) in place (EPA 2017). It is assumed that any 
decontamination would be in situ using a fumigation method or “safe” liquid (e.g., the 
sort used for groundwater decontamination) that would allow soils to remain in place 
with minimal residual hazards, thus eliminating the need for soil removal and minimizing 
any associated waste generation/disposal issues. Potential impacts associated with 
biosafety decontamination methods would be dependent on the decontamination 
method used and the landing location. 

The preservation of the geologic record for these samples is of paramount importance to 
NASA; therefore, the process for sterilization is being considered very carefully. To date, 
there have been several working groups considering the impact of sterilization on sample 
science. The most recent in 2021, ESA and NASA jointly chartered the MSR Science 
Planning Group 2 (MSPG2) to build upon previous findings and conclusions (Meyer et al. 
2022). To determine what sample properties are sterilization-sensitive or sterilization-
tolerant, the MSPG2 considered the sterilization effects of two techniques: 1) the 
application of dry heat under two temperature–time regimes (180 degrees Celsius [°C] 
[356 degrees Fahrenheit (°F)] for 3 hours and 250°C [482°F] for 30 minutes) and 2) 
γ-irradiation (gamma radiation) (1 Megagray [MGry]). The MSPG2 concluded that in the 
case where there are sample properties that would not survive sterilization intact, the 
sterilization effects should be measured on unsterilized samples inside a high-
containment SRF; although, most aspects of MSR sample science could and should be 
effectively performed on samples deemed safe (either by test or by sterilization) in 
uncontained laboratories outside of the SRF. 

Because potential decontamination methods are yet to be determined, this PEIS 
analyzes potential impacts associated with possible biosafety decontamination methods 
based on standard methods, with potential impacts analyzed for the proposed UTTR 
landing site. This programmatic analysis serves to identify protocols and requirements 
associated with standard decontamination methods and associated environmental 
impacts (e.g., impacts to natural resources). If the biosafety decontamination methods 
analyzed in this PEIS are substantially modified, or significant new information or 
circumstances relevant to environmental concerns and bearing on the Proposed Action 
or its impacts are identified, then NASA may prepare a supplement to this PEIS with the 
required analysis as determined to be necessary. 
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Mobile Containment System (“Vault”) 

The mobile containment system, or “vault,” would house the EES for transport to an 
SRF.13 The vault would provide an 
environmentally isolated, biocontained, safe, and 
secure enclosure for the samples after landing 
and prior to and during their transport to the SRF. 
An example of a vault-type system for EES 
containment and transport includes a BSL-4-
rated “trailer” or other similar high-containment 
transport, as depicted in Figure 2.1-7. Given the 
types of units that meet the environmental, 
containment, safety, and security requirements to 
ensure appropriate safeguards are met, it is 
reasonable to infer that the vault would be too 
heavy to transport to the actual EES landing site, 
which would be somewhere within the landing ellipse identified in Figure 2.1-8. 
Therefore, the recovery team would proceed to the landing site and place the EES into 
a smaller containment system (i.e., the travel case as described previously), the exterior 
of which may be decontaminated on scene at the landing site. The smaller containment 
system with the EES inside would then be transported, likely by helicopter but possibly 
via over-the-road (OTR) assets, to the vault’s location. Upon arrival at the vault’s 
location, the EES would be transferred into the vault, where it would remain until it is 
finally received at the SRF. 

The vault would be located at a secure staging area, with the most likely location being 
the DAF-managed Det-1 area (leased from the U.S. Army) adjacent to the Michael 
Army Field runway on the Army’s DPG; this is also the most likely location for pre- and 
post-recovery staging of the EES recovery team and associated support equipment.  

In the unlikely event of an off-nominal landing, NASA is evaluating options to provide for 
additional containment and/or decontamination capabilities within the vault. As with 
specific recovery site decontamination methods, the exact type of vault and its required 
capabilities have yet to be precisely determined. However, as described, the most likely 
vault containment system will have equivalent safeguards as which may be expected for 
those systems used to transport, store, and handle Biological Select Agents and Toxins 
(BSAT) material. Should further refinement of vault design elements and capabilities 
result in the potential for substantive impacts outside the scope of those analyzed in this 
PEIS, then supplemental NEPA analysis may be required. Figure 2.1-8 provides a 
graphic representation of the recovery and containment operations described previously 
that would occur at the landing site once the EES has landed. 

 
13  Upon final confirmation of SRF requirements and location, a Tier II site specific NEPA document will be prepared which will 

analyze the environmental impacts of proposed transportation alternatives to the facility, and the construction and operation of 
the SRF itself and alternatives thereto. 

 

Figure 2.1-7. Example BSL-4 
“Vault” Trailer 
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Key: EES = Earth Entry System.  

Figure 2.1-8. Landing Site Recovery Operations  

2.1.2.2 Ground Elements 

As described in more detail below, the ground elements associated with the Proposed 
Action include the secure transportation of the EES–contained samples within the vault 
to an SRF. While specific transportation protocols and SRF design and operational 
requirements are still in development,14 this PEIS describes, in as much detail as is 
practicable, the reasonably foreseeable transportation, safety, security, and 
storage/curation protocols for the MSR Campaign. The PEIS will be supplemented with 
Tier II analysis of these future actions as specific protocols and criteria are confirmed. 

2.1.2.2.1 EES and Mars Sample Transportation 

After containment of the EES at the landing site and transfer to the vault, the EES would 
be transported to an SRF. The objective would be to recover the EES, place it in the 
vault, and begin the transport process from the vault location off the UTTR/DPG to an 
SRF as soon as reasonably practicable; NASA intends to move the vault from the 
UTTR/DPG to the SRF as soon as possible, barring specific weather and other day-of-
landing operational constraints. Transport methods have yet to be determined; however, 
the vault would be delivered to the SRF using either OTR transport or a combination of 
OTR and aircraft (e.g., C-130) transport. Exact transportation methods and routes would 
depend on the type of vault utilized and the location of an SRF. Thus, in this PEIS, 
potential impacts associated with possible transportation methods are analyzed from a 
programmatic perspective based on either OTR and/or aircraft use. This programmatic 
analysis identifies protocols and requirements associated with transportation of BSAT-
type materials and general impacts associated with OTR and/or aircraft use (e.g., air 
emissions). This PEIS can be utilized to guide Tier II analysis once the vault type, 
location of an SRF, and transportation methods to an SRF have been identified and 
proposed. This PEIS does not include site-specific analysis of EES transportation from 
the landing site to an SRF. 

 
14

 40 CFR § 1502.21 requires the identification of incomplete or unavailable information when that information is relevant to 
reasonably foreseeable significant adverse impacts. 
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Because the Mars samples would be treated as though potentially hazardous until 
demonstrated otherwise, the framework for handling of BSAT would be adopted for these 
samples to ensure that they have the highest biological controls in place (even though 
extraterrestrial materials are not considered part of the Federal BSAT program). 
Consequently, transportation of the EES would follow guidelines similar to the U.S. 
Department of Transportation’s Hazardous Materials Regulations (Title 49 Code of 
Federal Regulations [CFR] Parts 171–180) and the Federal Select Agents Program. 
Section 11 of the select agent regulations (42 CFR § 73.11, Select Agents and Toxins, 
Security; 7 CFR § 331.11, Possession, Use, and Transfer of Select Agents and Toxins, 
Security; and 9 CFR § 121.11, Possession, Use, and Transfer of Select Agents and 
Toxins, Security) requires development and implementation of a security plan sufficient to 
safeguard the select agents or toxins against unauthorized access, theft, loss, or release. 
The security plan must be designed according to a site-specific risk assessment and 
provide for graded protection.15 According to 7 CFR § 331.11(c)(10), the security plan 
must contain provisions and policies for shipping, receiving, and storage of select agents 
and toxins; this includes procedures for receiving, monitoring, and shipping of all select 
agents and toxins.16 Transportation of the EES would be guided by these security 
requirements as identified through a NASA-developed security plan (which will be 
prepared in coordination with appropriate cooperating and coordinating agencies), as well 
as the results of NEPA analyses, mitigations carried forward, and resulting Records of 
Decision. 

Samples (Mars and landing site soils) would remain in NASA custody from 
landing/retrieval through transport to an SRF; no custody transfer of samples to any other 
entity would occur before the material was determined to be nonhazardous or before safe 
methods for transfer and handling were established and reviewed by appropriate 
authorities. 

2.1.2.2.2 Sample Receiving Facility 

As proposed, the Mars samples will be handled with guidance from protocols that apply 
to BSAT materials, as described previously. This includes appropriate measures to 
store and curate the samples at an existing BSL-4 laboratory or a new-construction 
BSL-4 equivalent facility (modular or mobile). Currently, NASA does not have a BSL-4 
equivalent facility. The specific requirements for an SRF are currently in development; 
however, this PEIS applies BSL-4 equivalent facility protocols as being representative of 
construction and operating standards that may be adopted in the future to manage the 
storage and curation of Mars samples. As a result, analysis of potential impacts 
associated with development and operation of an SRF are identified and analyzed 
programmatically in this PEIS. By applying the BSL-4 framework, NASA is able to 
identify and analyze reasonably foreseeable environmental impacts of its Proposed 
Action (e.g., the air emissions from a representative existing BSL-4 facility) and 
evaluate, from a programmatic perspective, whether the environmental effects may be 

 
15 https://www.selectagents.gov/compliance/guidance/security-plan/index.htm. 
16 More information on the guidance associated with the transport of BSAT materials is available at 

https://www.selectagents.gov/compliance/guidance/transfer/index.htm. 
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significant. This programmatic analysis can be utilized to guide SRF type and location 
planning, as well as analyses once these aspects have been identified and proposed. 

For purposes of this PEIS, an SRF would include temporary or permanent facilities used 
to isolate RER unsterilized Mars materials from the Earth’s environment. Activities 
anticipated at this type of facility are removal of the Mars samples from the EES, sample 
safety assessment, curation (including the preservation, conservation, management, 
preliminary examination, cataloging, allocation, and distribution) and physical security of 
Mars materials, and analysis, which may include scientific or planetary protection 
activities. Mars sample and EES elements would not be released from containment until 
proven safe by analysis or sterilization. Since BSL-4 provides the highest level of 
containment, the scope of any potential SRF assumes BSL-4 equivalency as a 
minimum requirement; however, modification or updates to other lower-level BSL 
facilities to achieve equivalent BSL-4 containment may be potential alternatives for 
consideration in the development of a proposed action and alternatives under Tier II 
analysis. 

NASA may consider using existing BSL-4 containment facilities or building/modifying 
facilities, including a modular containment facility. There are currently only four 
operational BSL-4 laboratory suites in the United States: at the Centers for Disease 
Control and Prevention in Atlanta; at the United States Army Medical Research Institute 
for Infectious Diseases at Fort Detrick in Frederick, Maryland; at the Southwest 
Foundation for Biomedical Research in San Antonio, Texas; and at the University of 
Texas at Galveston (National Institutes of Health 2018). However, all existing BSL-4 
facilities have current operating missions and limited availability. To support RER 
mission samples, alteration or expansion of the facility locations would likely be 
necessary. Existing capabilities at these locations, including laboratory equipment, 
relevant sample controls, and available space, as well as ability to expand, modify, or 
alter capabilities, would need to be researched using refined criteria. Additionally, NASA 
would need to coordinate directly with any potential owner/operator of an existing BSL-4 
facility to fully assess the feasibility of using such a facility as an SRF while maintaining 
a high level of sample integrity.  

NASA owns and operates a curation facility at the Johnson Space Center; currently, this 
facility does not support BSL-4 equivalent laboratories and containment capabilities and 
would need to be modified to accept any BSL-4 equivalent capabilities. As a result, in 
addition to potential use of existing facilities, NASA may consider construction of an 
SRF at a NASA location, because some existing infrastructure (e.g., curation support at 
the Johnson Space Center) may be able to be utilized to supplement SRF functionality. 
Alternatively, NASA may consider a non-Federal site for the SRF, such as a university. 

Planetary Protection in the Sample Receiving Facility 

Current draft planning for the SRF anticipates that samples returned from Mars would 
be placed in BSL-4–equivalent containment until they are deemed safe to be released 
to outside laboratories either by analysis or by sterilization. A multidisciplinary team of 
scientists and experts (e.g., engineers, occupational safety and health professionals, 
BSL-4 facility managers, etc.) would be responsible for the development of criteria for 
sample release and distribution through development of recommended protocols for 
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sample physical and chemical processing, life detection testing, biohazard testing, 
facility requirements (including security), environmental and health monitoring and 
safety, personnel management considerations in protocol implementation, and 
contingency planning for different protocol outcomes, while keeping the samples pristine 
for characterization.  

The Committee on Space Research established a Sample Safety Assessment Protocol 
(SSAP) Working Group to provide a mechanism by which the international science 
community could meet to: 

• define a decision tree to evaluate the safety status of the material from Mars; 

• define success/no-success criteria to determine the safety status of the material 
from Mars, taking into account the sensitivity of this determination on terrestrial 
contamination in the analyzed material; 

• estimate the time necessary to execute the protocol; and 

• ensure throughout the process the highest degree of harmonization feasible with 
the scientific analysis of the material from Mars (safety assessment benefiting 
from scientific analysis and vice versa). (Grady, M. S. and COSPAR 2019) 

Ultimately, the SSAP Working Group findings, through an external independent peer-
reviewed process, will evolve over time as knowledge of sample constituents evolves and 
scientists identify certain requirements and protocols that should be implemented to 
ensure sample safety throughout the sample management, handling, and curation 
process (Kminek et al. 2022). 

2.1.3 Site-Specific Elements 

2.1.3.1 Landing at Utah Test and Training Range 

Currently, NASA proposes to land the EES on the UTTR (Figure 2.1-3). The proposed 
landing site at the UTTR is referred to as the West Desert of the UTTR South Range. 
The UTTR is a military testing and training area located in Utah’s West Desert in west-
central Utah, primarily in Tooele County (portions of the North Range are in Box Elder 
County), about 129 kilometers (80 miles) southwest of Salt Lake City (Figure 2.1-3). The 
UTTR is currently the largest overland contiguous block of supersonic authorized 
restricted airspace in the continental United States. The range, which has a footprint of 
6,930 square kilometers (km2) (2,675 square miles [mi2]) of ground space and over 
49,000 km2 (19,000 mi2) of airspace, is divided into North and South Ranges. Interstate 
80 divides the two sections of the UTTR. The site is administered and maintained by the 
DAF 388th Range Squadron, stationed at Hill AFB, Utah. DPG—managed by the U.S. 
Army—is south of, and adjacent to, the South Range and consists of a total of 
3,196 km2 (1,234 mi2). The installation lies entirely within Tooele County. The DoD has 
designated the DPG installation (as well as the UTTR) as a Major Range and Test 
Facility Base and the primary chemical and biological defense testing center under the 
Chemical/Biological Defense Program. The DoD uses the airspace over U.S. Army and 
DAF lands (DPG and the UTTR North and South Ranges), as well as adjacent public 
lands, as a maneuver overflight area.  
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The DAF’s 388th Fighter Wing, Headquarters UTTR (HQ UTTR), Air Combat 
Command, operates a detachment on DPG (Det-1) in support of the UTTR. As a DPG 
tenant, HQ UTTR is responsible for providing ground support for testing and training 
activities conducted on the UTTR for all DoD units and some North Atlantic Treaty 
Organization countries. These ground support activities include tracking and evaluating 
aircraft training and test missions; response to in-flight emergencies and support of 
grounded flight crews; and support of crews in testing and recovering aircraft, missile, 
and space vehicle elements. In addition to their primary DAF support responsibilities, 
HQ UTTR provides support to non-DAF activities that require electronic flight 
surveillance capabilities as well as test locations and scoring. The 388th operations at 
DPG include the use of office facilities at Avery Area; maintenance, storage, and 
lodging facilities; and command and control centers for weapons testing, radar sites, 
and target and telemetry locations and roads to target complexes and radar sites. In 
total, the 388th occupies approximately 27 km2 (approximately 44 mi2) on DPG land. HQ 
UTTR has occupied facilities on DPG land since 1978 and, with current global 
situations, sees an ongoing need for continued use of this land in the future. NASA 
proposes to utilize the DAF-managed Det-1 location adjacent to Michael Army Airfield 
on DPG as the primary location area for recovery team staging and the vault location 
(see Figure 2.1-9).  

Historically, NASA has utilized the UTTR for the Stardust (NASA 1998) and Genesis 
(NASA 2001) missions, which returned samples of comet dust and the solar wind, 
respectively. The UTTR is also the planned landing site for the OSIRIS-Rex mission 
(NASA 2013), which would return samples of dust and rocks from the asteroid Bennu in 
2023. The UTTR consists of 9,300 km2 (2.3 million acres) and is owned by the DoD 
(DAF and Army [the DPG]) (Hill AFB 2012). The differences between the MSR 
Campaign return elements and those analyzed previously for the UTTR are the landing 
without the aid of a parachute and the RER classification associated with the Mars 
samples. Range scheduling for the MSR Campaign would be conducted in the same 
manner as for previous NASA missions at the UTTR. 

The nominal landing target area consists of an ellipse approximately 379 km2 (146 mi2) 
contained within an area of the UTTR containing soft sandy/clay soils typically found on 
dried lake beds/plains that are relatively barren and subject to repeated inundation by 
water, with enough salt to prohibit the growth of vegetation. The nominal ellipse defines 
the area with a 99.9999 percent probability of nominal landing. The notional area 
associated with an off-nominal (abnormal or unexpected) landing event is an expanded 
version of the nominal ellipse; in off-nominal scenarios, it is expected that the landing 
ellipse may shift further to the northeast but would remain within the UTTR boundary. 
The notional off-nominal ellipse covers an additional area of approximately 191 km2 
(74 mi2). The entire area susceptible to a small area impact (e.g., the size of the EES) is 
approximately 570 km2 (200 mi2). Figure 2.1-9 shows the nominal, off-nominal, and 
desired landing location (90 percent probability of landing).  
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Key: EES = Earth Entry System; UTTR = Utah Test and Training Range. 

Figure 2.1-9. Proposed EES Landing Site 
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Although the project would be designed to minimize the probability for an off-nominal 
event, the project design is still evolving. While an off-nominal event (one in which the 
EES or its components land outside the 99.9999 percentile ellipse) would be considered 
extremely unlikely, a statistical probability is currently unavailable at this time, as this 
information would be made available as project design is more defined.17 This 
information is relevant to assessing the potential for impacts to occur outside the 
nominal landing ellipse. However, there is a high degree of certainty that the EES would 
still land on the UTTR should an off-nominal event occur. This is discussed in more 
detail in Sections 3.2 (Incomplete or Unavailable Information) and 3.4 (Health and 
Safety). 

These ellipses may change slightly as NASA learns more about the distribution of 
landing hazards, requirements continue to be refined, various Earth atmospheric 
models are incorporated into EES entry simulations, and NASA continues working 
range safety and recovery operations with the DAF. Should the landing ellipses change 
substantively from those analyzed in this PEIS, supplemental NEPA analyses may be 
required. 

Preparing for the Mission 

NASA anticipates up to six recovery operation dress rehearsals during the 24 months 
prior to EES landing, with a team of up to 12 personnel, depending on required 
operational parameters. Dress rehearsals would likely involve the use of two to four 
helicopters. Additionally, NASA anticipates that a team of up to 40 personnel may be 
staged at the UTTR and/or DPG 6 to 12 months prior to the EES reentry date for site 
preparation and recovery operations setup. Support for dress rehearsals and recovery 
operations setup would likely involve use of equipment (e.g., helicopters, wheeled 
vehicles, etc.), infrastructure (facilities, utilities, etc.), and personnel support supplied by 
the U.S. Army and DAF. This support would be coordinated with the respective 
agencies once requirements have been defined. 

Landing Area Preparation 

Currently, the UTTR South Range contains debris such as aerial gunnery tow targets 
(referred to as “target darts”). In the 1950s and 1960s, target darts were towed behind 
an aircraft on 457 to 610 meters (1,500 to 2,000 feet) of cable and were used for aerial 
target practice by other aircraft. Typically, the cable would be severed by gunfire or 
released, and the target would fall to the ground and become embedded in the ground 
surface. Figure 2.1-10 provides pictures of target darts at the UTTR. Within the landing 
ellipse are many target darts, many of which (perhaps up to a few hundred) could 
require removal and would be conducted by the DAF. Prior to landing, a portion of the 
landing area would be prepared by removing landing hazards in order to prevent 
inadvertent impacts with objects that would adversely affect the integrity of the EES. 

Hazards to be removed would be prioritized for removal based on the potential hazard 
posed to the EES (size, location, etc.); Figure 2.1-11 shows the relationship between 
the number of hazards removed within the ellipse and the reduction in probability of the 

 
17 40 CFR 1502.21 requires the identification of incomplete or unavailable information when that information is relevant to 

reasonably foreseeable significant adverse impacts 
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EES encountering a hazard upon landing within the landing ellipse. Hazard debris 
identified for removal would likely be concentrated within the 90 percent nominal ellipse, 
with some removal between the 90 percent and 99.9999 percent nominal ellipse (see 
Figure 2.1-12). Currently, the UTTR is testing different methods for object removal, 
which may include digging below the ground surface (potentially up to 1.2 meters 
[4 feet]) to remove the large portions of exposed target dart debris or removing the 
exposed portion of the target dart and leaving the remaining subsurface elements. In 
either case, debris removal would require ground disturbance in the immediate vicinity 
of the subject debris, as well as the use of vehicles to transport to the debris removal 
site and to remove the debris from the landing area. Tracked and/or wheeled vehicles 
may be utilized. 

   

Figure 2.1-10. Depiction of Target Darts at the UTTR 
 

 

Figure 2.1-11. Reduction in Probability of Encountering a Hazard Based on 
Hazard Removal 
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Key: EES = Earth Entry System; UTTR = Utah Test and Training Range. Note: Hazards represented on map are not to scale and are smaller than represented. 

Figure 2.1-12. Existing Landing Hazards to be Assessed for Removal  
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According to DAF personnel, the proposed landing ellipse has not previously been used 
as a target area and the potential for unexploded ordnance (UXO) in this area is small; 
DAF personnel have assessed the area during previous test operations and have not 
found any UXO issues of concern (Shane 2022). Regardless, there would be a UXO 
technician with project personnel during all operations in the area, and all personnel 
visiting the area would be briefed as to the potential for UXO in the area and what to 
look for and what to do in the event a potential UXO is discovered. Any UXO 
encountered would be handled in accordance with Air Force Manual (AFMAN) 32-3001, 
Explosive Ordnance Disposal (EOD) Program, which outlines the requirements for 
operational range clearance and UXO recovery operations. As a result, UXO within the 
proposed landing ellipse, and associated hazard clearance activities described above, 
are of minimal concern. 

Flight Elements and EES Recovery Activities 

All flight elements and landing site activities associated with the proposed MSR 
Campaign would occur as described previously under Section 2.1.2 (Programmatic 
Elements). The EES would be tracked to its landing location using UTTR radar/tracking 
instrumentation. It is unknown at this time the exact area of recovery team staging or 
the size of the staging area.18 However, one or more recovery teams may be staged 
outside the landing ellipse at previously disturbed test sites with road access, with the 
vault likely located at the DAF-managed Det-1 location adjacent to the Michael Army 
Field runway on DPG (see Figure 2.1-9).  

It is anticipated that the landing would occur while the soils are soft but before they 
become saturated from rain events in the fall, which would serve to lessen the force of 
impact for the EES. As a result, vehicles that can traverse in loose soils and that are not 
excessive in weight would be the best option for traversing to the landing site, and 
planned ingress and egress routes would also be a best practice for traveling on the 
playa. Helicopters (the most likely scenario) or a tracked vehicle, such as a snow cat 
that distributes its weight more effectively, are the most likely methods of transport. Use 
of wheeled vehicles off road is unlikely because they would easily become stuck in the 
soft soils; however, use of wheeled vehicles off road to and from staging areas cannot 
be discounted. Based on drop testing activity, upon landing, the EES would be expected 
to create an impact crater of approximately 1.2 meters (4 feet) in diameter and 
0.5 meter (1.6 feet) in depth, based on soil composition, with soil ejected from the crater 
to a distance of approximately 15 meters (approximately 49 feet) from the EES (Corliss 
2022).  

Once the EES has landed, recovery teams would transit to the site and conduct landing 
site activities as described previously. It is anticipated that the vault containing the EES 
would be transported off the UTTR/DPG to an SRF location as soon as possible barring 
specific weather and other day-of-landing operational constraints. However, in the event 
of an off-nominal landing, NASA personnel could remain on site for several weeks or 
months as part of contingency activities. Specific contingency activities are unknown at 
this time, as NASA is currently evaluating contingency planning concepts. Contingency 

 
18 40 CFR § 1502.21 requires the identification of incomplete or unavailable information when that information is relevant to 

reasonably foreseeable significant adverse impacts. 
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activities may be relevant in understanding potential impacts associated with health and 
safety, hazardous material and waste, ground disturbance, and infrastructure-related 
needs. Should these contingency activities result in potential impacts outside the scope 
of those analyzed in this PEIS, supplemental NEPA analyses may be required. 

2.2 DESCRIPTION OF THE NO ACTION ALTERNATIVE 

Under the No Action Alternative, the MSR Campaign as described in this PEIS would 
not be undertaken. As a result, investigation of Mars as a planetary system would be 
limited due to the cost and complexity of sending instruments into space or to Mars for 
in situ analyses. By not undertaking the MSR Campaign, scientists would not have 
access to the full breadth and depth of analytical science instruments available in Earth 
laboratories.  

2.3 ALTERNATIVES CONSIDERED BUT NOT CARRIED FORWARD 

This section describes the screening criteria utilized by NASA to evaluate potential 
programmatic and site-specific alternatives to the Proposed Action as well as 
alternatives considered but not carried forward for further analysis. 

2.3.1 Programmatic Alternative Screening Criteria 

As discussed previously, in situ analysis of Mars samples (i.e., while still on Mars) is 
limited by cost and technical feasibility and does not provide the full breadth and depth 
of analytical science tools needed to meet the purpose of and need for the Proposed 
Action. Therefore, programmatic alternatives for the MSR Campaign regarding sample 
management, processing, analyses, and curation were evaluated according to the 
following criteria: 

Alternatives must be able to accommodate the equipment required to conduct the 
proper analysis to meet MSR Campaign objectives (which include not only 
science but also a properly rigorous assessment of the biological safety of the 
samples). The International Mars Architecture for the Return of Samples Working 
Group, in 2008, evaluated the overall goals and objectives of Mars exploration and 
determined that, given the scope of what is realistically achievable via in situ exploration 
technology, a significant fraction of these investigations could not be meaningfully 
advanced without returned samples for the following reasons (iMARS Working Group 
2008, Meyer et al. 2022): 

• Complex sample preparation. Several of the high-priority investigations would 
involve sample preparation procedures (e.g., creating very thin slices) that would 
be too complicated for in situ missions. The procedures to do this in terrestrial 
labs are well established, but the ability to conduct similar sample preparation 
procedures on Mars does not currently exist nor is likely to exist in the future.  

• Instrumentation that would not be suitable for flight to Mars. Many types of 
scientific instrumentation would not be compatible with mounting on a Mars 
Lander because the equipment is too large, requires too much power, requires 
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too much maintenance, involves complex procedures, or a combination of these 
factors.  

• Lack of instrument diversity. In situ missions to date have been limited to 5 to 
10 scientific instruments. However, terrestrial labs could analyze returned 
samples using at least 50 to 100 instruments, including future instruments that 
have not yet been designed. This could significantly amplify the ability of 
scientists to make initial discoveries and to respond to initial or unexpected 
discoveries with follow-up tests that are not currently able to be envisioned. Such 
complementary measurements would significantly increase the degree of 
definitiveness to which a scientific question could be answered (which commonly 
is dependent on whether a preliminary result could be confirmed by a different 
kind of measurement). 

Given the needs above, Mars sample processing and analysis cannot be sufficiently 
conducted in situ, and any alternative associated with sample analysis under the MSR 
Campaign must be able to accommodate the processes and associated equipment 
required to conduct the level of analysis required to meet MSR Campaign objectives, 
including a comprehensive SSAP. Additionally, given the constraints described above, 
there is no instrument or suite of tests that Perseverance can use on Mars or that the 
MSR Campaign could bring to Mars, to definitively determine if the samples collected 
are of sufficiently low risk so as to alter the “Restricted Earth Return” mission planetary 
protection designation and being treated as if they are potentially hazardous. 

2.3.1.1 Programmatic Alternatives 

Based on the programmatic alternative selection criteria for Mars sample management, 
processing, analyses, and curation, the following alternatives were considered but not 
carried forward for further analysis: 

• Remote and/or in-orbit SSAP. This alternative involved conducting the primary 
lab work on the samples in orbit or on the lunar surface until the SSAP process is 
completed and then, when determined safe, the samples would be returned to 
Earth for further analysis and curation. This work would occur on an orbital 
structure such as the International Space Station (ISS). The primary issues 
associated with this alternative include significant uncertainties about the ability 
to ensure secure containment of the samples during transfer and analysis, the 
low likelihood that the ISS (or any other orbital structure planned for launch prior 
to 2033) could accommodate the required containment and sample management 
equipment without extensive retrofitting and ground-based testing, and the 
absence of any plans for a lunar base that would be available and capable of 
conducting effective sample analysis. 

Remote sample analysis would be exceedingly complex, especially if automated, 
and would include the need for destructive reopening of multiple tubes, posing a 
significant threat to major efforts made over more than a decade to maintain the 
scientific integrity of each of the samples. Designing, flight-qualifying, and 
launching appropriate instruments of analysis to be operated by non-expert crew 
members would be a major challenge. The sensitivity and accuracy of 
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instruments operated in microgravity is much lower than similar instruments on 
Earth (Marks 2022); with proper procedures likely including a challenging search 
for microscopic biosignatures, there is a significant chance of “false negatives” if 
the SSAP is not done properly (i.e., declaring that the Mars samples are not 
hazardous when they could be). Additionally, a positive result from the SSAP 
represents a potential hazard to crew health within a small, enclosed system, 
plus a contaminated facility that will eventually need to be returned to Earth (or 
will fall to Earth if there is a system failure). Similarly, a failure of sample 
containment at a lunar base could lead to onerous requirements for 
decontamination protocols for future travel between the Earth-Moon system 
(Marks 2022).  

Finally, the ISS is planned for decommissioning/deorbiting in 2031, two years 
before the Mars samples would return to the Earth-Moon system, meaning that 
using the ISS is not a reasonable alternative for the MSR Campaign. The MSR 
Campaign would, therefore, be dependent on other space stations or other 
missions involving orbital or lunar structures, which may not correspond to the 
timeframe of the MSR Campaign. Such other orbital or lunar structures that could 
potentially be used instead of the ISS are not yet constructed and may be subject 
to delays such that the MSR Campaign cannot reasonably plan to use them. 

• Human-assisted return. This alternative involves the return of Mars samples to 
lunar orbit, recovery of the samples, and return to Earth by a crewed spacecraft. 
Primary issues associated with this alternative are associated with an increased 
risk of breaching sample containment during transfer of the sample container 
from one craft to the other, related potential risks to the health and safety of the 
crew, and the dependency on other missions that may not correspond to the 
MSR Campaign timeframe. In addition, there is no current or currently envisioned 
crew-rated vehicle capable of visiting the Lunar Gateway and landing on solid 
ground upon return to Earth. Crewed spacecraft capable of reaching the Lunar 
Gateway require water landings; as such, this option was eliminated by the 
requirement to land on solid ground (because spacecraft loss during or after 
water landing could lead to loss of sample containment with little-to-no chance of 
recovery or decontamination, compared to land). 

2.3.2 Site-Specific Alternative Screening Criteria 

Site-specific alternative screening criteria within the context of this PEIS involve 
identification of potential landing sites for the EES. Landing site locations are typically 
mission-specific and therefore dependent on a variety of factors such as the year and 
season of the launch and planned return. As part of a landing site evaluation study, 
potential landing locations were evaluated under the criteria listed in Table 2.3-1 in 
order of priority (Luthman 2021). A more comprehensive outline of the site selection 
process is provided in Appendix A (Landing Site Selection Information). 
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Table 2.3-1. MSR Campaign Site-Specific Landing Site Selection Criteria* 
Priority Category Criteria Rationale 

1 
U.S. vs. 
Foreign Site 
Location 

Landing site must be on U.S. 
soil. 

• As specified in the Memorandum of 
Understanding with the European Space 
Agency. 

• Time to transport samples to the Sample 
Receiving Facility, ensuring integrity, 
safety, and security of samples. 

2 

Safety 

The landing site must be 
remote. 

• Limits the possibility of damage or injury 
to people or property. 

3 
The landing site must be a 
controlled zone with restricted 
access. 

• Sites that can effectively be closed to the 
public minimize any chance of the EES 
harming individuals or their possessions 
within the controlled site boundary and 
security risk to the vehicle. 

4 
The landing site must have 
controlled airspace above it. 

• Provides safety to aircraft. 

5 

The site must accommodate a 
30 km downrange x 20 km 
cross-range landing ellipse 
(major axis at 295 degrees). 

• This is the maximum expected 5-sigma 
(𝜎) landing ellipse. Due to the restricted 
nature of the return, it is considered 
prudent to accommodate the 5𝜎 ellipse 
and not only the 3𝜎 ellipse.(a) 

6 

Assured 
Containment 

The landing site must be on 
land, not on water. 

• Salt water is highly corrosive. 

• There is a risk of the EES sinking in a 
water landing. 

• There is a risk of the EES being carried by 
currents if not promptly recovered. 

7 

The site must have a recovery 
area free of roads, structures, 
trees, hills, and other 

hazardous terrain features.19 

• Vehicle must be easily findable and 
retrievable. 

• The sample return architecture is a 
passive vehicle. 

• The site must be free of hazards that 
could impose side loads on the vehicle. 

• The containment system must not 
experience a high-g environment (no 
more than 3,000 g) on landing to preserve 
containment. 

8 
The site must have a recovery 
area with slope less than 5 
degrees. 

• The low slope enables crushable 
materials in the nose of the EES to limit 
the acceleration experienced by the 
samples and the containment system. 

• The low slope limits the need for 
excessive levels of crushable materials in 
other areas of the vehicle. 

 
19 Analysis of surveyed hazards in the UTTR, described in Section 2.1.3.1 (Landing at Utah Test and Training Range), has shown 

that the landing ellipse can be placed strategically in a location that meets target values for the failure of containment, given in 
Section 3.5.1.2.2 (Hazardous Materials and Waste, Site-Specific Analysis (UTTR/DPG), Environmental Consequences), with the 
removal of a manageable number of these known hazards. 
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Table 2.3-1.       MSR Campaign Site-Specific Landing Site Selection Criteria* 
Priority Category Criteria Rationale 

9  

Soil in the recovery area must 
have mechanical properties 
that aid in the dissipation of 
landing impact energy. 

• The sample tubes must experience no 
more than 1,300 g.(b) 

• The EES makes a landing without a 
parachute. 

• Soil with suitable mechanical properties 
can dissipate all impact energy without 
exercising the crushable material in the 
EES. 

10 

Science 
Return 

The samples must experience 
minimum exposure to high 
temperature (>20°C). 

• Preserve sample integrity. 

• Analysis shows sample tubes will be  
-40°C (-40°F) on landing and maintaining 
samples below -20°C (-4°F) through 
recovery is preferable, if possible. 

11 
Requires soft landing 
surfaces. 

• The EES must experience no more than a 
1,300-g impact acceleration.(b) 

• Limit the degradation of samples due to 
impact (Requirement on Capture, 
Containment, and Return System project 
as defined in Environmental 
Requirements Document MSR-CCRS-
SYS-REQ-0002). 

12 
The location must allow 
prompt delivery of the EES to 
the Sample Receiving Facility. 

• Preserve sample integrity. 

• Limit the time needed to move the EES to 
a stable, sterile environment. 

13 
Range 
Recovery 
Assets 

The location should have the 
capability to track the EES 
during descent. 

• The EES needs to be tracked during 
descent and located promptly to enable 
rapid encapsulation. 

• Facilities with their own demonstrated 
tracking capabilities limit the need to 
ensure availability of, and coordinate 
bringing in, mobile range assets for this 
purpose. 

Source: (Luthman 2021) 

Key: < = less than; °C = degrees Celsius; °F = degrees Fahrenheit; EES = Earth Entry System; ESA = European Space Agency; g = 
acceleration relative to that of the Earth’s gravity; km = kilometers. 

Notes: 

* Information within this table is preliminary and may be refined as the mission concept matures. Statements about things such as design 
features, the landing ellipse size and major axis direction are specific to preliminary concepts and subject to change. 

(a) The landing ellipse represents a standard deviation analysis, serving as a measure of certainty with regard to where the EES would land. In 
this case, the ellipse represents the expected area where the EES would land, and the “sigma” indicates the chances of the EES landing 
outside that ellipse. For a 5-sigma ellipse, there is more than a 99.9996 percent chance that the EES would land inside of the ellipse (see 
Figure 2.1-9); for a 3-sigma ellipse, there is more than a 98.8891 percent chance that the EES would land inside of the ellipse. 

(b) The 1,300 g requirement is directed at maintaining the physical integrity of the EES, while the 3,000-g requirement is a design limit for 
maintaining containment of the samples. 

2.3.2.1 Site-Specific Alternatives 

Based on the site-specific landing site criteria identified above, the numerous 
alternatives for landing sites were considered but not carried forward for further 
analysis. 
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Overall, 507 DoD ranges in the United States were reviewed against these criteria. A 
shortlist of 18 candidate ranges was created (see Appendix A, Landing Site Selection 
Information), which included 13 ranges previously analyzed in the Stardust, Genesis, 
and OSIRIS-Rex EAs and 5 ranges from DoD Sustainable Range Reports, with 
potentially enough area to encompass the 5𝜎 landing ellipse20 (NASA 1998, NASA 
2001, NASA 2013, Luthman 2021). 

After further review, 11 ranges were dismissed because they were too small to 
accommodate the landing ellipse or had unacceptable terrain (mountainous or heavily 
forested). An additional five ranges were dismissed after review of Digital Elevation 
Model data that indicated these remaining sites were unable to accommodate the 
landing ellipse within a region with a slope of less than 5 degrees (Luthman 2021). 

White Sands Missile Range and the UTTR were the only two sites identified as potential 
landing sites; however, after further study it was concluded that White Sands’ terrain 
and soil types pose greater risks to the EES and the successful containment of the Mars 
samples; the White Sands terrain is less flat than at the UTTR, and the soil is much 
harder, which makes it much more challenging to meet the sample tube acceleration 
requirements (Luthman 2021). As a result, White Sands was eliminated and the UTTR 
was identified as the best alternative for the EES landing site. 

These findings are consistent with sample return missions evaluated as part of the 
Stardust Mission EA (NASA 1998) and OSIRIS-Rex EA (NASA 2013). The EAs both 
noted that, because a water landing (as with Apollo-era returns) would most probably 
compromise the mission science objectives by increasing the risk of contamination of 
the collected samples, a recovery site on land is mandated. Within the Stardust Mission 
EA, several landing site alternatives were evaluated against essentially the same 
criteria (Yuma Marine Corps Air Station, Arizona; Luke AFB, Arizona; Edwards AFB, 
California; Chocolate Mountain Gunnery Range, California; Twenty-Nine Palms Marine 
Corps Base, California; Camp Pendleton Marine Corps Base, California; Fort Bliss 
Military Reserve, New Mexico; White Sands Missile Range, New Mexico; Tonopah Test 
Range, Nevada; Nellis Air Force Range, Nevada; China Lake/Fort Irwin, California; and 
the UTTR). Through this process, it was also determined that the UTTR provided the 
best, most feasible alternative for sample return missions. 

2.4 SUMMARY OF ENVIRONMENTAL IMPACTS / COMPARISON OF 
ALTERNATIVES 

The following table (Table 2.4-1) provides a summary of the potential impacts 
associated with the Proposed Action and No Action Alternative. 

 
20 The landing ellipse represents a standard deviation analysis, serving as a measure of certainty with regard to where the EES 

would land. In this case, the ellipse represents the expected area where the EES would land, and the “sigma” (𝜎) indicates the 
chances of the EES landing outside that ellipse. For a 5-sigma ellipse, there is more than a 99.9996 percent chance that the 
EES would land inside of the ellipse; for a 3-sigma ellipse, there is more than a 98.8891 percent chance that the EES would land 
inside of the ellipse. 
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Table 2.4-1. Summary of Environmental Impacts / Comparison of Alternatives 

  Alternative  

Resource Area Proposed Action No Action 

Health and Safety 

Programmatic: Significant adverse impacts associated with EES transportation to an SRF are not 
anticipated. The travel and handling procedures for the EES and the security and functionality of the 
SRF would be based heavily on the proven techniques used for safely handling biological toxins and 
known infectious agents used in Earth-based research labs. Potential impacts associated with SRF 
development and operation would be related to the location of the facility, as well as the type and size. 
Tier II analyses for determination of impacts associated with health and safety would consider the 
location of the proposed facility and surrounding community/land use type, health and safety system 
requirements associated with a BSL-4 equivalent facility, and risk analysis involving failure of 
containment systems that results in a release within the facility. 

Site Specific: Significant adverse impacts at the UTTR or DPG are not anticipated. During landing site 
preparation, the potential for UXO encounters is small, and there would be a UXO technician with project 
personnel during all operations in the area. Personnel tasked with debris removal activities would be 
trained to identify potential UXO, and removal would be deferred to trained explosive ordnance disposal 
personnel in accordance with Air Force Manual (AFMAN) 32-3001, Explosive Ordnance Disposal (EOD) 
Program. With regard to EES release and landing, the MSR Campaign has established stringent 
probability targets to drive robust containment engineering. The MSR Campaign selected a target value 
equivalent to a 99.9999% probability of successful containment. These targets are applied to each of 
three material vectors or pathways along which Mars material may reach Earth: 1) free particle transport; 
2) approach, entry, and descent; and 3) landing. Throughout the MSR Campaign element design, NASA 
will continue to assess numerous factors that may influence Mars material containment and/or 
sterilization success for each vector. For EES recovery, all personnel involved in recovery operations 
would be required to wear personal protective equipment (PPE). After the EES has been transferred, in 
the travel case, from the site to the vault, soil and PPE may be decontaminated. The exact means of 
potential decontamination has not been determined. However, any decontamination activities would 
follow standard decontamination protocols for biological hazards typically involving application of 
chemical sterilants as liquid or fumigants at the landing site in place. All activities would be in alignment 
with CBRNE response planning for EPA and the DAF Readiness and Emergency Management Office. 

Programmatic: Potential 
impacts associated with 
transportation of Mars samples 
and development of an SRF 
would not be realized. 
 
Site Specific: The No Action 
Alternative would not result in 
any additional health and safety 
impacts at the UTTR, DPG, or 
surrounding areas outside of 
those associated with ongoing 
and potential future military 
operations and other activities 
occurring at the site.  

Cultural Resources 

Programmatic: Transportation of the EES to an SRF would not be expected to result in any cultural 
resource impacts. Furthermore, operation of an SRF would not be anticipated to impact cultural 
resources; the main impact driver for this resource is the development of an SRF. Construction activities 
that may impact cultural resources are all ground-disturbing activities, including land clearing, earth 
moving, excavation, and vehicle and equipment operation on unpaved surfaces. These activities may 
result in physical disturbance of any surface or subsurface archaeological resources that may be present 
in the areas disturbed. Direct adverse effects would result if any of the archaeological resources are 
listed on or eligible for listing in the NRHP. Potential impacts associated with SRF development would be 
related to the location of the facility, as well as the type and size. Tier II analyses would initiate the NHPA 
Section 106 consultation process early in the planning process to identify any historic properties and/or 
significant traditional cultural resources that may or may not meet the NRHP criteria (as defined in 36 
CFR § 60.4) but that are properties of cultural, historical, or religious significance to American Indian 
Tribes or other recognized traditional cultural groups within or near the APE. Additionally, the effects of 

Programmatic: Potential 
impacts associated with 
transportation of Mars samples 
and development of an SRF 
would not be realized. 
 
Site Specific: The No Action 
Alternative would not result in 
any additional cultural resource 
impacts at the UTTR or 
surrounding areas outside of 
those associated with ongoing 
and potential future military 
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the undertaking on identified properties and/or traditional resources would be assessed, and any 
necessary mitigations required to avoid or minimize identified adverse effects would be identified.  

Site Specific: NASA, with the DAF as the lead, has conducted consultation with the Utah SHPO, the 
ACHP, and other entities regarding the effects of the Proposed Action to historic properties, in 
accordance with Section 106 of the NHPA. NASA (as the lead agency), in coordination with the DAF and 
U.S. Army, also initiated consultation with 21 Federally recognized Native American tribes on a 
government-to-government basis. Although NASA received no comments from the 21 tribes, tribal 
consultation will remain ongoing as part of normal government-to-government interactions. Section 106 
consultation for activities within this Tier I analysis with the potential for impacts to historic properties was 
completed in a March 2023 letter from NASA to all consulting parties announcing the execution of a 
Memorandum of Understanding between NASA and Hill Air Force Base (AFB) (the responsible land 
manager of the UTTR) transferring the lead Agency responsibility for the Section 106 consultation to the 
DAF, and the execution of a Programmatic Agreement between Hill AFB, the Utah SHPO, and the 
ACHP which includes protocols and stipulations for Operational Retrieval of Objects. Ground 
disturbance associated with on-site mission preparation (to include testing and rehearsals and landing 
site preparation), EES landing, and EES recovery could result in adverse effects to historic properties if 
there are any that cannot be avoided during vehicular transit to/from each object location or if an object 
is located within an archaeological site eligible for listing in the NRHP. Any potential adverse effects 
would be mitigated through the Standard Mitigation Treatment Measures within the aforementioned 
Programmatic Agreement, which includes stipulations for range clearance activities. 

operations and other activities 
occurring at the site.  

Hazardous 
Materials/Waste 

Programmatic: Transportation of the EES to an SRF would not be expected to involve the use of 
hazardous materials or generation of hazardous wastes. Hazardous materials may be used, and waste 
generated, as a part of the construction and operation of an SRF. Typical construction-related hazardous 
wastes consist of petroleum, oils, and lubricants, as well as paints, adhesives, and solvents. The 
amounts of hazardous materials used and wastes generated would depend on the size and type of 
facility. Types of hazardous materials and wastes associated with operation of an SRF facility would 
likely be consistent with operation of other similar types of facilities and could include materials/wastes 
such as flammable liquids; flammable, toxic liquids; corrosive liquids; oxidizing liquids; and ethidium 
bromide solids. The types and quantities of hazardous materials and wastes used would be particular to 
the size and function of an SRF. Regardless, all hazardous materials and wastes would be managed 
according to applicable Federal, state, and local requirements, depending on hazardous waste generator 
status (i.e., large, small, or very small quantity generator). Exact types of hazardous materials that would 
be used; wastes generated; associated potential impacts; and applicable Federal, state, and local 
requirements will be addressed in the Tier II NEPA analyses. 

Site Specific: No significant adverse impacts are anticipated at the UTTR or DPG. Regarding landing site 
preparation, target darts are nonhazardous material (consisting of wood and metal), and the small 
amount of waste material generated could be disposed of as standard industrial waste or recycled. Any 
soil and/or debris associated with landing site preparation that would be disposed of offsite would require 
sampling to determine appropriate disposition (e.g., solid waste or hazardous waste fill). Although UXO 

Programmatic: Potential 
impacts associated with 
transportation of Mars samples 
and development of an SRF 
would not be realized. 
 
Site Specific: The No Action 
Alternative would not result in 
any additional hazardous 
materials and/or waste impacts 
at the UTTR or surrounding 
areas outside of those 
associated with ongoing and 
potential future military 
operations and other activities 
occurring at the site.  
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encounters are unlikely, any potential UXO encountered would be handled in accordance with AFMAN 
32-3001, Explosive Ordnance Disposal (EOD) Program. The EES contains de minimis amounts of 
hazardous materials, consisting of standard aerospace adhesive materials; there are no fuels or other 
petroleum products used in the EES. The process of retrieving the EES and placing it into the vault 
would be assumed to generate potentially hazardous biological waste until demonstrated otherwise. All 
the systems used, including personnel protective gear, would be assumed to be contaminated and 
would either be decontaminated or simply discarded as hazardous waste. Wastes could include plastics 
and clothing. Any liquids used in the decontamination process would be absorbed onto solids prior to 
disposal. It is assumed that any soil decontamination would be in situ, using a fumigation method or 
“safe” liquid (e.g., the sort used for groundwater decontamination) that would allow soils to remain in 
place with minimal residual hazards, thus eliminating the need for soil removal and minimizing any 
associated waste generation/disposal issues. 

NASA would be accountable to the DAF and U.S. Army for complying with all applicable laws governing 
the proper handling of materials and disposal of waste on their properties. Occupational Safety and 
Health Administration requirements would also apply, depending upon the status of personnel (civilian, 
military, contractor), regarding the use of appropriate PPE, etc. This compliance must also incorporate 
and abide by 10 U.S.C. 2692 (Storage, treatment, and disposal of nondefense toxic and hazardous 
materials) requirements for the storage, treatment, and disposal of nondefense toxic/hazardous 
materials on DoD property. NASA may need a waiver from the DAF and/or U.S. Army to bring any 
required hazardous materials onto respective properties. For hazardous waste disposal, NASA would 
work with the DAF and U.S. Army to determine waste management responsibilities (under the 
requirements of the Hill AFB Hazardous Waste Management Plan, any applicable U.S. Army 
requirements, and Federal and state regulations) and codify these in a Memorandum of 
Understanding/Agreement. NASA may pursue acquiring its own EPA Generator identification number for 
this particular project. 

Soils and Geology 

Programmatic: Transportation of the EES to an SRF would not be expected to interact with soils. 
Operation of an SRF would not be anticipated to impact soils or geology; the main impact driver for this 
resource is the site development associated with establishment of an SRF. The amount of soil 
disturbance and associated extent of adverse impacts would be dependent on the type and size of the 
facility, as well as the need for any additional or ancillary infrastructure (such as underground utilities and 
parking). The potential for any site-specific impacts to soils and geology associated with SRF 
development will be addressed in Tier II NEPA analyses, which would consider the soil types potentially 
impacted; the amount/area of soil potentially disturbed and the potential for, and scope of, soil erosion; 
the need for a National Pollutant Discharge Elimination System permit; geologic limitations and/or 
influence on site development; and identification of any necessary mitigations required to avoid or 
minimize identified adverse impacts. 

Site Specific: There would be no ground disturbance activities at the Det-1 location. There would be 
ground disturbance associated with on-site mission preparation (to include testing, rehearsals and 
landing site preparation), EES landing, and EES recovery operations; however, disturbance would be 

Programmatic: Potential 
impacts associated with 
transportation of Mars samples 
and development of an SRF 
would not be realized. 
 
Site Specific: The No Action 
Alternative would not result in 
any additional impacts to soils 
and geology at the UTTR or 
surrounding area outside of 
those associated with ongoing 
and potential future military 
operations and other activities 
occurring at the site.  
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localized and would not result in loss of soil productivity or significant erosion given the flat land area and 
lack of substantive precipitation. Given the context of the landing site and low intensity of the action, 
these activities are expected to have minimal impacts on soils and geology at the UTTR. Ground 
disturbance for similar activities at the UTTR were found to have no significant impacts on soils or 
geology. During landing site preparation and EES recovery operations, standard practices for preventing 
soil erosion would be employed, such as minimizing the size of the disturbed area associated with 
landing site preparation activities (e.g., aerial target debris removal) and EES recovery operations; 
stockpiling of all excavated soils and protection from wind and water erosion, with replacement or 
removal of stockpiles when activity is complete; and to the maximum extent practicable, restoration of 
the environmental condition of the affected landing area to its pre-disturbance condition. 

Biological 
Resources 

Programmatic: Transportation of the EES to an SRF would not be expected to have an interaction with 
biological resources. Operation of an SRF would not be anticipated to impact biological resources; the 
main impact driver for this resource is the development of an SRF. Construction activities that may 
impact biological resources include vehicle and equipment operation, land clearing, earth moving, 
stormwater runoff, and potential introduction of invasive species. The potential for any site-specific 
impacts to biological resources associated with SRF development will be addressed in Tier II NEPA 
analyses. Analyses would consider the habitat type and amount of habitat area potentially impacted; 
identification of the vegetation, wildlife, and special-status species (e.g., Federally and/or state-listed, 
threatened, endangered, or candidate species) potentially impacted within the context of importance 
(legal, commercial, ecological, or scientific) of the species, habitat function, sensitivity, and the 
availability of regionally similar resources and the need for associated consultation under Section 7 of 
the Endangered Species Act; and identification of any necessary mitigations required to avoid or 
minimize identified adverse impacts. Were NASA to identify a location for the SRF that would potentially 
impact species listed under the Endangered Species Act or associated critical habitat, NASA would be 
required to consult with the respective U.S. Fish and Wildlife Service (USFWS) district under Section 7 
of the Endangered Species Act. 

Site Specific: On-site mission preparation (to include testing and rehearsals and landing site 
preparation), EES landing, EES recovery, and EES transportation operations are expected to have 
minimal direct and/or indirect impacts on the biotic environment at the UTTR, given the context of the 
landing area (e.g., desert playa with sparse vegetation and lack of suitable wildlife habitat) and the 
intensity of the action (minor, temporary disturbance). Based on analysis presented in this PEIS, there 
are no Endangered Species Act-protected species located on the UTTR or the Det-1 location; thus, 
there would be no effect to Endangered Species Act-protected species, and consultation with the 
USFWS is not required. 

Programmatic: Potential 
impacts associated with 
transportation of Mars samples 
and development of an SRF 
would not be realized. 
 
Site Specific: The No Action 
Alternative would not result in 
any additional impacts to 
biological resources at the 
UTTR or surrounding area 
outside of those associated with 
ongoing and potential future 
military operations and other 
activities occurring at the site.  

Water Resources 

Programmatic: Transportation of the EES to an SRF would not be expected to have an interaction with 
water resources. Both construction and operation of an SRF may have the potential to affect water 
resources, each in a different manner. Depending on the type and size of the facility, operation of the 
SRF may involve industrial stormwater discharges to the environment, while development of the SRF 
may have a direct or indirect impact on water resources from sedimentation runoff during construction 
and may require a general stormwater construction permit. The potential for any site-specific impacts to 

Programmatic: Potential 
impacts associated with 
transportation of Mars samples 
and development of an SRF 
would not be realized. 
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water resources associated with SRF development and operation will be addressed in Tier II NEPA 
analyses, which would identify water resources within the affected environment, to include wetlands and 
floodplains, stormwater runoff analysis, and potential groundwater use. If site development results in 
direct impacts to wetlands, coordination with the U.S. Army Corps of Engineers may be required for a 
jurisdictional wetland determination, and a Clean Water Act Section 404 permit may be required. If site 
development results in direct impacts to wetlands or floodplains, NASA would be required to identify the 
lack of practicable alternatives to that particular site. 
Site Specific: Given the context of the action area (no water resources), on-site mission preparation (to 
include testing and rehearsals and landing site preparation), EES landing, EES recovery, and EES 
transportation, operations are expected to have no direct or indirect impacts to water resources at the 
UTTR or DPG. 

Site Specific: The No Action 
Alternative would not result in 
any additional impacts to water 
resources at the UTTR or 
surrounding areas outside of 
those associated with ongoing 
and potential future military 
operations and other activities 
occurring at the site.  

Air Quality / 
Climate 

Programmatic: Transportation of the EES to an SRF would be expected to result in de minimis air 
emissions associated with either aircraft or over-the-road vehicles. However, both construction and 
operation of an SRF may have the potential to affect air quality associated with emissions from point 
sources and mobile sources. Construction requiring ground improvements would result in mobile air 
emissions from equipment use, as well as particulate matter from fugitive dust emissions; facility 
operations could involve air emissions of criteria pollutants depending on the types of operations 
conducted and whether there are direct air exhaust systems or roof stacks for incineration activities. The 
potential for any site-specific impacts to air quality associated with SRF development and operation will 
be addressed in Tier II NEPA analyses, which would analyze air emissions associated with construction 
and operation as compared to current local/regional emissions and National Ambient Air Quality 
Standards thresholds to determine any exceedances of certain criteria pollutant thresholds that may 
require general conformity analysis. Analysis will also consider whether a Prevention of Significant 
Deterioration, nonattainment New Source Review, or Title V permit is required. 

Site Specific: On-site mission preparation (to include testing, rehearsals and landing site preparation), 
EES landing, EES recovery, and EES transportation operations are expected to have minimal direct 
impacts on Tooele County air quality and climate, given the context of the landing area (remote site on 
an active military range with more extensive air emissions) and the intensity of the action (temporary de 
minimis emissions from mobile sources and fugitive dust). 

Programmatic: Potential 
impacts associated with 
transportation of Mars samples 
and development of an SRF 
would not be realized. 
 
Site Specific: The No Action 
Alternative would not result in 
any additional air quality or 
climate-related impacts at the 
UTTR or surrounding areas 
outside of those associated with 
ongoing and potential future 
military operations and other 
activities occurring at the site.  

Land Use 

Programmatic: Transportation of the EES would not be expected to result in any land use impacts. 
Temporary impacts on land use from construction operations can affect ongoing uses in nearby areas, 
both on and off the SRF site. These impacts include elevated traffic, including heavier-than-usual truck 
traffic; dust from ground disturbance and site preparation; and noise from construction equipment. While 
these effects can cause inconvenience and some annoyance for local users, upon completion of 
construction, these effects would cease. Were NASA to propose siting the SRF in an area of 
incompatible land use, adverse impacts to existing uses may occur. The significance of the 
environmental impact of SRF siting on land use would be affected by the location and type of SRF NASA 
determines is best suited to carry out the purpose and need for the Proposed Action. The potential for 
any site-specific impacts related to land use associated with SRF development and operation will be 
addressed in Tier II NEPA analyses, which would determine whether the proposed site meets zoning 

Programmatic: Potential 
impacts associated with 
transportation of Mars samples 
and development of an SRF 
would not be realized. 
 
Site Specific: The No Action 
Alternative would not result in 
any additional land use impacts 
at the UTTR or surrounding 
area outside of those 
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requirements and/or is incompatible with an existing land use or reasonably foreseeable land use due to 
noise, safety, or other issues and mitigations that may serve to minimize or avoid these types of impacts. 
Additionally, analysis would include identification of potential ancillary effects to nearby properties, such 
as increased traffic and lighting and visual effects and mitigations that may serve to minimize or avoid 
these types of impacts. 

Site Specific: On-site mission preparation (to include testing, rehearsals and landing site preparation), 
EES landing, EES recovery, and EES transportation operations are expected to have no impacts to 
UTTR or DPG land use, given the context of the activities (within an active military installation and roads 
for intended use) and the intensity of the action (occasional, discrete short-term events). 

associated with ongoing and 
potential future military 
operations and other activities 
occurring at the site.  

Socioeconomics 

Programmatic: Transportation of the EES to an SRF would not be expected to have any socioeconomic 
impact. Development activities would likely result in some beneficial direct, indirect, and induced 
economic impacts in terms of employment and income, the scope of benefit tied to the size and type of 
facility. Construction-related impacts would last for the duration of the activities. Long-term 
socioeconomic impacts would be directly tied to the number of new jobs created and the projected 
population increase associated with those jobs. Employment numbers would be dependent on the type 
and size of the facility. Direct impacts to housing, education, and public services (e.g., emergency 
services) would also be dependent on local population increases. Depending on the scope of any 
increases in local population, this can adversely affect these aspects if availability and capacity cannot 
adequately accommodate the increase. The potential for any site-specific socioeconomic impacts 
associated with SRF development and operation will be addressed in Tier II NEPA analyses, which 
would consider the number of projected workers required and the ability of local workforce to meet 
demand; the local population and population trends and whether any influx of workers (temporary and 
permanent and estimated dependents would result in a substantive increase in population; and if there is 
a projected substantive increase in population, determine whether housing availability and education and 
public services can accommodate the associated increase in demand. 

Site Specific: Within the context of the Proposed Action, mission preparation activities, EES landing 
recovery operations, and sample transportation would be expected to have no adverse impacts to 
socioeconomics, because activities would be within the existing range and there are no anticipated 
effects outside this area. There may be de minimis beneficial impacts associated with NASA scientists 
and other recovery team members utilizing services (e.g., hotels, restaurants, etc.) within the local 
community during their time at the UTTR and DPG. 

Programmatic: Potential 
impacts associated with 
transportation of Mars samples 
and development of an SRF 
would not be realized. 
 
Site Specific: The No Action 
Alternative would not result in 
any additional socioeconomic 
impacts at the UTTR or 
surrounding area outside of 
those associated with ongoing 
and potential future military 
operations and other activities 
occurring at the site.  

Environmental 
Justice 

Programmatic: Transportation of the EES to an SRF would not be expected to have any impact to 
environmental justice communities. Impacts to environmental justice communities from development and 
operation of an SRF would be based on the extent to which minority and low-income populations reside 
within the affected environment. Potential environmental justice impacts are directly tied to the location 
of the facility and would require site-specific analysis. The potential for any site-specific environmental 
justice-related impacts associated with SRF development and operation will be addressed in Tier II 
NEPA analyses. Such analysis would consider the extent to which minority and low-income populations 
reside within the affected environment; the extent to which children and elderly populations reside within 

Programmatic: Potential 
impacts associated with 
transportation of Mars samples 
and development of an SRF 
would not be realized. 
 
Site Specific: The No Action 
Alternative would not result in 
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the affected environment; whether the site-specific effects of any identified noise, land use, and air 
quality impacts would have disproportionate effects on these populations; and identify any mitigations 
that may serve to minimize or avoid disproportionate impacts to environmental justice populations.  

Site Specific: Within the context of the Proposed Action, there are no environmental justice concerns 
associated with on-site mission preparation (to include testing and rehearsals and landing site 
preparation) or EES landing and recovery operations, as these activities would all occur within the 
confines of the UTTR South Range and DPG boundary. There are no anticipated effects outside this 
area; therefore, there would be no environmental justice concerns associated with activities at the UTTR. 

any additional environmental 
justice impacts at the UTTR or 
surrounding areas outside of 
those associated with ongoing 
and potential future military 
operations and other activities 
occurring at the site.  

Noise 

Programmatic: Transportation of the EES to an SRF would not be expected to result in any significant 
adverse noise impacts. Development of an SRF would generate localized noise associated with heavy 
equipment and generator operation; such noise would be temporary (lasting only the duration of the 
construction project) and would be expected to be limited to normal working hours. Construction 
activities would not be expected to result in significant community noise impacts, provided the location is 
not within or adjacent to a residential area. Operationally, external noise may be generated by such 
equipment as cooling towers, laboratory ventilation fans, and emergency generators. The need and 
extent of this type of equipment would be dictated by facility design. Provided the facility is located within 
compatible land use areas, it is unlikely that operational noise would result in significant impacts. A noise 
assessment based on facility design would determine potential noise emissions and compatibility with 
local noise ordinances. The potential for any site-specific noise-related impacts associated with SRF 
development and operation will be addressed in Tier II NEPA analyses. Noise analysis would assess the 
potential noise generated by construction and operation of the facility and identify adjacent land uses 
and adjacent sensitive noise receptors (e.g., residences, schools, elder-care facilities, etc.). Analyses 
would then determine whether the noise generated from these activities would result in significant 
increases in noise for sensitive receptors, determine whether noise generated from these activities 
would exceed any state or local noise ordinances, and identify any mitigations that may serve to 
minimize or avoid any adverse impacts. 

Site Specific: Upon entering the Earth’s upper atmosphere, the EES would create a sonic boom above 
the UTTR. The UTTR airspace is currently utilized for supersonic aircraft operations, and this one-time 
event would be indistinguishable from regular UTTR operations. This sonic boom, while somewhat 
audible at this altitude, would not be expected to result in overpressures at ground level that would result 
in hearing or structural damage. Transport of the EES would result in negligible, transient noise 
associated specifically with the transportation mode selected (e.g., truck, aircraft). Based on the type of 
noise, context of occurrence (roadways or airfields), and single-event transient intensity, this type of 
noise would not be expected to result in adverse impacts.  

Programmatic: Potential 
impacts associated with 
transportation of Mars samples 
and development of an SRF 
would not be realized. 
 
Site Specific: The No Action 
Alternative would not result in 
any additional noise-related 
impacts at the UTTR or 
surrounding areas outside of 
those associated with ongoing 
and potential future military 
operations and other activities 
occurring at the site.  

Infrastructure 

Programmatic: Transportation of the EES would utilize the national and/or local transportation 
infrastructure network and would not be expected to have any adverse impacts. The main impact driver 
for utilities is operation of an SRF; development would not be expected to result in any adverse utility 
impacts. The size and intended operational parameters of the facility would dictate the amount of 
electricity and/or natural gas and potable water required, as well as wastewater generation. The size, 

Programmatic: Potential 
impacts associated with 
transportation of Mars samples 
and development of an SRF 
would not be realized. 
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location, and number of employees for a facility would also determine the extent of potential impacts to 
local transportation networks. The scope of the impact would also depend on the existing level of service 
for surrounding transportation networks. The potential for any site-specific impacts to infrastructure 
associated with SRF development and operation will be addressed in Tier II NEPA analyses. Tier II 
analyses will address existing affected environment utility infrastructure, operational utility loads based 
on facility equipment types and number of employees, the extent to which these loads would burden 
local utility systems and providers, and whether utility system upgrades or use permits would be 
required. Analyses will also identify necessary transportation network level of service and whether the 
number of employees and associated traffic would adversely affect the level of service.  

Site Specific: Under the Proposed Action, on-site mission preparation (to include testing and rehearsals 
and landing site preparation), EES landing, and EES recovery would not require the construction of new, 
or modification of existing, UTTR or DPG infrastructure. Hookups to existing Detachment 1 (Det-1) utility 
infrastructure for temporary use (e.g., electricity for trailers, communications, etc.) may be required, a 
small number of wheeled vehicles may utilize UTTR and DPG roads, and recovery team members may 
use local roadways transiting to/from the UTTR. These activities would not be expected to impact 
infrastructure or utility use on UTTR, DPG, or local roadways. 

 
Site Specific: The No Action 
Alternative would not result in 
any additional impacts to 
infrastructure at the UTTR or 
surrounding areas outside of 
those associated with ongoing 
and potential future military 
operations and other activities 
occurring at the site.  

Key: ACHP = Advisory Council on Historic Preservation; AFMAN = Air Force Manual; BSL = Biosafety Level; DAF = Department of the Air Force; DPG = Dugway Proving Ground; EES = Earth Entry 
System; NEPA = National Environmental Policy Act; NHPA = National Historic Preservation Act; NRHP = National Register of Historic Places; PEIS = Programmatic Environmental Impact Statement; 
PPE = personal protective equipment; SRF = Sample Receiving Facility; SHPO = State Historic Preservation Officer; U.S.C. = United States Code; USFWS = U.S. Fish and Wildlife Service; UTTR = 
Utah Test and Training Range; UXO = unexploded ordnance. 
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3. AFFECTED ENVIRONMENT AND ENVIRONMENTAL 
CONSEQUENCES 

3.1 INTRODUCTION 

Because of the large scope and long temporal arc of the Mars Sample Return (MSR) 
Campaign, certain aspects of the ground element mission architecture remain in 
development (e.g., sample transportation requirements and logistics, specific Sample 
Receiving Facility [SRF] requirements and location). Therefore, as further described 
below, the MSR Campaign’s environmental impact analysis is planned to be conducted 
in two “tiers” (or phases). This approach is endorsed under both Title 40 Code of 
Federal Regulations (CFR) § 1501.11 and 14 CFR § 1216.307.  

Tier I, the focus of this Programmatic Environmental Impact Statement (PEIS), 
programmatically addresses the potential impacts associated with the Sample Retrieval 
Lander launch from either Kennedy Space Center or Cape Canaveral Space Force 
Station in Florida, launch of the Earth Return Orbiter (the “Orbiter”) from French Guiana, 
and flyby of the Orbiter. The focus also includes release, entry, and landing of the Earth 
Entry System (EES), and initial recovery, containment, and handling of the EES on 
Earth’s surface. From a programmatic perspective, this PEIS also addresses Tier II 
ground elements associated with EES transportation and establishment and operation of 
an SRF as information is available if requirements associated with transportation and an 
SRF are still under development and currently unavailable for detailed analysis within this 
Tier I document.21 Additionally, this Tier I analysis addresses the site-specific proposal to 
prepare the Utah Test and Training Range (UTTR) landing site (involving debris removal) 
and to land and retrieve the EES and contain it at the UTTR.  

The programmatic aspects of future actions analyzed in this PEIS are intended to 
familiarize the public with the totality of the mission’s architecture and will be analyzed 
from the perspective of reasonably foreseeable actions, which, if considered, will be 
examined with greater specificity in the Tier II document. 

3.2 INCOMPLETE OR UNAVAILABLE INFORMATION 

40 CFR § 1502.21 directs that when an agency is evaluating reasonably foreseeable 
significant adverse effects on the human environment in an environmental impact 
statement, and there is incomplete or unavailable information, the agency shall make 
clear that such information is lacking. As noted throughout this PEIS, because of the 
large scope and long temporal arc of the MSR Campaign, certain aspects of the ground 
element mission architecture (e.g., EES transportation requirements and logistics, 
specific SRF requirements and location) remain in development. Wherever possible, 
this PEIS identifies those areas where incomplete or unavailable information exists, but 
which may be addressed in a future Tier II document. 

 
21 40 CFR § 1502.21 requires the identification of incomplete or unavailable information when that information is relevant to 

reasonably foreseeable significant adverse impacts. 
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Further, in cases where the incomplete or unavailable information is relevant to 
reasonably foreseeable impacts but cannot be obtained because the means to obtain it 
are not known, then a Federal agency is required to affirmatively state that: 1) such 
information is incomplete or unavailable; 2) provide a statement of the relevance of the 
incomplete or unavailable information to evaluating reasonably foreseeable significant 
adverse impacts on the human environment; 3) provide a summary of existing credible 
scientific evidence that is relevant to evaluating the reasonably foreseeable significant 
adverse impacts on the human environment; and; 4) provide an evaluation of such 
impacts based on theoretical approaches or research methods generally accepted in 
the scientific community.  

Impacts Associated with an Off-Nominal Entry or Landing 

Although highly unlikely, an anomalous entry or landing may result in release of Mars 
material either within or outside the UTTR boundary; however, the potential distribution 
of Mars materials and potential impacts cannot be determined at this time. Currently, it 
is unknown the exact nature of the Mars sample constituents regarding biosignatures 
and potential biological activity.  

Relevance to Impact Analysis 

This is relevant in understanding the potential risks and associated impacts to the 
human and natural environment from exposure to Mars sample particles and limits the 
ability to conduct a quantitative analysis of impacts associated with health and safety, 
cultural resources, hazardous materials and waste, soils and geology, biological 
resources, water resources, air quality, land use, socioeconomics, environmental 
justice/protection of children, noise, and infrastructure. The main purpose of the MSR 
Campaign is to look for signs of past life—this is the reason for returning the Mars 
samples to Earth for scientific research. As a result, a comprehensive quantitative 
analysis of the potential impacts of a sample release in the event of an off-nominal 
landing and the effects of Mars samples on Earth’s environment cannot be 
accomplished with current data; any such analysis would be theoretical at best, 
involving speculation and supposition. 

Relevance of Existing Credible Scientific Evidence 

Existing credible evidence suggest that conditions on Mars have not been amenable to 
supporting life as we know it for millions of years (iMARS Working Group 2008, National 
Research Council 2011, Beaty et al. 2019, National Research Council 2022). The 
surface of Mars, particularly for the area/region/middle latitudes being sampled by the 
Perseverance rover, is too cold (an average surface temperature of -55 degrees Celsius 
[°C] [-67 degrees Fahrenheit]) for water to exist in a liquid form in other than optimal 
circumstances and then often only transiently on or near the surface in isolated pockets. 
Due to the thin atmosphere of Mars, the surface is bombarded by significant amounts of 
ultraviolet radiation. Similarly, due to the lack of a magnetic field on Mars, galactic 
cosmic and solar particle radiation also affect the surface, penetrating to a depth of a 
few meters. Therefore, samples taken by the Perseverance rover in the first few 
centimeters would have been exposed to significant amounts of radiation over long 
(thousands to millions of years) periods. Finally, the surface of Mars has been found to 
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be highly oxidizing, containing chemicals such as chlorates. All of these conditions are 
not favorable to life as we know it.  

In 1997 the National Research Council (NRC) concluded that contamination of Earth by 
Martian microorganisms is unlikely to pose a risk of significant harmful effects. However, 
the risk is not zero. Recognizing the non-zero risk, the report recommended that 
samples returned from Mars by spacecraft should be contained and treated as though 
potentially hazardous until proven otherwise (National Research Council 1997). No 
uncontained Martian materials, including spacecraft surfaces that have been exposed to 
the Martian environment, should be returned to Earth unless sterilized. NASA 
Procedural Requirements (NPR) 8715.24, Planetary Protection Provisions for Robotic 
Extraterrestrial Missions, call for missions to “establish and implement a strategy and 
design concepts to break the chain of contact with the target body, isolate, and robustly 
contain restricted samples.” NPR 8715.24 further defines robust containment as a 
“strategy of utilizing dissimilar, redundant approaches to achieve an overall containment 
system that is minimally sensitive to engineering operations, stressful environmental 
conditions, and off-nominal scenarios in use from point-of-collection to containment in a 
receiving facility on Earth.” 

In 2009 the NRC reaffirmed those conclusions, in particular the recommendation 
identified above (National Research Council 2009). The NRC acknowledged that since 
the 1997 report, additional information has been discovered regarding the environment 
of Mars and the existence of life in inhospitable Earth environments once thought to be 
incompatible to life. The NRC reaffirmed the conclusion that the potential for pathogenic 
effects from the release of small amounts of Mars samples is regarded as being very 
low. Additionally, those life forms found in extreme environments on Earth have not 
been found to have pathological effects on humans (National Research Council 2009). 

One of the reasons that the scientific community thinks the risk of pathogenic effects 
from the release of small amounts (less than 1 kilogram [2.2 pounds]) of Mars samples 
is very low is that pieces of Mars have already traveled to Earth as meteorites. The 
National Academies of Sciences affirmed the consensus that Martian material travels to 
Earth when they developed the planetary protection guidelines for sample return from 
Martian moons, Phobos and Deimos (National Academies of Sciences, Engineering, 
and Medicine and the European Science Foundation 2019). As of 2020, 262 individual 
samples (approximately 211 kilograms [465 pounds] of material) of Martian meteorites 
have been recovered from six different continents (Udry et al. 2020). Even though this is 
a large amount of material compared to what NASA will return from Mars, it likely 
represents a small fraction of the total amount of Martian material that has landed on 
Earth over geologic time (Gladman 1997). The natural delivery of Mars materials can 
provide better protection and faster transit than the current MSR mission concept. First, 
potential Mars microbes would be expected to survive ejection forces and pressure 
(National Academies of Sciences, Engineering, and Medicine and the European 
Science Foundation 2019), and, within the interior portions of the rocks, would be 
protected from elevated radiation levels, and large temperature variations that meteorite 
surfaces experience during the transit from Mars to Earth (Mileikowsky 2000). Second, 
a significant fraction of natural transits occurs on trajectories that require as little as 
6 months where the material returned by the MSR mission concept would be in flight for 
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over 18 months (Gladman 1997). Thus, if potentially harmful microbes were abundant 
on the Martian surface it is likely they already would have been transferred to Earth by 
this natural process (Fajardo-Cavazos et al. 2005, Horneck et al. 2008, Howard et al. 
2013). Despite the large amount of Martian material already on Earth, it is important for 
NASA to bring back pristine samples collected by the Perseverance rover with known 
collection locations and well understood geologic context. Scientists do not understand 
exactly where on the surface of Mars the meteorites originated (Udry et al. 2020), and 
without this geologic context it is impossible to address the scientific objectives 
described in Section 1.3 (Need for the Proposed Action) (Beaty et al. 2019). 

NASA convened a Sterilization Working Group (SWG) beginning in 2019 to assess 
methods for sterilization and inactivation, identify future work to verify those methods, 
and determine their feasibility for a mission such as the MSR Campaign. In addressing 
these topics, the SWG revisited the question of the hazard potential of Mars biology. In 
the context of sterilization, the SWG concluded that inactivation (sterilization) 
techniques are likely applicable to Martian life. Furthermore, the SWG reaffirmed the 
conclusions of the two NRC studies that any life form from Mars is unlikely to pose a 
hazard to Earth’s biosphere, although the risk is not zero. However, due to a non-zero 
risk, containment and inactivation of Martian samples should be important features of a 
sample return mission (Craven et al. 2021).  

Evaluation of Impacts 

NASA does not expect that there would be Martian particles on the exterior of the EES, 
and, in an off-nominal scenario, both containment vessels would have to be breached 
for a release to potentially occur, which is unlikely given the engineering parameters of 
the EES and the soft soils at the landing site. Nonetheless, studies regarding 
burnup/breakup, atmospheric release, contingency planning, and the likelihood that 
sample material will be distributed outside of the landing site radius are ongoing, and 
procedures to recover EES fragments, if it is damaged upon reentry and landing, are 
still in development.  

NASA recognizes that human errors are possible in mission and system designs and 
readily accepts the fact that knowledge of the level of hazard associated with retrieving 
samples from Mars is incomplete; that is why NASA is designing the mission with an 
abundance of caution, utilizing measures to ensure that the Mars samples are sealed 
within redundant layers of containment and handled consistent with protocols for 
Biological Select Agents and Toxins (BSAT). 

To assess the risk associated with the return of samples, NASA has identified multiple 
vectors (specific pathways) that could result in the release of Mars material into Earth’s 
biosphere. However, a final quantitative estimate of the likelihood of release for any one 
vector or group of vectors based on the MSR Campaign design and mission plans is not 
complete, and the assessment of each of these vectors is ongoing. Because it is 
currently thought the potential for pathogenic effects from the release of small amounts 
of Mars samples is regarded as being very low, the analysis of Health and Safety in 
Section 3.4 focuses on the design mitigations and protocols utilized to minimize the 
potential risk associated with Mars sample release during landing and recovery. 
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Parallel assessments are being undertaken to 1) identify mitigating measures and 
circumstances for protecting the spacecraft from contamination with unsterilized Mars 
particles; 2) understand the probability of one or more Mars particles arriving at Earth 
uncontained; and 3) establish the minimum rate of particle sterilization provided by the 
thermal, vacuum, and radiation extremes of spaceflight. This information is currently 
under development and unavailable because studies are ongoing.22 Should further 
refinement of mission and design elements result in the potential for substantive 
impacts outside the scope of those analyzed in this PEIS, then supplemental National 
Environmental Policy Act (NEPA) analysis may be required. 

Potential Impacts Associated with Decontamination Activities 

Although anticipated as a precautionary measure (release of sample materials is 
considered highly unlikely), at this time, the exact decontamination method(s) that may 
be used for the EES travel case and landing site have not been determined.  

Relevance to Impact Analysis 

The decontamination method is relevant to addressing impacts to the environment 
associated with effects to natural resources (e.g., soils, water resources, biological 
resources), use of hazardous materials, and generation and management of hazardous 
waste. 

Relevance of Existing Credible Scientific Evidence 

For purposes of this PEIS, it is assumed that any decontamination process would 
involve standardized decontamination and/or sterilization methods in alignment with 
Chemical, Biological, Radiological, Nuclear, and Explosives (CBRNE) response 
planning for the U.S. Environmental Protection Agency (EPA) and the Department of 
the Air Force (DAF) Readiness and Emergency Management Office. The standard 
decontamination of biohazards in soil typically involves applying chemical sterilants as 
liquid or fumigants (such as chlorine dioxide or aldehyde) in place (EPA 2017).  

Evaluation of Impacts 

Potential impacts associated with biosafety decontamination methods would be 
dependent on the decontamination method and landing location. It is assumed that any 
decontamination would be in situ, using a fumigation method or “safe” liquid (e.g., the 
sort used for groundwater decontamination) that would allow soils to remain in place 
with minimal residual hazards, thus eliminating the need for soil removal and minimizing 
any associated waste generation/disposal issues. Impacts to soil organisms would be 
localized to the decontamination area (potentially up to a 30-meter [100-foot] radius 
around the EES impact crater]; however, the soils potentially impacted are not 
considered “productive” (i.e., rich in organic matter and nutrients) and the landing ellipse 
is not known to provide quality habitat to any sensitive species. If the biosafety 
decontamination methods analyzed in this PEIS are substantially modified, or significant 
new information or circumstances relevant to environmental concerns and bearing on 

 
22 40 CFR § 1502.21 requires the identification of incomplete or unavailable information when that information is relevant to 

reasonably foreseeable significant adverse impacts. 
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the Proposed Action or its impacts are identified, then NASA may prepare a supplement 
to this PEIS with the required analysis as determined to be necessary. 

3.3 ENVIRONMENTAL RESOURCES ANALYZED IN THIS PEIS AND 
RESOURCES NOT CARRIED FORWARD 

The Council on Environmental Quality’s (CEQ’s) regulations at 40 CFR § 1501.9(f)(1) 
require the lead agency to identify and eliminate from detailed study the issues that are 
not significant or have been covered by prior environmental review(s). If not wholly 
eliminated from further analysis, the discussion of these issues should be narrowly 
tailored to a brief presentation of why they will not have a significant effect on the 
human environment or by providing a reference to their coverage elsewhere.  

As indicated in Section 1.1 (Background), the launch elements of the Proposed Action 
are not addressed further in this document due to their coverage under previous NEPA 
and/or NASA’s Executive Order (EO) 12114 Checklist. Additionally, the Orbiter return 
portion of the MSR Campaign has no potential interaction with Earth-based resources 
as all aspects of the Orbiter return occur outside the Earth’s atmosphere. As a result, 
analysis within this document focuses on the potential impacts associated with EES 
landing and recovery operations, transportation of the EES from the landing site, and 
development and operation of an SRF. 

As discussed previously, the Proposed Action is analyzed in this Tier I document from 
both a programmatic perspective as well as site-specifically for activities occurring at the 
UTTR. 

NASA identified issues to be fully analyzed in this PEIS by evaluating 1) the Proposed 
Action’s potential to interact with a particular resource area and 2) where a potential 
interaction is identified, the scope of the Proposed Action’s anticipated effect on 
individual resources relative to established criteria (when available) or guidelines 
outlined in agency guidance documents. Specific factors used for determining resource 
area interactions and/or potential significance determinations are provided in each 
respective resource section in this PEIS for those resources/issue areas carried forward 
and in the subsections for those not carried forward for detailed analysis. 

Significance of impacts is determined by considering how a proposed action directly and 
indirectly interacts with the various resources in terms of the potentially affected 
environment (the context) and the degree (or intensity) of the effects of the action 
(40 CFR § 1501.3[b]). The analysis considers the affected area (national, regional, or 
local) and its resources (e.g., listed species and designated critical habitat under the 
Endangered Species Act). The degree of the effects takes into consideration both short- 
and long-term effects as well as beneficial and adverse effects. It also considers the 
effects on public health and safety and the effects that would violate Federal, State, 
tribal, or local law protecting the environment. Each of these aspects are addressed as 
appropriate in the applicable resource area sections within this chapter. General criteria 
for categorizing the degree of impacts to resource/issue areas are summarized below 
and are presented relative to individual resource/issue areas under the Proposed Action 
and the No Action Alternative: 
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• Beneficial – These generally result in some benefit or overall improvement to the 
resource impacted by the action. Such impacts may include a reduction in air 
emissions or restoration of habitats; the scope of the impact is directly related to 
the potentially affected environment and the degree of effects. Restoration of 
large areas of disturbed wetland may be considered significant beneficial 
impacts, while a small reduction in baseline air emissions or restoration of a 
small pocket of wetlands may be considered beneficial but relatively insignificant.  

• Adverse – Adverse impacts generally result in detriment or degradation of the 
impacted resource and the degree or level of impact. Adverse impacts can either 
be significant or insignificant.  

o Significant – Physical aspects are easily perceptible, and typically endure 
over the medium-to-long term, with a regional affected environment and a 
high degree of effects; however, significant impacts can occur potentially over 
the short term under the local or regional affected environment, given a high 
degree of effects. Significant adverse impacts are typically not recoverable 
over the short term and require long-term recovery processes with extensive 
mitigation or revision of a proposed action to avoid or minimize impacts. An 
example of a significant adverse impact would be substantive increases in 
noise over noise-sensitive areas that exceed established threshold criteria.  

o Not Significant – These impacts can be short- to long-term impacts under 
any potentially affected environment or degree of effects. Adverse but not 
significant impacts are typically recoverable or manageable with mitigations or 
via implementation of standard management actions (e.g., implementation of 
existing management plan requirements). The extent of mitigations or 
management actions is dependent on the identified affected environment and 
degree of the impact. Examples of adverse impacts that are not significant 
may be short-term impacts to soils from ground disturbance mitigated through 
implementation of erosion control measures. Insignificant impacts are only 
briefly discussed in this document per 40 CFR § 1501.9(f))1).  

• Neutral or No Effect – This category is based on whether there is no interaction 
with the resource (i.e., no effect) or the impacts have a low degree of effect such 
that they are imperceptible regardless of the affected environment (i.e., neutral 
impact). Such neutral impact is recoverable over the short term without mitigation 
and results in no overall perceptible change to the resource.  

Based on preliminary analysis of the Proposed Action relative to the scope of the 
activities within the respective affected environment, as well as consideration of 
previous analysis for similar actions, it was determined that the Proposed Action does 
not present a potential for significant environmental impact to airspace. In all respects, 
no potential for adverse impacts to airspace have been identified. Total time for 
airspace coordination requirements is 6 minutes (EES entering the atmosphere to 
landing). Recovery activities may involve helicopter use under 152 meters (500 feet) 
above ground level within the DAF-controlled airspace. The UTTR has been utilized for 
similar actions, such as the Stardust (NASA 1998) and Genesis (NASA 2001) missions, 
and is also the planned landing site for the OSIRIS-Rex (NASA 2013) mission in 2023. 
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The same processes and procedures for airspace coordination applicable for these 
missions would also apply to MSR. In these prior mission cases, no adverse impacts to 
airspace were identified and the same would be expected for the MSR Campaign. As a 
result, airspace is not addressed in this document.  

Table 3.3-1 lists resource/issue area analysis categories typically analyzed as part of 
NEPA and indicates whether the resource area is addressed in detail with respect to 
each Proposed Action component. In Table 3.3-1, if a resource indicates “Yes,” an 
interaction is indicated, and further detailed analysis is provided in the respective 
resource subsection. If a resource indicates “No,” the rationale for not providing detailed 
analysis is also provided in that particular resource subsection based on the context 
and/or intensity of the activity. Table 3.3-1 also identifies those issue areas for which a 
detailed environmental impact analysis will be conducted as part of the Tier II analysis 
discussed previously. 

Table 3.3-1. Resources Addressed in the PEIS 

Resource / Issue Area 

Analyzed in Detail 

Site-Specific Programmatic 
Site-Specific 

Tier II Deferral EES Landing / 
Recovery (a)  

Sample 
Transport 

SRF 

Health and Safety Yes Yes Yes Yes 

Cultural Resources  Yes No Yes Yes 

Hazardous Materials / Waste Yes No Yes Yes 

Soils / Geology No No Yes Yes 

Biological Resources No No Yes Yes 

Water Resources No No Yes Yes 

Air Quality / Climate No No Yes Yes 

Land Use No No Yes Yes 

Socioeconomics No No Yes Yes 

Environmental Justice / 
Protection of Children 

No No Yes Yes 

Noise No No Yes Yes 

Infrastructure No Yes Yes Yes 

Note:  
(a) Includes landing site preparation. 
Key: EES = Earth Entry System; PEIS = Programmatic Environmental Impact Statement; SRF = Sample Receiving Facility. 

3.4 HEALTH AND SAFETY 

Health and safety refers to programs, guidelines, and procedures that protect the safety, 
welfare, and health of persons engaged in particular work or the public. The overall goal 
of any health and safety program is to create a safe working environment and to reduce 
the risk of accidents, injuries, and fatalities either on the job or to members of the public. 
NASA Policy Directive (NPD) 8700.1E, NASA Policy for Safety and Mission Success, 
codifies this commitment and states that it is NASA policy to protect the public, NASA 
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workforce, high-value equipment and property, and the environment from potential harm 
as a result of NASA activities and operations by factoring safety as an integral feature of 
programs, projects, technologies, operations, and facilities. As discussed in Section 3.2 
(Incomplete or Unavailable Information), the potential for pathogenic effects from the 
release of Mars sample material is regarded as being very low; therefore, within the 
context of this document, health and safety analyses focuses on the design mitigations 
and protocols utilized to minimize the potential risk associated with Mars sample release 
during landing and recovery. 

3.4.1 Proposed Action 

3.4.1.1 Programmatic Analysis 

Protection of the human environment and Earth’s biosphere is NASA’s highest priority 
under the Proposed Action.23 In developing the MSR Campaign mission architecture, 
NASA has relied on the best available science to reach an international astrobiology 
scientific community consensus that a loss of containment of Mars samples would pose 
an extremely low risk of an adverse effect to human health or the environment (National 
Research Council 1997, National Research Council 2009). However, as described in 
Section 3.2 (Incomplete or Unavailable Information), the consensus is not unanimous, 
and the risk is not zero. Therefore, NASA has approached the return of Mars samples to 
Earth in a manner that assumes the material could in fact pose a risk of harmful effects 
if released into the environment (NASA 2021). This conservative approach dictates that 
robust design and engineering principles be applied to all aspects of the MSR 
Campaign, and it emphasizes multi-layered containment (i.e., “nesting doll” principle), 
which can withstand the most strenuous physical stresses. As required by the Outer 
Space Treaty, to which the United States is a Party, NASA’s Proposed Action would 
establish a planetary protection process that ensures any system that has been 
exposed to the Martian atmosphere and surface, is either not returned to Earth, or fully 
“breaks the chain” of connection between Mars and Earth. Of note, the EES is designed 
and engineered to reenter and land on Earth’s surface ballistically (i.e., without a 
parachute). By taking this approach, the spacecraft’s design can be more streamlined 
and simpler, and it avoids possible complications associated with a parachute failure 
(e.g., Genesis spacecraft reentry). In brief, the EES is specifically engineered to 
withstand the impact of landing in the soft soil of the UTTR without a parachute affecting 
its descent velocity. Finally, NASA’s recovery, transportation, and SRF all emphasize 
use of proven principles of biosafety management. (See Chapter 2, Description of the 
Proposed Action and Alternatives, for a discussion of the engineered and procedural 
provisions for the Proposed Action.) 

Regulatory Requirements 

Because NASA is treating the unsterilized Mars samples as if they could contain 
unknown pathogens, NASA would develop transportation, handling, storage, and 

 
23 NASA is in the process of developing a Planetary Protection Approach and Implementation (PPAI) Document. The PPAI 

document addresses all measures to be taken by the MSR Campaign’s NASA elements to manage Earth-based biological 
contamination of Mars and to manage any potential threat posed by the introduction of Mars material to the Earth’s biosphere.
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containment protocols consistent with BSAT. Regardless of landing site, transportation 
method, or SRF siting location, related Federal regulations are contained within 42 CFR 
Part 73, Public Health – Select Agents and Toxins, which implements the provisions of 
the Public Health Security and Bioterrorism Preparedness and Response Act of 2002. 
These regulations set forth the requirements for possession, use, and transfer of BSAT 
that have the potential to pose a severe threat to public health and safety, to animal 
health, or to animal products.24 Requirements for the handling of select agents and 
toxins include restricting access to qualified personnel, providing physical security, 
biosafety measures (procedures and physical containment features), training, and 
incident response procedures, among other requirements. Requirements for the 
transportation of infectious material are contained within 42 CFR. Paragraph 73.12 
Public Health – Biosafety, identifies the Centers for Disease Control and 
Prevention/National Institute of Health publication Biosafety in Microbiological and 
Biomedical Laboratories as providing guidance for the development of a biosafety plan. 
This document provides descriptions of the features required of a Biosafety Level 4 
(BSL-4) facility, which are discussed further below. 

EES Landing and Recovery 

The engineered features and the procedures used to ensure isolation of the Mars 
samples are discussed in Chapter 2 (Description of the Proposed Action and 
Alternatives). These discussions address engineered sample protection design features 
and procedures during sample transfer from the Perseverance rover to the Sample 
Retrieval Lander, transfer to the Orbiter, transit in the Orbiter, entry, descent, landing, 
and site restoration. 

The potential impacts and risks to health and safety are minimized through careful 
design of the EES landing and recovery process. This approach includes: 

• assuming that the Martian samples are biologically significant until demonstrated
nonhazardous;

• providing multiple layers of protection and confinement of Martian materials to
reduce the potential that unsterilized Mars material could be released, with the
goal of limiting the probability of a release of any Martian sample material so that
it is extremely small, on the order of one-in-a-million; and

• ensuring that the landing systems provide very high confidence that the EES
lands in the designated location.

Preventing the release of uncontained or unsterilized material from Mars into Earth’s 
biosphere (i.e., “backward planetary protection”) is the basis for protecting the biosphere 
and addressing human health concerns. This strategy drives the MSR design to contain 
unsterilized Mars material within redundant containers for return while preventing any 
other MSR flight elements that may have contacted Mars material from reaching Earth. 
Program backward planetary protection requirements are derived from and intended to

24  9 CFR Part 121, Animal and Animal Products – Possession, Use, and Transfer of Select Agents and Toxins, and 7 CFR Part 
331, Agriculture – Protection, Use, and Transfer of Select Agents and Toxins, provide similar requirements in response to the 
Agricultural Bioterrorism Protection Act of 2002. 
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meet the requirements outlined in NPR 8715.24, Section 3.4, Planetary Protection 
Provisions for Robotic Extraterrestrial Missions. Among those relevant to landing 
and recovery activities are NPR 8715.24 Sections: 

• 3.4.1. Missions conducting restricted sample return, which prevent harmful
biological contamination of Earth’s biosphere, are the highest priority for
planetary protection oversight.

• 3.4.2. The mission and the spacecraft design shall provide a method to “break
the chain of contact” with Mars material. No uncontained hardware that contacted
Mars, directly or indirectly, may be returned to Earth unless sterilized.

• 3.4.4.e. Samples returned from Mars by spacecraft shall be contained and
treated as though potentially hazardous until demonstrated otherwise.

• 3.4.3. NASA shall initiate and execute a process to assure the safety and
containment of Earth-return samples [the MSR Campaign has adopted these
guidelines]:

– Until the sample to be returned is subjected to an accepted and approved
sterilization process, the sample container must be sealed after sample
acquisition and a redundant containment method shall be required, and

– For unsterilized samples, the integrity of the flight containment system shall
be maintained until the sample is transferred to containment in an appropriate
receiving facility on Earth.

These provisions lead directly to steps that would be taken at every stage of the 
campaign—on the surface and in orbit around Mars, in flight between planets, and all 
the way to the surface of Earth. Each step sequentially reduces the potential that any 
unsterilized Mars material could be released into Earth’s biosphere.  

The process, according to NASA’s current plans, begins on the surface of Mars, where 
the Orbiting Sample container is protected from Martian dust by an enclosure that is 
opened only to insert sample tubes, minimizing the amount of dust that is allowed to 
accumulate on the Orbiting Sample container. Once launched into orbit by the planned 
Mars Launch System, the Orbiting Sample container would be collected inside the 
Capture, Containment, and Return System (CCRS) on the Orbiter. As its name 
suggests, the CCRS captures the Orbiting Sample container, ensures the small amount 
of dust on the container’s exterior is sterilized and seals it inside a second layer of 
containment within the Earth Entry Vehicle, creating the EES.  The planned sterilization 
method is ultraviolet light but other approaches, including heat sterilization, remain 
under study. As noted in Section 3.2 (Incomplete or Unavailable Information), studies 
are ongoing to establish the minimum rate of particle sterilization provided by the 
thermal, vacuum, and radiation extremes of spaceflight. Parallel studies to optimize the 
strategy for redundant containment of unsterilized material are also being performed. 
This information is currently under development and unavailable because studies are 
ongoing. Should further refinement of mission and design elements result in the 
potential for substantive impacts outside the scope of those analyzed in this PEIS, then 
supplemental NEPA analysis may be required.  
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In flight between planets, the primary protective measure employed would be the 
Micrometeoroid Protection System. This micrometeoroid shield would be designed to 
protect the EES from impacts that could possibly damage the Thermal Protection 
System and possibly result in the release of a portion of the Mars samples during Earth 
reentry. 

Programmatic elements intended to protect against backward contamination during 
Earth approach, entry, descent, landing, and site recovery have previously been 
described in Chapter 2, Section 2.1.2.1.3 (Earth Return Orbiter). 

Sample Transportation 

Transportation of the Mars samples from the landing site to the SRF would be done in 
two phases. Transport from the landing site to a transportation vault, which would likely 
be located at the DAF-managed Detachment 1 (Det-1) location adjacent to the Michael 
Army Field runway located on Dugway Proving Ground (DPG), and transportation in the 
vault from the Det-1 location to the SRF (via land transportation only or via a 
combination of land and air transport vehicles).  

While technical trades are still being evaluated, in preparation for transfer to the 
transportation vault the EES would notionally be placed in a lightweight, temporary 
container (a travel case) designed to facilitate rapid transportation within the UTTR to a 
transportation vault. The travel and handling procedures for the EES beyond UTTR 
boundaries and the security and functionality of the receiving facility would be based 
heavily on the proven techniques used for safely handling biological toxins and known 
infectious agents used in Earth-based research labs.  

The transportation vault would provide an environmentally controlled and secure 
containment system for the EES while being transported to the SRF. The exact type of 
vault has yet to be determined. An example of a representative vault-type system for 
EES containment and transport includes a BSL-4 equivalent “trailer” or high-
containment transport. BSL-4 equivalent trailers are designed and operated in the same 
manner as BSL-4 facilities, including design features to physically isolate material25 
through both structures and engineered features (e.g., access control and filtered 
ventilation systems) and practices and procedures for the protection of workers and the 
public. (BSL-4 requirements are addressed in the SRF Analysis subsection below.) 
They can be used to transport infectious material or people who have become infected. 
As such, they require egress controls for staff attending a person being transported. The 
BSL-4 equivalent trailer could incorporate all of the features of a BSL-4 equivalent 
facility, but they may not all be necessary. Since the vault transporting the EES may not 
require personnel access other than to load the EES at the landing site and remove the 
EES upon receipt at the SRF, access controls may not be as vigorous as for a BSL-4 
equivalent trailer. 

 
25  Structural design of the vault would be dependent upon the mode of transport selected—over the road or a combination of over 

the road and by airplane. Factors to be considered include different design parameters to provide containment of samples during 
an accident for the two modes of transport. 
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SRF Analysis 

NASA’s concept for the SRF is to build a facility that can be characterized as a BSL-4 
equivalent facility. The facility would nominally incorporate the designs and procedures 
of a BSL-4 facility (which has significant security requirements) and possibly, as yet 
undefined, additional cleanliness and protective measures.26 Progressive levels of BSL 
requirements build upon the requirements of the lower levels (e.g., BSL-2 requirements 
include and augment BSL-1 requirements). Therefore, a BSL-4 equivalent facility must 
meet the requirements associated with BSL categories -1, -2, -3, and -4. Table 3.4-1 
provides the requirements for facilities at each of these levels. These high-level 
requirements are augmented with more specific design requirements for the systems 
intended to perform the functions identified in these requirements. Centers for Disease 
Control and Prevention’s Biosafety in Microbiological and Biomedical Laboratories 
provides more detailed requirements (CDC 2020). 

Table 3.4-1. Summary of BSL Requirements 

BSL Special Practices (a) 
Primary Barrier and 
Personal Protective 

Equipment (a) 
Facilities (Secondary Barriers) (a) 

1 Standard microbiological 
practices  

No primary barriers 
required; protective 
laboratory clothing; 
protective face, eyewear, as 
needed  

Laboratory doors; sink for 
handwashing; laboratory bench; 
windows fitted with screens; 
lighting adequate for all activities 

2 Limited access; occupational 
medical services including 
medical evaluation, 
surveillance, and treatment, as 
appropriate; all procedures that 
may generate an aerosol or 
splash conducted in a BSC; 
decontamination process 
needed for laboratory 
equipment 

BSCs or other primary 
containment device used for 
manipulations of agents that 
may cause splashes or 
aerosols; protective 
laboratory clothing; other 
PPE, including respiratory 
protection, as needed 

Self-closing doors; sink located 
near exit; windows sealed or fitted 
with screens; autoclave available 

3 Access limited to those with 
need to enter; viable material 
removed from laboratory in 
primary and secondary 
containers; opened only in 
BSL-3 or ABSL-3 laboratories; 
all procedures with infectious 
materials performed in a BSC 

BSCs for all procedures with 
viable agents; solid front 
gowns, scrubs, or coveralls; 
two pairs of gloves, when 
appropriate; protective 
eyewear, respiratory 
protection, as needed 

Physical separation from access 
corridors; access through two 
consecutive self-closing doors; 
hands-free sink near exit; 
windows are sealed; ducted air 
ventilation system with negative 
airflow into laboratory; autoclave 
available, preferably in laboratory 

 
26   Operation of the SRF will include stringent cleanliness requirements in addition to the BLS safety and security requirements. 

Facility cleanliness would help to ensure sample integrity and safety. 
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Table 3.4-1. Summary of BSL Requirements 

BSL Special Practices (a) 
Primary Barrier and 
Personal Protective 

Equipment (a) 
Facilities (Secondary Barriers) (a) 

4 Clothing change before entry; 
daily inspections of essential 
containment and life support 
systems; all wastes 
decontaminated prior to 
removal from laboratory; 
shower on exit 

BSCs for all procedures with 
viable agents; solid front 
gowns, scrubs, or coveralls; 
gloves; full-body, air-
supplied, positive pressure 
suit 

Entry sequence; entry through 
airlock with airtight doors; walls, 
floors, ceilings form sealed 
internal shell; dedicated, non-
recirculating ventilation system 
required; double-door, pass-
through autoclave required 

Source: (CDC 2020) Table 1 
Note:  
(a) Each successive BSL contains the recommendations of the preceding level(s). 
Key: ABSL = Animal Biosafety Level; BSC = biosafety cabinet; BSL = Biosafety Level; PPE = personal protective equipment. 

While not completely analogous,27 the results of previous NEPA analyses for BSL-4 
facilities have concluded that the hazards associated with the operation of BSL-4 
facilities are expected to be minimal. Analyses performed in support of recent NEPA 
documents conclude that the risk from accidental release of material from a BSL-4, 
even under accident conditions that include the failure of protective boundaries (e.g., 
reduced effectiveness of ventilation filtration systems) are minute and can be described 
as zero (NIH/DHHS 2005). An alternative release path resulting from the contamination 
of workers leading to direct contact with others (members of the public) was also 
analyzed. Qualitative risk assessments for this mode of transmission have shown that 
the risk to the public is negligible. (NIH/DHHS 2005, DHS 2008)  

Should the Proposed Action be chosen, Tier II NEPA analyses of the proposed SRF 
would include analysis similar to those performed for existing BSL-4 facilities. 

Siting and Development Considerations 

Siting and development of an SRF should consider the following factors in order to 
minimize the potential for adverse impacts to human health and safety: 

• Compatible Land Use: Siting the facility in close proximity to other similar 
facilities and/or a medical facility experienced with biohazard exposures would 
support emergency response capabilities. However, siting the facility in an area 
that is less densely populated minimizes the number of persons potentially 
affected should a pathogen release occur. 

• Facility Type and Size: An addition to an existing facility (e.g., addition of BSL-4 
capabilities to another BSL-type facility) would allow for the leveraging of existing 
health and safety systems. Also, larger facilities that might process larger sample 
amounts would likely require more substantial health and safety systems. 

Tier II Analysis Considerations 

Once a site is selected, Tier II analysis would need to consider: 

 
27  The individual health hazard associated with exposure to varying levels/concentrations of most pathogens has been established. 

As stated, the risk of exposure to Mars samples is expected to be very low; however, any relationship between quantity of 
material and impacts is not known. 
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• the location of the proposed facility and surrounding community/land use type; 

• health and safety system requirements associated with a BSL-4 equivalent 
facility; and  

• conduct analysis addressing any risk of loss of containment. 

3.4.1.2 Site-Specific Analysis (UTTR/DPG) 

3.4.1.2.1 Affected Environment 

The UTTR is an active military range with many health and safety protocols intended to 
protect service members and members of the public. The UTTR is currently managed in 
accordance with the requirements and procedures prescribed in Air Force Instruction 
(AFI) 13-212 Air Combat Command Supplement 1, 388 FW Addenda A, Range 
Planning and Operations. This AFI addresses a variety of ground safety considerations, 
including land ownership and control, weapons use, range scheduling, range 
maintenance, Explosive Ordnance Disposal (EOD), range decontamination and debris 
disposal, and environmental stewardship of ranges. AFI 13-212 also assigns 
responsibilities and provides detailed processes and procedures for range scheduling, 
maintenance, EOD, range decontamination and debris disposal, and entry into, 
operations within, and exit from airspace directly supporting range operations. 

Headquarters (HQ) UTTR is responsible for the safe management and operation of the 
UTTR. Range management involves the development and implementation of those 
processes and procedures required to ensure that range operations are planned, 
operated, and managed safely. The focus of range management is on ensuring the 
safe, effective, and efficient operation of the UTTR and the safe and efficient use of 
restricted areas. The overall purpose of range management is to balance the military 
need to accomplish realistic testing and training with the need to minimize potential 
impacts of such activities to human health, the environment, and surrounding 
communities. 

The UTTR Fire Department, which is stationed at Oasis Range, provides fire response 
for activities on the UTTR, including those near Wendover Airport. HQ UTTR also has 
mutual aid agreements with Tooele County, the City of West Wendover, and the City of 
Wendover’s volunteer fire department. HQ UTTR works with the local fire departments 
to alert citizens about the potential for injury should they handle or disturb aircraft or 
munitions debris associated with military operations. 

3.4.1.2.2 Environmental Consequences 

The MSR Campaign is the first sample return mission to be classified as Restricted 
Earth Return, since the term was defined. (The Apollo 11, 12, and 14 missions were 
subjected to quarantine upon return until lunar samples were assessed and found to 
pose no hazard.) Prior mission sample return missions at the UTTR (e.g., Stardust, 
Genesis, and the upcoming return of OSIRIS-Rex) were all classified as Unrestricted 
Earth Return. The human health and safety analysis focuses on the precautions taken 
to provide backward planetary protection. However, the probability of inadvertent or off-
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nominal reentry would be similarly small as those evaluated for these earlier missions 
(NASA 1998, NASA 2001, NASA 2013), and as stated previously, the samples are 
unlikely to pose a risk of significant ecological impact or other significant harmful effects 
should there be a sample release. The relatively low probability of an inadvertent 
reentry combined with the assessment that samples are unlikely to pose a risk of 
significant ecological impact or other significant harmful effects support the judgement 
that the potential environmental impacts would not be significant. 

UTTR-specific activities being addressed in this PEIS include site preparation (e.g., 
clearing hard objects from the anticipated landing area), entry, descent, and landing, 
and sample recovery operations.  

EES Landing and Recovery 

Mission Preparation 

As part of mission preparation, drop testing, dress rehearsals, and site objects and 
debris posing a hazard to the EES would be removed from the landing site, including 
any unexploded ordnance (UXO). Both drop tests and dress rehearsals could potentially 
occur within the ellipse and/or on test sites identified in Figure 2.1-9. Cleared test sites 
do not pose any UXO concerns. As discussed in Section 2.1.3.1 (Landing at Utah Test 
and Training Range), the proposed landing ellipse has not previously been used as a 
target area and the potential for UXO in this area is small; DAF personnel have 
assessed the area during previous test operations and have not found any UXO issues 
of concern (Shane 2022). During all operations in the area, a UXO technician would 
accompany project personnel, and all personnel visiting the area would be briefed as to 
the potential for UXO in the area and what to look for and what to do in the event a 
potential UXO is discovered. Personnel tasked with debris removal activities would be 
trained to identify potential UXO and removal would be deferred to trained EOD 
personnel (uniformed service members and/or DAF-contracted personnel) in 
accordance with Air Force Manual (AFMAN) 32-3001, Explosive Ordnance Disposal 
(EOD) Program. 

Prior to returning samples to Earth, a comprehensive set of plans would be developed 
by NASA to ensure that any landing accident could be met with a well-developed and 
tested response. NASA's plans would be developed in accordance with the National 
Response Framework (NRF) (DHS 2013), the NRF Biological Incident Annex (DHS 
2017), and the NRF Oil and Chemical Incident Annex (DHS 2021), in coordination with 
DoD and other Federal agencies, the state of Utah, Toole County, and local 
governmental organizations. These organizations, as needed, could be involved in a 
response to a contingency scenario. During the landing, NASA would establish a Joint 
Information Center (JIC) on the Hill AFB, in accordance with the NRF's Emergency 
Support Function Standard Operating Procedures (2019). The JIC issues timely 
information on the status of the EES landing and serves as a focal point for the 
coordination and dissemination of Federal information to the public and media 
concerning incident prevention, preparedness, response, recovery, and mitigation. 
NASA and other relevant response agencies would conduct training, coordination, and 
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rehearsals for contingency planning and response activities well in advance of landing 
activities to ensure proper contingency and response mechanisms are in place.  

EES Release/Landing 

NASA has prescribed the use of an assurance case as a compliance path for backward 

planetary protection. Assurance cases take in both qualitative and quantitative 

information to make the case that a proposed action meets a certain standard. In the 

execution of Mars sample return, NASA has stated in its procedural requirements 

(NPR 8715.24, Planetary Protection Provisions for Robotic Extraterrestrial Missions) 

that “preventing harmful biological contamination of Earth’s biosphere is the highest 

priority.” Where quantitative standards can be implemented, MSR has established 

stringent probability targets to drive robust containment engineering. MSR selected a 

target value equivalent to a 99.9999 percent probability of successful containment. 

These targets are applied to each of three material vectors, or pathways along which 

Mars material may reach Earth: 1) free particle transport; 2) approach, entry, and 

descent; and 3) landing. Throughout MSR element design, NASA will continue to 

assess numerous factors that may influence Mars material containment and/or 

sterilization success for each vector.  

For free particle transport, NASA will continue to assess the probability that non-sterile 

Mars material reaches and is transported to Earth on spacecraft exteriors. These 

analyses would then be used to refine the design and operation of MSR flight 

elements to minimize this risk, if necessary. For further analyses, NASA is considering 

assessing this vector to include the sterilizing and inactivating effects of the space 

environment on bioactive molecules, as has been done for the Japanese Martian 

Moons Exploration mission (National Academies of Sciences, Engineering, and 

Medicine and the European Science Foundation 2019). 

Analyses of the approach, entry, and descent vector would utilize the assessed 
likelihood of EES anomalies that could compromise Mars material containment, such 
as micrometeoroid impacts in flight or unexpected entry performance. The current 
design addresses these possibilities with a micrometeoroid shield that the EES will 
remain behind for all but a few days of the mission, as well as stringent constraints on 
the flight performance of both the Orbiter and the EES itself. NASA currently requires 
that the EES design and operation achieve a 99.9985 percent likelihood of success 
and is assessing if the high levels of heating that would be experienced during rare 
entry anomalies result in sterilization-level heating to reach the 99.9999 percent 
containment success target. 

The landing vector analyses utilize a range of inputs related to the EES final trajectory. 

Inputs to the trajectory include accurate determination of the Orbiter’s position in space 

(performed by multiple ground assets), release precision (direction, speed), entry and 

aerodynamic performance of the EES itself, and atmospheric effects like wind. These 

values are combined to identify a 99.9999 percent landing ellipse, which NASA then 

assesses to understand the surfaces on which the EES could land within this area. 

That information, along with analyses of the landing state of the EES (touchdown 
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angle, lateral and vertical speed), is used to calculate the forces experienced by the 

redundant containment vessels. NASA is currently designing and testing the 

containment vessels to these values using standard practices, which assume the 

loads are significantly higher than predicted. NASA is also narrowing the range of 

expected landing forces, in collaboration with the DAF, by assessing the number of 

hazards that need to be removed from the UTTR (see previous discussions regarding 

landing site preparation).  

The predicted performance of the MSR systems against the 99.9999 percent 

containment success target values for each vector will be a primary input to the MSR 

Assurance Case. The MSR Assurance Case will also utilize qualitative information 

demonstrating that the mission concept and spacecraft designs are capable of 

containing unsterilized Mars material to NASA safety standards and, as required under 

its Planetary Protection Provisions for Robotic Extraterrestrial Missions (NPR 

8715.24), prioritize preventing any harm to Earth’s biosphere. This qualitative 

information would detail the rationale for design decisions related to a particular 

containment strategy and why it represents the best choice for this activity. Such 

engineering choices, called trade studies, are regularly documented as part of space 

flight mission and spacecraft design; NASA plans to use these within the scope of the 

MSR Assurance Case to further characterize containment capability beyond the 

numeric analyses of containment success. The baseline MSR Assurance Case will be 

developed prior to the mission’s Critical Design Review and will be regularly refreshed 

with updated analysis thereafter, with reports created for NASA and external review 

throughout the development and operation of the mission.  

EES Recovery 

It is expected that the cone-shaped EES, roughly the size of a tire on a semitruck, 
would land at the UTTR with a speed of approximately 145 kilometers per hour (90 
miles per hour). Simulations and ground-based testing have shown the landing would 
be expected to create a depression in the soil about the same as the EES, with a 
diameter of about 1.2 meters (4 feet) and depth of about 0.5 meter (1.6 feet), with soil 
being ejected from the crater to a distance of approximately 15 meters (49 feet). 

As described in Chapter 2 (Description of the Proposed Action and Alternatives), all 

personnel involved in recovery operations would be required to wear personal protective 

equipment (PPE). After the EES has been transferred from the site to the vault, soil and 

PPE may be decontaminated. As stated in Chapter 2, the exact means of potential 

decontamination has not been determined (possibilities include high heat exposure, use 

of chemicals such as chlorine dioxide or aldehyde, or a combination of both). However, 

any decontamination activities would follow standard decontamination protocols for 

biological hazards. As discussed previously, the standard decontamination of 

biohazards in soil typically involves applying chemical sterilants as liquid or fumigants at 

the landing site in place (EPA 2017). All activities would be in alignment with CBRNE 

response planning for EPA and the DAF Readiness and Emergency Management 

Office. 
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Overall Health and Safety Impacts 

Health and safety impacts are mitigated through the prevention of backward 

contamination, which is provided by the low probability of failure of the engineered 

containment systems intended to provide containment of the Mars sample material 

under all circumstances. Implementation of actions that are in line with accepted 

procedures used for the isolation of biohazard materials provides additional protection 

against the release and spread of such material. Given implementation of these 

precautions and given that Mars materials are not expected to have significant 

pathological impacts if released into the Earth’s biosphere, on-site mission preparation 

(to include testing, rehearsals, and landing site preparation), EES landing, and EES 

recovery operations are expected to have minimal direct and/or indirect impacts on 

human health at the UTTR, the Det-1 location, or in general.  

3.4.2 No Action Alternative 

Under the No Action Alternative, the MSR Campaign would not involve the landing of 

Mars samples at the UTTR, and an SRF would not be developed. Therefore, the No 

Action Alternative would not result in any additional impacts to human health or safety 

within or adjacent to the proposed landing site outside of those associated with ongoing 

and potential future military operations and other activities occurring at the site. 

Potential impacts associated with development of an SRF would not be realized. 

3.5 CULTURAL RESOURCES 

Cultural resources are historic properties as defined by the National Historic 

Preservation Act (NHPA), cultural items as defined by the Native American Graves 

Protection and Repatriation Act, archaeological resources as defined by the 

Archaeological Resources Protection Act (ARPA), sacred sites as defined by EO 13007, 

Indian Sacred Sites, to which access is afforded under the American Indian Religious 

Freedom Act, and collections and associated records as defined by 36 CFR Part 79. 

Both historic properties and significant traditional cultural resources that may or may not 

meet the National Register of Historic Places (NRHP) criteria (as defined in 36 CFR § 

60.4) but are identified by American Indian Tribes or other recognized traditional cultural 

groups, are evaluated for potential adverse effects from an action. 

Criteria applied to evaluate properties for listing in the NRHP are set forth at 36 CFR § 

60.4. A historic property must possess integrity of location, design, setting, materials, 

workmanship, feeling, and association and meet at least one of four criteria: A) 

association with events that have made a significant contribution to the broad patterns 

of our history; B) association with the lives of persons significant in our past; C) 

embodiment of distinctive characteristics of a type, period, or method of construction; 

and D) yield, or likeliness to yield, information important in prehistory or history. 

Ordinarily, a historic property must be more than 50 years old, and certain types of 

properties are not typically considered for listing in the NRHP, such as birthplaces, 

graves, and cemeteries. However, under certain criteria considerations, these 
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properties may be eligible for listing in the NRHP, assuming that they already meet the 

regular requirement.  

3.5.1 Proposed Action 

3.5.1.1 Programmatic Analysis 

Regulatory Requirements 

The following laws, executive orders, regulations, and other agency policy and guidance 
apply to the programmatic analysis, as well as the site-specific analysis.  

A number of Federal statutes, regulations, or guidelines must be considered when 
analyzing the effects of the Proposed Action on architectural, archaeological, and 
cultural resources. Foremost among these is the NHPA (Public Law 89-655, as 
amended through 2006; 54 United States Code [U.S.C.] 300101 et seq.), of which 
Section 106 requires Federal agencies to take into account the effects of their 
undertakings on historic properties. Other laws pertinent to the Proposed Action include, 
but may not be limited to, the Antiquities Act of 1906; the Historic Sites Act of 1935; 
NEPA; the Archaeological and Historic Preservation Act of 1974; the ARPA of 1979; the 
Native American Graves Protection and Repatriation Act of 1990; and the American 
Indian Religious Freedom Act of 1978. 

Federal regulations governing cultural resource activities include the following: 
36 CFR Part 800, Protection of Historic Properties (incorporating amendments effective 
August 5, 2004), which implements Section 106 of the NHPA; 36 CFR Part 79 Curation 
of Federally Owned and Administered Archaeological Collections; 43 CFR Part 7, 
Protection of Archaeological Resources; 36 CFR Part 60, NRHP; 36 CFR Part 63, 
Determinations of Eligibility for Inclusion in the National Register; and 36 CFR Part 68, 
Secretary of Interior’s Standards for the Treatment of Historic Properties. Cultural 
resource-related executive orders that may affect the NEPA process include the 
following: EO 11593, Protection and Enhancement of the Cultural Environment; 
EO 13007, Indian Sacred Sites; EO 13175, Consultation and Coordination with Indian 
Tribal Governments; and EO 13287, Preserve America. 

In addition to the Federal statutes, regulations, guidelines, and executive orders, there 
are NPDs and NPRs pertaining to cultural resources management, including NPD 
8500.1C, NASA Environmental Management, and NPR 8510.1A, NASA Cultural 
Resources Management. NPD 8500.1C (effective December 2, 2013, expires 
December 2, 2023) is an internal directive to NASA employees regarding environmental 
management policy, including compliance with historic preservation laws and cultural 
resources management regulations, under the authority of NEPA and the NHPA. 

Analysis of potential effects to historic properties considers both direct and indirect 
effects, in accordance with 36 CFR § 800.5. Direct effects may be the result of 
physically altering, damaging, or destroying all or part of a historic property; altering 
characteristics of the surrounding environment that contribute to the importance of the 
historic property; introducing visual, atmospheric, or audible elements that are out of 
character for the period the historic property represents (thereby altering the setting); or 
neglecting the historic property to the extent that it deteriorates or is destroyed. Indirect 
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effects include reasonably foreseeable future effects caused by the undertaking that 
may occur later in time, be farther removed in distance, or be cumulative (36 CFR § 
800.5(a)(1)). 

For the purposes of cultural resources analysis, the Region of Influence (ROI) is 
considered equivalent to the Area of Potential Effects (APE), as defined by 36 CFR § 
800.16(d). The APE for cultural resources is the geographic area or areas within which 
an undertaking (project, activity, program, or practice) may cause changes in the 
character or use of any historic properties present. The APE is influenced by the scale 
and nature of the undertaking and may be different for various kinds of effects caused 
by the undertaking. 

NHPA Section 106 Consultation  

The 36 CFR Part 800 regulations, implementing NHPA Section 106, require 
considerable consultation with the State Historic Preservation Officer (SHPO), Indian 
tribes, and interested members of the public for projects that have the potential to affect 
historic properties. Consultation early in the planning process allows identification of 
properties potentially affected by the undertaking and the development of measures to 
avoid, minimize, and mitigate adverse effects on historic properties.  

Standard Section 106 consultation is a four-step process, beginning with the initiation of 
the Section 106 process by establishing that a proposed action is an undertaking type 
that could affect historic properties. The next step in the process is identification of 
historic properties, including defining the APE. The APE is defined as “the geographic 
area(s) within which an undertaking may directly or indirectly cause changes in the 
historic character or use of historic properties, if any such properties exist” (36 CFR § 
800.16(d)). Once the APE is established, the agency, through consultation, will take 
steps necessary to ensure a reasonable and good faith effort to carry out appropriate 
efforts to identify resources and evaluate them for eligibility for listing in the NRHP. The 
third step in the process is assessing the effects of the undertaking on historic 
properties in the APE by applying the criteria of adverse effect (36 CFR § 800.5) in 
consultation with SHPO and consulting parties. The fourth step is resolution of any 
adverse effects identified in step three, through consultation, by developing alternatives 
or modifications to the proposed undertaking that could avoid, minimize, or mitigate the 
adverse effects on historic properties; or by executing an agreement (either 
Memorandum of Agreement or Programmatic Agreement) to mitigate unavoidable 
adverse effects. 

SRF Analysis 

Because a site has not been selected for development of an SRF facility, the focus of 
this analysis is on potential impacts, siting considerations, and requirements associated 
with development of an SRF facility that would need to be considered as an SRF facility 
site. Site-specific analysis of potential impacts to cultural resources is deferred to Tier II 
analysis once a site has been selected and a design developed.  

The APE for development of an SRF includes the footprint of the proposed facility 
construction and any associated infrastructure improvements, such as road 
construction, where archaeological sites could be disturbed, and an as yet undefined 
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area around the new facility where it would be visible and potentially affect the setting of 
any nearby NRHP-listed or -eligible properties. 

Operation of an SRF would not be anticipated to impact cultural resources; the main 
impact driver for this resource is the development of an SRF. Construction activities that 
may impact cultural resources are all ground-disturbing activities, including land 
clearing, earth moving, excavation, and vehicle and equipment operation on unpaved 
surfaces. These activities may result in physical disturbance of any surface or 
subsurface archaeological resources that may be present in the areas disturbed. Direct 
adverse effects would result if any of the archaeological resources are listed on or 
eligible for listing in the NRHP. 

The amount of land clearance and earth moving required would be dependent on the 
type and size of the facility, as well as the need for any additional or ancillary 
infrastructure (such as parking). Generally, the amount of land clearing and total ground 
disturbance would be associated with the site chosen for the SRF, in conjunction with 
the type and size of facility. Siting an SRF in previously undeveloped locations would 
require more ground disturbance of previously undisturbed areas, with greater potential 
for intact archaeological resources, than would placement of a facility in an area that is 
already developed or improved (such as an industrial park). Constructing a modular 
facility, an addition to an existing facility, or a new brick-and-mortar type facility within a 
previously developed or improved area, would not be expected to result in significant 
impacts to archaeological resources as prior development of these areas typically has 
already impacted any sites that may have been present. Clearing of undeveloped areas 
for facility development would have a higher potential to result in adverse effects to 
archaeological resources; however, the degree of the impact would be dependent on 
the significance (NRHP eligibility) of the site(s) present.  

Development of any type of facility also presents the potential for introduction of a visual 
intrusion into the setting of nearby NRHP-listed or -eligible properties, if there are any 
within the viewshed of the new facility. Construction of a new facility in proximity to 
NRHP-listed or -eligible properties could alter characteristics of their surrounding 
environment (setting), and adverse effects could result if that setting contributes to the 
importance of the historic property. Adverse effects would also result if the new facility, 
through its design or scale, introduced visual elements that are out of character for the 
period the historic property represents. The degree of the impact would be dependent 
on multiple factors, including how visible the new facility will be to any NRHP-listed 
or -eligible properties, which in turn is a function of how close it is and whether there are 
any intervening obstructions, the size and design of the new facility, and the integrity of 
the historic setting in which the new facility would be built. 

Siting and Development Considerations 

Siting and development of an SRF should consider the following factors in order to 
minimize the potential for adverse impacts to cultural resources: 

• Developed versus Undeveloped Location: Siting the facility in a 
developed/improved location would minimize the amount of land clearing and 
disturbance of previously undisturbed ground required for construction of the 
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facility and potentially for access roads, which would reduce the potential to 
impact any undisturbed significant archaeological resources. Siting within 
undeveloped areas should avoid areas of moderate to high probability for the 
presence of archaeological resources. Undeveloped locations are also less likely 
to have nearby NRHP-listed or -eligible properties in close proximity, thereby 
reducing the potential impacts to significant historical architectural resources. 

• Proximity to NRHP-listed or -eligible Properties: Outside of siting within 
developed/undeveloped areas, both of which could have historic buildings or 
districts, siting should also consider proximity to NRHP-listed or -eligible 
properties to avoid or minimize impacts to these historic properties. 

• Facility Type and Size: An addition to an existing facility (e.g., addition of BSL-4 
capabilities to another BSL-type facility) would minimize the amount of land 
disturbance required, which, in general, would reduce the potential to impact 
archaeological sites. Smaller, modular facilities would also minimize the amount 
of land required, as well as the distance of the potential visual effect from the 
new facility. 

• Facility Design: Whether constructing a new facility or an addition to an existing 
facility, if the facility is sited within the viewshed of any NRHP-listed or -eligible 
properties (particularly a historic district), potential adverse effects to those 
properties could be minimized if the facility is designed to be compatible with the 
appearance of the nearby historic properties and/or consistent with any existing 
building design covenants or executed agreements. 

Tier II Analysis Considerations 

Once a site is selected, Tier II analysis would need to consider: 

• initiation of the NHPA Section 106 consultation process early in the planning 
process; 

• defining the APE; 

• once the APE is established, take steps necessary to ensure a reasonable and 
good faith effort to identify any significant cultural resources, which may include 
historic properties as defined by the NHPA, cultural items as defined by the 
Native American Graves Protection and Repatriation Act, archaeological 
resources as defined by the ARPA, sacred sites as defined by EO 13007, and 
collections and associated records as defined by 36 CFR Part 79; 

• assessment of the effects of the undertaking on significant cultural resources, 
including properties of cultural, historical, or religious significance in the APE, and 
including determination of adverse effects to historic properties in accordance 
with 36 CFR § 800.5; and 

• identification of any necessary mitigations required to avoid or minimize identified 
adverse effects. The action should seek to avoid or minimize adverse effects to 
historic properties, including archaeological resources, historic architectural 
resources, and traditional cultural resources. 
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3.5.1.2 Site-Specific Analysis (UTTR/DPG) 

Tribal Consultation 

NASA, in coordination with the DAF and U.S. Army, sent several notifications to 
21 Federally recognized Native American tribes with cultural and/or historic ties to the 
area that are potentially interested in the Proposed Action. On March 25, 2022, NASA 
sent letters initiating government-to-government consultation with each tribe. On 
April 15, 2022, NASA sent a second letter initiating Section 106 consultation with the 
same 21 potentially interested tribes, seeking comment on NASA’s definition of the 
APE. To date, NASA has received one response from the tribes, which did not identify 
any resources that may be affected by the Proposed Action or comment on the APE 
(see Appendix B, Section B.3, Native American Tribal Coordination). On November 4, 
2022, NASA sent letters to the same Federally recognized tribes announcing the 
availability of the Draft PEIS and inviting them to attend one of the public meetings to 
learn about, and comment on, the content and analysis in the Draft PEIS. In the same 
letter, NASA also offered to meet with any of the tribes that might be interested to confer 
regarding any additional information they would like included in the analysis, or any 
matters related to the proposal which may affect any of their sovereign interests. 
Although NASA received no comments from the 21 tribes, tribal consultation will remain 
ongoing, and engagement with consulting tribes will continue throughout the life of the 
project as needed. 

NHPA Section 106 Consultation  

NASA, in coordination with the DAF and U.S. Army, has conducted Section 106 
consultation with Federally recognized Native American tribes, the Utah SHPO, the 
Advisory Council on Historic Preservation (ACHP), and other entities regarding the 
effects of the Proposed Action to historic properties, in accordance with Section 106 of 
the NHPA. On April 15, 2022, NASA sent letters initiating NHPA Section 106 consultation 
with the Utah SHPO, 21 potentially interested tribes, the ACHP, and other parties seeking 
comment on NASA’s definition of the APE. In a letter dated April 18, 2022, the Utah 
SHPO concurred with NASA’s definition of the APE (see Appendix B, Section B.2, 
Regulatory Consultations). On April 21, 2022, the ACHP responded with a suggestion 
that the MSR landing activities at the UTTR be incorporated into the Programmatic 
Agreement that was being developed by Hill AFB, in lieu of a separate Section 106 
consultation, since the MSR landing activities would be similar to the activities routinely 
performed by the DAF at the UTTR. NASA, Hill AFB, and the Utah SHPO agreed to the 
suggested approach, and executed a Programmatic Agreement between Hill AFB, the 
Utah SHPO, and the ACHP (see Appendix B, Section B.4, Cooperating Agency 
Agreements), which includes protocols for retrieval actions and Standard Mitigation 
Treatment Measures to mitigate any potential adverse effects to historic properties from 
the landing of objects from high in Earth’s atmosphere (and above) and their retrieval, 
including EES landing and recovery. Section 106 consultation for activities within this Tier 
I analysis with the potential for impacts to historic properties was completed in a March 
2023 letter from NASA to all consulting parties, including the 21 potentially interested 
tribes, announcing the execution of a Memorandum of Understanding between NASA 
and Hill AFB transferring the lead Agency responsibility for the Section 106 consultation 
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to the DAF, and the execution of the Programmatic Agreement between Hill AFB, the 
Utah SHPO, and the ACHP which includes protocols and stipulations for Operational 
Retrieval of Objects.  

3.5.1.2.1 Affected Environment 

NASA has defined the APE for the EES landing and recovery as the area in which a 
targeted or off-target landing may occur (Figure 3.5-1). The nominal landing target area 
consists of an ellipse that defines the area with a 99.9999 percent probability of landing. 
The notional area associated with an off-nominal (abnormal or unexpected) landing is an 
expanded version of the ellipse. The APE also includes the addition of an approximately 
45.72-meter-wide (150-foot-wide) buffer around the ellipse to accommodate recovery 
team staging and/or access. The total area of potential landing (both nominal and off-
nominal) where ground disturbance could occur is approximately 574 square kilometers 
or 222 square miles. The actual area of disturbance is significantly smaller and would 
consist of the EES impact crater of approximately 1.2 meters (4 feet) in depth, a 
surrounding radius of approximately 15 meters (49 feet) where soil ejected from the 
impact crater may be deposited, and an unknown area around that where recovery 
activities would occur. Utilization of the Det-1 location would be temporary and would not 
involve any ground disturbance, building modifications, or permanent infrastructure; 
therefore, the Det-1 location on DPG is not discussed further. 

The entirety of the proposed EES landing site in the UTTR South Range has not been 
subject to systematic archaeological survey. However, since 1994 there have been 
14 surveys within the APE and 35 others within 8.05 kilometers (km) (5 miles) of the APE 
in the UTTR South Range (Table 3.5-1). These surveys have covered approximately 
15 percent of the APE (Table 3.5-2). Within the APE, surveys have been concentrated in 
the northeastern portion of the off-nominal ellipse, although some survey has been 
conducted in the 99.999 percent and 90 percent nominal ellipse areas (Figure 3.5-2). 

Surveys conducted in the APE identified 36 prehistoric archaeological sites, all within the 
off-nominal portion of the APE. The 36 sites span the time frame of earlier than 
13,000 years before present (BP) to 650 years BP and they encompass the following 
archaeological time periods: Paleoindian (earlier than 13,000 BP), Paleoarchaic (13,000–
10,800 BP), Early Archaic (10,800–6,800 BP), Middle Archaic (6,800–1,600 BP), and 
Late Archaic (1,600–650 BP). All 36 sites have been evaluated for inclusion in the NRHP 
and, of these, four have been determined to be eligible. Two of the eligible sites are 
Paleoindian, one is Paleoindian/Paleoarchaic, and one is Early Archaic. 

Given the relatively low proportion of the APE that has been surveyed to date, data on 
archaeological sites identified within 8.05 km (5 mi) of the APE within the UTTR South 
Range can be used to further characterize the types of sites in the UTTR South Range. 
Surveys conducted there have identified 122 prehistoric sites, of which 41 have been 
determined to be eligible for the NRHP (Table 3.5-3). Eligible sites include 7 Paleoindian, 
9 Paleoindian/Paleoarchaic, 3 Archaic, 14 Early Archaic, 3 Early/Middle Archaic, 1 Middle 
Archaic, and 4 sites classified as “Unknown Aboriginal” (Hill AFB 2022).  
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Figure 3.5-1. Map of the Area of Potential Effects for EES Landing and Recovery 
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Figure 3.5-2. UTTR South Range Archaeological Survey Areas and Archaeological Sensitivity 
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Table 3.5-1. Archaeological Surveys in the APE and Within 5 Miles of the 
APE in the UTTR South Range 

Survey Report Title Description Area Surveyed (Hectares) 

Area of Potential Effects 

Off-Nominal (Faulted) Operations 

U-05-EU-0971m XS187 1.526 

U-05-EU-0971m XS191 0.105 

U-05-EU-0971m XS233 0.369 

U-12-FF-0340m Knolls Inventory 1,593.861 

U-15-FF-0213m SUTTR Fiber Line 0.004 

U-16-FF-0625m West Delta Inventory 23.631 

U-95-WC-0558m Inventory 1995 Season 4,433.356 

U-98-HD-0376m TS-5 Access Road 458.238 

99.9999% Nominal Ellipse Footprint 

U-05-EU-0971m XS181 0.137 

U-05-EU-0971m XS182 0.139 

U-05-EU-0971m XS183 0.150 

U-05-EU-0971m XS185 0.184 

U-05-EU-0971m XS297 0.170 

U-15-FF-0213m SUTTR Fiber Line 93.657 

U-16-FF-0625m West Delta Inventory 1.641 

U-94-WC-0577m Inventory 1994 Season 5.553 

U-95-WC-0558m Inventory 1995 Season 1,730.305 

90% Nominal Ellipse 

U-05-EU-0971m XS181 0.137 

U-05-EU-0971m XS182 0.139 

U-05-EU-0971m XS183 0.150 

U-15-FF-0213m SUTTR Fiber Line 16.781 

U-95-WC-0558m Inventory 1995 Season 101.765 

Area within 5 miles of the APE in the UTTR South Range 

Monitored Section Monitored Section 44.338 

U-00-HD-0482m TS-5 Inventory 2000 1,573.440 

U-01-GM-0708m TS-5 Southern Access Rd 111.015 

U-01-GM-0831m TS-5-2 Road Monitoring 143.774 

U-05-EU-0971m XS034 0.088 

U-05-EU-0971m XS078 0.117 

U-05-EU-0971m XS172 0.078 

U-05-EU-0971m XS173 0.120 

U-05-EU-0971m XS176 0.233 

U-05-EU-0971m XS181 0.137 

U-05-EU-0971m XS182 0.139 

U-05-EU-0971m XS183 0.150 

U-05-EU-0971m XS185 0.184 

U-05-EU-0971m XS187 1.526 

U-05-EU-0971m XS188 0.008 

U-05-EU-0971m XS191 0.105 

U-05-EU-0971m XS232 0.522 

U-05-EU-0971m XS233 0.369 
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Table 3.5-1. Archaeological Surveys in the APE and Within 5 Miles of the 
APE in the UTTR South Range 

Survey Report Title Description Area Surveyed (Hectares) 

U-05-EU-0971m XS236 0.186 

U-05-EU-0971m XS295 0.142 

U-05-EU-0971m XS297 0.170 

U-12-FF-0340m Knolls Inventory 2,428.760 

U-12-FF-0788m High Speed Mover West Delta 2.561 

U-15-FF-0213m SUTTR Fiber Line 178.999 

U-15-ST-0753m HSM Inventory - Intensive 1,278.512 

U-15-ST-0753m HSM Inventory - Recon 10.701 

U-16-FF-0625m West Delta Inventory 1,938.444 

U-20-LI-0905 SUTTR FY 20 Inventory 1,944.434 

U-93-WC-0546m Inventory 1993 Season 65.878 

U-94-WC-0577m Inventory 1994 Season 4,366.700 

U-95-WC-0558m Inventory 1995 Season 9,487.825 

U-96-HL-0440b GPS Jammer Sites 117.475 

U-98-HD-0376m TS-5 Access Road 3,286.052 

U-98-HL-0002m TS-5-1 Access Rd & Gravel Pit 48.557 

U-99-HL-0695m West TS-5 Target & Access Rd 41.145 

Key: % = percent; APE = Area of Potential Effects; FY = fiscal year; GPS = Global Positioning System; HSM = High Speed Mover; SUTTR = 
Utah Test and Training Range, South Range; TS = Test Site; UTTR = Utah Test and Training Range. 
 

Table 3.5-2. Surveyed Area Within the APE  
APE Portion Description Area (Square 

Kilometers) 
Surveyed Area 

(Square Kilometers) 
Percent of Area 

Surveyed 

Off Nominal Operations 191 65.11 34.09% 

99.9999% Nominal Ellipse 325 18.32 5.64% 

90% Nominal Ellipse 54 1.19 2.20% 

Total  570 84.61 14.84% 

Key: % = percent; APE = Area of Potential Effects. 
 

Table 3.5-3. Archaeological Sites Within 5 Miles of the APE in the 
UTTR South Range  

Archaeological Period 
Association 

Eligible (a) Not Eligible Total 

Paleoindian 7 9 16 

Paleoindian/Paleoarchaic 9 22 31 

Paleoindian/Middle Archaic 0 1 1 

Paleoindian/Late Archaic 0 1 1 

Archaic 3 2 5 

Early Archaic 14 11 25 

Early/Middle Archaic 3 0 3 

Middle Archaic 1 0 1 

Unknown Aboriginal 4 (a) 35 39 

Total 41 81 122 

Note:  
(a) Includes an unevaluated site. 
Key: APE = Area of Potential Effects; UTTR = Utah Test and Training Range. 
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The model indicates that dune settings are highly sensitive and that areas near the 
dune and alluvial fan margins, and at spring mounds and outflow streams have 
moderate sensitivity for prehistoric archaeology. The sensitivity model identified the Old 
River Bed distributary system within the UTTR South Range as having moderate- to 
high-sensitivity for archaeological resources and many of the archaeological sites 
recorded have been located in these areas, in particular sites with Paleoarchaic 
(13,000–10,800 BP) association (Hill AFB 2021). All four of the NRHP-eligible sites in 
the APE are in areas identified as having moderate to high cultural sensitivity. As with 
the sites identified within the APE, the majority of eligible sites within 8.05 km (5 mi) of 
the APE within the UTTR South Range are located in areas identified as having 
moderate to high cultural sensitivity, often associated with the Old River Bed distributary 
system. 

The only areas of moderate- and high-sensitivity within the APE occur in the eastern 
part of the off-nominal portion of the ellipse (an area where much of the archaeological 
survey within the APE has been conducted). The entirety of the 99.9999 percent 
nominal ellipse lies within the playa portion of the UTTR South Range, the type of 
landform identified by the model as having low sensitivity for archaeological sites and 
where to date no archaeological sites have been identified (although not much survey 
has been conducted there). Based on the results of previous surveys conducted in the 
UTTR South Range, and the findings of the Geoarchaeological Sensitivity Model that 
associate archaeological sites with the landforms that do not occur in the EES landing 
area, it is unlikely that archaeological sites will be encountered there. 

3.5.1.2.2 Environmental Consequences 

EES Landing and Recovery 

Mission Preparation 

As part of mission preparation, drop testing, dress rehearsals, and objects and debris 
posing a hazard to the EES would be removed from the landing site. Both drop tests 
and dress rehearsals could potentially occur within the ellipse and/or on test sites 
identified in Figure 2.1-9. Activities on existing test sites would not be expected to result 
in any adverse impacts. Objects and debris removal involves the removal of old aerial 
gunnery tow-target debris and other objects (e.g., railroad ties) within a portion of the 
nominal landing area ellipse. The exact nature and scale of object removal has not been 
fully established but will likely include use of tracked and/or wheeled vehicles and 
ground-disturbing activities. Currently, NASA is testing different methods for object 
removal, which may include digging below the ground surface (potentially up to 
1.2 meters [4 feet]) to remove the large portions of exposed target debris. 

The ground disturbance associated with object/debris removal of the area of the 
proposed landing could result in adverse effects to historic properties if there are any 
that cannot be avoided during vehicular transit to/from each object locations, or if an 
object is located within an archaeological site eligible for listing in the NRHP. All 
protocols for site preparation and range clearance activities are outlined within the Hill 
AFB program Programmatic Agreement, and any potential adverse effects would be 
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mitigated through the Standard Mitigation Treatment Measures within the Programmatic 
Agreement (see Appendix B, Section B.4, Cooperating Agency Agreements). 

EES Release/Landing 

It is anticipated that the landing will occur while the soils are soft but before they 
become saturated from rain events in the fall, which would serve to lessen the force of 
impact to the EES. The EES is expected to create an impact crater of approximately 
1.2 meters (4 feet) in depth and 0.5 meter (1.6 feet) in diameter, which is roughly the 
same size as the EES. Given the composition of the soil, it is expected that soil will be 
ejected from the impact crater to a distance of approximately 15 meters (49 feet). 

The ground disturbance associated with the proposed EES landing could result in 
adverse effects to historic properties if the EES lands on an archaeological site eligible 
for listing in the NRHP or if there are any within the approximate 15-meter (49 feet)-
radius of the impact crater. All protocols for site preparation and range clearance 
activities are outlined within the Hill AFB program Programmatic Agreement, and any 
potential adverse effects would be mitigated through the Standard Mitigation Treatment 
Measures within the Programmatic Agreement (see Appendix B, Section B.4, 
Cooperating Agency Agreements). 

EES Recovery 

EES Recovery would include the following activities, all of which involve some degree of 
ground disturbance with the potential to adversely affect historic properties, should any 
exist within the landing site and its immediate vicinity:  

• Transit of recovery teams to the EES landing site. The recovery team would most 
likely transit to the EES landing site using helicopters. The use of wheeled 
vehicles is unlikely because they would easily become stuck in the soft soils; 
however, use of wheeled vehicles off road to or from staging areas cannot be 
entirely discounted. Adverse effects to historic properties could result if there are 
any that cannot be avoided during vehicular transit to the EES landing site. 

• EES recovery. Once on site, the recovery teams will secure and cordon off the 
EES landing site. The EES would be contained in a biosafety bag, sealed in a 
2-meter by 2-meter (6.5-foot by 6.5-foot) travel case, and the case exterior may 
be cleaned. The ground disturbance associated with the proposed EES recovery 
area could result in adverse effects to historic properties if there are any 
archaeological sites eligible for listing in the NRHP within the cordoned off EES 
landing site. 

• Transit of recovery teams from the EES landing site to the primary staging area. 
Recovery teams would transit from the EES landing site to the primary staging 
area and the EES would be placed into the Vault for shipment over the road 
and/or via aircraft to an SRF. Transit methods for recovery teams are described 
above in item 1. Adverse effects to historic properties could result if there are any 
that cannot be avoided during vehicular transit from the EES landing site. 
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• Decontamination of the landing site. Although release of Mars sample particles is 
considered an off-nominal event, the entire landing site (consisting of the impact 
area and extent of ejecta) may be cleaned as a precautionary measure after 
removal of the EES. It is assumed that the cleaning process may involve 
standardized decontamination and/or sterilization methods, which could include 
high-heat exposure, use of chemicals (such as chlorine dioxide or aldehyde), or a 
combination of both. 

All protocols for the landing of objects from high in Earth’s atmosphere (and above) and 
their associated retrieval activities are outlined within the Hill AFB program 
Programmatic Agreement, and any potential adverse effects would be mitigated through 
the Standard Mitigation Treatment Measures within the Programmatic Agreement (see 
Appendix B, Section B.4, Cooperating Agency Agreements). 

3.5.2 No Action Alternative 

Under the No Action Alternative, the MSR Campaign would not involve the landing of 
Mars samples at the UTTR and an SRF would not be developed. Therefore, the No 
Action Alternative would not result in any additional impacts to cultural resources within 
or adjacent to the proposed landing site outside of those associated with ongoing and 
potential future military operations and other activities occurring at the site. Potential 
impacts associated with development of an SRF would not be realized. 

3.6 HAZARDOUS MATERIALS AND WASTE 

In general, hazardous wastes include substances that, because of their concentration, 
physical, chemical, or other characteristics, may present substantial danger to public 
health or welfare or to the environment when released into the environment or otherwise 
improperly managed.  

3.6.1 Proposed Action 

3.6.1.1 Programmatic Analysis 

Regulatory Requirements 

There are many regulations associated with the management of hazardous materials 
and waste, with applicability dependent on the types and amounts of hazardous 
materials and waste associated with the specific processes related to a proposed 
action. The two main regulations of focus with regards to the proposed action are the 
Resource Conservation and Recovery Act (RCRA) and the Emergency Planning and 
Community Right-to-Know Act. 

RCRA is the public law that creates the framework for the proper management of 
hazardous and nonhazardous solid waste, and is the primary regulatory requirement 
associated with management of hazardous waste. 

Emergency Planning and Community Right-to-Know Act imposes requirements for 
Federal, state, and local governments, tribes, and industry for emergency planning and 
“Community Right-to-Know” reporting on hazardous and toxic chemicals. The 
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Community Right-to-Know provisions help increase the public's knowledge and access 
to information on chemicals at individual facilities, their uses, and releases into the 
environment. States and communities, working with facilities, can use the information to 
improve chemical safety and protect public health and the environment. This 
requirement would apply specifically to an SRF should the SRF store any listed 
hazardous materials in quantities exceeding reportable thresholds. 

The proposed activities at both the UTTR and a potential SRF would be expected to 
follow all local, state, and Federal regulations for use and disposal of hazardous 
materials and waste. Hazardous wastes generated at the UTTR are managed as 
specified in the Hill AFB Hazardous Waste Management Plan (HWMP) (Hill AFB 2016). 
The UTTR RCRA permit (Utah Division of Solid and Hazardous Waste 2013) prescribes 
responsibilities, policies, and procedures for managing hazardous waste on the 
installation. The objective of the HWMP is to facilitate the responsible management of 
hazardous waste by identifying facilities that generate hazardous waste and to 
summarize the hazardous waste generation processes. The HWMP provides guidance 
for the management of these facilities and processes in compliance with RCRA 
regulations and other Federal, State, and Air Force environmental protection laws.  

SRF Analysis 

For purposes of this PEIS, an SRF would include temporary or permanent facilities used 
to isolate Restricted Earth Return unsterilized Mars materials from the Earth’s 
environment. Mars sample and EES elements would not be released from the SRF until 
proven safe by analysis or sterilization. For the SRF, the affected environment would be 
the potential location of an SRF and the area surrounding it. The main impact driver for 
this resource is facility development and operation of an SRF. 

Hazardous materials may be used, and waste generated, as a part of the construction 
of an SRF. Typical construction-related hazardous wastes consist of petroleum, oils and 
lubricants, as well as paints, adhesives, and solvents. The amounts of hazardous 
materials used and wastes generated would depend on the size and type of facility. 
New construction of a large facility would generate more hazardous wastes than would 
use of a modular facility. Management and disposal of hazardous wastes would be 
conducted according to Federal and applicable state and local requirements depending 
on the location of an SRF. 

Types of hazardous materials and wastes associated with operation of an SRF facility 
would likely be consistent with other similar types of facilities. For example, the National 
Emerging Infectious Diseases Laboratories Final Environmental Impact Statement for a 
BSL-4 laboratory (NIH/DHHS 2005) identified the following waste streams: Flammable 
Liquids; Flammable, Toxic Liquids; Corrosive Liquids; Oxidizing Liquids; Ethidium 
Bromide Solids. The types and quantities of hazardous materials and wastes used 
would be particular to the size and function of an SRF. The waste associated with the 
Mars Program would be proportionally much smaller due to small-scale activities 
associated with sample analyses. In any case, all hazardous materials and wastes 
would be managed according to applicable Federal, state, and local requirements 
depending on hazardous waste generator status (i.e., large, small, or very small 
quantity generator).  
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Siting & Development Considerations 

Siting and development of an SRF should consider the following factors to minimize 
impacts associated with hazardous materials and waste: 

• Facility Type and Size: An addition to an existing facility (e.g., addition of BSL-4 
capabilities to another BSL-type facility) would allow leveraging of existing 
hazardous waste management systems. However, depending on SRF 
functionality and waste generated, this may push the entire facility to a new more 
restrictive generator status. Smaller, modular facilities limited to handling just 
exoplanetary samples would also likely limit the amount of hazardous materials 
required for construction and wastes generated from operations. 

• State Location: Some states have more restrictive hazardous waste 
management requirements. All states are required to implement Federal 
hazardous waste management requirements based on generator status. 
However, hazardous waste management requirements vary by state, and the 
effect of specific state rules would be assessed in a subsequent Tier II document 
when SRF siting is better specified.  

Tier II Analysis Considerations 

Once a site is selected, Tier II analysis would need to consider: 

• the amounts of waste that might be generated during construction; 

• the amounts of hazardous materials and wastes that might be produced during 
operations and potential generation status of the facility (i.e., large, small, or very 
small quantity generator); 

• Federal, state, and local requirements for the management of hazardous wastes; 

• potential disposal sites for the wastes generated; and 

• identification of any necessary mitigations required to avoid or minimize identified 
adverse impacts. 

3.6.1.2 Site-Specific Analysis (UTTR/DPG) 

3.6.1.2.1 Affected Environment 

All hazardous wastes generated on the UTTR South Range and the Det-1 location are 
managed in accordance with the Hill AFB HWMP (Hill AFB 2016). This plan describes 
the responsibilities, training, policies, and procedures for managing hazardous wastes 
on the UTTR and ensures compliance with applicable federal, state, and local laws and 
regulations at Hill AFB, the UTTR, the Little Mountain Test Annex, and the Det-1 
location on DPG. The HWMP applies to all organizations and activities associated with, 
located on, or occurring at the UTTR (Hill AFB 2016). 

NASA would be accountable to the DAF and U.S. Army for complying with all applicable 
laws governing the proper handling of materials and disposal of waste on their 
properties. Occupational Safety and Health Administration (OSHA) requirements would 
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also apply depending upon the status of personnel (civilian, military, contractor) 
regarding the use of appropriate PPE, etc. This compliance must also incorporate and 
abide by 10 U.S.C. 2692 (Storage, treatment, and disposal of nondefense toxic and 
hazardous materials) requirements for the storage, treatment, and disposal of 
nondefense toxic/hazardous materials on Department of Defense property. NASA may 
need a waiver from the DAF and/or U.S. Army to bring any required hazardous 
materials onto respective properties. 

For hazardous waste disposal, NASA would work with the DAF and U.S. Army to 
determine waste management responsibilities (under the requirements of the Hill AFB 
HWMP, any applicable U.S. Army requirements, and federal and state regulations) and 
codify these in a Memorandum of Understanding/Agreement. NASA may pursue 
acquiring its own EPA Generator identification number for this particular project. 

3.6.1.2.2 Environmental Consequences 

EES Landing and Recovery 

Mission Preparation 

As part of mission preparation, drop testing, dress rehearsals, and objects and debris 
posing a hazard to the EES would be removed from the landing site, including any 
UXO. Both drop tests and dress rehearsals could potentially occur within the ellipse 
and/or on test sites identified in Figure 2.1-9. Drop testing and dress rehearsals would 
not be anticipated to utilize hazardous materials or generate hazardous waste. Site 
preparation involves the removal of target darts (aerial gunnery tow targets) within the 
landing ellipse. As stated in Chapter 2 (Description of the Proposed Action and 
Alternatives), as many as a few hundred may need to be removed. The target darts are 
nonhazardous material (consisting of wood and metal), and the small amount of waste 
material generated could be disposed of as standard industrial waste or recycled. Any 
soil and/or debris associated with landing site preparation that would be disposed of 
offsite would require sampling utilizing an appropriate EPA method (e.g., toxicity 
characteristic leaching procedure) to determine appropriate disposition (e.g., solid waste 
or hazardous waste fill depending upon constituent concentration levels [40 CFR Part 
261]). The UTTR may employ reuse (reclamation) for the cables/darts present, or they 
may dispose under the RCRA scrap metal provisions. Although UXO encounters are 
unlikely (see Section 2.1.3.1, Landing at Utah Test and Training Range), any potential 
UXO encountered would be handled in accordance with AFMAN 32-3001, Explosive 
Ordnance Disposal (EOD) Program. 

EES Release/Landing 

The EES contains de minimis amounts of hazardous materials consisting of standard 
aerospace adhesive materials; there are no fuels or other petroleum products used in 
the EES. Although unlikely, should the EES break up upon impact there would be no 
release of materials known to be hazardous; Mars material would be the sole potentially 
hazardous material. 
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EES Recovery 

As discussed in Section 2.1.2.1.3 (Earth Return Orbiter), the recovery team would 

transit to the landing site and contain the EES. Because the EES should be treated as 

though potentially hazardous until demonstrated otherwise, the EES would be handled 

under BSL-4 equivalent protocols and the recovery team would be wearing appropriate 

personnel protective equipment. The recovery team would handle the landing event as 

though containment has been compromised and ensure proper containment of the EES. 

After removal of the EES, the entire landing site (consisting of the impact area and 

extent of ejecta) may be decontaminated as a precautionary measure.  

The process of retrieving the EES and placing it into the vault would be assumed to 
generate potentially hazardous biological waste until demonstrated otherwise. As 
described earlier, the process of placing the EES into containment and then inserting it 
into the vault would be conducted as in past missions. All the systems used, including 
personnel protective gear, would be assumed to be contaminated and would either be 
decontaminated or simply discarded as hazardous waste. Wastes could include plastics 
and clothing. Any liquids used in the decontamination process would be absorbed onto 
solids prior to disposal.  

For purposes of this PEIS, it is assumed that any decontamination process would 

involve standardized decontamination and/or sterilization methods, in alignment with 

CBRNE response planning for EPA and the DAF Readiness and Emergency 

Management Office. It is assumed that any decontamination would be in situ using a 

fumigation method or “safe” liquid (e.g., the sort used for groundwater decontamination) 

that would allow soils to remain in place with minimal residual hazards, thus eliminating 

the need for soil removal and minimizing any associated waste generation/disposal 

issues. The standard decontamination of biohazards in soil typically involves applying 

chemical sterilants as liquid or fumigants (such as chlorine dioxide or aldehyde) in place 

(EPA 2017). NASA believes these types of decontaminates would be effective given the 

assumption that any putative Mars life forms would be similar to “life as we know it” with 

a water-mediated carbon-based biochemistry, and that there would not be any “unique” 

biohazards associated with the Mars samples. 

Chlorine dioxide is a disinfectant. When added to drinking water, it helps destroy 

bacteria, viruses and some types of parasites. The EPA regulates the maximum 

concentration of chlorine dioxide in drinking water to be no greater than 0.8 parts per 

million. Chlorine dioxide can be used as an antimicrobial agent in water used in poultry 

processing and to wash fruits and vegetables, chemically process wood pulp for paper 

manufacturing, and in hospitals and other healthcare environments. Chlorine dioxide 

gas helps to sterilize medical and laboratory equipment, surfaces, rooms and tools. In 

its pure form, chlorine dioxide is a hazardous gas but rapidly breaks down in air to 

chlorine gas and oxygen. For workers who use chlorine dioxide, OSHA regulates the 

level of chlorine dioxide in workplace air for safety. OSHA has set a Permissible 

Exposure Limit for chlorine dioxide at 0.1 parts per million, or 0.3 milligrams per cubic 

meters for workers using chlorine dioxide for general industrial purposes. OSHA also 

has a Permissible Exposure Limit for chlorine dioxide for the construction industry. 



 Affected Environment and Environmental Consequences 

3-37 

 

Chlorine dioxide is always made at the location where it is used 

(Chemicalsafetyfacts.org 2022).  

Aldehydes are highly effective, broad-spectrum disinfectants, which typically achieve 

sterilization by damaging proteins. Aldehydes are effective against bacteria, fungi, 

viruses, mycobacteria, and spores. Aldehydes are non-corrosive to metals, rubber, 

plastic, and cement. They are highly irritating, toxic to humans or animals with contact 

or inhalation, and are potentially carcinogenic. Personal protective equipment (i.e., 

nitrile gloves, fluid resistant gowns, eye protection) is required for handling of 

aldehydes. (CleaningforHealth.org 2011). Examples of aldehydes include formaldehyde 

and glutaraldehyde. 

Potentially hazardous waste associated with biosafety chemical decontamination 

methods would consist of items such as PPE and soil, the volumes of which would be 

dependent on the decontamination method and the area and depth of soil 

decontaminated. However, as stated previously, it is anticipated that any 

decontamination methods utilized would be in situ, and thus preclude the removal of 

any soils. Any soil or debris that would be disposed of offsite would require sampling to 

determine appropriate disposition.  

Wastes potentially generated at the Det-1 location would be mainly associated with PPE 

disposal; no Mars particles would be disposed of at the Det-1 location. Management 

and disposal of hazardous wastes would be conducted according to the Hill AFB HWMP 

and would be disposed at an approved disposal site. If the biosafety decontamination 

methods analyzed in this PEIS are substantially modified, or significant new information 

or circumstances relevant to environmental concerns and bearing on the Proposed 

Action or its impacts are identified, then NASA may prepare a supplement to this PEIS 

with the required analysis as determined to be necessary or address the changes within 

the Tier II analysis. 

3.6.2 No Action Alternative 

Under the No Action Alternative, the MSR Campaign would not involve the landing of 

Mars samples at the UTTR and an SRF would not be developed. Therefore, the No 

Action Alternative would not result in any additional impacts associated with hazardous 

waste within or adjacent to the proposed landing site outside of those associated with 

ongoing and potential future military operations and other activities occurring at the site. 

Potential impacts associated with development of an SRF would not be realized. 

3.7 SOILS AND GEOLOGY 

Soils and geology refer to unconsolidated materials overlying bedrock or other parent 

material, as well as the materials underlying the soil, within the affected environment. 

Soil structure, elasticity, strength, shrink-swell potential, and erodibility all determine the 

ability of the ground to support man-made structures and facilities, provide a 

landscaped environment, and control the transport of eroded soils into nearby 

drainages. 
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3.7.1 Proposed Action 

3.7.1.1 Programmatic Analysis 

Regulatory Requirements 

Regardless of location or soil type, ground disturbance of more than one acre would 
require a National Pollutant Discharge Elimination System (NPDES) permit for 
stormwater discharges from construction activity. The NPDES permit program 
addresses water pollution by regulating point sources that discharge pollutants to 
waters of the United States. Established in 1972 by the Clean Water Act (CWA), the 
authority to administer the NPDES permit program has been delegated by EPA to most 
states, which are then responsible for permitting, enforcement, and administrative 
aspects of the program. EPA retains authorization for the program components for 
which a state is not authorized. Any required NPDES permit application(s) would be 
submitted to the state agency with jurisdiction for administration of the NPDES permit 
program, or to the EPA in situations where NPDES permitting authority has not been 
delegated to the state. In states authorized to implement CWA programs, EPA retains 
oversight responsibilities. Currently 47 states and one territory are authorized to 
implement the NPDES program. 

All NPDES permits for construction stormwater would be required to address the 
minimum Federal effluent limitation guidelines for the construction and development 
point source category (referred to as “the C&D rule”). The C&D rule found in 40 CFR § 
450.21 establishes minimum NPDES effluent limitations, such as: 

• design, install, and maintain effective erosion and sediment controls, and 
pollution prevention measures, to minimize the discharge of pollutants; 

• stabilize disturbed areas immediately when construction has ceased and will not 
resume for more than 14 days; 

• prohibit dewatering discharges unless managed by appropriate controls; 

• prohibit the discharge of: 

o wastewater from concrete washout (unless managed by appropriate control), 
or washout/cleanout of stucco, paint, form release oils, other wastewater 
materials; 

o fuels, oils, or other pollutants used for vehicles; and 

o soaps or solvents to wash vehicles and equipment. 

Typically, as part of the NPDES construction permitting requirements, the proponent is 
required to develop a construction Sediment and Erosion Control Plan or something 
similar that identifies Best Management Practices (BMPs) to address these effluent 
limitations. 

SRF Analysis 

For the SRF, the affected environment would be the potential location of an SRF and the 
area surrounding it. Operation of an SRF would not be anticipated to impact soils or 
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geology; the main impact driver for this resource is the site development associated with 
establishment of an SRF. Construction activities typically involve soil disturbance 
associated with site leveling, grading, and other earth moving activities such as excavation 
to support foundation development and infrastructure installation. This results in direct 
impact to the soil profile. The amount of soil disturbance would be dependent on the type 
and size of the facility, as well as the need for any additional or ancillary infrastructure 
(such as underground utilities and parking). Generally, modular facilities or additions to 
existing facilities would result in less soil disturbance than construction of a new brick-and-
mortar type facility. Development of other infrastructure such as stormwater conveyances 
and retention basins would also require soil disturbance. Whether the location of the facility 
is in a developed or undeveloped area may affect the amount of soil disturbance required, 
because location of a facility in an already developed or improved area may reduce the 
construction footprint through the use of existing infrastructure, therefore minimizing the 
necessary scope of soil disturbance. 

Soil suitability factors for development may also affect the scope of soil disturbance, and 
soil type may factor into the scope of potential impact. For example, soil types such as 
soft, sandy soils are less suitable for development because they require more stabilization 
efforts, and over time can erode and adversely affect foundations; however, these soils are 
less productive in terms of biology due to low organic content. Loam is the best soil type 
for construction due to its ideal combination of silt, sand, and clay. Loam generally does 
not shift, expand, or shrink drastically and handles the presence of water very well. 
However, loamy soils with good organic content are productive soils from a biological or 
agricultural perspective, and development of a facility in an area consisting or organic, 
loamy soils would result in a loss of localized soil productivity.  

As a geologic element, seismic activity (i.e., earthquakes) can adversely affect the 
structural integrity of any facility not properly designed to withstand such stressors. In 
the case of a BSL-4 type facility intended to provide containment and control of 
hazardous or potentially hazardous materials, seismic activity can be a potential hazard 
that should be accounted for during planning and design. 

Siting & Development Considerations 

Siting and development of an SRF should consider the following factors to minimize the 
potential for adverse impacts to soils and geology: 

• Developed vs. Undeveloped Location: siting the facility in a developed/improved 
location may reduce the construction footprint through the use of existing 
infrastructure and may minimize the scope of required soil disturbance. 

• Facility Type and Size: An addition to an existing facility (e.g., addition of BSL-4 
capabilities to another BSL-type facility) would minimize the amount of ground 
disturbance required. New construction (and associated infrastructure) would 
likely result in the largest scope of soil disturbance. Regardless of the size of the 
facility and associated infrastructure, a Construction General Permit for 
stormwater discharges would need to be obtained if the construction would 
disturb one acre or more of land, and from smaller sites that are part of a larger, 
common plan of development that collectively would disturb 0.4 hectare (1 acre) 
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or more. Smaller, modular facilities would minimize the amount of ground 
disturbance and potential need for a NPDES permit. 

• Soil Type: Selection of an SRF location with a soil type suitable for the type of 
facility planned (e.g., loamy soil for new permanent fixed above and below 
ground infrastructure), or co-location of the SRF with an existing facility, may 
reduce the amount of soil disturbance or backfill required during facility 
construction. Avoidance of soils suitable for agricultural purposes would help 
maintain localized soil productivity. 

• Geologic Hazards: Siting considerations should account for the potential for 
seismic activity and the potential for such occurrences to affect structural 
integrity. Structures should be designed accordingly. 

Tier II Analysis Considerations 

Once a site is selected, Tier II analysis would need to consider: 

• the soil types potentially impacted; 

• the amount/area of soil potentially disturbed and the potential for, and scope of, 
soil erosion; 

• the need for a NPDES permit; 

• geologic limitations and/or influence on-site development; and 

• identification of any necessary mitigations required to avoid or minimize identified 
adverse impacts. 

3.7.1.2 Site-Specific (UTTR/DPG) 

The affected environment for the Proposed Action within the context of soils is the UTTR 
South Range. There would be no ground disturbance associated with use of the Det-1 
location. The UTTR is part of the Great Basin Region and Range Physiographic Province, 
which is characterized by fault-block mountain ranges trending north and south, separated 
by alluvium-filled valleys and closed desert basins. During the late Pleistocene Epoch, 
Lake Bonneville covered the UTTR area. Lake Bonneville was a freshwater lake that at its 
maximum extent covered an area of approximately 50,000 km2 (19,305 mi2) and had a 
depth of more than 330 meters (984 feet) (Hill AFB 2019). 

The two most common soils on the UTTR are the Playas and Playas-Saltair Complex 
soils. The Playas soil type covers 62 percent of the South Range and is found primarily in 
the low-lying, flat portions of the range, which is the location of the proposed landing site. 
The next most common soil type in the South Range is the Saltair-Playas Complex, which 
covers 4.5 percent of the area. These soil types are not suitable for rangeland, wildlife, 
cropland, roads, or building site development (Hill AFB 2019). Therefore, while there would 
be ground disturbance associated with landing site preparation, EES landing, and EES 
recovery operations, disturbance would be localized and would not result in loss of soil 
productivity or significant erosion given the flat land area and lack of substantive 
precipitation (annual precipitation for the UTTR is 0.13 to 0.20 meters (5 to 8 inches), most 
of which falls as snow in the winter months) (Hill AFB 2019). 
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Given the context of the landing site, and low intensity of the action, on-site mission 
preparation (to include testing, rehearsals, and landing site preparation), EES landing, 
EES recovery, and EES transportation operations are expected to have minimal impacts 
on soils and geology at the UTTR. Ground disturbance for similar activities at the UTTR 
were found to have no significant impacts on soils or geology (see Table 1.1-1). During 
landing site preparation and EES recovery operations, standard practices for preventing 
soil erosion would be employed: 

• minimize the size of the disturbed area associated with landing site preparation 
activities (e.g., aerial target debris removal) and EES recovery operations; 

• stockpile all excavated soils and protect them from wind and water erosion and 
replace or remove stockpiles when activity is complete; and  

• to the maximum extent practicable, restore the environmental condition of the 
affected landing area to its pre-disturbance condition.  

3.7.2 No Action Alternative 

Under the No Action Alternative, the MSR Campaign would not involve the landing of Mars 
samples at the UTTR and an SRF would not be developed. Therefore, the No Action 
Alternative would not result in any additional impacts to soils or geology within or adjacent 
to the proposed landing site outside of those associated with ongoing and potential future 
military operations and other activities occurring at the site. Potential impacts associated 
with development of an SRF would not be realized. 

3.8 BIOLOGICAL RESOURCES 

Biological resources are defined as the native and introduced terrestrial and aquatic 
vegetation and wildlife found in the affected environment. For the purposes of this analysis, 
biological resources are organized into three categories: vegetation, wildlife, and special-
status species. Vegetation includes existing plant communities, within an area that 
generally determines ecological function and quality of available habitats, which in turn 
influences the composition, diversity, and abundance of animals. Wildlife includes all 
animals, including large and small mammals, birds, waterfowl, reptiles, amphibians, and 
invertebrates. Special status plant and wildlife species are those species subject to 
regulations under the authority of Federal and state agencies. 

3.8.1 Proposed Action 

3.8.1.1 Programmatic Analysis 

Regulatory Requirements 

Regardless of siting location NASA must comply with the Endangered Species Act (16 
U.S.C. 531–1543). The purpose of the Endangered Species Act is to provide a means to 
conserve the ecosystems upon which endangered and threatened species depend and 
provide a program for the conservation of such species.  
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The Endangered Species Act directs all Federal agencies to participate in conserving 
these species. Specifically, Section 7(a)(1) of the Endangered Species Act charges 
Federal agencies to aid in the conservation of listed species, and Section 7(a)(2) requires 
the agencies to ensure their activities are not likely to jeopardize the continued existence 
of Federally-listed species or destroy or adversely modify designated critical habitat. The 
provision under Section 7 that is most often associated with the Service and other Federal 
agencies is Section 7(a)(2). It requires Federal agencies to consult with the Service(s) to 
ensure that actions they fund, authorize, permit, or otherwise carry out will not jeopardize 
the continued existence of any listed species or adversely modify designated critical 
habitats. The consultation process can vary depending on the complexity of the project or 
action. The consultation process usually begins as informal consultation. The Federal 
agency must initiate consultation when any action they authorize, fund, or carry out (such 
as through a permit) may affect a listed endangered or threatened species or designated 
critical habitat. If the Federal agency determines, through a biological assessment or other 
review, that its action is likely to adversely affect a listed species, the agency submits to 
the Service a request for formal consultation. During formal consultation, the Service and 
the agency share information about the proposed project and the species or critical habitat 
likely to be affected. Formal consultation may last up to 90 days, after which the Service 
will prepare a biological opinion.  

The intent of a biological opinion is to analyze the effects of the proposed action to the 
listed species or designated critical habitat. The conclusion of the biological opinion will 
state whether the federal agency has ensured that its action is not likely to jeopardize the 
continued existence of a listed species and/or result in the destruction or adverse 
modification of critical habitat. A biological opinion usually includes conservation 
recommendations to further the recovery of listed species, and it also may include 
reasonable and prudent measures, as needed, to minimize any "take" of listed species. If a 
proposed action is reasonably certain to cause incidental take of a listed species, the 
Services, under 50 CFR § 402.14(i), issue along with the biological opinion an incidental 
take statement that specifies, among other requirements: The impact of such incidental 
taking on the listed species; measures considered necessary or appropriate to minimize 
the impact of such take; terms and conditions (including reporting requirements) that 
implement the specified measures; and procedures to be used for handling or disposing of 
individuals that are taken. 

Were NASA to identify a location for the SRF that would potentially impact species listed 
under the Endangered Species Act or associated critical habitat, NASA would be required 
to consult with the respective U.S. Fish and Wildlife Service (USFWS) district under 
Section 7 of the Endangered Species Act. Based on analysis presented in Section 3.8.1.2 
(Site-Specific Analysis [UTTR/DPG]), there are no Endangered Species Act-protected 
species located on the UTTR; thus, there would be no effect to Endangered Species Act-
protected species and consultation with the USFWS is not required. 

All states also have sensitive species lists, and some states require consultation and/or 
coordination with respective fish and wildlife services/departments regarding potential 
impacts to state-listed species. Depending on proposed SRF site location, NASA may 
need to coordinate with state fish and wildlife services in this regard. 
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EO 13112, Invasive Species, states that no Federal agency shall authorize, fund, or carry 
out actions that it believes are likely to cause or promote the introduction or spread of 
invasive nonnative species in the United States or elsewhere. The chosen location should 
be evaluated for the presence of nonnative invasive species and BMPs should be 
implemented during construction and landscaping efforts to ensure that nonnative invasive 
species are not spread or introduced to the locale. In keeping with EO 13112 and to 
reduce introduction of potential invasive species, equipment should be inspected and 
cleaned prior to first-time use at the site and only weed-free landscaping materials should 
be used. If areas of invasive species infestations were to be discovered, they should be 
treated with approved herbicides in accordance with guidance provided on the label. 

SRF Analysis 

For the SRF, the affected environment would be the potential location of an SRF and the 
area surrounding it. Operation of an SRF would not be anticipated to impact biological 
resources; the main impact driver for this resource is the development of an SRF. 
Construction activities that may impact biological resources include vehicle and equipment 
operation, land clearing, earth moving, stormwater runoff, and potential introduction of 
invasive species. These activities may result in injury, mortality, alterations to behavior and 
reproduction, water quality alterations causing physiological impacts, removal or adverse 
effects to co-located or adjacent wetlands (addressed in Section 3.9, Water Resources) 
and increased competition from invasive species. 

Depending on the location chosen for the SRF, construction activities may involve land 
clearing and the use of heavy equipment, which could result in the removal of wildlife 
habitats and inadvertent mortality of small animals, both of which would be considered 
direct adverse impacts. Soil erosion and sediment transport as a result of ground 
disturbance may also indirectly impact any aquatic species within nearby surface waters 
or wetlands. 

The amount of land clearance and earth moving required would be dependent on the type 
and size of the facility, as well as the need for any additional or ancillary infrastructure 
(such as utility installation, access road construction, parking, etc.). Generally, the amount 
of land clearing and need for habitat removal would be associated with the site chosen for 
the SRF, in conjunction with the type and size of facility. Siting an SRF in previously 
undeveloped locations with heavy ground cover would require more habitat removal than 
would placement of a facility in an area that is already developed or improved (such as an 
industrial park). Constructing a modular facility, an addition to an existing facility, or a new 
brick-and-mortar type facility within a previously developed or improved area would not be 
expected to result in significant impacts to biological resources as these areas typically 
have minimal vegetation and do not provide suitable or high-quality habitat for protected or 
sensitive wildlife or plant species. Clearing of undeveloped areas for facility development 
would likely result in adverse impacts; however, the significance of the impact would be 
dependent on the type and quality of the habitat and the type and abundance of species 
present.  

Development of any type of facility also presents the potential for introduction of 
invasive nonnative species to the location from construction vehicles and equipment (if 
previously used in other locations and not cleaned prior to project site use), and 
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supplies, and poor post-construction landscaping practices, which would have the 
potential to alter native plant communities through increased competition.  

Siting & Development Considerations 

Siting and development of an SRF should consider the following factors to minimize the 
potential for adverse impacts to biological resources: 

• Developed vs. Undeveloped Location: siting the facility in a developed/improved 
location may reduce the amount of land clearing and habitat disturbance 
required. Siting within undeveloped areas should avoid quality wildlife habitat and 
should not include critical habitat for sensitive species. Developed/improved 
locations are also less likely to include sensitive species. 

• Facility Type and Size: An addition to an existing facility (e.g., addition of BSL-4 
capabilities to another BSL-type facility) may reduce the amount of land 
disturbance required. Smaller, modular facilities would likely reduce the amount 
of land required. 

• Proximity to Sensitive Habitats: Outside of siting within developed/undeveloped 
areas, siting should also consider proximity to sensitive habitats such as 
wetlands and protected areas such as wildlife preserves to avoid direct and 
indirect impacts to these habitats and associated species. 

Tier II Analysis Considerations 

Once a site is selected, Tier II analysis would need to consider: 

• the habitat type and amount of habitat area potentially impacted; 

• identification of the vegetation, wildlife, and special-status species (e.g., 
Federally and/or state listed, threatened, endangered or candidate species) 
potentially impacted within the context of importance (legal, commercial, 
ecological, or scientific) of the species, habitat function, sensitivity, and the 
availability of regionally similar resources and the need for associated 
consultation under Section 7 of the Endangered Species Act; and 

• identification of any necessary mitigations required to avoid or minimize identified 
adverse impacts. The action should seek to avoid or minimize: adverse impacts 
to state-listed species, migratory birds, eagles, and species proposed for listing 
and their habitats; long-term or permanent loss of unlisted species; substantial 
reduction, disturbance, degradation, fragmentation, or loss of native species’ 
habitat or their populations; and adverse impacts on a species’ natural mortality 
rates, non-natural mortality, reproductive success rates, or ability to sustain the 
minimum population levels necessary for population maintenance. 

3.8.1.2 Site-Specific Analysis (UTTR/DPG) 

The affected environment accounts for areas that could potentially be directly or 
indirectly affected by ground disturbance associated with landing site preparation, EES 
landing, and EES recovery. There would be no ground disturbance or other activities 
affecting biological resources at the Det-1 location. Therefore, the biological resource 
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affected environment for the Proposed Action is defined as species and habitats within 
and adjacent to the landing ellipse on the UTTR South Range. The area of the landing 
ellipse on the UTTR South Range consists mainly of hard and soft playa soils. There is 
little-to-no vegetation associated with the landing ellipse area. Several desert wildlife 
species are known to occur on the UTTR South Range, and potentially within the 
landing area ellipse, and are identified within the Hill AFB Integrated Natural Resources 
Management Plan; there are no known threatened or endangered species or habitat 
documented to occur within the area of the landing ellipse (Hill AFB 2019, USFWS 
2022). Vegetation and small wildlife species may be directly impacted by wheeled 
vehicle movement during landing site preparation and EES recovery operations. 
However, it is expected that mobile wildlife species would move from the area as 
vehicles approach. Some less-mobile species may be directly impacted; however, 
personnel would be trained to recognize and avoid wildlife. 

On-site mission preparation (to include testing, rehearsals and landing site preparation), 
EES landing, EES recovery, and EES transportation operations are expected to have 
minimal direct and/or indirect impacts on the biotic environment at the UTTR and DPG 
given the context of the landing area (e.g., desert playa with sparse vegetation and lack 
of suitable wildlife habitat) and Det-1 location (improved, paved area) and the intensity 
of the action (temporary disturbance). Analysis of similar activities at the UTTR were 
found to have no significant impacts on biological resources (see Table 1.1-1). To 
prevent the introduction of invasive plant species, all vehicles not native to the UTTR 
would be inspected and cleaned prior to entry onto the UTTR. 

3.8.2 No Action Alternative 

Under the No Action Alternative, the MSR Campaign would not involve the landing of 
Mars samples at the UTTR and an SRF would not be developed. Therefore, the No 
Action Alternative would not result in any additional impacts to biological resources 
within or adjacent to the proposed landing site outside of those associated with ongoing 
and potential future military operations and other activities occurring at the site. 
Potential impacts associated with development of an SRF would not be realized. 

3.9 WATER RESOURCES 

Water resources include wetlands, floodplains, surface waters, and groundwater. 
Wetlands are areas of transition between terrestrial and aquatic systems where the 
water table is usually at or near the surface or the land is covered by shallow water 
(Mitsch and Gosselink 2000).  

Wetlands 

The U.S. Army Corps of Engineers (USACE) defines wetlands (33 CFR § 238.3(b)) as 
“those areas that are inundated or saturated by surface or groundwater at a frequency 
and duration sufficient to support, and that under normal circumstances do support, a 
prevalence of vegetation typically adapted for life in saturated soil conditions.” The 
definition excludes non-vegetated areas such as streams, ponds, and mudflats.  
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AFMAN 32-7003, Environmental Conservation, requires early public notice for any 
actions occurring in wetlands, as well as issuance of a Finding of No Practicable 
Alternative indicating that all practicable alternatives were considered to try and avoid 
and/or minimize potential impacts to wetlands. 

Floodplains 

AFMAN 32-7003, Environmental Conservation, defines “floodplains” as “Lowland and 
relatively flat areas adjoining inland and coastal waters including flood prone areas of 
offshore islands, including at a minimum, that area subject to a one percent or greater 
chance of flooding in any given year [EO 11988].” Floodplains provide value by serving 
as natural flood and erosion control, maintaining surface water quality by filtering 
nutrients and impurities, increasing biological productivity, and providing societal benefits 
such as open space for recreational opportunities and enhanced agricultural lands. 
Floodplains are often discussed in terms of the 100-year flood and 500-year flood. The 
100-year flood (or base flood) is a flood having a 1-percent chance of occurring in a given 
year in areas where Federal floodplain development regulations are enforced. The 500-
year flood is a flood that has a 0.2-percent chance of occurring in any given year. 

Similar to wetlands, AFMAN 32-7003 requires early public notice for any actions 
occurring in floodplains, as well as issuance of a Finding of No Practicable Alternative 
indicating that all practicable alternatives were considered to try and avoid and/or 
minimize potential impacts to floodplains. 

Surface Water 

Surface-water resources include streams, rivers, lakes, ponds, estuaries, and oceans 
and are important for a variety of reasons, including economic, ecological, recreational, 
and human health factors.  

Groundwater 

Groundwater is subsurface water that occupies the space between sand, clay, and rock 
formations. The term aquifer is used to describe the geologic layers that store or 
transmit groundwater, such as to wells, springs, and other water sources. 

3.9.1 Proposed Action 

3.9.1.1 Programmatic Analysis 

Regulatory Requirements 

Federal regulations in 40 CFR § 122.26(b)(14)(i)-(xi) require stormwater discharges 
associated with specific categories of industrial activity to be covered under NPDES 
permits (unless otherwise excluded). One of the categories – construction sites that 
disturb 2.023 hectares (5 acres) or more – is generally permitted separately because of 
the significant differences between those activities and the others. It is unlikely that this 
industrial stormwater requirement would apply, as it mostly covers types of industrial 
activities that are exposed to the environment. NASA would need to coordinate with the 
particular state and EPA to determine NPDES Industrial Stormwater Permit applicability. 
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The Federal Water Pollution Control Act (commonly known as the CWA) (33 U.S.C. 
1251 et seq.) was established to regulate discharges of pollutants to surface waters, 
including wetlands. There are a variety of permits which may be required for potential 
development actions that may affect jurisdictional waters or wetlands. Section 402 of 
the CWA prohibits the discharge of a pollutant into waters of the U.S. without a permit 
(including construction general permits as discussed above). Section 404 of the CWA 
requires a permit before "dredged or fill material" is discharged into waters of the U.S. 
including wetlands. As part of the permitting process, Section 401 of the CWA requires 
permit applicants to include a state water quality certification that the activity will not 
result in an exceedance of any applicable effluent limitation/state water quality standard. 

EO 11990, Protection of Wetlands, states that Federal actions must avoid to the extent 
possible the long- and short-term adverse impacts associated with the destruction or 
modification of wetlands and to avoid direct or indirect support of new construction in 
wetlands wherever there is a practicable alternative. Potential development actions that 
may affect streams and/or wetlands require a permit from USACE for dredging and 
filling in wetlands. Section 401 of the CWA includes requirements that a project does 
not violate State water quality standards. NASA would be required to comply with 
requirements of EO 11990 and any applicable state water quality requirements. 

Section 438 of the Energy Independence and Security Act (42 U.S.C. 17094) directs 
that the sponsor of any development or redevelopment project involving a Federal 
facility with a footprint that exceeds 464 square meters (5,000 square feet) shall use site 
planning, design, construction, and maintenance strategies for the property to maintain 
or restore, to the maximum extent technically feasible, the predevelopment hydrology of 
the property with regard to the temperature, rate, volume, and duration of flow. 

EO 11988, Floodplain Management, requires Federal agencies to take action to reduce 
the risk of flood damage; minimize the impacts of floods on human safety, health, and 
welfare; and restore and preserve the natural and beneficial values served by 
floodplains. Federal agencies are directed to consider the proximity of their actions to or 
location within floodplains. The National Flood Insurance Act established the National 
Flood Insurance Program, which is a voluntary floodplain management program for 
local communities. The National Flood Insurance Program is based on a mutual 
agreement between the Federal government and communities. Communities that 
participate in the National Flood Insurance Program agree to regulate floodplain 
development according to certain criteria and standards. Placement of a facility within a 
floodplain would require design considerations to ensure no adverse impacts to 
floodplain utility (or the facility itself from flooding) and may require that NASA 
coordinate with the local municipality or state for any local floodplain requirements. 

Other Federal or state water resource regulations may apply to the action depending on 
alternatives under consideration; NASA would be required to coordinate with associated 
state and local agencies to identify specific applicable requirements. 

SRF Analysis 

For the SRF, the affected environment would be the potential location of an SRF and 
the area surrounding it. Both construction and operation of an SRF may have the 
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potential to affect water resources, each in a different manner. Depending on the type 
and size of the facility, operation of the SRF may involve industrial stormwater 
discharges to the environment, while development of the SRF may have a direct or 
indirect impact on water resources from sedimentation runoff during construction 
(addressed under Section 3.7, Soils and Geology) and may require a general 
stormwater construction permit. Siting an SRF within or in close proximity to a wetland 
or floodplain can directly or indirectly affect resource productivity and/or utility. It is 
assumed that an SRF would utilize municipal potable water both during construction 
and operation; therefore, use of groundwater is not addressed. 

The amount of impervious surface (i.e., the building itself and any pavement) associated 
with the facility would directly correlate to the amount of stormwater runoff associated 
with the site after construction and during operation of the facility. Runoff from rainfall or 
snowmelt that comes in contact with impervious surfaces can pick up pollutants and 
transport them directly to a nearby river, lake, wetland, or coastal water or indirectly via 
a storm sewer and degrade water quality. Depending on the amount of impervious 
surface area associated with the facility, stormwater conveyance and retention systems 
may be required to reduce or minimize stormwater discharges to the environment.  

Direct and indirect impacts to wetlands and floodplains would be associated with soil 
runoff during construction, which is addressed under Section 3.7 (Soils and Geology). 
BMPs related to construction (e.g., a Sediment and Erosion Control Plan) would serve 
to minimize potential adverse impacts. Direct impacts would be associated with siting an 
SRF within a wetland or floodplain. Siting within wetlands would require dredging and/or 
filling of a wetland, thus resulting in the direct loss of the wetland (or a portion thereof). 
Siting the facility within a floodplain would require ground elevation to avoid flooding of 
the facility, which would in turn negatively impact the utility of the floodplain.  

SRF site development may be subject to Energy Independence and Security Act 
Section 438. Low impact development practices such as bioretention areas, permeable 
pavements, or cisterns/recycling would be implemented to maintain predevelopment 
site hydrology to the maximum extent practicable.  

Siting and Development Considerations 

Siting and development of an SRF should consider the following factors to minimize the 
potential for adverse impacts to water resources: 

• Proximity to Water Resources: Siting should avoid close proximity to wetland 
areas and floodplains. Siting should also consider proximity to other surface 
waters such as rivers, lakes, wetlands, and streams due to the effect of 
stormwater runoff from impervious surfaces. 

• Developed vs. Undeveloped Location: A developed location may allow for use of 
existing stormwater infrastructure and may reduce the amount of impervious 
surface necessary for ancillary infrastructure such as parking, access roads, and 
sidewalks, etc. However, addition of more impervious surface area to an already 
developed location may place additional stress on existing stormwater systems. 
An undeveloped location may provide more options for stormwater management 
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but would likely result in more impervious surface area (depending on facility type 
and design) and more ground disturbance. 

• Facility Type and Size: An addition to an existing facility (e.g., addition of BSL-4 
capabilities to another BSL-type facility) or use of smaller modular facilities may 
reduce the amount of additional impervious surface required. New construction of 
a larger facility may require construction of stormwater conveyance 
infrastructure. 

Tier II Analysis Considerations 

Once a site is selected, Tier II analysis would need to consider: 

• The identification of water resources within the affected environment. 

o National Wetland Inventory, 100- and 500-year Federal Emergency 
Management Agency (FEMA) Flood Insurance Rate Maps, and Geographic 
Information System data should be utilized to identify water resources. 

• If site development results in direct impacts to wetlands, coordination with the 
USACE may be required for a jurisdictional wetland determination and a CWA 
Section 404 permit may be required. 

• If site development results in direct impacts to wetlands or floodplains, NASA 
would be required to identify the lack of practicable alternatives to that particular 
site. 

• The amount of impervious surface area required at the end state and the need 
for stormwater conveyance to accommodate any additional stormwater runoff. 

• If the facility does not use municipal potable water, groundwater drawdown 
impacts should be assessed by comparing the authorized use rates of 
groundwater extraction wells on the property with the anticipated usage rate for 
the proposed facilities and operations.  

3.9.1.2 Site-Specific Analysis (UTTR/DPG) 

The affected environment accounts for areas that could potentially be affected either 
directly or indirectly by activities associated with on-site mission preparation (to include 
testing and rehearsals and landing site preparation), EES landing, and EES recovery. 
There would be no ground-disturbing activities at the Det 1 location and, therefore, no 
direct or indirect impacts to water resources. The water resource affected environment 
for the Proposed Action is defined as water resources within and adjacent to the landing 
ellipse on the UTTR South Range. The UTTR has no permanent streams (Hill AFB 
2019), and there are no identified intermittent or ephemeral surface waters within the 
proposed landing site. The area of the landing ellipse does not contain any wetlands, 
floodplains, or surface waters. The closest surface water area is Blue Lake, which is 
comprised of 6,070 hectares (15,000 acres) of wetlands near the Nevada border of the 
UTTR South Range, more than 32 km (20 mi) west of the proposed landing site. 

The major groundwater reservoir beneath the UTTR is an unconsolidated to partially 
consolidated basin fill, which is more than 305 meters (1,000 feet) thick and supplies 
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three major aquifers in the region. The basin fill aquifer consists of older alluvial 
sediments that probably underlie most of the UTTR and the proposed landing site (Hill 
AFB 2019). 

Given the context of the action area (no water resources), on-site mission preparation 
(to include testing and rehearsals and landing site preparation), EES landing, EES 
recovery, and EES transportation, operations are expected to have no direct or indirect 
impacts to water resources at the UTTR or DPG. Analysis of similar activities at the 
UTTR and DPG were found to have no significant impacts on water resources (see 
Table 1.1-1). 

3.9.2 No Action Alternative 

Under the No Action Alternative, the MSR Campaign would not involve the landing of 
Mars samples at the UTTR and an SRF would not be developed. Therefore, the No 
Action Alternative would not result in any additional impacts to water resources within or 
adjacent to the proposed landing site outside of those associated with ongoing and 
potential future military operations and other activities occurring at the site. Potential 
impacts associated with development of an SRF would not be realized. 

3.10 AIR QUALITY/CLIMATE 

Air quality is determined by the type and amount of pollutants emitted into the 
atmosphere, the size and topography of the air basin, and the prevailing meteorological 
conditions. The levels of pollutants are generally expressed on a concentration basis in 
units of parts per million or micrograms per cubic meter. 

The baseline standards for pollutant concentrations are the National Ambient Air Quality 
Standards (NAAQS) and state air quality standards established under the Clean Air Act 
(CAA) and amendments of 1990. These standards represent the maximum allowable 
atmospheric concentration that could occur and still protect public health and welfare. 
The NAAQS provide both short- and long-term standards for the following criteria 
pollutants: carbon monoxide, nitrogen dioxide, sulfur dioxide, particulate matter less 
than or equal to 10 micrometers in diameter, particulate matter less than or equal to 
2.5 micrometers in diameter, ozone, and lead.  

Under the CAA, the EPA may delegate (i.e., transfer) primary implementation and 
enforcement authority for most of the Federal standards to state, local, or tribal 
regulatory agencies. Prior to such delegation, EPA must determine that the state, local, 
or tribal entity has adequate legal authorities and resources to enforce the CAA's 
requirements. To accomplish this, states develop, and receive approval from the EPA to 
implement, a State Implementation Plan (SIP). A SIP identifies goals, strategies, 
schedules, and enforcement actions designed to reduce the level of pollutants in the air 
and bring the state into compliance with the NAAQS. 

All areas of the United States are designated as having air quality better than 
(attainment) or worse than (nonattainment) the NAAQS. Areas for which the air quality 
data are insufficient for the EPA to form a basis for attainment status are unclassifiable. 
Such areas are treated as attainment areas until proven otherwise. Nonattainment 
areas in which air pollution concentrations have been successfully reduced to levels 
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below the standard are designated as “maintenance areas.” Maintenance areas are 
subject to special maintenance plans to ensure compliance with the NAAQS. 

Hazardous air pollutants (HAPs) are chemicals known to or suspected of causing 
cancer or other serious health effects for which occupational exposure limits have been 
established. Some volatile organic compounds are classified as HAPs. Volatile organic 
compounds are also precursors to ozone depletion. Any organic compound involved in 
atmospheric photochemical reactions, except those designated by EPA as having 
negligible photochemical reactions, are contributors to ozone depletion. HAPs are not 
covered by the NAAQS but could present a threat of adverse human health or 
environmental effects under certain conditions. 

Greenhouse Gases  

Greenhouse gases (GHGs) are gases that trap heat in the atmosphere; the 
accumulation of these gases in the atmosphere has been attributed to increases in 
global temperature with associated changes to Earth’s biosphere. Human influence on 
the climate system is clear, and recent anthropogenic emissions of GHGs are the 
highest in history. Recent climate changes have had widespread impacts on human and 
natural systems (IPCC 2021).  

3.10.1 Proposed Action 

3.10.1.1 Programmatic Analysis 

Regulatory Requirements 

For any site under consideration within a “nonattainment” or “maintenance” area, NASA 
may be required to comply with the EPA General Conformity Rule. This rule applies to 
Federal actions occurring in nonattainment or maintenance areas when the total direct 
and indirect emissions of nonattainment pollutants (or their precursors) exceed specified 
thresholds called de minimis thresholds. A conformity applicability analysis is the first 
step of a conformity evaluation and assesses whether a Federal action must be 
supported by a conformity determination. This is typically done by quantifying applicable 
direct and indirect emissions that are projected to result due to implementation of the 
Federal action. If the results of the applicability analysis indicate that the total emissions 
would not exceed the de minimis emissions thresholds, then the conformity evaluation 
process is completed. If de minimis thresholds would be exceeded, the agency is 
required to complete a conformity determination in which the action must be shown to 
conform with the applicable SIP(s). 

New major stationary sources and major modifications at existing major stationary 
sources are required by the CAA to obtain an air pollution permit before commencing 
construction. This permitting process for major stationary sources is called a New 
Source Review and is required whether the major source or major modification is 
planned for nonattainment areas or attainment and unclassifiable areas. In general, 
permits for sources in attainment areas and for other pollutants regulated under the 
major source program are referred to as Prevention of Significant Deterioration (PSD) 
permits, while permits for major sources emitting nonattainment pollutants and located 
in nonattainment areas are referred to as nonattainment New Source Review permits. In 



Mars Sample Return Campaign Programmatic EIS  

3-52  

 

addition, a proposed project may have to meet the requirements of nonattainment New 
Source Review for the pollutants for which the area is designated as nonattainment and 
PSD for the pollutants for which the area is designated as attainment. Additional PSD 
permitting thresholds apply to increases in stationary source GHG emissions. PSD 
permitting can also apply to a new major stationary source (or any net emissions 
increase associated with a modification to an existing major stationary source) that is 
constructed within 9.9 km (6.2 mi) of a Class I area and that would increase the 24-hour 
average concentration of any regulated pollutant in the Class I area by 1 microgram per 
cubic meter or more. Class I Federal lands include areas such as national parks, 
national wilderness areas, and national monuments. These areas are granted special 
air quality protections under Section 162(a) of the Federal CAA (EPA 2020a).  

The Title V Operating Permit Program consolidates all CAA requirements applicable to 
the operation of a source, including requirements from the SIP, preconstruction permits, 
and the air toxics program. It applies to stationary sources of air pollution that exceed 
the major stationary source emission thresholds, as well as other non-major sources 
specified in a particular regulation. The program includes a requirement for payment of 
permit fees to finance the operating permit program whether implemented by EPA or a 
state or local regulator. Installations subject to Title V permitting shall comply with the 
requirements of the Title V Operating Permit Program, which are detailed in 40 CFR 
Part 70 and all specific requirements contained in their individual permits.  

Other state air quality regulations may apply to the action depending on alternatives 
under consideration; NASA would be required to coordinate with associated state and 
local agencies to identify specific applicable requirements. 

Analyses should be commensurate with projected GHG emissions and climate impacts 
and should employ appropriate quantitative or qualitative analytical methods to ensure 
useful information is available to inform the public and the decision-making process in 
distinguishing between alternatives and mitigations. The six primary GHGs, as defined 
by the EPA under Section 202(a) of the CAA by rulemaking (see Endangerment and 
Cause or Contribute Findings for Greenhouse Gases Under Section 202(a) of the CAA, 
74 Federal Register 66495–66546, 15 December 2009) are carbon dioxide (CO2), 
methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride. 

SRF Analysis 

For the SRF, the affected environment would be the potential location of an SRF and 
the area surrounding it, typically the Air Quality Control Region associated with the 
location(s) being considered. Both construction and operation of an SRF may have the 
potential to affect air quality associated with emissions from point sources and mobile 
sources. Point sources are stationary sources that can be identified by name and 
location. Mobile sources are any kind of vehicle or equipment with a gasoline- or diesel-
powered engine, an airplane, or a boat. Two types of mobile sources are considered: 
on-road and non-road. On-road sources include vehicles such as cars, light trucks, 
heavy trucks, buses, engines, and motorcycles. Non-road sources include aircraft, 
locomotives, diesel- and gasoline-powered boats, personal watercraft, lawn and garden 
equipment, agricultural and construction equipment, and recreational vehicles. 
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Construction requiring ground improvements would result in mobile air emissions from 
equipment use, as well as particulate matter from fugitive dust emissions; facility 
operations could involve air emissions of criteria pollutants depending on the types of 
operations conducted and whether there are direct air exhaust systems or roof stacks 
for incineration activities. 

Air emission analyses from construction activities typically include construction 
equipment and operations, as well as emissions from worker vehicles commuting to and 
from the area during construction. There are several models that can be used for 
estimating air emissions, such as EPA’s Motor Vehicle Emission Simulator, which is a 
state-of-the-science emission modeling system that estimates emissions for mobile 
sources at the national, county, and project level for criteria air pollutants, GHGs, and 
air toxics. To evaluate the potential impacts of air emissions, the estimated emissions 
from project construction activities are compared with the total affected environment 
emissions on a pollutant-by-pollutant basis for the region’s available National Emissions 
Inventory (NEI) data. If the proposed activities would result in emissions representing a 
large portion of affected environment emissions for any of the NAAQS pollutants, the 
impacts on air quality could be significant. The analysis also determines whether any 
exceedance of the NAAQS or State standards could be anticipated. Emissions from 
construction activities are mostly related to fuel consumption and are typically not 
significant within this context given the short-term temporary nature of the emissions, 
although fugitive dust from ground disturbance can be an annoyance if the site is large.  

Once operational, the SRF may be considered a point source and the facility itself 
would need to be evaluated to determine whether the facility would qualify as a new 
major stationary source with regard to New Source Review (if constructed as part of an 
addition to an existing facility) and the need for a PSD permit. Although it is likely that no 
major stationary sources (e.g., an incinerator) would be required at the facility, the 
aggregate of many smaller sources may have the potential to emit more than the major 
source threshold of 90.7 metric tons (100 tons) of any pollutant per year.28 Once the 
final construction plan is determined and facilities are constructed, an emissions 
inventory should be prepared to accurately determine if the facility will be required to 
obtain a SIP Construction and Operating Permit (depending on the locale and need for 
SIP compliance) and/or a Title V operating permit. 

The Intergovernmental Panel on Climate Change asserts that human-induced climate 
change will continue to contribute to more frequent and intense extreme events, such as 
hurricanes and that continued and accelerating sea level rise will encroach on coastal 
settlements and infrastructure (IPCC 2022). NASA should consider and strategically 
plan for these long-term impacts of climate change on their mission and infrastructure; 
such considerations include avoiding coastal areas and other low-lying areas that may 
be prone to flooding or extreme weather events. Several best management practices for 
air quality, such as limiting idling time of vehicles during construction, would also limit 
overall fossil fuel combustion and help to minimize greenhouse gas emissions. During 
operation, greenhouse gas emissions may be lowered by use of alternative and 
renewable energy sources (e.g., solar, wind, geothermal) and implementation of 

 
28  Lower thresholds may apply in non-attainment areas and do apply to emissions of hazardous air pollutants. 
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Leadership in Energy and Environmental Design (LEED) sustainability concepts in 
facility design and operation. 

Siting & Development Considerations 

Siting and development of an SRF should consider the following factors to minimize the 
potential for adverse impacts to air quality: 

• Attainment vs. Non-Attainment Area: siting should consider the attainment status 
of proposed siting locations; depending on the size of the facility and scope of 
operations facility operation may require General Conformity analysis or could 
result in pushing an area to non-attainment if the area is already close to non-
attainment. 

• Facility Location: siting location should consider proximity to coastal and low-
lying areas to avoid potential impacts from flooding and extreme weather events. 

• Facility Type and Size: facility design should consider implementation of LEED 
standards and utilization of alternative/renewable energy sources (solar, wind, 
geothermal, etc.) to the extent practicable, and any required generators, boilers, 
and laboratory vents should provide for minimal amounts of air emissions. 

Tier II Analysis Considerations 

Once a site is selected, Tier II analysis would need to consider: 

• depending on the scope of activity, calculation of air emissions associated with 
construction and operation and comparison of emissions to current local/regional 
emissions and NAAQS thresholds;  

• depending on the locale, exceedances of certain criteria pollutant thresholds that 
may require general conformity analysis; 

• determination of whether a PSD, nonattainment New Source Review, or Title V 
permit is required;  

• identification of BMPs that may be implemented to minimize or avoid mobile 
source, fugitive dust, and particulate emissions such as reduced vehicle idling 
and use of dust suppression techniques such as wet-down of exposed soils; and 

• presence of climate elements that may influence design such as sea level rise or 
severe weather. 

3.10.1.2 Site-Specific Analysis (UTTR/DPG) 

Both the Det-1 location and the proposed UTTR landing site are located in Tooele 
County, Utah. On-site mission preparation (to include testing, rehearsals, and landing 
site preparation), EES landing, and EES recovery activities would occur exclusively in 
this area. Therefore, for the purposes of this air quality analysis, the affected 
environment for the Proposed Action and No Action Alternative includes Tooele County. 
The affected environment accounts for air quality that could potentially be affected 
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either directly or indirectly by activities associated with on-site mission preparation, EES 
landing, and EES recovery.  

The UTTR and the Det-1 location are located in the interior climate region of 
central/western Utah, which is in the transition zone between a humid, subtropical climate 
and a hot-summer humid continental climate. The average temperature is 10.8°C 
(51.5°F). The warmest month is July, with an average high temperature of 34.3°C 
(93.7°F). The coolest month is January, with an average low temperature of -7.7°C 
(18.1°F). Average annual precipitation at the UTTR is 263.1 millimeters (10.4 inches). 
April is the wettest month, with an average of 33.0 millimeters (1.3 inches) precipitation. 
August is the driest month, with an average of 8.9 millimeters (0.35 inch) of precipitation. 
Average annual snowfall at the UTTR is 46.5 centimeters (18.3 inches). The most snow 
falls in January, with an average of 19.6 centimeters (7.7 inches) (DAF 2021b). 

According to the EPA, portions of Tooele County are in serious nonattainment for 
particulate matter less than or equal to 2.5 micrometers (2006 standard) and 
nonattainment for sulfur dioxide (1971 standard). However, because the proposed 
landing site is not included in the nonattainment areas, a conformity determination is not 
required (DAF 2021b). 

Tooele County emissions data are identified in the Final Environmental Assessment for 
Sub-Scale Aerial Target Launch, Control, and Recovery at the Utah Test and Training 
Range, Wendover, Utah (DAF 2021b), which were obtained from EPA’s 2017 NEI (EPA 
2020b) (the latest data available); these are shown in Table 3.10-1. The county data 
include emission amounts from point sources, area sources, and mobile sources. 

Table 3.10-1. Tooele County Emissions 

County 
Criteria Pollutant (tons/year) 

CO NOx PM10 PM2.5 SO2 VOCs 

Tooele 26,195 6,083 7,214 2,554 193 19,535 

Source: (DAF 2021b) 
Key: CO = carbon monoxide; NOx = nitrogen oxide; PM10 = particulate matter less than or equal to 10 micrometers; PM2.5 = particulate matter 
less than or equal to 2.5 micrometers; SO2 = sulfur dioxide; VOCs = volatile organic compounds. 

The GHGs applicable to this project are CO2, nitrous oxide, and methane. Each GHG 
has an estimated global warming potential, which is a function of its atmospheric lifetime 
and its ability to absorb and radiate infrared energy emitted from the Earth’s surface. 
The global warming potential allows for the comparison of GHGs by converting the 
GHG quantity into the common unit CO2 equivalent. The latest available GHG 
emissions for Tooele County, obtained from the Final Environmental Assessment for 
Sub-Scale Aerial Target Launch, Control, and Recovery at the Utah Test and Training 
Range, Wendover, Utah (DAF 2021b) and based on EPA’s 2017 NEI (EPA 2020b), are 
summarized in Table 3.10-2. 

Table 3.10-2. Current Greenhouse Gas Emissions Inventory for 
Tooele County, Utah 

County 
Greenhouse Gases (tons/year) 

CO2 N2O CH4 CO2e 

Tooele 26,195 6,083 7,214 2,554 

Source: (DAF 2021b) 
Key: CO2 = carbon dioxide; CO2e = carbon dioxide equivalent; CH4 = methane; N2O = nitrous oxide.  
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The EES itself does not involve the use of any fuels and is a completely passive 
system; therefore, there would be no air emissions associated with the EES itself. 
Landing site preparation would result in mobile emissions associated with the use of 
helicopters and wheeled vehicles. Mission preparation activities and EES recovery may 
involve the use of some ground vehicles and helicopters. Given the unknown nature of 
the amount of transit required and area disturbed for mission preparation, site 
preparation and recovery operations, specific air emissions calculations are not 
available. However, it is reasonable to conclude that given the limited duration of 
mission and site preparation and EES recovery operations, emissions from mobile 
sources (e.g., vehicles, helicopter support) would be temporary, de minimis in the 
context of the overall UTTR emissions inventory and would not result in any 
exceedances of NAAQS or emission of substantive quantities of GHGs. Fugitive dust 
emissions from vehicles and helicopters associated with landing site preparation and 
EES recovery operations may exceed 20% opacity in the immediate vicinity of these 
activities. However, because of the distance to facility boundaries, the low number of 
vehicles utilized, and the short-term nature of the activities, these emissions are not 
expected to result in adverse air quality impacts to the UTTR/Det-1 location, the 
surrounding community, or to air quality generally in the Tooele County region. 

Overall, mission and landing site preparation, EES landing, EES recovery, and EES 
transportation operations are expected to have minimal direct impacts on Tooele 
County air quality and climate given the context of the landing area (remote site on an 
active military range with more extensive air emissions) and the intensity of the action 
(temporary de minimis emissions from mobile sources and fugitive dust). Analysis of 
similar activities at the UTTR and DPG were found to have no significant impacts on air 
quality either discretely or cumulatively (see Table 1.1-1). 

3.10.2 No Action Alternative 

Under the No Action Alternative, the MSR Campaign would not involve the landing of 
Mars samples at the UTTR and an SRF would not be developed. Therefore, the No 
Action Alternative would not result in any additional impacts to air quality or climate 
within or adjacent to the proposed landing site outside of those associated with ongoing 
and potential future military operations and other activities occurring at the site. 
Potential impacts associated with development of an SRF would not be realized. 

3.11 LAND USE 

Land use describes the way the natural landscape has been modified or managed to 
provide for human needs. In developed and urbanized areas, land uses typically include 
residential, commercial, industrial, utilities and transportation, recreation, open space, 
and mixes of these basic types. Other uses such as mining, agriculture, forestry, and 
specially protected areas (e.g., monuments, parks, and preserves) are usually found on 
the fringes of or outside of urbanized areas. Plans and policies guide how land 
resources are allocated and managed to best serve multiple needs and interests. Local 
zoning ordinances and regulations frequently prescribe what land uses are appropriate 
and may occur in specific areas.  



 Affected Environment and Environmental Consequences 

3-57 

 

3.11.1 Proposed Action 

3.11.1.1 Programmatic Analysis 

Regulatory Requirements 

While the Federal government does not exercise direct land use oversight of activities 
that may occur on non-Federally managed lands, it does exercise considerable 
influence over land use planning, primarily through the enactment of environmental 
legislation and implementing regulations that directly affect state and local land-use 
decision making. There may be state or local land use and/or planning regulations that 
may apply to the action depending on alternatives under consideration; NASA would be 
required to coordinate with associated state and local agencies to identify specific 
applicable requirements. 

SRF Analysis 

For the SRF, the affected environment would be the potential location of an SRF and 
the area surrounding it. Impacts on land use from construction operations can affect 
ongoing uses in nearby areas, both on and off the SRF site. These include elevated 
traffic, including heavier-than-usual truck traffic; dust from ground disturbance and site 
preparation; and noise from construction equipment. While these effects can cause 
inconvenience and some annoyance for local users, upon completion of construction, 
these effects would cease. From a land use perspective, adverse impacts to land use in 
the affected environmental are frequently caused by the incompatibility of a proposed 
action with existing or future planned land uses (e.g., siting an industrial facility in an 
area zoned residential). Typically, impacts to land use involve changes in the land use 
designation and the manner in which the land may be utilized by people. Adverse 
impacts may result in land use conflicts or preclude specific uses (e.g., recreation) of 
certain areas either temporarily or permanently. Adverse impacts on landowners can 
include incompatibilities with current landowner uses or have negative effects on 
adjacent property values. In certain circumstances, incompatibilities in land use may 
arise that require further planning or consultations between landowners until an 
agreeable designation is issued. 

Were NASA to propose siting the SRF in an area of incompatible land use, adverse 
impacts to existing uses may occur (e.g., encroachment of the SRF on other approved 
uses [recreational or residential]). To avoid these potential adverse impacts, NASA 
would seek to site the SRF in an area of compatible activities (e.g., industrial, research 
park, public access–limited areas), on a NASA Center, or in a more remote and 
undeveloped area of land outside of metropolitan, suburban or exurban environments. 
Such compatible siting would minimize the environmental impact of incompatible uses 
and potentially allow for use of existing security, utility, and transportation infrastructure. 

The significance of the environmental impact of SRF siting on land use may also be 
affected by the type of SRF NASA determines is best suited to carry out the purpose 
and need for the Proposed Action. As described in Chapter 2 (Description of the 
Proposed Action and Alternatives), a number of SRF concepts are under consideration 
from new construction, use of an existing facility, or a modular hybrid design approach. 
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In cases where the SRF were proposed to be co-located with an existing facility, land 
use impacts would likely be de minimis, as traffic, lighting, and security would likely 
remain the same or similar as that which is currently in place. Were NASA to propose to 
build a new SRF, greater impacts to land use, in both developed and undeveloped 
areas, would be reasonably expected. 

Siting & Development Considerations 

Siting and development of an SRF should consider the following factors to minimize the 
potential for adverse impacts associated with land use compatibility: 

• Compatible Land Use: siting should seek to identify locations that are compatible 
with the intended use. Co-location with similar research facilities may minimize 
potential land use impacts associated with encroachment and increased traffic, 
lighting, and security. Co-location may also result in benefits with respect to 
scientific collaboration with nearby research facilities. Siting should consider local 
master plans and zoning ordinances to identify locations suitable or a BSL-4 type 
facility. 

Tier II Analysis Considerations 

Once a site is selected, Tier II analysis would need to consider: 

• identification of adjacent land uses; 

• determine whether the proposed site meets zoning requirements and/or is 
incompatible with an existing land use or reasonably foreseeable land use due to 
noise, safety, or other issues and mitigations that may serve to minimize or avoid 
these types of impacts; and 

• identification of potential ancillary effects to nearby properties, such as increased 
traffic and lighting and visual effects, and mitigations that may serve to minimize 
or avoid these types of impacts. 

3.11.1.2 Site-Specific Analysis (UTTR/DPG) 

The attributes of land use addressed in this analysis include general land use patterns 
and regulatory setting within and surrounding the UTTR South Range and the Det 1 
location. Both the Det 1 location and the UTTR South Range are primarily used for 
military personnel and weapon systems training and testing exercises. Testing and 
training include air-to-air operations, air-to-surface operations, visual and radar 
bombing, and tactical maneuvers. Landing site preparation, EES landing, EES recovery, 
and sample transportation would not result in any changes to land use patterns or 
designations, and land areas would be utilized as intended. All activities, except for 
sample transportation and SRF development and operation, would occur within the 
UTTR South Range and the Det 1 location. 

On-site mission preparation (to include testing and rehearsals and landing site 
preparation), EES landing, EES recovery, and EES transportation operations are 
expected to have no impacts to the UTTR or DPG land use given the context of the 
activities (within an active military installation and roads for intended use) and the 
intensity of the action (occasional, discrete short-term events). Analysis of similar 
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activities at the UTTR and DPG were found to have no significant impacts on land use 
(see Table 1.1-1). 

3.11.2 No Action Alternative 

Under the No Action Alternative, the MSR Campaign would not involve the landing of 
Mars samples at the UTTR and an SRF would not be developed. Therefore, the No 
Action Alternative would not result in any additional impacts to land use within or 
adjacent to the proposed landing site outside of those associated with ongoing and 
potential future military operations and other activities occurring at the site. Potential 
impacts associated with development of an SRF would not be realized. 

3.12 SOCIOECONOMICS 

Socioeconomics refers to features or characteristics of the social and economic 
environment (e.g., population, employment, earnings, housing, and public services). 
Socioeconomic impacts are assessed in terms of direct effects to the local economy 
and population and related indirect effects on other socioeconomic resources within the 
ROI. Although economic or social effects are not intended by themselves to require 
preparation of an EIS (40 CFR § 1502.16(b)), socioeconomic impacts would be 
considered significant if the Proposed Action resulted in a substantial shift in population 
trends or notably affected regional employment, earnings, or community resources such 
as schools. 

3.12.1 Proposed Action 

3.12.1.1 Programmatic Analysis 

Regulatory Requirements 

There are no Federal regulatory requirements associated with socioeconomics 
applicable to the Proposed Action. There may be state or local requirements that may 
apply to the action depending on alternatives under consideration; NASA would be 
required to coordinate with associated state and local agencies to identify specific 
applicable requirements. 

SRF Analysis 

For the SRF, the affected environment would be the potential location of an SRF and 
the area surrounding it. Socioeconomic impacts associated with development of an SRF 
would be associated with economic impacts from construction and operation, with 
consideration given to effects on population, employment, earnings, housing, and public 
services. 

Development activities would likely result in beneficial direct, indirect, and induced 
economic impacts in terms of employment and income in the affected environment, the 
scope of benefit tied to the size and type of facility (i.e., development of a small modular 
facility would provide less economic benefit in this regard than would a large new 
construction facility or campus). Cost details regarding the facilities and infrastructure 
are not available at this time. However, it would be anticipated that development of the 
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SRF and associated infrastructure would result in near-term economic benefits driven 
by an increase in construction spending. Construction-related impacts would last for the 
duration of the activities. Under the assumption that the local construction workforce 
would be expected to meet the labor demand, there would be no additional permanent 
population increase associated with development activities. 

Long-term socioeconomic impacts would be directly tied to the number of new jobs 
created and the projected population increase associated with those jobs. Employment 
numbers would be dependent on the type and size of the facility, which is unknown at 
this time. In most cases, jobs would likely be filled within the local/regional population 
(assuming the SRF would be located in a more urban locale) and would not be 
expected to significantly impact local population numbers or have significant effects on 
housing. In more rural locales, placement of a specialized facility like an SRF would 
likely require an influx of personnel resulting in local population increases and 
subsequent increase in demand on housing, education, and local services. Specialized 
jobs associated with an SRF would provide for increased earnings within the locale, and 
thus realized economic benefits to local businesses associated with discretionary 
spending. Visiting scientists may provide short-term economic benefits through localized 
spending during their stays. 

Direct impacts to housing, education, and public services (e.g., emergency services) 
would also be dependent on local population increases. Depending on the scope of any 
increases in local population, this can adversely affect these aspects if availability and 
capacity cannot adequately accommodate the increase. 

Siting & Development Considerations 

Siting and development of an SRF should consider the following factors to minimize the 
potential for adverse socioeconomic impacts: 

• Locale: siting should seek to identify locations that can provide the necessary 
workforce without requiring a substantive increase in local population. Siting 
within urban areas would increase the likelihood of a local workforce and the 
potential for housing availability and educational and local services capacity for 
any in-migration of workers. 

Tier II Analysis Considerations 

Once a site is selected, Tier II analysis would need to consider: 

• the number of projected workers required and ability of local workforce to meet 
demand; 

• local population and population trends and whether any influx of workers 
(temporary and permanent) (and estimated dependents) would result in a 
substantive increase in population; and 

• if there is a projected substantive increase in population, determine whether 
housing availability and education and public services can accommodate the 
associated increase in demand. 
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3.12.1.2 Site-Specific Analysis (UTTR/DPG) 

The socioeconomic affected environment for the Proposed Action is defined as the area 
surrounding the UTTR South Range and DPG. Within the context of the Proposed 
Action, mission preparation activities (to include testing, rehearsals, and landing site 
preparation), EES landing recovery operations, and sample transportation would be 
expected to have no adverse impacts to socioeconomics because activities would be 
within the existing range and there are no anticipated effects outside this area. There 
may be de minimis beneficial impacts associated with NASA scientists and other 
recovery team members utilizing services (e.g., hotels, restaurants, etc.) within the local 
community during their time at the UTTR. Analysis of similar activities at the UTTR and 
DPG were found to have no significant socioeconomic impacts (see Table 1.1-1).  

3.12.2 No Action Alternative 

Under the No Action Alternative, the MSR Campaign would not involve the landing of 
Mars samples at the UTTR and an SRF would not be developed. Therefore, the No 
Action Alternative would not result in any additional socioeconomic impacts at the UTTR 
or surrounding area outside of those associated with ongoing and potential future 
military operations and other activities occurring at the site. Potential impacts associated 
with development of an SRF would not be realized. 

3.13 ENVIRONMENTAL JUSTICE / PROTECTION OF CHILDREN 

EPA defines “environmental justice” as “the fair treatment and meaningful involvement 
of all people regardless of race, color, national origin, or income with respect to the 
development, implementation and enforcement of environmental laws, regulations and 
policies” (EPA 2021). Fair treatment means that no population bears a disproportionate 
share of negative environmental consequences resulting from industrial, municipal, and 
commercial operations or from the execution of Federal, state, and local laws; 
regulations; and policies. Meaningful involvement requires effective access to decision 
makers for all, and the ability in all communities to make informed decisions and take 
positive actions to produce environmental justice for themselves. EPA defines minority 
and low-income populations as follows:  

• Minority – populations of people who are not single-race white and not Hispanic 
but who are members of the following population groups: American Indian or 
Alaskan Native; Asian or Pacific Islander; Black, not of Hispanic origin; or 
Hispanic  

• Low income – populations characterized by limited economic resources (EPA 
2021). 

The DAF also evaluates impacts to other sensitive populations including the children 
and elderly and defines children, ROI, and Community of Comparison (COC) (DAF 
2020).  

• Children and Elderly – In this analysis, children refer to any person(s) under the 
age of 17 years old and elderly are considered 65 years of age or older.  
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• ROI – ROI is the administrative area containing the best available and most 
appropriate units that underlie the affected area. Data collected for any given ROI 
is used to quantitatively characterize the demographic composition of the 
Affected Area and is used to determine whether Environmental Justice 
populations are present in the area affected by the Proposed Action, and if so 
whether there may be disproportionate effects to these communities. In this case, 
the ROI includes the U.S. Census Bureau Block Groups.  

• COC – is the smallest set of U.S. Census Bureau data encompassing the ROI 
and is used to establish thresholds of comparison. In other words, the COC is 
data representing comparison data to which the demographic data in the ROI will 
be compared to identify if there are “meaningfully greater” percentages. It is 
through the establishment of COC threshold data that it is determined whether 
environmental impacts would disproportionately affect Environmental Justice 
communities and populations.  

3.13.1 Proposed Action 

3.13.1.1 Programmatic Analysis 

Regulatory Requirements 

EO 12898, Federal Actions to Address Environmental Justice in Minority Populations 
and Low-Income Populations, requires Federal agencies to evaluate human health and 
environmental conditions in minority and low-income communities and to identify and 
address the potential disproportionately high and adverse human health or 
environmental effects on these communities. 

EO 13045, Protection of Children from Environmental Health Risks and Safety Risks, 
was introduced on April 21, 1997, to address environmental health or safety risks that 
may disproportionately affect children. EO 13045 was intended to: 1) prioritize the 
identification and assessment of environmental health and safety risks that may affect 
children, and 2) to ensure that Federal agency policies, programs, activities, and 
standards address environmental and safety risks to children. 

SRF Analysis 

For the SRF, the affected environment would be the potential location of an SRF and 
the area surrounding it. For minority and low-income populations, determination of 
impacts is based on the extent to which minority and low-income populations reside 
within the affected environment. If the percentage of minority and low-income 
populations in the affected environment (U.S. Census Block Groups) is higher 
compared to the COC (county specific), it is considered to have a disproportionately 
higher minority or low-income population. For children and elderly, the same 
methodology is typically used to determine if effects are considered disproportionate. 
Potential environmental justice impacts are directly tied to the location of the facility and 
would require site-specific analysis. Environmental justice impacts should also consider 
the site-specific effects of any identified noise, land use, and air quality impacts on 
these populations. 
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Siting and Development Considerations 

Siting and development of an SRF should consider the following factors to minimize the 
potential for environmental justice impacts: 

• Avoidance of Environmental Justice Populations: siting should seek to identify 
locations that do not result in disproportionate impacts to minority and low-
income populations. If such alternatives are considered, meaningful engagement 
with potentially affected minority and low-income populations is required to 
ensure effective access to decision makers and the ability to make informed 
decisions. Consideration would also be given for disproportionate impacts to 
populations including children and the elderly. 

Tier II Analysis Considerations 

Once a site is selected, Tier II analysis would need to consider the following: 

• Determine the extent to which minority and low-income populations reside within 
the affected environment. If the percentage of minority and low-income 
populations in the affected environment (U.S. Census Block Groups) is higher 
compared to the COC (county specific), it is considered to have a 
disproportionately higher minority or low-income population.  

• Determine the extent to which children and elderly populations reside within the 
affected environment. If the percentage of these populations in the affected 
environment (U.S. Census Block Groups) is higher compared to the COC (county 
specific), it is considered to have a disproportionately higher population. 

• Identification of mitigations that may serve to minimize or avoid disproportionate 
impacts to environmental justice populations. These are typically tied directly to 
mitigations associated with other resource areas such as noise, land use, and air 
quality. 

3.13.1.2 Site-Specific Analysis (UTTR/DPG) 

Within the context of the Proposed Action, there are no environmental justice concerns 
associated with mission preparation or EES landing and recovery operations as these 
activities would all occur within the confines of the UTTR South Range and DPG 
boundary. There are no anticipated effects outside this area; therefore, there would be 
no environmental justice concerns associated with activities at the UTTR or DPG. 
Analysis of similar activities at the UTTR and DPG were found to have no significant 
impacts on environmental justice communities (see Table 1.1-1). 

3.13.2 No Action Alternative 

Under the No Action Alternative, the MSR Campaign would not involve the landing of 
Mars samples at the UTTR and an SRF would not be developed. Therefore, the No 
Action Alternative would not result in any additional environmental justice impacts at the 
UTTR or surrounding area outside of those associated with ongoing and potential future 
military operations and other activities occurring at the site. Potential impacts associated 
with development of an SRF would not be realized. 
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3.14 NOISE 

Noise is commonly defined as unwanted sound. Sound is defined as pressure variations 
in air that can be detected by the human ear. A sound can be characterized by its pitch 
and its loudness. Pitch depends on the rapidity (frequency) of the vibrations that 
comprise a sound. The human ear is specialized and best suited for the detection of 
sounds with vibrational frequencies between 1,000 and 6,000 cycles per second. 
Extremely high-pitched sounds (e.g., dog whistles) and extremely low-pitched sounds 
(e.g., distant rumbles) are not heard as well as sounds in mid-range frequencies. Sound 
levels are typically described in decibels (dB), a logarithmic scale used to simplify 
communication of a very wide range of audile sound pressure levels. Loudness 
describes the amplitude of sound waves as perceived by a listener. A system known as 
A-weighting (measured in A-weighted decibels [dBA]) is often applied to sounds to 
mathematically deemphasize sound energy at frequencies not easily detected by the 
human ear. Zero on the dBA scale is based on the lowest sound pressure that a 
healthy, unimpaired, human ear can detect. Sound levels higher than 120 dBA can 
cause discomfort. Normal conversation at a distance of 0.91 meters (3 feet) typically 
generates sound levels of approximately 60 dBA. Common A-weighted sound levels are 
shown in Figure 3.14-1. 

 

Figure 3.14-1. Typical A-Weighted Levels of Common Sounds 
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The variability of sound levels across time is also important in determining impacts. The 
highest sound level measured during a noise event (e.g., a vehicle pass-by) is referred 
to as the maximum sound level; the overall noise energy of a noise event normalized to 
a single second is the sound exposure level; and the decibel-averaged sound level over 
a period of time is the equivalent sound level. The day-night average sound level is a 
dB-averaged noise level for a 24-hour time period with a 10-dB “penalty” applied to 
noise levels generated between 10:00 p.m. and 7:00 a.m.  

3.14.1 Proposed Action 

3.14.1.1 Programmatic Analysis 

Regulatory Requirements 

There are no specific Federal regulations related to noise. There may be state or local 
noise ordinances that may apply to the action depending on alternatives under 
consideration; NASA would be required to coordinate with associated state and local 
agencies to identify specific applicable requirements. 

Multiple Federal government agencies have provided guidelines on permissible noise 
exposure limits to protect human hearing. The most conservative workplace noise level 
limit has been set by the OSHA at 115 dBA for non-impulsive noise over an allowable 
exposure duration of 15 minutes (OSHA 2008). The National Institute for Occupational 
Safety and Health (NIOSH) limits for non-impulsive noise are less conservative (NIOSH 
1998). For impulsive noise, such as sonic booms, OSHA and NIOSH have both 
established maximum allowable peak noise levels of 140 dB, which equates to an 
overpressure of about 19.5 kilograms per square meter (4 pounds per square foot). 
Workplace noise level recommendations are designed such that, even with steady near-
daily exposures over the course of an entire career, the excess risk of developing 
occupational noise–induced hearing loss is minimized. 

SRF Analysis 

For the SRF, the affected environment would be the potential location of an SRF and 
the area surrounding it. The main noise impact drivers for the SRF are development 
activities and operations.  

Development of an SRF would generate localized noise, the scope of which would be 
determined by the type and size of the facility (development of modular or facility 
additions would generate less noise than would new construction of a large facility or 
campus). Construction noise would be associated with heavy equipment and generator 
operation, would be temporary (lasting only the duration of the construction project), and 
would be expected to be limited to normal working hours. Construction activities would 
not be expected to result in significant community noise impacts provided the location is 
not within or adjacent to a residential area. 

Operationally, external noise may be generated by such equipment as cooling towers, 
laboratory ventilation fans, and emergency generators. The need and extent of this type 
of equipment would be dictated by facility design. Provided the facility is located within 
compatible land use areas it is unlikely that operational noise would result in significant 
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impacts. A noise assessment based on facility design would determine potential noise 
emissions and compatibility with local noise ordinances. 

Siting and Development Considerations 

Siting and development of an SRF should consider the following factors to minimize the 
potential for adverse noise impacts: 

• Compatible Land Use: Siting should seek to identify locations that are compatible 
with the intended use, thus ensuring that operational noise is consistent with the 
affected environment. 

• Use of Low-Noise Equipment: Design should consider use of low-noise 
equipment and implementation of noise control measures to ensure compliance 
with local and state noise regulations at all nearby sensitive locations. 

Tier II Analysis Considerations 

Once a site is selected, Tier II analysis would need to consider: 

• potential noise generated by construction and operation of the facility; 

• identification of adjacent land uses and adjacent sensitive noise receptors (e.g., 
residences, schools, elder-care facilities, etc.); 

• determination of whether the noise generated from these activities would result in 
significant increases in noise for sensitive receptors; 

• determination of whether noise generated from these activities would exceed any 
state or local noise ordinances; and 

• identification of mitigations that may serve to minimize or avoid any identified 
impacts. 

3.14.1.2 Site-Specific Analysis (UTTR/DPG) 

For the purposes of this noise analysis, the affected environment for mission 
preparation, EES landing, and EES recovery operations includes areas in which the 
component actions of the Proposed Action (i.e., operation of ground vehicles, 
equipment, helicopters, and atmospheric entry of the EES) would be audible. Existing 
UTTR airspace is currently used by a wide variety of military aircraft, and the land area 
is remote and experiences ground vehicle use. Therefore, the noise resulting from 
operation of ground vehicles, equipment, and helicopters in existing airspace and on the 
land surface under the airspace would not constitute a new noise source.  

Upon entering the Earth’s upper atmosphere, the EES would create a sonic boom 
above the UTTR. UTTR airspace is currently utilized for supersonic aircraft operations, 
and this one-time event would be indistinguishable from regular UTTR operations. This 
sonic boom, while somewhat audible at this altitude, would not be expected to result in 
overpressures at ground level that would result in hearing or structural damage. 
Transport of the EES would result in negligible, transient noise associated specifically 
with the transportation mode selected (e.g., truck, aircraft). Based on the type of noise, 



 Affected Environment and Environmental Consequences 

3-67 

 

context of occurrence (roadways or airfields), and single event transient intensity this 
type of noise would not be expected to result in adverse impacts.  

Within the context of the Proposed Action, mission preparation, EES landing recovery 
operations, and EES transportation would be expected to have no significant adverse 
noise impacts. Analysis of similar activities at the UTTR were found to have no 
significant noise impacts (see Table 1.1-1). 

3.14.2 No Action Alternative 

Under the No Action Alternative, the MSR Campaign would not involve the landing of 
Mars samples at the UTTR and an SRF would not be developed. Therefore, the No 
Action Alternative would not result in any additional noise impacts at the UTTR or 
surrounding area outside of those associated with ongoing and potential future military 
operations and other activities occurring at the site. Potential impacts associated with 
development of an SRF would not be realized. 

3.15 INFRASTRUCTURE 

Infrastructure within the context of this document is associated with utilities (potable 
water, electricity, wastewater, and solid waste) and transportation.  

3.15.1 Proposed Action 

3.15.1.1 Programmatic Analysis 

Impacts to utility and transportation networks are assessed with respect to the potential 
for either the disruption, degradation, or improvement of existing levels of service or 
potential change in demand for energy or water resources. Impacts may result from 
physical changes to utility corridors, construction activity, and/or the introduction of 
additional construction-related traffic and utility use. Impacts to infrastructure would be 
considered significant if they create substantial and continuous changes to any utility or 
transportation circulation network, resulting in measurable delays or disruption of normal 
conditions. 

Regulatory Requirements 

EO 14057, Catalyzing Clean Energy Industries and Jobs Through Federal 
Sustainability, was signed by President Biden on December 8, 2021. EO 14057 directs 
the Federal government to align its procurement and operations efforts with the 
following principles and goals: achieving climate resilient infrastructure and operations; 
building a climate- and sustainability-focused workforce; advancing environmental 
justice and equity; and prioritizing the purchase of sustainable products, such as 
products without added perfluoroalkyl or polyfluoroalkyl substances. 

The National Pretreatment Program is a component of the NPDES program. It is a 
cooperative effort of Federal, state, and local environmental regulatory agencies 
established to protect water quality. Similar to how EPA delegates the authority to 
administer the NPDES permit program to state, tribal, and territorial governments to 
perform permitting, administrative, and enforcement tasks for discharges to waters of 
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the United States (or jurisdictional waters) (NPDES program). EPA and authorized 
NPDES state pretreatment programs approve local municipalities to perform permitting, 
administrative, and enforcement tasks for discharges into the municipalities publicly 
owned treatment works (POTWs). The National Pretreatment Program requires 
industrial and commercial dischargers, called industrial users (IUs), to obtain permits or 
other control mechanisms to discharge wastewater to the POTW. Such a permit may 
specify the effluent quality that necessitates that an IU pretreat or otherwise control 
pollutants in its wastewater before discharging it to a POTW. The General Pretreatment 
Regulations of the National Pretreatment Program require all large POTWs (those 
designed to treat flows of more than 19 million liters [5 million gallons] per day) and 
smaller POTWs (that accept wastewater from IUs that could affect the treatment plant 
or its discharges) to establish local pretreatment programs. These local programs must 
enforce all national pretreatment standards and requirements in addition to any more 
stringent local requirements necessary to protect site-specific conditions at the POTW. 

State and/or local transportation restrictions may be present along the transportation 
route(s) necessary for movement of the EES. NASA would be required to coordinate 
with state and local governments to identify any such restrictions or limitations.  

Sample Transportation 

Transportation of the EES would likely occur over the road on a semitruck or large truck, 
or via air using an aircraft large enough to accommodate the vault. Utilization of these 
two methods would not be expected to result in any impacts to transportation circulation 
networks or result in measurable delays or disruption of normal conditions.  

Requirements for transportation with respect to health and safety are addressed in 
Section 3.4 (Health and Safety). 

SRF Analysis 

The main impact driver for utilities is operation of an SRF; development would not be 
expected to result in any adverse utility impacts. The size and intended operational 
parameters of the facility would dictate the amount of electricity and/or natural gas and 
potable water required, as well as wastewater generation. Larger facilities would draw 
more power or natural gas and generate more wastewater. As an example, the National 
Emerging Infectious Diseases Laboratories Final Environmental Impact Statement for 
the Boston National Biocontainment Laboratory estimated that for its 18,023-gross 
square meter (194,000-gross square foot) BLS-4 facility natural gas consumption would 
equate to 46.7 cubic meter per hour (1,650 cubic feet per hour) and electric demand 
would be approximately 7,120 kilowatts (kW). There were no estimates of potential 
wastewater effluents (NIH/DHHS 2005). By contrast, in an environmental assessment 
conducted by the Department of Energy for construction for a 139-square meter 
(1,500-square-foot) BSL-3 facility, electrical demand was estimated at 60 kW and 
wastewater was estimated at 37,854 liters (10,000 gallons) per year; there was no 
estimate of natural gas usage (Department of Energy 2002). The proposed SRF would 
likely fall somewhere between these two sizes of facility, and depending on the capacity 
of local utility distribution systems larger facilities could place a burden on local utility 
providers and/or POTWs.  
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Wastewater from the SRF would need to comply with treatment standards relevant for 
BSL-facilities as set forth by local requirements. Certain industrial discharge practices 
can interfere with the operation of POTWs, leading to the discharge of untreated or 
inadequately treated wastewater into rivers, lakes, and other waters of the United 
States. A discharge can cause interference, inhibit, or disrupt the POTW, its treatment 
processes or operations, or its sludge processes, use, or disposal and therefore cause 
a violation of any requirement of the POTW’s NPDES permit. Some pollutants are not 
amenable to biological wastewater treatment at POTWs and can pass through the 
treatment plant untreated. This pass through of pollutants affects the receiving water 
and might cause fish kills or other adverse effects. Even when a POTW has the 
capability to remove toxic pollutants from wastewater, the pollutants can end up in the 
POTW’s sewage sludge, which might then be processed into a fertilizer or soil 
conditioner that is land-applied to food crops, parks, or golf courses or elsewhere. 

The size, location, and number of employees for a facility would also determine the 
extent of potential impacts to local transportation networks. The scope of the impact 
would also depend on the existing level of service for surrounding transportation 
networks. Large numbers of employees transiting to the facility during normal working 
hours on roads with already degraded levels of service could result in further traffic 
slow-downs or stoppages and increase accident potential. Additionally, large amounts 
of traffic could degrade levels of service from adequate to inadequate depending on 
road conditions and time of day. Surrounding land use and associated road types may 
also dictate the potential for transportation impacts; residential roads are typically not 
equipped to accommodate significant amounts of traffic, whereas multi-lane roads in 
commercial or industrial areas are intended for such use. 

Siting and Development Considerations 

Siting and development of an SRF should consider the following factors to minimize the 
potential for adverse impacts to associated infrastructure: 

• Compatible Land Use: Siting should seek to identify locations that are compatible 
with the intended use. This may reduce the construction footprint through the use 
of existing infrastructure and minimize the need for extensive infrastructure 
improvements. 

• Size and Type of Facility: Larger facilities would require more power and 
generate more wastewater than would smaller, modular facilities. Additions to 
existing facilities may reduce the construction footprint through the use of existing 
infrastructure via tie-ins. Use of energy-efficient equipment and 
renewable/alternative energy sources (wind, solar, geothermal, etc.) should also 
be considered to minimize utility requirements. 

• Local Transportation Networks: Location should consider capacity and level of 
service of roadways necessary to support access. Close proximity to interstate 
highways and airfields would be beneficial for air and vehicle transport of 
samples, and close proximity to commercial airports would facilitate collaboration 
with scientists from a variety of locations. Any limitations or restrictions regarding 



Mars Sample Return Campaign Programmatic EIS  

3-70  

 

secure transport of samples should be identified and considered with alternative 
facility locations. 

Tier II Analysis Considerations 

Once a site is selected, Tier II analysis would need to consider: 

• Existing affected environment utility infrastructure, operational utility loads based 
on facility equipment types and number of employees, the extent to which these 
loads would burden local utility systems and providers, and whether utility system 
upgrades would be required. 

• Identification of necessary transportation network level of service and whether 
the number of employees and associated traffic would adversely affect the level 
of service. Depending on the size, location, and number of employees associated 
with the facility, a separate traffic study and mitigations (such as roadway 
improvements, installation of traffic lights, etc.) may be required. 

• Determination of the need for a local POTW industrial pretreatment permit and 
pretreatment requirements. As part of internal wastewater pretreatment design, 
and depending on intended use, a segregated plumbing system that would carry 
laboratory wastewater from every non-BSL area to mixing tanks prior to 
discharge to the sanitary system may be implemented. In addition, BSL areas of 
the SRF may require a sterilization system designed to kill any biological agents 
that might exist in the wastewater from BSL areas; the sterilized effluent would 
likely then need to be cooled before it can be discharged. 

• Identification of any state or local limitations or restrictions regarding secure 
transport of samples. 

• Identification of any mitigations required to avoid or minimize identified adverse 
impacts.  

3.15.1.2 Site-Specific Analysis (UTTR/DPG) 

Under the Proposed Action, on-site mission preparation (to include testing and 
rehearsals and landing site preparation), EES landing, and EES recovery would not 
require the construction of new, or modification of existing, UTTR or DPG infrastructure. 
Hookups to existing Det-1 utility infrastructure for temporary use (e.g., electricity for 
trailers, communications, etc.) may be required; a small number of wheeled vehicles 
may utilize UTTR and DPG roads, and recovery team members may use local 
roadways transiting to/from the UTTR. These activities would not be expected to impact 
infrastructure or utility use on UTTR, DPG, or local roadways. Analysis of similar 
activities at the UTTR were found to have no significant impacts on infrastructure (see 
Table 1.1-1). 

3.15.2 No Action Alternative 

Under the No Action Alternative, the MSR Campaign would not involve the landing of 
Mars samples at the UTTR and an SRF would not be developed. Therefore, the No 
Action Alternative would not result in any additional impacts to the UTTR or surrounding 
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area infrastructure outside of those associated with ongoing and potential future military 
operations and other activities occurring at the site. Potential impacts associated with 
development of an SRF would not be realized. 

3.16 CUMULATIVE IMPACTS 

CEQ regulations implementing NEPA require that the cumulative impacts of a proposed 
action and alternatives be assessed (40 CFR Parts 1500–1508). Cumulative effects are 
defined as “effects on the environment that result from the incremental effects of the 
action when added to the effects of other past, present, and reasonably foreseeable 
actions regardless of what agency (Federal or non-Federal) or person undertakes such 
other actions. Cumulative effects can result from individually minor but collectively 
significant actions taking place over a period of time...” (40 CFR § 1508.1(g)(3)). 

Cumulative effects may occur when there is a relationship between a proposed action 
or alternative and other actions expected to occur in a similar location or during a similar 
time period. This relationship may or may not be obvious. The effects may then be 
incremental (increasing) in nature and result in cumulative impacts. Actions overlapping 
with or in proximity to a proposed action or alternative can reasonably be expected to 
have more potential for cumulative effects on “shared resources” than actions that may 
be geographically separated. Similarly, actions that coincide temporally will tend to offer 
a higher potential for cumulative effects. 

3.16.1 Past, Present, and Reasonably Foreseeable Actions and Environmental Trends 

Past and present actions inform the current condition of the affected environment, while 
reasonably foreseeable future actions inform the projected affected environment for the 
planned EES landing and recovery operations, expected to occur in early 2033. Mission 
preparation is expected to occur within a two- to three-year timeframe prior to EES 
landing. Reasonably foreseeable future actions are considered in this PEIS if they are: 
1) included in a Federal, state, or local planning document, 2) likely to occur based on 
the recommendations of Federal, state, or local planning agencies, 3) identified in an 
existing permit application, or 4) part of fiscal appropriations that are likely (or 
reasonably certain) to occur. For purposes of this analysis, foreseeable actions were 
considered. 

Predictable environmental trends considered in this PEIS are those that could result 
from foreseeable actions.  

3.16.2 Programmatic Analysis 

From a programmatic perspective EES transportation would not be expected to result in 
cumulative impacts. This is a discrete event that would have de minimis impact on the 
environment. 

Cumulative impacts associated with development of an SRF will be addressed in the 
subsequent Tier II analysis once alternatives have been identified. At that time past, 
present, and reasonably foreseeable future actions relevant to the affected environment 
would be identified and analyzed. Analysis would consider relationships between the 
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alternatives and other identified actions interacting within the same affected 
environment(s).  

3.16.3 Site-Specific Analysis (UTTR/DPG) 

The UTTR and the Det-1 locations are currently utilized for military testing and training 
operations. This would be expected to continue into the future. Other than debris 
removal as part of landing site preparation, no long-term impacts to the UTTR or the 
Det-1 location would be expected due to the discrete nature of the action. NASA 
anticipates up to six recovery operation dress rehearsals during the 24 months prior to 
EES landing, with a team of up to 12 personnel depending on required operational 
parameters. Dress rehearsals would likely involve the use of two to four helicopters. 
Additionally, NASA anticipates that a team of up to 40 personnel may be staged at the 
UTTR and/or DPG 6 to 12 months prior to the EES reentry date for site preparation and 
recovery operations set up. The use of facilities at the UTTR and the Det-1 location for 
retrieving the Mars samples would be consistent with existing operations and would 
pose no new types of impacts. Existing facilities and infrastructure would be utilized and 
no new facilities on site or offsite would be needed. Any impacts of the MSR Campaign 
at the UTTR and DPG would be negligible. The incremental impact of the mission would 
not add to or create any long-term cumulative effect on the local or regional 
environment. 

3.17 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

NEPA CEQ regulations require environmental analyses under an EIS to identify “...any 
irreversible and irretrievable commitments of resources that would be involved in the 
proposal should it be implemented” (40 CFR § 1502.16). Irreversible and irretrievable 
resource commitments are related to the use of nonrenewable resources and the 
effects the uses of these resources have on future generations. Irreversible effects 
primarily result from the use or destruction of a specific resource (e.g., energy and 
minerals) that cannot be replaced within a reasonable time frame. Building construction 
material, such as gravel and gasoline usage for construction equipment, would 
constitute the consumption of nonrenewable resources. 

Irretrievable resource commitments also involve the loss in value of an affected 
resource that cannot be restored as a result of the action. Overall, the MSR Campaign 
would involve consumption of nonrenewable resources, such as metals used in 
component construction, fuels used in launch and ground vehicles and aircraft, etc. 
None of these activities would be expected to substantially affect environmental 
resources, because the relative consumption of these materials is expected to change 
negligibly. 

The primary irretrievable impacts of implementation of the Proposed Action would 
involve the use of energy, labor, materials, and funds. From a programmatic 
perspective, development of an SRF may involve conversion of some lands from an 
unimproved or semi-improved condition through the construction of buildings and 
facilities; however, this would depend on where the SRF is sited and would be required 
to be addressed under Tier II analysis. Irretrievable impacts would occur as a result of 
construction, facility operation, and maintenance activities. Direct losses of biological 
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productivity and the use of natural resources from these impacts will be considered as 
part of Tier II analysis. 

3.18 UNAVOIDABLE ADVERSE IMPACTS 

NEPA requires identification of any unavoidable adverse impacts (40 CFR § 
1502.16(a)(2)). For the MSR launch, landing, and recovery operations, analyses of the 
Proposed Action identified unavoidable adverse impacts associated with soil 
disturbance from with landing site preparation and EES recovery activities. However, 
these adverse impacts have been shown to not be significant based on the context (dry, 
flat lakebed on a military installation) and intensity (single event) of the Proposed Action. 
With regards to SRF development and operations, unavoidable adverse impacts would 
be dependent on the scope of a particular SRF development scenario, with impacts 
related to the size of the facility and the location to be developed. Unavoidable adverse 
impacts could be associated with air emissions from ground disturbance and 
operations, impacts to natural resources (e.g., forested areas, wildlife, etc.) from ground 
disturbance depending on location developed, and impacts to local infrastructure and 
utilities depending on the ability of the locale to support SRF operations. These factors 
will be considered as part of Tier II NEPA analyses for development of an SRF once 
SRF requirements and potential locations have been identified. 

3.19 SHORT-TERM USES, MAINTENANCE, AND ENHANCEMENT OF LONG-
TERM PRODUCTIVITY 

NEPA requires an analysis of the relationship between a project’s short-term impacts on 
the environment and the effects that these impacts may have on the maintenance and 
enhancement of the long-term productivity of the affected environment (40 CFR § 
1502.16(a)(3)). Impacts that narrow the range of beneficial uses of the environment are of 
particular concern. Choosing one option may reduce future flexibility in pursuing other 
options or committing a resource to a certain use may eliminate the possibility for other 
uses of that resource. 

From a programmatic perspective, analysis of short-term environmental impacts of 
development of an SRF, and the effects that these impacts may have on the maintenance 
and enhancement of the long-term productivity of the associated affected environment, 
would be wholly dependent on the location and scope of the SRF. Short term uses of 
fossil fuels and natural resources (e.g., concrete, wood, metal, etc.) during development 
of an SRF would occur, the quantity of use dependent on the scope of the SRF (e.g., 
development a mostly modular facility would likely require far fewer natural resources and 
fossil fuel use than would a complete, large brick-and-mortar facility). Operation of an 
SRF would also require use of electrical energy, potable water, and potentially natural 
gas. Similarly, the amount of resource use for operations would be dependent on the 
scope of the SRF, as well as implementation of any environmental and “green” design 
considerations (e.g., LEED). Larger facilities with minimal LEED design considerations 
would require more resources for operation than would a smaller modular-type facility. 
These factors will be considered as part of Tier II NEPA analyses for development of an 
SRF once SRF requirements and potential locations have been identified.  



Mars Sample Return Campaign Programmatic EIS  

3-74  

 

From a site-specific perspective, implementation of the Proposed Action would result in 
impacts limited to the UTTR/DPG and has been shown to have no significant short- or 
long-term adverse impacts. As a result, no adverse impacts to the maintenance and 
enhancement of the long-term productivity of the UTTR/DPG would be expected. In fact, 
removal of range debris as part of landing site preparation may have a long-term benefit 
on the maintenance of the UTTR South Range and provide some enhancement to 
environment. 
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4. SUBMITTED ALTERNATIVES, INFORMATION, AND ANALYSES 

4.1 PUBLIC INVOLVEMENT SUMMARY 

Notice of Intent (NOI) – A notice that announced NASA’s intent to prepare an 
Environmental Impact Statement (EIS) was published in the Federal Register on 
April 15, 2022. The NOI formally initiated the public scoping process. The NOI included 
descriptions of the alternatives and the scoping process, and the dates, times, and 
locations of the scoping meetings. The NOI also invited potentially affected Federal, 
state, and local agencies; potentially affected Indian tribe(s); and interested persons 
(e.g., public) to participate in the scoping process. A copy of the NOI is provided in 
Appendix B (Public/Agency Involvement).  

Scoping – Council on Environmental Quality regulations at Title 40 Code of Federal 
Regulations Section 1501.9 requires a process called “scoping” to involve the public 
early in the assessment process. The scoping process is designed to solicit input from 
the public and interested agencies on the nature and extent of issues and impacts to be 
addressed and the methods by which potential impacts are evaluated. NASA published 
advertisements in local newspapers near the Utah Test and Training Range and 
Kennedy Space Center two weeks prior to the scoping meetings. Each advertisement 
provided scoping meeting dates and meeting access information. The 30-day scoping 
comment period began on April 15, 2022, and officially ended on May 16, 2022. NASA 
held two virtual public scoping meetings to inform the public and solicit comments and 
concerns about the proposal. Comments and stakeholder input received during the 
scoping comment period were considered during the development of the alternatives 
and the analysis presented in the Draft Programmatic EIS (PEIS). Comments received 
after the official end of the scoping comment period were also considered in determining 
the range of actions, alternatives, and environmental analysis of significant issues in the 
Draft PEIS, to the maximum extent practicable, prior to its publication. 

Draft PEIS Review – Council on Environmental Quality regulations at Title 40 Code of 
Federal Regulations Section 1503.1 require that the lead agency of a proposed action 
invite comment from appropriate federal, state, tribal, and local agencies/governments, 
as well as the public, on the alternatives, information, and analyses in a Draft EIS. 
NASA released the Draft PEIS for public review and comment on November 4, 2022. 
The Draft PEIS was made available to the public electronically on the Federal 
e-Rulemaking Portal (Docket number NASA-2022-0002) and on the NASA website at 
https://www.nasa.gov/feature/nepa-mars-sample-return-campaign/. Electronic and hard 
copy versions were made available at local libraries. NASA placed a notice in the 
Federal Register, made an announcement on NASA’s NEPA website, and published 
advertisements in local newspapers announcing the availability of the Draft PEIS along 
with its public review and comment period. The public review and comment period was 
open from November 4, 2022, to December 19, 2022. NASA also provided letters and 
email notifications to those on a curated distribution list, announcing Draft PEIS 
availability. NASA held four public meetings (two virtually and two in-person) to solicit 
comments on the Draft PEIS. In addition to announcing the availability of the Draft 
PEIS, the Federal Register, website, and newspaper announcements also provided 

https://www.nasa.gov/feature/nepa-mars-sample-return-campaign/
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notification of the public meetings. Additionally, flyers were placed throughout the local 
communities with support from the Department of the Air Force, and media 
announcements were provided to local media outlets. 

Appendix B, Section B.1.2 (Draft PEIS Public/Agency Review) provides details on 
substantive comments received during the commenting period and public meetings, as 
well as NASA responses to those comments. Comments and stakeholder input received 
within the Draft PEIS comment period were considered during the development of the 
Final PEIS. All comments received both during and after the official end of the Draft 
PEIS comment period are part of the Administrative Record and are considered by 
NASA as part of the decision-making process as outlined in a Record of Decision. 

4.2 SUBMITTED ALTERNATIVES 

Alternatives submitted via scoping and Draft PEIS review comments are identified in 
Table 4.2-1. 

Table 4.2-1. Alternatives Submitted via Scoping and Draft PEIS Review 
Comments 

Submitted Alternative 
Carried 
Forward 

Rationale 

Scoping Comments 

Conducting sample analysis on the surface 
of Mars to determine the samples are safe 
prior to return to Earth. 

No 
See Section 2.3 (Alternatives Considered 
but Not Carried Forward). 

Conducting sample analysis on the lunar 
surface to determine the samples are safe 
prior to return to Earth. 

No 
See Section 2.3 (Alternatives Considered 
but Not Carried Forward). 

Conducting sample analysis in orbit on the 
International Space Station to determine the 
samples are safe prior to return to Earth. 

No 
See Section 2.3 (Alternatives Considered 
but Not Carried Forward). 

Consideration of partnerships with 
commercial space entities. 

No 

The United States, like all other Parties to 
the 1967 Outer Space Treaty, bears 
international responsibility for both 
governmental and non-governmental 
activities in space. Furthermore, Parties to 
the Outer Space Treaty are to conduct 
space exploration activities so as to avoid 
“adverse changes in the environment of 
the Earth” as a result of extraterrestrial 
matter. Private space flight companies 
launching from the United States would 
have to obtain the relevant approvals and 
authorizations for returning samples from 
Mars. 
 
NASA and its partners have decades of 
proven experience engineering systems 
for transit to, and operation on, Mars. 
Planning for MSR applies that 
engineering and scientific experience in a 
logical follow-on to the Mars 2020 – 
Perseverance Rover mission. 
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Table 4.2-1. Alternatives Submitted via Scoping and Draft PEIS Review 
Comments 

Submitted Alternative 
Carried 
Forward 

Rationale 

Consideration of techniques to assess 
samples and for sterilization prior to 
returning to Earth: 

• Two-color technique to study the 
evolution of the organic pigments 
instead of direct sampling 

• Using plasma sterilization technology 

• Nanoscale X-ray emitters for 
sterilization 

No 

Sterilizing the entirety of the material 
returned from Mars would compromise 
specific scientific goals, as outlined in the 
discussion of sterilization-sensitive 
science by Meyer et al. (2022) in the 
“Final Report of the Mars Sample Return 
Science Planning Group 2 (MSPG2)” 
(Meyer et al. 2022). Note that the Meyer 
paper considers only gamma radiation 
and heat sterilization methods, but the 
same principles apply to any sterilization 
method: to be successful, such methods 
must damage the molecule types that 
represent key targets for Mars science 
investigations. 
 
The MSPG2 report notes that the process 
of successfully completing the MSR 
Sample Safety Assessment Protocol 
involves a variety of complex operations 
that would not be feasible on Mars, 
including examining the samples on very 
small scales (5 to 20 microns), high-
resolution spectrographic analysis, and 
culturing in conditions suitable for 
propagating terrestrial biology.  
 
The design and feasibility of the SRF is 
currently under consideration by several 
architecture and design firms. The SRF 
will employ a combination of the best in 
industry standards and innovative tested 
technology concepts for air filtration to 
meet the stringent planetary protection 
requirements. 

Consideration of propulsive landing and 
redundant systems (e.g., parachute) for 
sample return to Earth. 

No 

NASA’s approach to achieving extremely 
high reliability throughout entry, descent, 
and landing is through simplicity of 
design. By minimizing the number of 
systems that could have failure modes, 
the entire Earth Entry System is made 
more reliable. Propulsion systems and 
parachutes could improve performance, 
but add significant mass, complexity, cost, 
and additional risk. 

Consideration of sample tube configurations 
that resist corrosion and have multilayer 
tube walls to ensure containment. 

No 

The MSR mission concept does not 
depend on sample tube integrity to ensure 
containment of Mars material.  
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Table 4.2-1. Alternatives Submitted via Scoping and Draft PEIS Review 
Comments 

Submitted Alternative 
Carried 
Forward 

Rationale 

See Section 2.1.2.1.3 (Earth Return 
Orbiter) in the PEIS regarding sample 
containment. 

Draft PEIS Review 

Test the samples before returning to Earth. No 

Sections 1.3 and 2.3 of the PEIS discuss 
the complexity and cost of sending 
advanced instruments to study Mars 
samples in place (in situ) or conducting 
testing activities in orbit or on the Moon. 

Sterilize the samples before returning to 
Earth. 

No 

Sterilization of the samples prior to 
opening the containment vessels inside 
the containment facility is not consistent 
with the purpose and need (Chapter 1). 

Modify the Fetch Rover to accommodate 
various additional sampling mechanisms. 

No 

A sample fetch rover is no longer part of 
the planned MSR Campaign architecture 
(as was discussed during project 
scoping). The Mars Perseverance rover is 
currently collecting and caching samples 
on Mars and would deliver those samples, 
perhaps with assistance from the Sample 
Recovery Helicopter, directly to the 
Sample Retrieval Lander. 

Change the MSR architecture and add 
additional sampling process/procedures. 

No 

The sampling hardware and procedures 
regarding sample collection and 
processing for the MSR Campaign are 
already in place on Mars; the planned 
MSR Program would collect the existing 
sealed sample tubes and return them to 
Earth (See Section 2.1.2 for discussion of 
current architecture). 

Conduct testing activities on the Moon, or 
on the ISS or another orbital structure. 

No 
This is addressed in Section 2.3 of the 
PEIS. 

Send additional robotic structures to Mars to 
conduct testing activities. 

No 
Remote testing actions are addressed in 
Section 2.3 of the PEIS. 

Key: MSPG2 = “Final Report of the Mars Sample Return Science Planning Group 2”; MSR = Mars Sample Return; PEIS = Programmatic 
Environmental Impact Assessment; SRF = Sample Receiving Facility. 

 

4.3 INFORMATION AND ANALYSES 

Scoping 

Table 4.3-1 provides a summary of the substantive comments (information) received 
during scoping and how NASA addressed those comments in this PEIS (analyses). This 
table does not provide a summary of the individual comments verbatim. Some 
comments were provided by multiple commenters. The substantive comments in the 
table have been organized into broad categories. Substantive comments generally 
include, but are not limited to, comments that identify potential environmental impacts 
for analysis, identify reasonable alternatives for analysis, identify feasible mitigations for 
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consideration, or otherwise recommend relevant information that should be considered 
in the development of the Draft PEIS. Non-substantive comments generally include, but 
are not limited to, comments that express a conclusion, an opinion, or a vote for or 
against the proposal itself, or some aspect of it; that state a position for or against a 
particular alternative; or that otherwise state a personal preference or opinion. All 
comments received on this proposal will be included in the Administrative Record 
regardless of when they were received and regardless of their substantive or non-
substantive nature.  

Table 4.3-1. Summary of Scoping Issues/Concerns 

Issue/Concern Identified 
Addressed 

in PEIS 
If Yes, Location in PEIS 

If No, Rationale 

Purpose and Need, Alternatives 

Questions concerning whether sterilization 
processes would change the quality of 
samples.  

Yes 

See Section 2.1.2.1.3 (Earth Return 
Orbiter). The preservation of the geologic 
record for these samples is of paramount 
importance to NASA, therefore the 
process for sterilization is being 
considered very carefully. 

Concern that sample handling involves military 
organizations, U.S. Air Force and U.S. Army, 
which may obstruct the scientific process. 

No 
Involvement of DoD is limited to support 
for EES landing and recovery operations. 

The cost of the MSR Campaign when money 
should be spent on other efforts (e.g., climate 
change, carbon reduction). 

No 
The cost of the MSR Campaign is not 
within the scope of PEIS analysis. 

Availability of the SRF to others. No 

The Mars returned samples will be 
available to the world-wide scientific 
community through competitive processes 
enabling selected scientists’ access to the 
samples.  

NASA does not plan for the SRF to house 
samples returned through 
agencies/corporations not included in the 
NASA-ESA Mars Sample Return 
Campaign. 

Monitoring for sudden disturbances to the 
Orbiter’s attitude for micrometeoroid damage to 
the EES. 

Yes 

See Section 3.4.1.1 (Programmatic 
Analysis). The MSR mission concept 
provides a Micrometeoroid Protection 
System that has multiple layers of 
protective materials, which provides 
protection throughout the entire flight from 
launch, out to Mars and back to Earth. 

Concern over the “race” with China regarding 
sample returns and whether the timetable for 
the MSR Campaign could change based on 
China or other considerations (e.g., budget) 
constraints. 

No 

China is a Party to the Outer Space 
Treaty, which requires that Parties 
pursuing the exploration of outer space 
conduct exploration “so as to avoid 
adverse changes in the environment of 
the Earth resulting from the introduction of 
extraterrestrial matter” that could result 
from sample return missions.  
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Table 4.3-1. Summary of Scoping Issues/Concerns 

Issue/Concern Identified 
Addressed 

in PEIS 
If Yes, Location in PEIS 

If No, Rationale 

NASA is focused on its plans to remain on 
the cutting edge of space science, 
technology, and exploration, including 
plans to return humans to the Moon, 
explore Mars and the solar system, as 
well as to launch the next great 
observatories. Our ambitious plans 
involve engagement with global partners. 
We’ve always worked to use space and 
science as a unifying force. 

Landing site assessment and use of ground 
penetrating radar at the landing site. 

Yes 

Section 2.3.2 (Site-Specific Alternative 
Screening Criteria) discusses the landing 
site selection process. Ground penetrating 
radar was not utilized as part of the 
evaluation of landing site alternatives. 

Whether any crewed missions are being 
considered at any point under this proposal or 
any future tiered phases of the MSR 
Campaign. 

Yes 

See Section 2.3.1.1 (Programmatic 
Alternatives). A role for human exploration 
is not included in the initial phase of 
returning samples from Mars. 

NEPA/Public Involvement 

Concerns over public meetings using 
commercial closed-source software (Webex) 
requiring consenting to unspecified analytics. 

No 
This is not within the scope of NEPA 
analysis. 

NASA perpetuating misinformed scientific data 
showing that Mars has no conditions and 
indications of microbial life today. 

Yes See Section 1.1 (Background). 

Safety/Mission Safety/Planetary Protection 

General concern about safety of bringing Mars 
samples to Earth (potential for contamination of 
Earth by microbes, pathogens, prions, viruses, 
bacteria, or other organisms). 

Yes 
Section 3.4 (Health and Safety) discusses 
the health and safety aspects of the 
Proposed Action. 

Ensure the safety/sterilization of samples 
before they are returned to Earth, whether 
there be full certainty that sterilization 
techniques would neutralize any biological 
material from Mars, and concern over 
extremophiles or organisms unlike any 
terrestrial biology. 

Yes 
Section 3.4 (Health and Safety) discusses 
the health and safety aspects of the 
Proposed Action. 

Consideration of the presence of 
bacteriological/microbial content from the 
Viking lander tests. The organic analyses 
results from the Curiosity and Perseverance 
rovers should now call into question the 
negative organics findings by the Viking Lander 
Gas Chromatograph Mass Spectrometer from 
1976 and reinvigorate renewed interest in the 
Viking Labeled Release experiment. 

No 

The general consensus in the scientific 
community continues to be that the Viking 
lander experiments did not detect signs of 
biological activity in Mars material. 

NASA’s Curiosity and Perseverance Mars 
rovers have found potentially habitable 
conditions at their landing sites and have 
detected organic compounds; this does 
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Table 4.3-1. Summary of Scoping Issues/Concerns 

Issue/Concern Identified 
Addressed 

in PEIS 
If Yes, Location in PEIS 

If No, Rationale 

not equate to finding current biological 
activity. 

Concern about mission failure/failure rates, or 
loss of containment of EES during reentry or 
impact (using Solar Wind/Genesis project as 
examples). 

Yes 
Section 3.4 (Health and Safety) discusses 
the health and safety aspects of the 
Proposed Action. 

Control of hazards resulting from human error 
in the overall MSR programmatic process. 
Human errors may be introduced via 1) 
mission design: lack of proper specification of 
the mission processes and procedures; 2) 
environmental factors: overlooking or 
misjudging the environments that will be 
imposed during the mission; 3) system design: 
lack of properly designed hardware and 
software features to control contamination 
potential; and 4. human factors: overlooking or 
misjudging aspects of human behavior during 
the MSR mission that could result in 
contamination potential.  

Yes 
Section 3.4 (Health and Safety) discusses 
the health and safety aspects of the 
Proposed Action. 

EPA recommends decontamination as another 
prevention approach as part of the ground 
recovery operation. The following aspects of 
decontamination would be appropriate for 
consideration: 

• how mobile decontamination techniques and 
techniques used for decontamination at the 
eventual stationary facility could be 
complementary; and  

• how the decontamination technologies and 
procedures would account for the extreme 
environment from which the potential life has 
come. 

Yes 

Section 3.5.1.2.1 (Cultural Resources, 
Site-Specific Analysis [UTTR/DPG]), 
Affected Environment) and Section 3.6 
(Hazardous Materials and Waste) discuss 
the standard decontamination methods 
proposed and potential effects associated 
with the Proposed Action. 

EPA supports the assessment of the integrity 
of the EES upon ground retrieval. It is well-
known that microbes on Earth are capable of 
taking up material from their environment, 
incorporating it into their cellular machinery, 
and passing it down through generations. For 
this reason, EPA recommends that NASA 
identify the most likely and most hazardous 
scenarios of loss of integrity and evaluate what 
ground operations would do in the eventuality 
of those events. With respect to unplanned 
release of material, EPA recommends that 
NASA consider if the risk of release of viable 
Martian life (which includes quiescent/dormant 
life that could animate if exposed to the right 

Yes 

Section 3.4 (Health and Safety) discusses 
the health and safety aspects of the 
Proposed Action. Within the context of this 
NEPA analysis, there is no functional 
difference between dormant Martian life 
and "building blocks" of Martian life - both 
are considered the same from a risk and 
health and safety perspective (i.e., 
response) when considered in context of 
unplanned release of sample material. 
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Table 4.3-1. Summary of Scoping Issues/Concerns 

Issue/Concern Identified 
Addressed 

in PEIS 
If Yes, Location in PEIS 

If No, Rationale 

environmental conditions) is equivalent to risk 
of release of building blocks of Martian life. 

Early detection-rapid response (EDRR) 
planning to the programmatic EIS.  

Yes 
Section 3.4 (Health and Safety) discusses 
the health and safety aspects of the 
Proposed Action. 

What is the smallest Mars particle that is 
forbidden to be on the capsule carried to 
Earth? Dust level, bacteria level, virus level, 
prion level?  

No 

MSR engineering requirements are based 
on managing unsterilized particles 50 nm 
in size and larger. MSR selected this size 
limit because particle size distribution data 
indicate that the fraction of particles below 
50 nm is small (less than 0.06%) and also 
because the physics of particle transport 
are such that measures taken to control or 
exclude particles of 50 nm are also 
effective for particles of smaller sizes. 

A number of studies (National Research 
Council 1999, Heim et al. 2017) have 
estimated the minimum sizes for life forms 
from fundamental inputs such as the 
genetic material required to permit a cell 
to perform basic functions [e.g., (Glass et 
al. 2006)], observations in extreme 
environments [e.g., (Comoli et al. 2009)] 
or theoretical constraints that would apply 
to astrobiology investigations (Lingam 
2021). Values from such studies have 
been used to inform findings on best 
practices for sample return missions and 
MSR has considered those findings in 
selecting 50 nm for engineering 
requirements. 

When the consequences of a failure are so 
great, a 100% guarantee should be required. 
The NASA factsheet “The Safety of Mars 
Sample Return” does address this issue. 
“Panels have found an extremely low likelihood 
that samples collected from areas on Mars like 
those being explored by Perseverance could 
possibly contain a biological hazard to our 
biosphere.” Just how low is “low likelihood”? Is 
NASA’s goal specification to prevent accidental 
release of the Mars samples 1 in a thousand? 
1 in a million? 1 in a billion?  

Yes 

See Sections 2.1.2.1.3 (Earth Return 
Orbiter) and 3.4.1.2.2 (Health and Safety, 
Site-Specific Analysis [UTTR/DPG]), 
Environmental Consequences). No 
outcome in science and engineering 
processes can be predicted with 100% 
certainty. The safety case for MSR safety 
is based on redundant containment 
supported by rigorous testing and 
analysis, the extensive experience of 
NASA and ESA with very similar activities 
over the past three decades, as well as 
independent reviews of program plans by 
external experts. 

NASA has not set forth a specific containment 
requirement necessary to protect the Earth’s 
biosphere from accidental, mistaken, or even 
intentional release of the sample into Earth’s 
biosphere.  

Yes 

See Section 2.1.2.1.3 (Earth Return 
Orbiter). NASA’s requirements for 
backward planetary protection (i.e., 
containment requirements) are set forth in 
NPR 8715.24: Section 3.4. 
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Table 4.3-1. Summary of Scoping Issues/Concerns 

Issue/Concern Identified 
Addressed 

in PEIS 
If Yes, Location in PEIS 

If No, Rationale 

How will NASA assure that the Mars Sample 
handlers are qualified and of sound mind? 

No 

Because the SRF will be a high-
containment laboratory, the requirements 
for sample handlers will follow similar 
proven processes developed by the NIH 
and CDC’s Biological Surety Program, 
which includes the Personnel Reliability 
Program. These programs include: 1) a 
comprehensive background investigation, 
2) Maximum biocontainment MSR SRF-
specific training, 3) Medical examinations 
to assure physical fitness for duty, and 4) 
a behavioral health screen, designed to 
help assess the worker's psychological 
resilience and individual attitudes toward 
laboratory safety and personal 
responsibility.  

Additionally, NASA’s workplace policies 
encourage all employees to be open and 
forthcoming about any concerns related to 
their personal health and safety or that of 
their co-workers. 

The processes for major mission events 
are rehearsed extensively in advance to 
clearly establish norms of expected 
performance. Key operational positions 
will have well-identified back-ups who are 
capable of recognizing unexpected 
performance and stepping in to assist, if 
necessary.  

NASA has claimed (and has placed into print in 
the Notice for these comments) that “It (Mars) 
is a freezing landscape” without telling the 
reader the temperature on Mars reaches 70 
degrees F seasonally in places. NASA claims 
Mars has “…no liquid water” which misleads 
the reader into thinking there is zero water 
available for microbial life, when sufficient 
water vapor exists to support some species of 
microbial life. NASA claims that Mars is 
“continually bombarded with harsh radiation,” 
when studies have shown some species of 
Earth microbe could survive the ionizing 
radiation on Mars for half a million years, even 
in the dormant state. As to ultraviolet light, a 
thin layer of Mars regolith or shade in crevices 
or under the numerous rocks on Mars provides 
adequate protection from UV light. 

Yes See Section 1.1 (Background). 

International space law and policy on planetary 
protection appears inadequate to meet the 

No 
Article IX of the 1967 Outer Space Treaty 
is very clear regarding the duty to avoid 
adverse changes in the environment of 
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Table 4.3-1. Summary of Scoping Issues/Concerns 

Issue/Concern Identified 
Addressed 

in PEIS 
If Yes, Location in PEIS 

If No, Rationale 

challenges of a Mars sample return as 
envisioned by NASA.  

the Earth resulting from the introduction of 
extraterrestrial matter. Moreover, NASA 
and ESA have agreed to apply biological 
planetary protection measures consistent 
with the guidelines contained in the 
Committee on Space Research 
(COSPAR) Planetary Protection Policy 
and Implementation Guidelines. In 
addition, both space agencies committed 
(under international law) to draw up a 
Joint Biological Planetary Protection 
Management Plan for the avoidance of 
harmful contamination of Mars and 
adverse changes in the environment of 
the Earth resulting from the introduction of 
Martian material, as part of the campaign 
and missions planning process. 

NASA observes additional internal 
guidelines and policies regarding 
planetary protection in its NPR 8715.24 
(Planetary Protection Provisions for 
Robotic Extraterrestrial Missions). 

Hazardous Materials 

The proposed Campaign may involve a 
number of hazardous materials that may 
require disclosure, avoidance, and mitigation to 
ensure public health and environmental 
protection. Public disclosure of the presence of 
these elements at different points of the 
proposed Campaign that can interact with the 
public and our environment can enhance public 
understanding of the decision. 

Yes 

Section 3.6 (Hazardous Materials and 
Waste) discusses the potential impacts 
associated with hazardous materials and 
waste related to the Proposed Action. 

Hydrazine is a common fuel for spacecraft and 
is corrosive with acute health risks to humans 
and animals and is a probable human 
carcinogen. It is unclear if a significant quantity 
of this or other toxic fuel will survive a launch 
accident and whether there could be human or 
animal exposure down range from a launch 
site before ground crews respond. It is also 
unclear if NASA anticipates using any fuel on 
the Earth Entry System through the 
atmosphere back to the Earth’s surface. The 
twenty radioisotope heating units (RHUs) that 
NASA is considering for this mission may use 
Plutonium-238 or another radioisotope. It is 
unclear if NASA anticipates any of the RHUs 
being integrated with any mission element 
returning to Earth. EPA encourages NASA to 
disclose if it anticipates any hydrazine fuel or 

No 

Launches and potential impacts (including 
launch accidents) are addressed in the 
Final Environmental Assessment for 
Launch of NASA Routine Payloads 
(NASA 2011), which found no significant 
impacts from routine launches using 
rocket fuels (see Appendix C, NASA 
Environmental Checklists). 

There are no fuels being utilized in the 
EES; it is a passive system. RHUs are no 
longer proposed as part of the actions. 
None of the mission elements returning to 
the Earth’s surface would contain 
hydrazine fuel.  
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Table 4.3-1. Summary of Scoping Issues/Concerns 

Issue/Concern Identified 
Addressed 

in PEIS 
If Yes, Location in PEIS 

If No, Rationale 

RHUs being part of the mission elements 
returning to the Earth’s surface, and any public 
safety messaging plans it has in case of 
landing outside the anticipated target zone. 

The UTTR has a history of cruise missile 
testing and may have unexploded munitions 
within or near the proposed landing site. EPA 
recommends that NASA continue to cooperate 
closely with the US Air Force to map out known 
hazard areas for UXO, both inside the 
anticipated landing areas and beyond it within 
the larger UTTR. 

Yes 
UXO and safety clearance is addressed in 
Section 3.4 (Health and Safety). 

It is unclear what the decontamination methods 
involve, including chemical, radiological, or 
pressurized sterilization (autoclave) treatment, 
and whether that includes sterilization of the 
estimated 100-square-meter landing site. It is 
also unclear how any decontamination supplies 
(chemicals, wipes, etc.) will be managed. In 
addition, please describe the decontamination 
methods, including chemical, radiological, 
incineration, or pressurized sterilization. Also 
describe what impact is anticipated from that 
decontamination on the landing site itself, 
including any excavation of Earth sediment, 
and to what depth, and what the waste 
management solution of decontamination 
supplies and materials will be.  

Yes 

Section 3.6 (Hazardous Materials and 
Waste) discusses the potential impacts 
associated with hazardous materials and 
waste related to the Proposed Action. 

Cultural Resources 

EPA notes that at either end of the UTTR site 
are the Skull Valley Indian Reservation and the 
Goshute Indian Reservation. Either tribe may 
have ancestral cultural resources within the 
UTTR area. EPA encourages NASA to work 
with the Department of Defense, the Bureau of 
Indian Affairs, and the Skull Valley and 
Goshute Indian Reservation governments to 
identify cultural resources in the anticipated 
landing area, to avoid and minimize impact to 
those cultural resources, and consult with the 
tribes to identify adequate mitigation measures 
where impacts are unavoidable. EPA strongly 
encourages that consultation inform sample 
recovery teams planning and operations. 

Yes 

Section 3.5 (Cultural Resources) 
discusses potential impacts to cultural 
resources and coordination with interested 
tribal entities. 

Biological Resources 

The document should identify all petitioned and 
listed threatened and endangered species and 
critical habitat that might occur within the 
landing area. EPA notes that NASA may 

Yes 

Section 3.8 (Biological Resources) 
discusses potential impacts to sensitive 
species. A USFWS IPaC report (USFWS 
2022) as well as the DAF INRMP (Hill 
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Table 4.3-1. Summary of Scoping Issues/Concerns 

Issue/Concern Identified 
Addressed 

in PEIS 
If Yes, Location in PEIS 

If No, Rationale 

decontaminate the estimated 100-square 
meter landing area. The Draft EIS should also 
quantify which species or critical habitat might 
be directly, indirectly, or cumulatively affected 
by the proposed Campaign.  

AFB 2019) identifies no sensitive species 
or critical habitat present at the proposed 
landing site. 

The EPA recommends that NASA engage with 
the U.S. Fish and Wildlife Service and US Air 
Force biologists early to account for any 
sensitive, threatened, or endangered species 
in the anticipated landing area, and incorporate 
their input to avoid, minimize, and mitigate any 
impact to these species and their habitat. 
NASA should also account for the following in 
the programmatic document: 1) Hydrologic 
function, flow and channel modifications, 
wetlands, and habitat fragmentation regarding 
species’ habitat requirements; and 2) Migratory 
Bird Treaty Act compliance. 

Yes 

Section 3.8 (Biological Resources) 
discusses potential impacts to sensitive 
species. A USFWS IPaC report (USFWS 
2022) as well as the DAF INRMP (Hill 
AFB 2019) identifies no sensitive species 
or critical habitat, to include gold or bald 
eagles, present at the proposed landing 
site. The landing site activities would not 
be expected to have any adverse effects 
to migratory birds given the context of the 
location (active military training site with 
minimal migratory bird presence) and 
intensity of the action (one time). 

In order to illustrate effects to wetlands in the 
area, EPA recommends that the Programmatic 
Draft EIS specifically include the following 
analyses or descriptions:  

• Description of impacts under individual or 
nationwide permits authorizing the discharge 
of fill or dredge materials to waters of the 
U.S.;  

• Maps, identifying wetlands and regional 
water features;  

• Identification of the direct, indirect, and 
cumulative impacts to wetlands in the 
geographic scope, including impacts from 
changes in hydrology even if these wetlands 
are spatially removed from the construction 
footprint. Include the indirect impacts to 
wetlands from loss of hydrology from water 
diversion/transfers, as well as the cumulative 
impacts to wetlands from future development 
scenarios based on population and growth 
estimates; and  

• Wetland delineations and functional analysis 
for wetlands potentially impacted by project 
alternatives.  

Yes 

Section 3.9 (Water Resources) discusses 
water resources. The are no identified 
surface waters, wetlands, or floodplains 
identified for the proposed landing site. A 
site location for the SRF has yet to be 
identified and is therefore addressed 
programmatically. Potential site-specific 
impacts associated with development of 
an SRF would be addressed in a follow-on 
Tier II analysis. 

The UTTR site is located in a region prone to 
increased wildfire risk, with vegetation 
concentrations east and south of Salt Lake 
presenting the likeliest sources of wildfire fuels. 
Other forms of extreme weather may also 
affect alternate landing and the various launch 
sites under consideration. High wind speed 

No 

An erroneous landing outside the 
identified ellipses is highly unlikely. The 
sample capsule does not involve the use 
of any fuels. Use of recovery vehicles 
would follow the DAF wildland fire 
guidelines. The proposed landing site, on 
the playas of the South UTTR does not 
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Table 4.3-1. Summary of Scoping Issues/Concerns 

Issue/Concern Identified 
Addressed 

in PEIS 
If Yes, Location in PEIS 

If No, Rationale 

could affect the accuracy of the sample return, 
and poor visibility could impair the sample 
recovery and decontamination mission 
elements. An erroneous landing by spacecraft 
or ground recovery elements in forest or 
residential areas may even accidentally start a 
fire. EPA encourages NASA to disclose their 
plans to deal with extreme weather events 
during mission operations, from launch to 
recovery and clean up, and to outline a 
coordination plan with fire responders in 
wildlands and residential areas if needed.  

provide wildfire fuel loads. Risk of wildfire 
as a result of the Proposed Action is 
expected to be de-minimis. 

Orbital Debris 

Orbital Debris According to NASA’s website 
(https://www.nasa.gov/mission_pages/station/n
ews/orbital_debris.html) the National 
Aeronautics and Space Administration and the 
Department of Defense’s global Space 
Surveillance Network is of aware of at least 
27,000 individual pieces of debris in orbit, 
presenting an ongoing threat to human 
spaceflight and robotic missions. The proposed 
Mars Sample Return Campaign would add 
debris from at least three additional flight 
elements and set the Earth Return Orbiter on a 
centennial avoidance trajectory following the 
release of the Martian samples to Earth for 
recovery. EPA recommends that NASA 
disclose the potential quantity, mass, and near-
Earth orbital residency time it anticipates may 
be produced by the proposed Campaign. EPA 
further recommends that NASA disclose what 
measures it will commit to in the Campaign 
mission packages to minimize and mitigate the 
accumulation of orbital debris. For example, 
the rocket launches could avoid using as much 
paint and could use component separation 
methods other than explosive bolts or minimal 
shearing explosive bolt use to avoid debris 
multiplication. Finally, EPA recommends NASA 
consider reusable rockets for Earth launches at 
a programmatic level from the perspective of 
orbital debris avoidance. 

No 

Nominal launch operations for 
interplanetary missions do not leave 
anything in Earth orbit; all material left 
behind (payload fairings, debris from 
stage separation) returns to Earth and all 
material placed on an Earth-Mars transfer 
trajectory leaves Earth orbit. Orbital debris 
is possible in an off-nominal launch 
situation; potential impacts (including off-
nominal events) are addressed in the 
Final Environmental Assessment for 
Launch of NASA Routine Payloads 
(NASA 2011), which found no significant 
impacts from routine launches in this 
regard (see Appendix C, NASA 
Environmental Checklists). 

Key: AGL = above ground level; ANG = Air National Guard; CDC = Centers for Disease Control and Prevention; DAF = Department of the Air 
Force; dBA = A-weighted decibels; DNL = day-night average sound level; DoD = Department of Defense; EES = Earth Entry System; EPA = 
U.S. Environmental Protection Agency; ESA = European Space Agency; FAA = Federal Aviation Administration; INRMP = Integrated Natural 
Resources Management Plan; IPaC = Information for Planning and Consultation; MSR = Mars Sample Return; NEPA = National Environmental 
Policy Act; NIH = National Institutes of Health; nm = nanometers; NPR = NASA Procedural Requirement; PEIS = Programmatic Environmental 
Impact Statement; PFAS = perfluoroalkyl and polyfluoroalkyl substances; SIL = Speech Interference Level; SRF = Sample Receiving Facility; 
USFWS = U.S. Fish and Wildlife Service; UTTR = Utah Test and Training Range; UXO = unexploded ordnance. 
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4.4 DRAFT PEIS REVIEW 

Table 4.4-1 provides a non-verbatim summary of the substantive comments 
(information) received during the Draft PEIS review process. Verbatim substantive 
comments on the Draft PEIS, as well as comprehensive NASA responses to those 
comments, are provided in Appendix B, Section B.1.2 (Draft PEIS Public/Agency 
Review). All comments received on the Draft PEIS will be included in the Administrative 
Record regardless of when they were received and regardless of their substantive or 
non-substantive nature. 

Table 4.4-1. Summary of Comments Received from Draft PEIS Public/Agency 
Review 

Topic 
 (Number of 
Comments) 

Summary of Comments Received 
(Note: Verbatim comments and NASA responses are provided in 

Appendix B, Section B.1.2 (Draft PEIS Public/Agency Review) 

Alternatives (57) 

Comments mainly consisted of requests to either test the samples or 
sterilize the samples before returning them to Earth. Other comments 
requested additional testing of the Earth Entry System, use of the 
International Space Station for sample analyses, in situ (on Mars) sample 
analysis, or offered suggestions associated with changes to mission 
architecture or Sample Receiving Facility construction. 

Health and Safety (32) 

The majority of these comments were concerned with the safety of the 
proposed action and the potential for bringing unknown pathogens back to 
Earth or causing unknown effects to the human and natural environment. 
Commenters also requested more detail on contingency planning in the 
event of off-nominal events. 

Legal (1) 
One legal comment questioned the proposed action’s compliance with the 
United Nations 1967 Outer Space Treaty. 

NEPA (3) 
These comments questioned the validity of the NEPA analysis and process. 
Comments were associated with the adequacy of the analyses, as well as 
how public comments are addressed. 

Proposed Action (8) 
Comments under this topic either questioned the validity and viability of the 
proposed action itself, and/or requested more detail be provided regarding 
some elements of the proposed action. 

Public Involvement (3) 
These comments had questions associated with the public involvement 
process. One comment suggested that the Draft PEIS should have been 
peer reviewed like a scientific paper. 

Purpose and Need (2) 

One comment questioned the need to bring the Mars samples to Earth, 
while another comment purported that NASA’s purpose and need for the 
MSR Campaign is too narrowly defined such that it precludes additional 
alternatives from consideration. 

References (7) 
All these comments questioned the use of specific references in the Draft 
PEIS. 
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5. AGENCIES, ORGANIZATIONS, AND INDIVIDUALS CONSULTED  

5.1 COOPERATING AND CONSULTING AGENCIES  

Several cooperating agencies are involved in this action due to jurisdiction by law 
associated with the action areas or due to special expertise associated with Biological 
Select Agents and Toxins protocols. 

• Department of the Air Force 

• U.S. Department of the Army 

• U.S. Department of Agriculture 

• U.S. Department of Health and Human Services 

o Centers for Disease Control and Prevention 

Consulting agencies include: 

• Utah State Historic Preservation Office 

• Advisory Council on Historic Preservation 

• Interested tribal governments 

Appendix B (Public/Agency Involvement) provides relevant information and 
correspondence regarding cooperating and consulting agency correspondence. 

5.2 DISTRIBUTION LIST 

Distribution of both the Draft and Final Programmatic Environmental Impact Statement 
(PEIS) consisted of Federal, State, and local government regulatory agencies with 
jurisdictional interests, as well as Federal, State, and local government agencies and 
representatives, interested organizations and members of the public, and local libraries. 
Appendix B, Section B.1.1.3 (Draft and Final PEIS Distribution List) provides the 
Distribution List for the Draft PEIS and Final PEIS. 
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6. LIST OF PREPARERS 

The organizations and individuals listed below contributed to the overall effort in the 
preparation of this document. 

National Aeronautics and Space Administration 

Steve Slaten 

B.S., Geology and Petroleum Engineering 

Graduate, Hydrology and Environmental Sciences 

Years of Experience: 40 

NASA EIS Project Manager 

Lizabeth Montgomery 

B.S., Mechanical Engineering 

Years of Experience: 38 

NASA NEPA Support 

George Tahu 

M.S., Systems Engineering 

M.A., Science & Technology Policy 

Years of Experience: 32 

NASA Program Executive for the Mars 
Sample Return Program 

Curtis Borland 

J.D./LL.M., Environmental Law 

Years of Experience: 19 years 

Attorney - Advisor, NASA Office of the 
General Counsel 

Brian Clement (Jet Propulsion Laboratory [JPL]) 

Ph.D.; B.S., Biology; Ph.D., Marine Biology 

Years of Experience: 24 years 

MSR Program Planetary Protection Systems 
Engineer 

Jason Callahan 

M.S., History and Sociology of Technology and Science 

M.A., International Science and Technology Policy 

Years of Experience: 11 

Program and Management Analyst / Science 
Mission Directorate Policy Branch Liaison 

Vicky Ryan (JPL) 

M.S., Environmental Engineering 

B.S., Marine Biology 

Years of Experience: 22 

MSR Launch Approval Engineer 

Paul VanDamme (JPL) 

M.S., Public Policy 

Years of Experience: 29 

JPL Launch Approval Engineering 

 

NEMCON (Contractor to NASA) 

Kevin Akstulewicz 

B.S., Environmental Science & Policy 

Years of Experience: 23 

Leidos EIS Project Manager 

Emily Dabashinsky 

B.S., Biology 

Years of Experience: 6 

HSG EIS Project Manager 
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Years of Experience: 32  

Leidos Quality Assurance 

Kathleen Clark 

Years of Experience: 31 

Leidos Senior Copyeditor 

Dan Gallagher  

M.E., Nuclear Engineering 

Years of Experience: 43 

Leidos Health and Safety; Hazardous 
Materials and Waste 

Heather Gordon  

M.S., Geography  

B.S., Environmental Studies and Planning  

Years of Experience: 22 

Leidos Geographic Information System 
(GIS) Specialist 

Joe Jimenez 

M.A., Anthropology 

Years of Experience: 36 

Leidos Cultural Resources 

Doug Outlaw 

Ph.D., Nuclear Physics 

Years of Experience: 44 

Leidos Health and Safety; Hazardous 
Materials and Waste 

Tara Utsey 

B.A., Liberal Arts 

Years of Experience: 30 

Leidos Document Production Manager 
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APPENDIX B 
PUBLIC/AGENCY INVOLVEMENT 

B.1 PUBLIC INVOLVEMENT SUMMARY 

B.1.1 Scoping 

The National Environmental Policy Act (NEPA) process is intended to enable federal 
agencies to make decisions based on an understanding of the environmental 
consequences of a proposed action and alternatives. Public involvement is an essential 
part of this process and facilitates the development of a NEPA document—a 
Programmatic Environmental Impact Statement (PEIS) in this case—and informs the 
scope of issues to be addressed in the final analysis. In compliance with NEPA and 40 
Code of Federal Regulations Section 1506.6, NASA notified relevant agencies, 
stakeholders, and Federally recognized tribes about the Proposed Action. The 
notification process provided relevant agencies and groups the opportunity to comment 
on the Proposed Action and informed them of potential impacts that could occur. The 
public scoping process included the following aspects: 

• Notice of Intent (NOI) – A notice that announced NASA’s intent to prepare an 
EIS was published in the Federal Register on April 15, 2022. The NOI formally 
initiated the public scoping process. The NOI included descriptions of the 
alternatives and the scoping process, and the dates, times, and locations of the 
scoping meetings. The NOI also invited affected federal, state, and local 
agencies; affected Indian tribe(s); and interested persons (e.g., public) to 
participate in the scoping process. A copy of the NOI is provided in Appendix B, 
Section B.1.1.  

• Scoping – Council on Environmental Quality regulations at 40 Code of Federal 
Regulations 1501.9 requires a process called “scoping” to involve the public early 
in the assessment process. The scoping process is designed to solicit input from 
the public and interested agencies on the nature and extent of issues and 
impacts to be addressed and the methods by which potential impacts are 
evaluated. In addition to announcing scoping in the NOI, NASA published 
advertisements in local newspapers near the Utah Test and Training Range 
(UTTR) and Kennedy Space Center a week prior to the scoping meetings. Each 
advertisement provided scoping meeting dates and meeting access information. 
Table B-1 identifies the newspapers of record in which notices of public scoping 
were published, while Table B-2 provides information regarding the public 
scoping meetings. 

NASA held two virtual public scoping meetings to inform the public and solicit comments 
and concerns about the proposal. The meetings began with a brief welcome message 
followed by a 10-minute NASA presentation describing the purpose of the scoping 
meetings, project schedule, opportunities for public involvement, Proposed Action and 
alternatives summary, and programmatic approach. A 30-minute technical presentation 
regarding the Mars Sample Return (MSR) Campaign was then provided. After the 
formal presentations was a 30-minute virtual “Open House” and question and answer 
session where meeting participants could ask questions of the panel presenters. After 
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the technical presentations and question and answer session, the official scoping 
comment submission portion of the meetings began. The scoping comment submission 
session lasted 45 minutes, where members of the public were able to provide up to a 
three-minute comment. 

Table B-1. Public Scoping Notices 
Newspaper City/Location Publication Date(s) 

Daytona Beach News-Journal Daytona Beach, FL 
Friday, April 15, and  
Sunday, April 24, 2022 

Brevard Florida Today Brevard County, FL 
Friday, April 15, and  
Sunday, April 24, 2022 

Orlando Sentinel Orlando, FL 
Friday, April 15, and  
Sunday, April 24, 2022 

Indian River Press 
Journal/TCPalm 

Vero Beach, FL 
Friday, April 15, and  
Sunday, April 24, 2022 

High Desert Advocate West Wendover, NV 
Friday, April 22 and  
Friday, April 29, 2022 

Tooele Transcript Bulletin Tooele, UT 
Thursday, April 21 and  
Thursday, April 28, 2022 

Standard Examiner Ogden, UT 
Friday, April 15, and  
Saturday, April 23, 2022 

Salt Lake Tribune Salt Lake City, UT 
Sunday, April 17,  

Wednesday, May 4, 2022 

Deseret News Salt Lake City, UT 

Friday, April 15,  

Friday, April 22, and  
Friday, April 29,2022 

 

Table B-2. Public Scoping Meetings 
Location Date / Time No. of Participants 

Virtual May 4, 2022 – 3:00 p.m. to 5:00 p.m. Eastern 64 

Virtual May 5, 2022 – 8:00 p.m. to 10:00 p.m. Eastern 18 

The 30-day scoping comment period began on April 15, 2022, and officially ended on 
May 16, 2022. Commenters were encouraged to submit comments via the Federal 
Docket Management System or via U.S. Postal Service. All comments received are 
available for review on the Federal Docket as indicated in the NOI. Comments and 
stakeholder input received within the scoping comment period were considered during 
the development of the alternatives and the analysis presented in the Draft PEIS. 
Comments received after the official end of the scoping comment period were also 
considered in determining the range of actions, alternatives, and environmental analysis 
of significant issues in the Draft PEIS, to the maximum extent practicable, prior to its 
publication. Table B-3 provides a summary of the number and format of comment 
submittals received. 
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Table B-3. Public Scoping Comment Submittal Summary 
Submittal Format Number of Submittals 

Standard Mail  3 

Docket   162 

Virtual Public Scoping Meetings (Oral Comments) 5 

Total  170 

A summary of the substantive comments received during scoping and how NASA 
addressed those comments in this PEIS is included in Chapter 4 (Submitted 
Alternatives, Information, and Analyses) of the PEIS. Substantive comments generally 
include, but are not limited to, comments that identify potential environmental impacts 
for analysis, identify reasonable alternatives for analysis, identify feasible mitigations for 
consideration, or otherwise recommend relevant information that should be considered 
in the development of the Draft PEIS. Non-substantive comments generally include, but 
are not limited to, comments that express a conclusion, an opinion, or a vote for or 
against the proposal itself, or some aspect of it; that state a position for or against a 
particular alternative; or that otherwise state a personal preference or opinion. All 
comments received on this proposal will be included in the Administrative Record 
regardless of when they were received and regardless of their substantive or non-
substantive nature.  
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B.1.1.2 Agency Coordination 
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B.1.1.3 Draft and Final PEIS Distribution List 

Agency Organization 

Advisory Council on Historic 
Preservation 

Advisory Council on Historic Preservation 

Bureau of Land Management Salt Lake Field Office 

Council on Environmental Quality White House Council on Environmental Quality 

Department of Energy Office of Environmental Management 

Department of Homeland Security Sustainability and Environmental Programs (DHS) 

Department of Homeland Security FEMA Region 4 

Federal Aviation Administration ANM Regional Office 

Government Services 
Administration (GSA) 

U.S. General Services Administration (GSA) 

National Academy of Sciences 
(NAS) 

National Academy of Sciences 

Nuclear Regulatory Commission Office of Nuclear Reactor Regulation, Division of License Renewal 

Office of Management and Budget The Office of Management and Budget 

United States Fish and Wildlife 
Service 

Utah Ecological Services Field Office 

US Department of Agriculture Natural Resources Conservation Service 

US Department of Commerce National Oceanic and Atmospheric Administration 

US Department of Commerce 
National Oceanic and Atmospheric Administration, The Office of 
the Southeast Regional Council 

US Department of Commerce 
National Oceanic and Atmospheric Administration, Office of 
General Counsel 

US Department of the Interior U.S. Department of the Interior 

US Department of the Interior National Park Service 

U.S. Department of Justice  U.S. Department of Justice 

U.S. Department of Labor U.S. Department of Labor, Office of the Secretary (OSEC) 

US Department of Transportation 
Office of the Assistant Secretary for Research and Technology 
(OST-R) 

US Department of Transportation Office of Policy Development, Strategic planning and Performance 

US Department of Transportation 
Federal Aviation Administration 
AEE-1, Office of Environment and Energy 

US Environmental Protection 
Agency 

Office of Enforcement and Compliance Assurance 

US Environmental Protection 
Agency 

Office of Federal Activities (OFA) 

US Environmental Protection 
Agency 

USEPA, Region 4 

US Environmental Protection 
Agency 

USEPA 

State Agencies Office of Governor Ron DeSantis, State of Florida 

State Agencies Office of Governor Spencer J. Cox, State of Utah 
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Agency Organization 

State Agencies East Central Florida Regional Planning Council 

State Agencies 
Florida State Clearinghouse, Florida Dept. of Environmental 
Protection 

State Agencies Florida Division of Emergency Management 

State Agencies Utah State Historic Preservation Office 

State Agencies Utah Division of State History 

State Agencies Utah School and Institutional Trust Lands Administration 

State Agencies Utah Department of Environmental Quality 

State Agencies Utah Division of Wildlife Resources  

County Agencies County Commissioner, District 2, Brevard County 

County Agencies County Commissioner, District 5, Brevard County 

County Agencies Brevard County Natural Resources Management Department 

County Agencies Brevard County Emergency Management Office 

County Agencies Brevard County Planning & Development 

County Agencies Lake County Board of Commissioners  

County Agencies Orange County 

County Agencies 
Chairwoman, Commissioner District 4, Osceola County Board of 
Commissioners  

County Agencies 
Commissioner District 5, Seminole County Board of 
Commissioners  

County Agencies Volusia County 

County Agencies Indian River, Board of Commissioners District 5 

County Agencies 
County Commissioner District 5, Flagler County Board of 
Commissioners 

County Agencies District 1, Polk County Board of Commissioners 

County Agencies Box Elder Commission Office 

County Agencies Tooele County Commission 

Local Agencies District 2, Port Canaveral Commissioners 

Local Agencies City of Cape Canaveral 

Local Agencies City of Cocoa 

Local Agencies City of Cocoa Beach 

Local Agencies City of Kissimmee 

Local Agencies City of Melbourne 

Local Agencies City of New Smyrna Beach 

Local Agencies City of Orlando 

Local Agencies City of West Melbourne 

Local Agencies City of St. Cloud 

Local Agencies City of Titusville 

Local Agencies City of Lakeland 

Local Agencies City of Palm Coast 
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Agency Organization 

Local Agencies City of Eustis 

Local Agencies City of Vero Beach 

Local Agencies City of Oviedo 

Local Agencies City of West Wendover 

Local Agencies City of Wendover 

Local Agencies Brigham City 

Local Agencies Tooele City 

Local Agencies Wendover Airport 

Senators-Federal Senate Committee on Commerce, Science, and Transportation 

Senators-Federal (FL) Senator Rick Scott 

Senators-Federal (FL) Senator Marco Rubio 

House Reps-Federal 8th District (FL) 

House Reps-Federal 6th District (FL) 

House Reps-Federal 7th District (FL) 

House Reps-Federal 9th District (FL) 

House Reps-Federal 10th District (FL) 

House Reps-Federal 11th District (FL) 

House Reps-Federal 15th District (FL) 

House Reps-Federal 17th District (FL) 

Senators-State District 17 (FL) 

Senators-State District 14 (FL) 

Senators-State District 7 (FL) 

Senators-State District 9 (FL) 

Senators-State District 11 (FL) 

Senators-State District 12 (FL) 

Senators-State District 13 (FL) 

Senators-State District 15 (FL) 

Senators-State District 20 (FL) 

Senators-State District 22 (FL) 

Senators-State District 26 (FL) 

House Reps-State 24th District (FL) 

House Reps-State 25th District (FL) 

House Reps-State 26th District (FL) 

House Reps-State 27th District (FL) 

House Reps-State 28th District (FL) 

House Reps-State 30th District (FL) 

House Reps-State 31st District (FL) 

House Reps-State 32nd District (FL) 

House Reps-State 33rd District (FL) 
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Agency Organization 

House Reps-State 39th District (FL) 

House Reps-State 40th District (FL) 

House Reps-State 41st District (FL) 

House Reps-State 42nd District (FL) 

House Reps-State 43rd District (FL) 

House Reps-State 45th District (FL) 

House Reps-State 46th District (FL) 

House Reps-State 47th District (FL) 

House Reps-State 48th District (FL) 

House Reps-State 49th District (FL) 

House Reps-State 51st District (FL) 

House Reps-State 52nd District (FL) 

House Reps-State 53rd District (FL) 

House Reps-State 54th District (FL) 

Senators-Federal (UT) Senator Mike Lee 

Senators-Federal (UT) Senator Mitt Romney 

House Reps-Federal 1st District (UT) 

House Reps-Federal 2nd District (UT) 

House Reps-Federal 3rd District (UT) 

House Reps-Federal 4th District (UT) 

Senators-State Utah State Senate 

Senators-State Senate District 20 

Senators-State District 17 (UT) 

Senators-State District 12 (UT) 

House Reps-State House District 13 

House Reps-State 21st District (UT) 

House Reps-State 29th District (UT) 

House Reps-State 68th District (UT) 

Reading Room (Libraries) Cocoa Beach Public Library (FL) 

Reading Room (Libraries) Central Brevard Library and Reference Center (FL) 

Reading Room (Libraries) Cape Canaveral Public Library (FL) 

Reading Room (Libraries) Titusville Public Library (FL) 

Reading Room (Libraries) Melbourne Library (FL) 

Reading Room (Libraries) Merritt Island Public Library (FL) 

Reading Room (Libraries) NASA Headquarters Library (D.C.) 

Reading Room (Libraries) Tooele City Public Library (UT) 

Reading Room (Libraries) Grantsville Library (UT) 

Reading Room (Libraries) Brigham City Public Library (UT) 

Reading Room (Libraries) Tremonton Municipal Library (UT) 
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Agency Organization 

Reading Room (Libraries) West Wendover Branch Library (NV) 

Reading Room (Libraries) Garland Public Library (UT) 

Organizations Aerospace Industries Association 

Organizations Aircraft Owners and Pilots Association 

Organizations American Astronomical Society 

Organizations American Institute of Aeronautics and Astronautics 

Organizations Audubon Florida 

Organizations Bureau of Indian Affairs - Eastern Nevada Agency 

Organizations Economic Development Commission of Florida's Space Coast 

Organizations Environmental Defense Fund 

Organizations Environmental Defense Institute (EDI) 

Organizations Federation of American Scientists 

Organizations Florida Today 

Organizations Friends of the Earth 

Organizations Global Network Against Weapons and Nuclear Power in Space 

Organizations GlobalSecurity.org 

Organizations Greenpeace International 

Organizations American Society of Mechanical Engineers Headquarters 

Organizations International Committee Against Mars Sample Return 

Organizations National Audubon Society 

Organizations National Congress of American Indians 

Organizations National Fish and Wildlife Foundation 

Organizations National Wildlife Federation 

Organizations Natural Resources Defense Council 

Organizations Patrick Air Force Base 

Organizations Pelican Island Audubon Society 

Organizations Physicians for Social Responsibility  

Organizations Sierra Club National Headquarters 

Organizations Snake River Alliance 

Organizations Southwest Network for Environmental and Economic Justice  

Organizations Space Coast Audubon Society 

Organizations American Association for the Advancement of Science (AAAS) 

Organizations The Mars Society 

Organizations The Nature Conservancy 

Organizations The Planetary Society 

Organizations Space Foundation Headquarters and Discovery Center 

Organizations Space Foundation Washington, D.C., Office 

Organizations TSA Occupational Safety Health and Environmental Div. 

Organizations Union of Concerned Scientists 



Appendix B Public/Agency Involvement 

B-21 

 

Agency Organization 

Organizations Utah Soaring Association 

Organizations ASME Washington D.C. 

Organizations Global Network Against Weapons and Nuclear Power in Space 

Organizations Davis County Council of Governments 

Organizations Weber Area Council of Governments 

Organizations Tooele County Council of Governments 

Organizations Bear River Association of Governments 

Organizations 
United States Army Medical Research Institute of Infectious 
Diseases  

Tribal Northern Arapaho Tribe of the Wind River Reservation, Wyoming 

Tribal Blackfeet Tribe of the Blackfeet Indian Reservation of Montana 

Tribal 
Confederated Salish and Kootenai Tribes of the Flathead 
Reservation 

Tribal Crow Tribe of Montana 

Tribal Shoshone-Paiute Tribes of the Duck Valley Indian Reservation 

Tribal Duckwater Shoshone Tribe of the Duckwater Reservation, Nevada 

Tribal Eastern Shoshone Tribe of the Wind River Reservation, Wyoming 

Tribal Ely Shoshone Tribe of Nevada 

Tribal Shoshone-Bannock Tribes of the Fort Hall Reservation 

Tribal 
Confederated Tribes of the Goshute Reservation, Nevada and 
Utah 

Tribal Hopi Tribe of Arizona 

Tribal Navajo Nation, Arizona, New Mexico, & Utah 

Tribal Northwestern Band of the Shoshone Nation  

Tribal Paiute Indian Tribe of Utah  

Tribal Zuni Tribe of the Zuni Reservation, New Mexico 

Tribal San Juan Southern Paiute Tribe of Arizona 

Tribal Skull Valley Band of Goshute Indians of Utah 

Tribal 
Te-Moak Tribal Council of the Te-Moak Tribe of Western 
Shoshone Indians of Nevada 

Tribal Ute Indian Tribe of the Uintah and Ouray Reservation, Utah 

Tribal Ute Mountain Ute Tribe  

Tribal 
Wells Band of the Te-Moak Tribe of Western Shoshone Indians of 
Nevada 

Consulting Parties Utah State Historic Preservation Office 

Consulting Parties Advisory Council on Historic Preservation 

Consulting Parties Historic Wendover Airfield 

Consulting Parties Preservation Utah 

Consulting Parties Utah Professional Archaeological Council 

Consulting Parties Utah Division of Indian Affairs 

Consulting Parties Utah Professional Archaeological Council (UPAC) 
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B.1.2  Draft PEIS Public/Agency Review 

B.1.2.1 Draft PEIS Public/Agency Notification 

In accordance with the National Environmental Policy Act (NEPA) of 1969, as amended 
(42 United States Code [U.S.C.] 4321 et seq.), the 2022 Council on Environmental 
Quality Regulations for Implementing the Procedural Provisions of NEPA (Title 40 Code 
of Federal Regulations [CFR] Parts 1500–1508), and NASA’s procedures for 
implementing NEPA (14 CFR 1216.3), NASA released the Draft PEIS for public review 
and comment on November 4, 2022. The Draft PEIS was made available to the public 
electronically on the Federal e-Rulemaking Portal (Docket number NASA-2022-0002) 
and on the NASA website at https://www.nasa.gov/feature/nepa-mars-sample-return-
campaign/. Electronic and hard copy versions were made available at the following 
libraries: 

• Cocoa Beach Public Library, 550 N Brevard Avenue, Cocoa Beach, FL 32931 

• Central Brevard Library and Reference Center, 308 Forrest Avenue, Cocoa, FL 
32922 

• Cape Canaveral Public Library, 201 Polk Avenue, Cape Canaveral, FL 32920 

• Titusville Public Library, 2121 S Hopkins Avenue, Titusville, FL 32780 

• Melbourne Library, 540 E Fee Avenue, Melbourne, FL 32901 

• Merritt Island Public Library, 1195 N Courtenay Pkwy, Merritt Island, FL 32953 

• NASA Headquarters Library, 300 E St. SW #1120, Washington, D.C. 20024 

• Tooele City Public Library, 128 W Vine St., Tooele, UT 84074 

• Grantsville Library, 42 Bowery St., Grantsville, UT 84029 

• Brigham City Public Library, 26 E Forest St., Brigham City, UT 84302 

• Tremonton Municipal Library, 210 N Tremont St., Tremont, UT 84337 

• West Wendover Branch Library, 590 Camper Dr., West Wendover, NV 89883 

• Garland Public Library, 86 W Factory St., Garland, UT 84312 

NASA placed a notice in the Federal Register, made an announcement on NASA’s 
NEPA website, and published advertisements in local newspapers announcing the 
availability of the Draft PEIS along with its public review and comment period. The 
public review and comment period was open from November 4, 2022, to December 19, 
2022. NASA also provided letters and email notifications to those on a curated 
distribution list, announcing Draft PEIS availability.  

The purpose of releasing the Draft PEIS to the public was to solicit comments from the 
public, agencies, and other interested stakeholders regarding the content and analysis 
presented in the document. Table B-4 provides a summary of the Draft PEIS availability 
notifications.  

https://www.nasa.gov/feature/nepa-mars-sample-return-campaign/
https://www.nasa.gov/feature/nepa-mars-sample-return-campaign/
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Table B-4. Draft PEIS Availability Notification Summary 
Notification Type Publication Date Published 

Federal Register Notice of Availability Federal Register November 4, 2022 

Website NASA Website November 4, 2022 

Newspaper Advertisements 

Orlando Sentinel, Orlando, FL 
November 4, 2022 
November 20, 2022 

Salt Lake Tribune, Salt Lake City, UT 
November 6, 2022 
November 23, 2022 

Deseret News, Salt Lake City, UT 
November 4, 2022 
November 18, 2022 

B.1.2.2 Draft PEIS Public Meetings 

NASA held four public meetings (two virtually and two in-person) to solicit comments on 
the Draft PEIS. In addition to announcing the availability of the Draft PEIS, the Federal 
Register, website, and newspaper announcements also provided notification of the 
public meetings. Additionally, flyers were placed throughout the local communities with 
support from the Department of the Air Force, and media announcements were 
provided to local media outlets. At the meetings, NASA described the environmental 
review process, discussed the proposed action and alternatives, environmental analysis 
presented in the Draft PEIS, and provided the public an opportunity to offer comments. 
Table B-5 provides information regarding the public meetings. 

Table B-5. Draft PEIS Public Meeting Summary 

Meeting 
Number of 
Attendees 

Number of 
Commenters 

Virtual Meeting #1 
November 30, 2022: 1–2:30 p.m. Mountain Time 

17 5 

Virtual Meeting #2 
November 30, 2022: 6–7:30 p.m. Mountain Time 

6 0 

In-Person Public Meeting #1 
December 6, 2022: 6–8:00 p.m. Mountain Time 
Wendover, UT 

8 3 

In-Person Public Meeting #2 
December 7, 2022: 6–8:00 p.m. Mountain Time 
Salt Lake City, UT 

17 2 

B.1.2.3 Draft PEIS Public/Agency Comments 

A submittal consists of any document or verbal statement submitted by the public, 
agency, or any other entity, regardless of whether the submittal contained any 
substantive inputs on the Draft PEIS. Single submittals comprised either a single or 
multiple statements, and in some cases, contained attachments that supported 
additional statements as part of that single submittal. NASA received submittals either 
by the Federal Docket or as verbal comments during the virtual and in-person public 
meetings; NASA received no written comments during the in-person public meetings. 
Though NASA provided a U.S. Postal Service address for submittal of written 
comments, none were received via mail. Table B-6 provides a summary of the types 
and quantity of submittals received.  
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Table B-6. Draft PEIS Submittal Summary 
Submittal Type Quantity 

Docket (Written) 78 

Public Meeting (In-Person) 5 

Public Meeting (Virtual) 5 

B.1.2.4 Draft PEIS Public/Agency Comment Responses 

Submittals may contain multiple substantive or non-substantive comments. Substantive 
comments may challenge the Draft PEIS as being factually or analytically incorrect, 
identify impacts not analyzed in the Draft PEIS, identify reasonable alternatives not 
included in the Draft PEIS, or identify feasible mitigations not previously considered by 
NASA in development of the Draft PEIS, or offer differences in interpretations of 
significance and/or scientific and technical conclusions within the Draft PEIS. NASA is 
obligated to respond to such comments. Non-substantive comments are generally non-
specific, agree or disagree with the proposal, provide a vote for or against the proposal, 
or state a personal preference or opinion. NASA is not obligated to provide responses to 
non-substantive comments. All comments received on this proposal will be included in 
the Administrative Record regardless of when they were received and regardless of 
their substantive or non-substantive nature. 

A summary of the processing procedure is outlined below: 

1) Submittal ID: Each submittal was given a unique identification number—a Submittal 
ID. This number was either electronically generated by the Federal Docket as part of the 
submittal process or was assigned by NASA based on the format of the submittal: 

• NASA-2022-0002-XXXX (where NASA-2022-0002 is the Docket Number, and 
“XXXX” represents the submittal number, such as 0001, 0002, etc.) 

• PM(x)-XX (where “PM” represents Public Meeting, “(x)” represents which meeting 
[either meeting 1 or meeting 2], and “XX” represents the submittal number, such as 
01, 02, etc.) 

• VM(x)-XX (where "VM” represents Virtual Meeting, “(x)” represents which meeting 
[either meeting 1 or meeting 2], and “XX” represents the submittal number, such as 
01, 02, etc.) 

2) Response ID: NASA reviewed each submittal to determine whether it contained any 
substantive comments. Each substantive comment within a submittal was then 
assigned a code based on the topic associated with the comment (i.e., a Response ID). 
Topics identified were as follows: 

• AL = Alternatives – comments associated with the alternatives discussed in the Draft 
PEIS, or comments offering additional alternatives for NASA consideration 

• HS = Health and Safety – comments associated with health and safety aspects of 
the proposed action and analyses 

• LE = Legal – comments regarding the legal aspects of the proposed action 

• NP = NEPA – comments regarding the NEPA process 

• PA = Proposed Action – comments regarding the proposed action 
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• PI = Public Involvement – comments regarding the public involvement aspects of the 
NEPA process 

• PN = Purpose and Need – comments associated with the purpose and need for the 
proposed action 

• RF = References – comments regarding the references used in the Draft PEIS 

Each substantive comment was also assigned a number based on whether the 
comment was unique and required a discrete response (for example, Response ID 
AL-001, AL-002, etc.). Some submittals contained similar comments; these comments 
were all assigned the same Response ID if a single response could be applied. As an 
example, several submittals had a similar comment requesting that NASA sterilize the 
samples before returning them to Earth; these were all given the same Response ID 
even though they were from different submittals. Non-substantive comments were not 
identified or bracketed with a Response ID, nor provided with a response. 

The following table (Table B-7) lists the submittals received and provides the Response 
ID(s) associated with any substantive comments within the submittal. The list is 
organized by last name or name of organization in alphabetical order. 

Table B-7. Draft PEIS Comment Submittal and Comment Response IDs 
Agency / Last 

Name 
Submittal ID Response ID(s) 

A G 0251 AL-002 

Abdelkhaliq 0247 Nonsubstantive 

Agger 0223 HS-007 

Anderson 0204 AL-001 

Anonymous 0178 AL-001 

Anonymous 0180 AL-001 

Anonymous 0181 Nonsubstantive 

Anonymous 0182 Nonsubstantive 

Anonymous 0198 AL-001 

Anonymous 0202 AL-001 

Anonymous 0206 Nonsubstantive 

Anonymous 0214 AL-007 

Anonymous 0216 AL-002 

Anonymous 0220 AL-002 

Anonymous 0222 AL-002 

Anonymous 0234 Nonsubstantive 

Anonymous 0248 Nonsubstantive 

Barth 0231 Nonsubstantive 

B-Evelyn 0183 Nonsubstantive 

Bihari 0193 Nonsubstantive 

Brashears 0184 PN-001 
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Table B-7. Draft PEIS Comment Submittal and Comment Response IDs 
Agency / Last 

Name 
Submittal ID Response ID(s) 

Butz 0240 Nonsubstantive 

C K 0246 AL-002 

D-Barbara 0199 Nonsubstantive 

DeChellis VM(1)-04 PA-006 

Dehel-F 0211 Nonsubstantive 

Dehel-F 0212 Nonsubstantive 

Dehel-F 0213 AL-001 

Dehel-N 0200 AL-007 

Dehel-T 0231 See Dehel Submittal ID 0237-A1 

Dehel-T 0237-A1 AL-002, HS-010, HS-011, HS-012 

D-Frank 0188 Nonsubstantive 

DiGregorio 0227 AL-007, AL-010, PA-001 

DiGregorio 0227-A1 Nonsubstantive 

DiGregorio 0227-A2 Nonsubstantive 

DiGregorio 0227-A3 Nonsubstantive 

DiGregorio 0227-A4 Nonsubstantive 

DiGregorio 0227-A5 Nonsubstantive 

D-Patricia 0189 Nonsubstantive 

Ebertz 0232 AL-001, AL-002, AL-010 

Emerle 0219 Nonsubstantive 

Everline 0253 Nonsubstantive 

Everline 0253-A1 
AL-018, HS-001, HS-002, HS-017, HS-014, HS-016, HS-017, 
HS-018, PA-003, PA-004 

F-Eileen 0218 AL-002 

Forde 0192 Nonsubstantive 

Gagliardi 0241 Nonsubstantive 

George 0196 AL-005, AL-007 

Grand VM(1)-02 PI-003 

Greger 0194 AL-008, HS-002 

Guymon PM-05 AL-007, AL-020, AL-021 

Harding 0179 AL-007 

H-Lori 0190 Nonsubstantive 

H-Michael 0209 AL-001 

Hodge VM(1)-05 PA-007 

Hodge VM(1)-06 PA-008 

Iliescu 0215 Nonsubstantive 
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Table B-7. Draft PEIS Comment Submittal and Comment Response IDs 
Agency / Last 

Name 
Submittal ID Response ID(s) 

Iliescu 0215-A1 AL-016, AL-017 

Iliescu VM(1)-07 See Iliescu Submittal ID 0215-A1 

Marks 0252 AL-007, AL-013, HS-013, LE-001 

Marks 0252-A1 Nonsubstantive 

Martin 0186 AL-007 

O-Shelly 0205 Nonsubstantive 

Penland 0201 AL-001 

Porter VM(1)-03 Nonsubstantive 

Prince PM(1)-01 PI-002 

Rabb 0229 AL-007 

Schorn 0191 Nonsubstantive 

Schwartz 0197 AL-001 

Schwartz 0221 Nonsubstantive 

Senger 0187 HS-003, HS-004, HS-005, HS-006 

Spotts 0177 HS-002 

S-Robin 0207 AL-001 

Startzel 0203 AL-001 

Startzel 0210 AL-002 

Toegel 0208 AL-001 

Upshaw 0226 Nonsubstantive 

USEPA 0235 Nonsubstantive 

USEPA 0235-A1 HS-008, PA-002 

Velez VM(1)-01 HS-001 

Vincent 0217 AL-002 

Walker 0195 AL-002, AL-007 

Walker 0195-A1 Nonsubstantive 

Walker 0195-A2 Nonsubstantive 

Walker 0195_A3 AL-003, AL-004, AL-007 

Walker 0195-A4 Nonsubstantive 

Walker 0228 AL-002, AL-011, AL-012, PI-001, RF-001 

Walker 0228-A1 Nonsubstantive 

Walker 0228-A2 Nonsubstantive 

Walker 0228-A3 Nonsubstantive 

Walker 0228-A4 See Walker Submittal ID 0254-A7 

Walker 0238 See Walker Submittal ID 0254-A7 

Walker 0238-A1 See Walker Submittal ID 0254-A7 
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Table B-7. Draft PEIS Comment Submittal and Comment Response IDs 
Agency / Last 

Name 
Submittal ID Response ID(s) 

Walker 0238-A2 See Walker Submittal ID 0254-A7 

Walker 0238-A3 See Walker Submittal ID 0254-A7 

Walker 0249 See Walker Submittal ID 0254-A7 

Walker 0249-A1 See Walker Submittal ID 0254-A7 

Walker 0249-A2 See Walker Submittal ID 0254-A7 

Walker 0249-A3 See Walker Submittal ID 0254-A7 

Walker 0250 See Walker Submittal ID 0254-A7 

Walker 0250-A1 See Walker Submittal ID 0254-A7 

Walker 0250-A-2 See Walker Submittal ID 0254-A7 

Walker 0250-A3 See Walker Submittal ID 0254-A7 

Walker 0254 See Walker Submittal ID 0254-A7 

Walker 0254-A1 Nonsubstantive 

Walker 0254-A2 Nonsubstantive 

Walker 0254-A3 Nonsubstantive 

Walker 0254-A4 Nonsubstantive 

Walker 0254-A5 Nonsubstantive 

Walker 0254-A6 Nonsubstantive 

Walker 0254-A7 

AL-001; AL-002, AL-003, AL-004, AL-005, AL-006, AL-013, HS-
007, HS-010, HS-015, HS-019, HS-022, HS-023, HS-024, HS-
025, NP-001, NP-002, NP-003, PN-002, RF-001, RF-002, RF-
004, RF-006, RF-007 

Walker 0254-A8 Nonsubstantive 

Walson 0233 Nonsubstantive 

Ward-M PM(1)-02 Nonsubstantive 

Ward-P PM(1)-02 Nonsubstantive 

Wardrop PM(2)-04 Nonsubstantive 

Whitehead 0243 Nonsubstantive 

Whitehead 0244 Nonsubstantive 

Whitehead 0245 Nonsubstantive 

Xiong 0230 Nonsubstantive 

Xiong 0230-A1 Nonsubstantive 

Yamada 0236 Nonsubstantive 

Substantive comments requiring responses were then transferred verbatim from the 
respective submittal into Table B-8, which provides NASA responses to the relative 
comments. The comment response table (Table B-8) is arranged by comment submitter 
last name in alphabetical order. A response for each unique Response ID is provided 
only once (the first time it appears in the table). Copies of all processed submittals are 
included in the Administrative Record. 
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Table B-8. Draft PEIS Public / Agency Substantive Comment Responses 

Submitter 
Name 

Submittal 
ID 

Public/Agency Comment 
Response 

ID 
Final Response (for FEIS) 

A G 0251 Please test or sterilize first. AL-002 

Sterilization of the samples prior to opening the containment 
vessels inside the containment facility is not consistent with 
the purpose and need (Chapter 1). Generally speaking, 
sterilization is understood to damage both biological and non-
biological materials unless those materials were designed to 
be sterilized (e.g., surgical instruments). This fundamental 
conclusion has been supported by contingency planning for 
sample analysis capabilities required to execute key 
measurements under containment in support of the 
Campaign’s science goals. The report from the Phase 2 MSR 
Science Planning Group (MSPG2) on sterilization effects 
(Velbel et al. 2022, https://doi.org/10.1089/ast.2021.0113) 
found significant impacts to both abiotic and biotic analyses 
planned for returned materials if those materials were 
required to be sterilized prior to analysis. That report 
quantified the effects of sterilization on proposed analyses to 
prioritize instrumentation that would be needed to accomplish 
key investigations within the containment facility. Overall, the 
report found that 35% of the total proposed scientific analyses 
and 60% of the analyses related to the search for life would 
be compromised by sterilization and states: 
 
“Sterilization by dry heat at the proposed temperatures would 
lead to changes in many of the minerals and amorphous 
solids that are most significant for the study of 
paleoenvironments, habitability, potential biosignatures, and 
the geologic context of life-science observations.” 
 
“Gamma-irradiation at even sub-MGy doses induces 
radiolysis of water. The radiolysis products (e.g., free radicals) 
react with redox-sensitive chemical species of interest for the 
study of paleoenvironments, habitability, and potential 
biosignatures, thereby adversely affecting measurements of 
those species.” 
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Table B-8. Draft PEIS Public / Agency Substantive Comment Responses 

Submitter 
Name 

Submittal 
ID 

Public/Agency Comment 
Response 

ID 
Final Response (for FEIS) 

“Measurements of most life-sciences and habitability-related 
(paleoenvironmental) phenomena are sensitive to both” 
gamma irradiation and heat sterilization. 
 
Thus, returning robustly contained samples that are well 
protected from alteration is the only approach consistent with 
the purpose and need for the action. 

Agger 0223 

What would society do, for instance, if 
researchers in a Utah lab or research astronauts 
in a biosafety 4 lab on the Moon, were in a lab 
accident? What could be done for them and 
ethically with them? Bring them back to earth 
and/or let them out of the lab, potentially 
contaminating our biosphere? 

HS-007 

High-containment laboratories around the world have existing 
protocols for maintaining staff safety and addressing possible 
exposures to known infectious substances. The MSR 
program would develop specific plans and procedures for 
safe handling of the Mars samples based on these protocols 
and related lessons learned—including what to do in the case 
of breach of containment—in close consultation with experts 
at organizations such as the Centers for Disease Control and 
the National Institutes of Health. These plans will prioritize 
staff health and safety, and open communications with local, 
state, and federal organizations, as well as with the general 
public. NASA is not addressing the topic of astronaut 
contamination at this time, as it is out of scope for the current 
robotic MSR mission 

Anderson 0204 
I’d encourage you to test the samples before 
bringing them back to earth. 

AL-001 

As discussed in Section 1.3 of the PEIS, the complexity and 
cost of sending advanced instruments to study Mars in place 
(in situ) would restrict the scope and detail of the science that 
could be done; many important classes of scientific 
instruments are not amenable to the miniaturization and 
ruggedization that would be necessary to operate from a 
spacecraft. An important aspect of this is that many critical 
measurements can only be done on samples that have been 
through intricate sample preparation processes, and most of 
those processes are not able to be automated. Additionally, 
Section 2.3.1 of the PEIS discusses the limitations associated 
with a remote or in-orbit sample safety assessment, which 
was an alternative considered but not carried forward. 
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Table B-8. Draft PEIS Public / Agency Substantive Comment Responses 

Submitter 
Name 

Submittal 
ID 

Public/Agency Comment 
Response 

ID 
Final Response (for FEIS) 

Anonymous 0178 Don’t bring samples back before testing. AL-001 Refer to the previous response for AL-001. 

Anonymous 0180 Test the samples! AL-001 Refer to the previous response for AL-001. 

Anonymous 0198 Please test first! AL-001 Refer to the previous response for AL-001. 

Anonymous 0202 
Please test the samples off World first. Do not 
bring samples to earth without testing them first. 

AL-001 Refer to the previous response for AL-001. 

Anonymous 0216 
Do not bring anything back from Mars without 
sterilizing it first! 

AL-002 Refer to the previous response for AL-002.  

Anonymous 0220 
Please don’t bring anything back from mars 
without sterilizing it first. 

AL-002 Refer to the previous response for AL-002.  

Anonymous 0222 
Sterilize Mars samples before returning them to 
earth. 

AL-002 Refer to the previous response for AL-002.  

Anonymous 0214 
Samples if returned, should be limited to testing 
in our current space station or another one that 
has specific capabilities for that testing. 

AL-007 

Utilization of the ISS, as well as analysis of samples in orbit 
and on the Moon, are alternatives considered but not carried 
forward for reasons as discussed in Section 2.3.1.1 of the 
PEIS. 

Brashears 0184 
Why do we need Mars samples brought back to 
Earth with no testing? 

PN-001 

In-situ analysis of the Mars environment has been conducted 
within the capabilities of the equipment previously sent to 
Mars. However, the remote sample analysis required for a 
complete safety assessment would be exceedingly complex, 
especially if automated, and would include the need for 
destructive reopening of multiple tubes, posing a significant 
threat to major efforts made over more than a decade to 
maintain the scientific integrity of each of the samples. 
Decades of research on Earth have established clear limits on 
the smallest theoretical size of any biological particles, 
independent of their function. As a result of this knowledge, 
the MSR program can plan to contain all unsterilized particles 
large enough to represent any potential biological concern 
using well-established practices. Please see Chapter 2 of the 
PEIS for further information. 
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Table B-8. Draft PEIS Public / Agency Substantive Comment Responses 

Submitter 
Name 

Submittal 
ID 

Public/Agency Comment 
Response 

ID 
Final Response (for FEIS) 

C K 0246 
Please sterilize any samples from Mars or 
elsewhere before they’re to be studied on Earth. 

AL-002 Refer to the previous response for AL-002.  

DeChellis VM(1)-04 

As this program has a very long horizon that may 
eclipse the terms or careers of personnel, can 
the MSR team imagine the management 
structure required to ensure the integrity of the 
safe handling/storage and scientific access of 
samples over several decades. 

PA-006 

NASA has expertise in performing curation operations that 
have been in place since 1969. With over 50 years of curation 
expertise, NASA’s current processes and procedures would 
provide for the safe handling and storage of any future 
Martian samples. 

Dehel-F 0213 
Please test any samples for microorganisms 
before returning them to earth. 

AL-001 Refer to the previous response for AL-001. 

Dehel-N 0200 
Life on mars is confirmed. We just had Covid, 
please take the samples to the ISS first 

AL-007 Refer to the previous response for AL-007.  

Dehel-T 0237-A1 

Because of the various tests claimed necessary 
on the returned Mars samples, NASA has not 
seriously considered the reasonable alternative 
of sterilizing the MSR samples on the return trip, 
to provide acceptable protection for the Earth 
from accidental release of unknown Mars 
microorganisms. 
 
Since NASA does not even express the need or 
purpose to find and study living microorganisms 
from Mars, an opportunity exists to meet NASA’s 
stated goals, while at the same time 
guaranteeing to a much higher level the safety of 
the Earth’s biosphere from dangerous or 
invasive microorganisms. This alternative is to 
sterilize the returning samples with gamma 
radiation on the return trip to Earth. 
 
A better alternative to the current MSR plan is to 
return Mars samples sterilized with ionizing 
gamma radiation (1 MGy). It achieves safety of 
the Earth’s biosphere, still allows for 

AL-002 Refer to the previous response for AL-002.  
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groundbreaking scientific discoveries of extant 
life, and has other significant benefits. 
 
So, if the Mars samples currently being collected 
are acceptable for the purpose of the search for 
ancient life after having been exposed to billions 
of years of ionizing radiation on Mars, it is almost 
inconceivable that those samples would be 
rendered unusable for analysis by a relatively 
small addition of ionizing radiation necessary to 
sterilize the samples. 

Dehel-T 0237-A1 

NASA’s assertion there is a scientific consensus 
that life cannot survive at a shallow depth on 
Mars is not supported. 
 
NASA claims (draft PEIS page S-4) that 
“Consensus opinion within the astrobiology 
scientific community supports a conclusion that 
the Martian surface is too inhospitable for life to 
survive there today, particularly at the location 
and shallow depth (6.4 centimeters [2.5 inches]) 
being sampled by the Perseverance rover in 
Jezero Crater.)”. However, a review of the most 
recent available documents show that the actual 
scientific consensus is this: it is merely unknown 
if life currently exists on Mars. 
 
NASA incorrectly claims that the conditions on 
Mars are too inhospitable for microbial life to 
survive. (Draft PEIS, page S-4). One example of 
contrary evidence, documented in a recent paper 
by 16 scientists, shows that conditions are not 
too harsh for some microbial life to survive. Their 
research paper concludes “…forward 
contamination of Mars will essentially be 

HS-010 

Conclusions about life and habitability are necessarily limited 
by the available data on life. Rummel et al., 2014 (the citation 
used in the PEIS) is focused on forward planetary protection 
and rules out the potential for known organisms (i.e., Earth 
organisms) to survive in the near-surface environments on 
Mars over long periods, absent the presence of the rare 
conditions that comprise “Special Regions” in planetary 
protection requirements. The Grant study indicates that the 
areas sampled in the MSR Campaign do not contain Special 
Regions.  
 
The Horne study (cited as “Daly et al.” in the comment) starts 
with a similar assumption about habitability and states that the 
surface of Mars “is frozen (∼210 K, -63°C), dry, and ravaged 
by solar radiation and galactic cosmic radiation (GCR).”  
Horne et al. then go on to identify Mars regions at or below 10 
meters as optimal for long-term organism survival while 
establishing that radiation in the shallow subsurface is 
extreme, “the dose rate for ionizing radiation within the top 
10 cm of the Martian subsurface is greater than, or above, 
that at the surface.” As stated in the PEIS, the MSR mission 
would return materials from only the upper few centimeters (p. 
1-6), which is within the area of maximum radiation effects 
identified by Horne et al. 
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permanent, and backward contamination is a 
possibility if life ever existed on Mars.” (Effects of 
Desiccation and Freezing on Microbial Ionizing 
Radiation Survivability: Considerations for Mars 
Sample Return. Daly, et al., 2022). Another 
scientist states “If life started on Mars, odds are 
that not only is it still there, but it is everywhere it 
can be.” (“Tracing a modern biosphere on Mars, 
N. Cabrol, Nature Astronomy, March 2021). 

 
Despite the harsh conditions that impact the sampled 
material, MSR would utilize a safety strategy that is not 
dependent on the habitability of the sampled material. As 
stated in the PEIS (p. 1-6), “NASA would implement 
measures to ensure that the Mars material is fully contained 
(with redundant layers of containment) so that it could not be 
released into Earth’s biosphere.” 

Dehel-T 0237-A1 

If Mars has microbial life that is collected by 
Perseverance and returned to Earth by the MSR 
mission, NASA has not defined a safety margin 
necessary to protect the Earth’s biosphere from 
mistaken or accidental release of potentially 
dangerous or invasive Mars microorganisms. 
 
NASA’s argument for the safety case is to claim 
a negligible risk by multiplying two probabilities. 
One is a currently unknown probability - the 
probability that the Mars microorganisms exist 
and are dangerous or invasive - by the 
probability for accidental release (1 in a million) 
(Draft PEIS, 3-16, also “Ensuring Containment, 
System-Level Backward Planetary Protection 
Requirements for Mars Sample Return”, 
Clement, B. et al, 2022, presented at COSPAR 
2022). However, NASA has not in any way 
justified a specific probability that there will be no 
viable and dangerous organisms in the samples. 

HS-011 

NASA has established, in its Planetary Protection Provisions 
for Robotic Extraterrestrial Missions document (NPR 
8715.24), that “preventing harmful biological contamination of 
Earth’s biosphere is the highest priority" for a restricted 
sample return mission such as MSR. In response, the MSR 
Program has established clear reliability targets for specific 
phases of containment (as guided by NASA Technical 
Standard 8719.27) and would report performance against 
those targets as well as rationale describing how the 
approach meets this standard in an Assurance Case, as 
described in the PEIS (pp. 3-16 and 3-17). 

Dehel-T 0237-A1 

NASA incorrectly asserts that the safety case of 
Mars Sample Return is supported by the past 
arrival on Earth of meteorites from Mars. 
 
Lithopanspermia has never been proven, and I 
am not aware that NASA subscribes to this as an 

HS-012 

The concept of interplanetary material transfer is of interest 
with respect to planetary protection, as noted by its inclusion 
in the rationale supporting an unrestricted return of material 
from the moons of Mars published by the National Academies 
of Science, Engineering and Math (PEIS, p. 3-3). The 2009 
NRC report cited in the comment, in recommending an overall 
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established fact. If so, please provide that 
reference. 
 
The implication that NASA makes that probable 
lithopanspermia in the past shows that current 
microorganisms that may be found on Mars are 
safe ignores the fact that Earth’s biosphere has 
actually suffered several major mass extinctions, 
and several minor extinction events as well. 
Although some causes are suspected (asteroid 
impacts, volcanic eruptions), the reasons for all 
extinction events are not known to 100% 
certainty – so perhaps some mass extinctions 
are due to extraordinarily rare meteor exchanges 
of dangerous or invasive microorganisms. 
 
5. The implication that NASA makes that 
probable lithopanspermia in the past shows that 
current microorganisms that may be found on 
Mars are safe is also flawed because the bulk of 
the material that transferred between Mars and 
Earth occurred during ancient timeframes such 
as the Heavy Bombardment, billions of years 
ago. Microorganisms that survived through the 
transition from the ancient warm and wet Mars to 
the colder Mars of today certainly had the 
opportunity to evolve greatly during billions of 
years. Therefore, the samples returned in the 
present may have evolved to be dangerous or 
invasive now. 
 
NASA may dismiss my arguments as that of an 
amateur, but the National Research Council had 
also concluded in “Assessment of Planetary 
Protection Requirements for the Mars Sample 
Return Missions” (2009), page 48, that “…it is 

approach to backward planetary protection when returning 
samples from Mars, stated that “it is not known whether a 
putative Martian microorganism could survive ejection, transit, 
and impact delivery to Earth or would be sterilized by shock 
pressure heating during ejection or by radiation damage 
accumulated during transit.” This is in contrast to a 
contemporaneous literature review and synthesis on the 
specific topic of potential interplanetary organism transport 
that concluded some Earth organisms would likely survive 
certain interplanetary transits (Nicholson, 2009, 
https://doi.org/10.1016/j.tim.2009.03.004). Overall, the 
introduction of Mars material to Earth’s biosphere through 
natural processes remains consistent with a low risk of harm 
posed by Mars material. However low that risk may be and 
consistent with the 2009 NRC report and NASA guidance, the 
MSR Program would, as stated in the PEIS (p. 1-6), 
“implement measures to ensure that the Mars material is fully 
contained (with redundant layers of containment) so that it 
could not be released into Earth’s biosphere.” 
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not possible to assess past or future negative 
impacts caused by the delivery of putative 
extraterrestrial life, based on present evidence.” 

DiGregorio 0227 

...other studies have shown that that 
microorganisms found in 380 million year old 
salts on Earth still contain viable cells that some 
are trying to revive. Shouldn’t this serve as a 
warning to examine Martian samples on Mars 
itself or at least in a lunar orbiting facility 
equipped for such a purpose? ...This protocol 
should include an examination of Martian 
samples off-Earth, preferably in orbit around the 
Moon or on the lunar surface itself. NASA’s new 
Artemis spacecraft could be modified for such a 
mission. 

AL-007 Refer to the previous response for AL-007.  

DiGregorio 0227 

Both Viking Landers obtained intriguing data that 
some on the biology team said (www.icamsr.org) 
was consistent with indigenous Martian 
microorganisms. Shouldn’t this have required 
NASA to send additional life detection 
technology to Mars in order to render a final 
verdict before planning to return Martian soil 
samples directly to Earth? 

AL-010 

While the majority of scientific assessments still hold that the 
Viking results were not indicative of active biology (i.e., life) on 
Mars, the safety of MSR is not dependent on the accuracy of 
those assessments. As stated in the PEIS (S-4), “NASA 
would implement measures to ensure that the Mars material 
is fully contained (with redundant layers of containment) so 
that it could not be released into Earth’s biosphere.” 

DiGregorio 0227 

Since the Mars sample return capsule will 
directly enter Earth’s atmosphere without a 
parachute and impact the soil at the U.S. Army 
Dugway Proving Grounds in Utah is NASA or the 
EPA going to pay the costs of the accidental 
introduction of an invasive microbial species 
from Mars? 

PA-001 

Please see Response ID HS-008 regarding contingency 
planning and emergency response. Cost allocation for 
cleanup and decontamination, if any, falls outside the scope 
of the PEIS’s analysis. 

Ebertz 0232 
NASA can make the risk zero by continuing to 
study Mars with probes on Mars, or by bringing 
Mars samples to a space based lab, or can very 

AL-010 
AL-001 
AL-002 

Refer to the previous responses for AL-001, AL-002, and 
AL-010. 
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very greatly reduce the risk by sterilization before 
the samples are returned to Earth. 

Everline 0253-A1 

According to the PEIS the only options relating to 
these goals are to undertake the MSR 
Campaign, or take no action at all. This could be 
interpreted as a “now-or-never” situation where 
either the MSR Campaign is undertaken as 
planned or we obtain nothing with respect to 
advancing astrobiology science. 
 
Thus there is a trade here, involving sending 
scientific instruments with limited capability to 
Mars - which has essentially unlimited material to 
sample and analyze, or returning about a half 
kilogram of Mars material to Earth (where there 
is an abundance of analytical science 
instruments and skilled scientists to operate 
them) with the understanding that ultimately 
more samples will likely be needed. There is 
probably no statute requiring that risk from 
follow-on missions be assessed in the MSR 
PEIS, but from a holistic risk management 
perspective it is recommended that the MSR 
PEIS look beyond the “now-or-never” 
alternatives it currently addresses. Even if such 
possibilities have already been considered and 
discarded as infeasible, adding a paragraph to 
the MSR PEIS summarizing this and citing the 
appropriate references would assuage concerns 
that the MSR PEIS has too narrow a focus. 
 
With a deferred action alternative scientists could 
have access to the full breadth and depth of 
analytical science instruments available in Earth 
laboratories - at some future time. 

AL-018 

Please see Sections 1.2 (Purpose of the Action) and 1.3 
(Need for the Proposed Action). NASA’s planned Mars 
Sample Return mission aims to return samples that would be 
a treasure trove of information, potentially about life on Mars, 
but also about the climate history and geologic evolution of 
the Red Planet. Additionally, these samples could help us 
prepare for sending humans to Mars. NASA is being 
responsive to the scientific community, which assessed the 
MSR mission as “the most important mission of the next 
decade” for at least 4 decades, including the most recent 
NASEM Planetary Science Decadal Survey (2023–2032 
“Origins, Worlds and Life”) and its immediate predecessor 
(2013–2022 “Visions and Voyages”). Finally, sending 
scientific instruments with limited capability to Mars or 
deferring the mission is described by the No Action 
Alternative. 
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Everline 0253-A1 

Given our lack of scientific insight into possible 
life on Mars, relics of life we may return from 
Mars, or simply organic substances from Mars 
that could interact with certain life forms on 
Earth, how can we possibly assert with 
confidence that MSR poses an acceptable risk to 
Earth's biosphere, even if the incredibly difficult 
target of a 99.9999% target for successful 
containment is satisfied? Given that sample 
return missions of the type proposed for MSR 
have never been attempted before, is it even 
feasible to do enough testing to assure that a 
99.9999% target can be achieved? 

HS-001 
HS-002 
HS-017 

Please see Response IDs HS-001 and HS-002 regarding 
risks to Earth’s biosphere and NASA’s approach to 
addressing that. With regards to the assurance case (HS-
017), no outcome in science and engineering processes can 
be predicted with 100% certainty. NASA’s extensive testing 
activities serve to support the assurance case. 

Everline 0253-A1 

It is unclear, from a risk 
management/environmental impact perspective, 
what a stringent probability target is. It is 
explicitly stated (in the last paragraph on page S-
11 and its continuation at the top pf page S-12,), 
that the MSR Campaign: 
• has established stringent probability targets to 
drive robust containment engineering; 
• selected a target value equivalent to a 99.9999 
percent probability of successful 
containment; 
• applies these targets to each of three material 
vectors or pathways along which Mars material 
may reach Earth. 
With respect to the three material vectors or 
pathways, if each pathway has a 99.9999 
percent probability of successful containment, 
then the probability the MSR Campaign achieves 
successful containment is 0.999999 cubed or 
99.9997% if the probabilities for each pathway 
are independent. If this is the intent it should be 
explicitly stated and if the intent is that the entire 

HS-014 

The comment correctly identifies that the target value is 
applied, as stated in the PEIS, “to each of three material 
vectors” (pp. S-11 and 3-16) and identifies how an overall 
likelihood might be calculated.  The use of high probability 
targets for containment assurance is stringent in the sense 
that each serves to limit the likelihood of releasing unsterilized 
material, consistent with NASA’s required approach, where 
“preventing harmful biological contamination of Earth’s 
biosphere is the highest priority” (NPR 8715.24). NASA allows 
but does not require restricted sample return missions to 
achieve compliance through demonstration of a specific 
likelihood threshold (Section 5.4.2, NASA-STD-8719.27). To 
demonstrate compliance with NASA planetary protection 
standards the MSR Program has developed and continues to 
refine an Assurance Case, which provides quantitative data 
on the performance of the as-flown systems in terms of 
containment likelihood as described in the PEIS (pp. 3-16 and 
3-17). 



Appendix B Public/Agency Involvement 

B-39 

 

Table B-8. Draft PEIS Public / Agency Substantive Comment Responses 

Submitter 
Name 

Submittal 
ID 

Public/Agency Comment 
Response 

ID 
Final Response (for FEIS) 

campaign must have at least a 99.9999 percent 
containment probability that should be explicitly 
stated. 

Everline 0253-A1 

The second paragraph on page 2-7 of the MSR 
PEIS informs us that the MSR Campaign is 
performing analyses based on both designs and 
operational planning to meet this target. A 
comment pertaining to these new analyses is 
what, relative to the older analyses, makes the 
newer ones better? Since the analyses include 
efforts to better understand: 1.) the population of 
Mars material transported by the wind on the 
planet (dust particle sizes, etc.); 2.) improved 
knowledge about how and how fast this material 
accumulates on specific exposed surfaces over 
time; and 3.) the rate and timing of particle 
emission from surfaces exposed to space, 
including the effects of the space environment on 
particle sterilization and trajectories; it is 
necessary to understand where the empirical 
data being used to achieve these analysis 
enhancements originates. It seems unlikely that 
NASA assets deployed to Mars are currently 
conducting experiments or performing detailed 
observations that would inform such modeling. 
However if newer empirical evidence is available 
the source should be cited and summarized in 
the EIS. If the model revisions are simply 
predicated on the opinions of experts regarding 
the anticipated phenomenology exhibited in 
previous data, the admonition from Arnald Puy et 
al in their article, Models with higher effective 
dimensions tend to produce more uncertain 
estimates, merits consideration in the MSR 
PEIS. Specifically, Puy et al note that while many 

HS-016 

The work in question is under development and unavailable 
because studies are ongoing. The scope of the specific 
analyses used to meet and demonstrate meeting the 
containment targets will continue to evolve as designs 
mature. These analyses may utilize data sources including 
but not limited to empirical data from experiments and 
hardware engineering tests, new approaches to analyzing 
data sets from flight projects (e.g., data from spacecraft on 
Mars), and data published in the peer-reviewed literature. 
Uncertainties associated with the data used to inform the 
work in question will be considered. 
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scholars assume that more detailed models 
produce sharper estimates and better predictions 
because they are closer to reality, research 
suggests they may have the opposite effect. 

Everline 0253-A1 

Relative to the design, assembly, testing, and 
flight operations of MSR, what does a stringent 
probability target of 99.9999 percent probability 
mean? If the assurance case concludes that the 
probability of successful containment is only 
99.9998%, or 99.9973%, will the mission be 
cancelled, will it be postponed until compliance 
with the stringent probability targets is achieved, 
or can NASA unilaterally decide to accept the 
higher risk because the 99.9999 percent 
probability is only a target (i.e., something to air 
for)? Does NASA intend to impose a threshold 
for acceptable risk (i.e., a value above which the 
mission is considered too risky to proceed)? A 
possible consequence of unsuccessful 
containment is an ecological catastrophe. 
Although such an occurrence is unlikely, NASA 
should at least be clear regarding what level of 
risk it is willing to assume (for the biosphere of 
the entire planet). 

HS-017 

The approach to utilizing quantitative standards is detailed in 
the last paragraph of page 3-16. The role of the quantitative 
values is addressed in the last paragraph of page 3-17: “The 
predicted performance of the MSR systems against the 
99.9999 percent containment success target values for each 
vector will be a primary input to the MSR Assurance Case. 
The MSR Assurance Case will also utilize qualitative 
information demonstrating that the mission concept and 
spacecraft designs are capable of containing unsterilized 
Mars material to NASA safety standards and as required 
under its Planetary Protection Provisions for Robotic 
Extraterrestrial Missions (NPR 8715.24), prioritize preventing 
any harm to Earth’s biosphere.” 

Everline 0253-A1 

The last paragraph on page 3-3 states that one 
of the reasons the scientific community thinks 
the risk of pathogenic effects from the release of 
small amounts (less than 1 kilogram) of Mars 
samples is very low is that pieces of Mars have 
already traveled to Earth as meteorites. No 
discernible adverse environmental impacts have 
been associated with these meteorites. A person 
could expect that other Mars meteorites will 
impact Earth in the future. Instead of focusing on 
a 99.9999% target for successful containment 

HS-018 

Different scientific panels used different approaches to the 
question of whether the influx of meteoritic material can be 
used to estimate the risk of returning Mars material. The 
National Research Council’s 2009 report on Mars Sample 
Return stated “it is not possible to assess past or future 
negative impacts caused by the delivery of putative 
extraterrestrial life, based on present evidence” while a 2019 
report by the National Academies of Sciences, Engineering, 
and Medicine utilized the natural, direct influx of Mars material 
as a comparator to Mars material planned for return from the 
Martian moons. Additionally, at least one internationally 
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(whatever target means), augmented with 
conclusions from consensus opinions that a loss 
of containment of Mars samples would pose an 
extremely low risk of an adverse effect to human 
health or the environment, the MSR Campaign 
should adopt, as a threshold for risk acceptance, 
that the risk of an adverse effect to human health 
or the environment from the MSR Campaign 
shall be no greater than the risk to human health 
or the environment expected from the next Mars 
meteorite that impacts Earth. 
 
As of 2020, 262 individual samples of Martian 
meteorites have been recovered from six 
different continents. There is no evidence that 
any of these meteorites has been 
environmentally harmful. Using just this 
information a Bayesian analysis can disclose 
that the probability the next Martian meteorite will 
effect Earth differently (i.e., adversely) has an 
expected value of 0.19%. Though far greater 
than one-in-a-million this is a risk from a natural 
hazard. If the MSR Campaign is unable to 
convincingly demonstrate that the risk it poses to 
Earth is not less than an analog natural hazard 
the risk from MSR should be considered 
unacceptable. If the MSR Campaign can 
convincingly demonstrate the risk it poses to 
Earth is less than an analog natural hazard, then 
returning samples using MSR is analogous to 
having another Mars meteorite impact earth. The 
MSR assurance case should focus on this. 

recognized decision tree for establishing if a sample return is 
restricted or unrestricted (the former applies to MSR while the 
latter requires no containment measures) would designate a 
mission an unrestricted return if “the preponderance of 
scientific evidence indicate that there has been a natural 
influx to Earth, e.g., via meteorites, of material equivalent to a 
sample returned from the target body” (COSPAR Planetary 
Protection Policy, 2021). Despite this convention and the well-
known influx of Mars material, the existing NASA Procedural 
Requirements (NPR 8715.24) specifically identifies a sample 
return from Mars as a restricted return (as does the COSPAR 
policy). 

Everline 0253-A1 
The repeated appearance of statements 
pertaining to the Martian surface being too 
inhospitable for life to survive there today, 

PA-003 
One of the core scientific goals for the Mars 2020 mission and 
the MSR Campaign in general is the search for evidence of 
ancient life on Mars, not the presence of extant (current) life. 
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particularly at the location and shallow depth 
being sampled by the Perseverance rover in 
Jezero Crater conveys the impression (perhaps 
unintentional) that from an environmental risk 
perspective there is very, very, likely nothing that 
will be returned from Mars capable of adversely 
impacting Earth’s biosphere. However, the basis 
for such statements is a conclusion drawn from a 
consensus. If the MSR Campaign really expects 
to find nothing of biological significance within 
Jezero Crater why are they even going there? If 
there is a real chance that something of 
biological significance will be returned to Earth 
the MSR PEIS should explicitly state why 
biologically significant samples will not or cannot 
harm Earth’s environment. For the sake of 
transparent and unambiguous risk 
communication, such clarity is needed in the 
MSR PEIS. 

There are a wide range of potentially significant findings 
related to ancient biosignatures that do not require the 
presence of extant life. As stated in the Draft PEIS, Section 
1.3 (Need for the Proposed Action), the Jezero Crater landing 
site—an ancient Martian river delta—was chosen because it 
offers rock formations that show evidence of warmer, wetter 
conditions billions of years ago, which have a high chance of 
preserving evidence of past microbial life, if it existed. Jezero 
was considered among several candidate Mars 2020 landing 
sites that are believed to be absent of conditions that would 
support current active biology at the depth being sampled by 
Perseverance, including a lack of any known near-surface ice. 

Everline 0253-A1 

It would be informative for the PEIS to 
summarize how the MSR Campaign plans to 
balance mission success with environmental 
protection. 

PA-004 

NASA has fully described the cautionary measures in the 
PEIS about the protection of the environment. NASA is taking 
a “safety first” approach.  In instances where mission success 
may be contrary to environmental protection, protecting the 
environment is favored. For instance, ground-in-the-loop 
commands are required to enable the release of the EES, 
however automated on-board fault protection logic can initiate 
an autonomous Earth avoidance maneuver without ground in 
the loop. Please see Chapter 2 of the PEIS for a description. 

F-Eileen 0218 
Please sterilize all samples from Mars before 
bringing them back to Earth. 

AL-002 Refer to the previous response for AL-002.   

George 0196 

Send a light weight vaccum container in a 
module to Mars, the container would be 
designed to collect a number of test-tube sized 
samples. 

AL-005 

Thank you for your comment. Samples that are being cached 
on Mars will be scientifically selected. Additional information 
about samples being collected on Mars can be found in the 
Purpose and Need Section 1.2 of the Final EIS for Mars 2020 
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Mission 
(https://mars.nasa.gov/mars2020/news/newsroom/eis/). 

George 0196 

Rather than returning it to Earth directly, it should 
be delivered to the International Space Station, 
where the container is to be picked and returned 
on the next supply mission or astronauts travel 
back to earth. In this way the additional costs of 
returning the samples back to earth 
independently could be saved. Also over a 
period of time the samples could be sorted 
direclty on the ISS and only chose to send those 
of intrest back to earth. 

AL-007 Refer to the previous response for AL-007.  

Grand VM(1)-02 
Apologies if you covered this: What are the 
opportunities for public involvement? 

PI-003 
Opportunities for public involvement include scoping and 
release of the Draft PEIS for review and comment. The public 
involvement process is outlined in Chapter 4 of the PEIS. 

Greger 0194 What about possible human missions to Mars? AL-008 

Although crewed missions to Mars are a horizon goal for 
NASA, the costs, complexity, and current technical immaturity 
for sending humans to Mars and returning them safely to 
Earth is not achievable within the current robotic sample 
return timeline. Additionally, a crewed mission to Mars would 
not accommodate the equipment required to conduct the 
proper analysis to meet MSR Campaign objectives (which 
include not only science but also a properly rigorous 
assessment of the biological safety of the samples). Please 
see Section 2.3.1 (Programmatic Alternative Screening 
Criteria). 

Greger 0194 

Are you certain that in any way, this mission 
won’t end with the total annihilation of the entire 
planet, or force us to live in biomes for the rest of 
time? 

HS-002 

As discussed in Section 3.2 of the PEIS, the exact nature of 
the Mars sample constituents regarding biosignatures and 
potential biological activity is currently unknown. The PEIS 
cites several sources supporting the position that 
contamination of Earth by Martian microorganisms is 
extremely unlikely to pose a risk of significant harmful effects. 
However, the risk cannot be demonstrated to be zero (see 
Response ID HS-001 for information regarding containment 
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measures). As a result, a comprehensive quantitative analysis 
of the potential impacts of a sample release in the event of an 
off-nominal landing and the effects of Mars samples on 
Earth’s environment cannot be accomplished with current 
data; any such analysis would be theoretical at best, involving 
substantial speculation and supposition. For this reason, the 
emphasis of the MSR approach is on sample containment. 

Greger 0194 
How low or high is this probability, and how can 
you draw your conclusions? 

HS-002 Refer to the previous response for HS-002.  

Guymon PM-05 

...it would be nice to see if there is a way of 
building a space station and having it in space 
for things like this, like for this same example. 
Instead of the sample having to come to Earth, 
the sample or future samples would come to the 
space station and dock. 

AL-007 Refer to the previous response for AL-007.  

Guymon PM(2)-05 

And then the other idea that I came up with... 
creating a smaller version of this same idea 
[compartmentalized space station] but obviously 
on Earth where the shipping container, once it’s 
picked up after it lands, it would be put into a 
two-step container where the first compartment 
would close up, and it would cool it down to the 
right temperature and the right pressure and all 
that. And then once it gets to that pressure, it is 
moved into the other container or the other part 
of the container where, at that point, it’s in the 
part it’s supposed to be in for transport. And then 
it would then be transported to the facility where 
the -- where the samples are supposed to be at. 
And then it would be transferred into its 
permanent home basically. 

AL-020 

Thank you for the suggestions; this suggested containment 
vessel is functionally similar to the planned approach as listed 
in the PEIS (2-11 through 2-13).   
 
The receiving facility is planned to include BSL-4 level 
containment and will be better detailed in the planned Tier II 
NEPA documentation as noted on page 2-13.  

Guymon PM(2)-05 
...it would be nice if there was an app that you 
could download on your phone to give ideas and 
to get information and get updates in real time 

AL-021 
All information on the MSR Campaign including videos and 
animation is available via the Mars website and via the NASA 
social media accounts at https://mars.nasa.gov/.  
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where you could either -- you know, you could 
scan QR codes for different things, like the 
planetarium, or you could watch different videos 
of things that are going on in real time. 

Harding 0179 

...it would seem that the next best thing is to 
have a special section built off of something like 
the ISS with protocols similar to ones described 
in the Andromeda Strain, minus the nuclear 
device. 

AL-007 Refer to the previous response for AL-007.  

H-Michael 0209 
Please do not return the Mars samples to earth 
before they have been tested… 

AL-001 Refer to the previous response for AL-001. 

Hodge VM(1)-05 

I believe, the presentation was well done and the 
methods were well described. It created more 
questions than comments. The break down of 
the materials used such as the limited quantities 
of adhesive and explaination of the recovery 
method being devoid of fuels was helpful. The 
procedure seems rather cut and dry. There, 
however, doesnt appear to be an explaination on 
what will happen with the ERO after the mission 
such as if it will remain in orbit after launching 
the samples to earth and its environmental 
impact either as space junk, reusability, or if it 
will be de-orbited at least from what i can see. If 
that could be included that would be great. 

PA-007 

In no case does the ERO ever enter Earth’s orbit. This is due 
to the physics of approaching Earth with excess hyperbolic 
velocity—meaning that, at all times, the orbiter has a velocity 
greater than the velocity needed to escape Earth’s gravity. As 
discussed in Section 2.1.2.1.3 (Earth Return Orbiter), the 
Orbiter implements a dual-pronged strategy, including mission 
design and diversion operations. For mission design, the 
Orbiter leaves Mars on a path that will pass by Earth. After all 
critical spacecraft systems can be verified to be healthy and 
reliable, the Orbiter would be maneuvered onto a path that 
would allow the EES to land precisely in the target area. After 
EES release, the Orbiter would navigate to a trajectory that 
would avoid Earth for over 100 years, ensuring that residual 
Mars material, if any, associated with the Orbiter is not 
returned to Earth. In the event that the ERO did return to 
Earth after 100+ years, NASA anticipates that the ERO would 
burnup/breakup in the atmosphere and not present a hazard. 

Hodge VM(1)-06 

In reference to my above comment on the ERO, 
I found that it’s intended use after delivering its 
payload is to “navigate to a trajectory that would 
avoid earth for over 100 years...” could this 
trajectory be described in the PEIS if it is 
predetermined. If it collides with the earth after 

PA-008 

The exact heliocentric disposal trajectory (and amount of 
remaining spacecraft propellant remaining) will not be known 
prior to operations approaching Earth return, since it depends 
on the specific geometry of ERO’s post-Earth Avoidance 
Maneuver (EAM) flyby trajectory. This can vary due to the 
details of the Earth arrival date, EES release targeting, and 
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the 100+ years could an expected volume of fuel 
remaining/impact statement be included for it. 

the performance of the EAM. Following the EAM, ERO is 
tracked for an additional 4 days after the closest point of 
approach. During this time the navigation team will determine 
the precise trajectory and plan a maneuver that would avoid 
heliocentric orbital period resonances with Earth (known as 
gravitational keyholes). 

Iliescu 0215-A1 

I think further extending the testing to full EES 
reentry might provide a lot more confidence. One 
can take advantage of the ongoing 
Artemis/Gateway missions for carrying several 
EEV clones (on the accompanying quite empty 
Starships?) and accelerate them with small 
engines towards Earth. Two classes of tests can 
be done: normal reentry for system’s check and 
incident simulation. In the latter, descent 
parameters will be altered (attitude control, 
shielding failure or similar). Extremophile 
bacterial probes can be placed in the COS clone 
and sample integrity and contamination checks 
will follow the induced crash 

AL-016 

Full-scale prototype flight tests are sometimes used by NASA 
to advance the Technology Readiness Level (TRL) of new 
technologies, by demonstrating successful operation of the 
new technology under relevant flight environments. However, 
a successful demonstration does not provide statistical 
information that could be used to quantify the reliability of the 
system. Because of the limited amount of new technology in 
the EES design and because the primary EES design driver is 
the high reliability of the system, a full-scale demonstration 
would not be worthwhile. Instead, the testing NASA is 
conducting allows us to build reliable predictive models that 
can analyze numerous possible reentry and landing 
conditions and give us higher confidence in the overall system 
design across a wider range of possibilities. Verification of 
containment under different entry conditions will be part of 
testing, although a biological containment test is not 
mandated. 

Iliescu 0215-A1 

...in case not any incident has zero structural 
integrity risk for the samples (information 
provided by the previous testing), given the 
reentry plasma blackout period in which human 
action is precluded, an onboard system for 
detecting dramatic conditions (attitude control 
lost, severe malfunctioning, structural damage 
due to a last-minute meteoroid or space debris, 
etc.) can be implemented using accelerometers, 
gas analyzers and other sensors, able to 
proceed to sample sterilization before air or soil 
contamination becomes a threat. A special case 

AL-017 

Due to the geometry of the EES atmospheric entry, the 
extreme heating and deceleration environments of the entry 
are experienced within a very short timeframe. A thermal 
termination system would likely have insufficient time to 
detect the onset of a catastrophic event, thus leaving 
insufficient time for such a termination system to 
subsequently bring the internal temperature of the Mars 
samples to sterilization levels. The EES is designed to be 
completely passive with a focus and mass being devoted to 
successful landing. MSR program engineers are developing a 
series of verifiable steps that would ensure that the capture 
and secure containment of the Mars samples has been 
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to be considered is when attitude misbehavior 
might point the EES to a different landing spot, 
possibly covered by risky items (hard rocks, 
metal structures, sea, etc.). Thanks to its 
exceptional structure, differently from a common 
capsule requiring many operational components 
for reentry and landing, EES is designed to 
reach the land without intervention or auxiliary 
systems. This puts stronger constraints on 
trajectory and aborting; once pointing to Earth’s 
atmosphere, if a bad event occurred (debris or 
similar) the landing/possible crash cannot be 
easily aborted, unless a thermal solution (with 
termite on board or shield decoupling during 
entrance) is adopted. 

completed properly. Elements of this verification could 
include—for example—measurements of the forces applied, 
temperatures, and positions of the key hardware in the 
containment process. These engineering decisions are being 
supported by extensive ground-based testing and simulation 
of each major element in conditions well beyond the forces 
they would be expected to experience in flight. This technical 
approach is bolstered by leveraging a variety of inputs from 
the international scientific community regarding how current 
knowledge of astrobiology can best be applied to the MSR 
program’s engineering design and operational decisions.  

Iliescu VM(1)-07 

Verbal comment could not be transcribed - Mr. 
Iliescu submitted his comments via the Federal 
Docket System - Comment number NASA-2022-
0002-0215. 

N/A 

  

Marks 0252 

What is clear from this recent draft PEIS is that 
NASA remains loftily aloof about any criticism of 
its $8bn Mars Sample Return plan and still plans 
to return samples to Earth, rather than a safer (to 
humanity) offplanet resource like a space station, 
for analysis, or the (Artemis?) lunar lab we are 
told we’ll have by 2033.  

AL-007 Refer to the previous response for AL-007.  

Marks 0252 
Another option might be to send more advanced 
bioanalytical robots to Mars. 

AL-013 

With regards to design of the mission, NASA has determined 
together with the scientific community, that the overall goals 
and objectives of the Mars Sample Return mission (as 
outlined in Sections 1.2, Purpose of the Action, and 1.3, Need 
for the Proposed Action) cannot be realistically achieved via 
more in-situ exploration at the Martian surface or by returning 
the samples to the International Space Station. Please see 



Mars Sample Return Campaign Programmatic EIS   

B-48  

 

Table B-8. Draft PEIS Public / Agency Substantive Comment Responses 

Submitter 
Name 

Submittal 
ID 

Public/Agency Comment 
Response 

ID 
Final Response (for FEIS) 

the details in Section 2.3 (Alternatives Considered but Not 
Carried Forward). 

Marks 0252 

By spending more, NASA and ESA could design 
a mission that does not return an experimental, 
ballistic, parachuteless sample-carrying space 
vehicle to Earth but rather one which can have 
the onboard rocket power to brake and 
rendezvous with a space station. 

AL-013 Refer to the previous response for AL-013.  

Marks 0252 

The EPA, in its revealing comments here in this 
draft PEIS thread, pinpoints some key issues 
NASA has yet to be clear on with the 
experimental Earth Entry System. One (see 
page 2 of the EPA comment) is a 
burnup/breakup of the EES, leading to an 
atmospheric release and/or sample material 
being distributed outside of the landing site 
radius. A risk factor increasing the chances of a 
break up is the fact that by 2033, low Earth orbit 
will have 100,000 megaconstellation satellites in 
it - and somehow the ERO and EES will have to 
thread its way through all that (and the debris it 
will have caused). 

HS-013 

As noted in the PEIS (p. 3-4) “studies regarding 
burnup/breakup, atmospheric release, contingency planning, 
and the likelihood that sample material will be distributed 
outside of the landing site radius are ongoing, and procedures 
to recover EES fragments, if it is damaged upon reentry and 
landing, are still in development.” In the current mission plan, 
NASA and ESA would make decisions to proceed with the 
sample return while the spacecraft were within a week of 
arrival at Earth, allowing current conditions such as orbital 
traffic and debris to be factored into safety and containment 
assurance. 
 
NASA’s Orbital Debris Program Office provides and maintains 
models of the orbital debris field around Earth. These models 
include not just the current flux of orbital debris, but also 
predict the growth in orbital debris over time. These future 
predictions of the orbital debris field in the 2030s, when the 
EES would be approaching Earth for landing, are used by 
NASA to assess the likelihood of damage to the EES from 
orbital debris and is included in our assessment of the overall 
risk from micrometeoroid and orbital debris. 

Marks 0252 

Returning samples to Earth which may contain 
extant, revivable, pathogenic biology of a kind 
we may not understand, and which our best 
BSL-4 biocontainment lab technology might not 
contain, and which our microbiological 

LE-001 

NASA disagrees with the commenter’s comment that the 
Mars Sample Return Campaign violates the United States’ 
Outer Space Treaty (OST) obligations. Specifically, Article IX 
of the OST, in relevant part, directs Parties to the Treaty to 
avoid adverse changes of the Earth resulting from the 
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antipathogen tools (eg antibiotics, vaccines) 
cannot combat, presents a risk to the safety of 
Earth’s biosphere. 
 
This is a clear breach of the UN’s 1967 Outer 
Space Treaty and its provisions on 
backcontamination. 

introduction of extraterrestrial matter and adopt appropriate 
measures for this purpose.  As described at length in the 
PEIS, NASA, in coordination with the European Space 
Agency, and in consultation with the State Department, plans 
to incorporate significant engineering and safety protocols to 
ensure containment and proper handling of the samples when 
returned to Earth.  See PEIS Sections 1.1 (Background, 
Planetary Protection and Sample Curation); 2.1.2.1.3 (Earth 
Return Orbiter); 2.1.2.2 (Ground Elements); 3.2 (Incomplete 
or Unavailable Information); and 3.4 (Health and Safety).  As 
noted throughout the PEIS, if the decision is made to proceed 
with the Mars Sample Return Campaign, specific 
environmental impacts of sample transportation and operation 
of a Sample Receiving Facility would be analyzed in a NASA 
prepared “Tier II” EIS. 

Martin 0186 

At a minimum, at least initially, Mars samples 
should be studied in a space station or lunar 
station setting under appropriate safeguards or, 
unfortunately, not at all. 

AL-007 Refer to the previous response for AL-007.  

Penland 0201 
I believe it would be prudent to test any samples 
from mars for potential dangerous biological 
activity prior to returning them to earth. 

AL-001 Refer to the previous response for AL-001. 

Prince PM(1)-01 
Is there a way where we can get this online so 
that we can use that as part of our education in 
our -- our organization? 

PI-002 

Information regarding the MSR Campaign can be found at 
https://mars.nasa.gov/msr/. The PEIS is available online at 
https://www.nasa.gov/feature/nepa-mars-sample-return-
campaign. 

Rabb 0229 
The samples should be investigated for example 
in a lab built on the Moon or on Moon’s orbit. 

AL-007 Refer to the previous response for AL-007.  

Schwartz 0197 Please test first! AL-001 Refer to the previous response for AL-001. 

Senger 0187 
What containment measures can be applied to 
avoid environmental contamination should one of 
the samples break on impact on the ground? 

HS-003 

The EES containment system design consists of two 
independent layers of containment, a primary and a 
secondary containment vessel, to provide built-in redundant 
containment in the unlikely event that one layer of 

https://www.nasa.gov/feature/nepa-mars-sample-return-campaign
https://www.nasa.gov/feature/nepa-mars-sample-return-campaign
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containment is breached. This redundancy is in addition to 
containment of the Mars samples provided by the sample 
tubes and the EES aeroshell structure. If a sample tube were 
to be damaged during landing, the Mars material would still 
be contained within two robust and redundant layers of 
containment. 

Senger 0187 
What security measures will be applied to avoid 
that the samples are retrieved by anyone (i.e., 
non-authorized persons)? 

HS-004 

Both UTTR and DPG are restricted to authorized personnel 
and have robust security protocols. Therefore, access to both 
these locations and samples for retrieval would only be 
granted to those persons authorized by NASA, the DAF, and 
the U.S. Army. 

Senger 0187 

Also, during transportation, what security 
measures will be applied so that the samples 
cannot be stolen on the way to the UTTR 
facility? 

HS-005 

Please note that the location of the SRF has not yet been 
determined—that is to be addressed in follow-on Tier II NEPA 
analysis. With regards to transportation of the samples from 
the landing site to a temporary holding area on DPG, please 
see Response ID HS-004. As discussed in Section 2.1.2.2.1 
of the PEIS, transportation of the EES (which contains the 
samples) would follow guidelines similar to the U.S. 
Department of Transportation’s Hazardous Materials 
Regulations (Title 49 Code of Federal Regulations [CFR] 
Parts 171–180) and the Federal Select Agents Program. 
Section 11 of the select agent regulations (42 CFR § 73.11, 
Select Agents and Toxins Security; 7 CFR § 331.11, 
Possession, Use, and Transfer of Select Agents and Toxins 
Security; and 9 CFR § 121.11, Possession, Use, and Transfer 
of Select Agents and Toxins Security) requires development 
and implementation of a security plan sufficient to safeguard 
the select agents or toxins against unauthorized access, theft, 
loss, or release. The security plan must be designed 
according to a site-specific risk assessment and provide for 
graded protection. According to 7 CFR § 331.11(c)(10), the 
security plan must contain provisions and policies for 
shipping, receiving, and storage of select agents and toxins; 
this includes procedures for receiving, monitoring, and 
shipping of all select agents and toxins. Transportation of the 



Appendix B Public/Agency Involvement 

B-51 

 

Table B-8. Draft PEIS Public / Agency Substantive Comment Responses 

Submitter 
Name 

Submittal 
ID 

Public/Agency Comment 
Response 

ID 
Final Response (for FEIS) 

EES would be guided by these security requirements as 
identified through a NASA-developed security plan (which will 
be prepared in coordination with appropriate cooperating and 
coordinating agencies), as well as the results of NEPA 
analyses, mitigations carried forward, and resulting Records 
of Decision. 

Senger 0187 
How can the samples be effectively disposed off 
after the studies (is heat or pressure effective)? 

HS-006 

The samples will be held in a biocontainment facility(ies) until 
demonstrated to be safe by a Sample Safety Assessment 
Protocol as indicated in page 2-17 in the PEIS or sterilized 
though a process applying heat or gamma radiation at levels 
currently being studied. After being deemed or rendered safe, 
they would be curated by NASA and supplied on-loan to 
investigators to be studied in their own laboratories. In the 
case that a sample safety assessment protocol suggested 
presence of Mars biological material, curation would be from 
within the biocontainment facility, and work on the samples 
would be constrained to be performed in equivalent 
biocontainment facilities. This will be further addressed in the 
Tier-2 EIS analysis. 

Spotts 0177 

What happens if a Mars life form escapes 
containment and, without evolving in Earth’s 
ecosystems, spreads uncontrollably and 
devastates Earth’s species including us 
humans? 

HS-002 Refer to the previous response for HS-002.  

S-Robin 0207 Samples should be tested off earth. AL-001 Refer to the previous response for AL-001. 

Startzel 0203 
Don’t return the samples without testing them for 
anything dangerous! 

AL-001 Refer to the previous response for AL-001. 

Startzel 0210 
Don’t bring back sample without knowing what 
they are and ensuring they are safe and/or 
sterilized. 

AL-002 Refer to the previous response for AL-002.  

Toegel 0208 
Please, don’t return the Martian samples before 
thorough testing has been conducted… 

AL-001 Refer to the previous response for AL-001. 
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USEPA 0235-A1 

EPA notes that the draft PEIS references in 
multiple places (i.e., pages 3-4) that “studies 
regarding burnup/breakup, atmospheric release, 
contingency planning, and the likelihood that 
sample material will be distributed outside of the 
landing site radius are ongoing, and procedures 
to recover EES fragments, if it is damaged upon 
reentry and landing, are still in development.” 
EPA recommends that these studies be 
addressed in the contingency planning 
discussion of the final PEIS and/or follow on 
tiered analyses as applicable. In addition, we 
recommend that this discussion include/propose 
a timeframe that will allow other local, state, 
tribal, and federal response agencies time for 
review and coordination. NASA should allow 
time to coordinate this planning with appropriate 
response partners (such as the Utah State Fire 
Marshall’s Office) to ensure they are prepared 
for any landing outside of the target area and/or 
outside Department of Defense (DoD) controlled 
space. 

HS-008 

These aspects are included as part of overall contingency 
planning. Associated text has been added to Section 3.4.1.2.2 
of the PEIS. Prior to returning samples to Earth, a 
comprehensive set of plans would be developed by NASA to 
ensure that any landing accident could be met with a well-
developed and tested response. NASA’s plans would be 
developed in accordance with the National Response 
Framework (NRF) (DHS 2013), the NRF Biological Incident 
Annex (DHS 2017), and the NRF Oil and Chemical Incident 
Annex (DHS 2021), in coordination with the Department of 
Defense (DoD) and other Federal agencies, the state of Utah, 
Toole County, and local governmental organizations. These 
organizations, as needed, could be involved in response to a 
contingency scenario. During the landing, NASA will establish 
a Joint Information Center (JIC) on the Hill AFB, in-
accordance with the NRF’s Emergency Support Function 
Standard Operating Procedures (2019). The JIC issues timely 
information on the status of the EES landing and serves as a 
focal point for the coordination and dissemination of Federal 
information to the public and media concerning incident 
prevention, preparedness, response, recovery, and mitigation. 
NASA and other relevant response agencies would conduct 
training, coordination, and rehearsals for contingency 
planning and response activities well in advance of landing 
activities to ensure proper contingency and response 
mechanisms are in place. 

USEPA 0235-A1 

Review of the Comprehensive Environmental 
Response, Compensation, and Liability Act 
(CERCLA) and National Contingency Plan 
(NCP) response authorities, roles and 
responsibilities for NASA, EPA, State of Utah, 
Tribal governments, and local jurisdictions. 
There may be unanticipated changes to the 
mission that would require involvement of 
additional response agencies and authorities 

HS-008 Refer to the previous response for HS-008.  
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beyond DoD and NASA. NASA should 
communicate to these entities any known 
changes to the mission that would indicate re-
entry or landing activities have transitioned to a 
response scenario (e.g., mid-air mishap, landing 
outside of the target zone). 

USEPA 0235-A1 

Establish and coordinate notification protocols 
for unanticipated events. Protocols should 
consider timeframe(s), landing location(s), and 
provide emergency contact information for all 
entities involved (e.g., NASA, DoD, National 
Response Center, state emergency reporting 
lines). 

HS-008 Refer to the previous response for HS-008.  

USEPA 0235-A1 

Discuss, to the extent possible, NASA’s 
response structure (i.e., under the National 
Incident Management System or NIMS) and how 
NASA would coordinate its response with other 
agencies possibly in Unified Command as well 
as how public messaging may be handled. 

HS-008 Refer to the previous response for HS-008.  

USEPA 0235-A1 

Include any classification concerns as 
applicable. Specifically, NASA should coordinate 
with EPA in advance on how to properly “read in” 
our Secret/TS/SCI cleared personnel in the 
unlikely event of a mishap with the return of 
Martian sample materials. 

PA-002 

At this time, the MSR Campaign project material is 
unclassified. However, to the extent classified information, if 
any, is generated, NASA will coordinate with its interagency 
partners to ensure access is limited in the manner required by 
federal law and policy. 

Velez VM(1)-01 

Where can we find more information about 
NASA’s mitigation plans should the sample 
returned from Mars contain any hazardous 
materials? 

HS-001 

Mitigation plans, to the extent that they do not contain any 
sensitive information, would be made available through the 
NASA MSR Program Office. As discussed in Section 3.2 of 
the PEIS, the exact nature of the Mars sample constituents 
regarding biosignatures and potential biological activity is 
currently unknown. The main purpose of the MSR Campaign 
is to look for signs of past life—this is the reason for returning 
the Mars samples to Earth for scientific research. Per NASA 
policy, the Agency is treating the samples as though 



Mars Sample Return Campaign Programmatic EIS   

B-54  

 

Table B-8. Draft PEIS Public / Agency Substantive Comment Responses 

Submitter 
Name 

Submittal 
ID 

Public/Agency Comment 
Response 

ID 
Final Response (for FEIS) 

potentially hazardous until proven otherwise, which involves 
establishing and implementing a strategy and design 
concepts to break the chain of contact with Mars and isolate 
and robustly contain the samples. This includes utilizing 
dissimilar, redundant engineering approaches to achieve an 
overall containment system that is minimally sensitive to 
spacecraft operations, the stressful Earth entry environmental 
conditions, and would include contingency planning for off-
nominal scenarios in place from point-of-collection at the 
landing site to containment in a receiving facility on Earth. 

Vincent 0217 Sterilize samples before you bring them back!!! AL-002 Refer to the previous response for AL-002.  

Walker 0254-A7 

Third 100% safe alternative to this mission: 
return geological sample tubes sterilized to Earth 
– and return unsterilized astrobiological samples 
to a high orbit to study remotely using miniature 
life detection instruments like those designed by 
astrobiologists to send to Mars – even a microbe 
as risky to Earth’s biosphere as mirror life can be 
studied and cultivated safely in a suitable high 
orbit. 
 
Suggestion: the geological samples can be 
sterilized and returned directly to Earth and the 
suggested dust, atmosphere and dirt samples 
collected in 100% sterile containers can be 
returned to a satellite above GEO for the 
astrobiological studies. 

AL-001; 
AL-002 

Refer to the previous responses for AL-001 and AL-002.  

Walker 0195 

...sterilize samples first, e.g. during the return 
journey with low energy nanoscale X-ray 
emitters. Any present day life would be 
recognizable after sterilization, 

AL-002 Refer to the previous response for AL-002.  

Walker 0228 
A fully sterilized sample return. This achieves 
just about all geological goals. 

AL-002 Refer to the previous response for AL-002.  
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Walker 0254-A7 

...there is another alternative. That is to return 
sterilized samples for geological studies. So why 
didn’t they consider this? NASA didn’t consider 
these alternatives because the Environment 
Impact Statement said in its “Needs and 
purpose” section that the samples need a safety 
test. They then argue that this safety test can’t 
be done anywhere else except on Earth. But a 
sterilized sample return is MADE safe by 
sterilization. So it doesn’t need an extra safety 
test. 
 
This seems to be a reasonably clear case where 
the “needs and purpose” is so narrowly 
defined...it excludes “reasonable alternatives” 
such as sterilization of all the samples which 
we’ll see can achieve nearly all the mission 
goals. All the samples could be sterilized. Or a 
sterilized geological sample return can be 
combined with continuing life science studies 
either on the surface of Mars, on the Moon or in 
high or low orbit on samples that are left in orbit 
in order to keep Earth safe and never returned 
unless proven safe. 
 
Suitable level of sterilization – 1 megagray would 
easily sterilize radiodurans, 10 megagrays 
destroys 75% of amino acids and 50 megagrays 
would leave only 1 amino acid in 1000 intact yet 
still be equivalent to only half a billion years of 
surface ionizing radiation and have minimal 
effect on most geological studies. 

AL-002 Refer to the previous response for AL-002.  

Walker 0254-A7 
Second 100% safe alternative, NASA’s proposal 
can be greatly enhanced in astrobiological value 
by adding simple capabilities with 100% sterile 

AL-003 
No outcome in science and engineering processes can be 
predicted with 100% certainty. Thank you for your 
suggestions regarding astrobiological science issues. A 
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containers to return a sample of dirt, a highly 
compressed sample of gas from the atmosphere 
to detect minute traces of biologically relevant 
gases and a sample of dust from dust storms 
trapped in the filters for the air compressor – 
these can also be returned sterilized.  
 
Now I’ll present another alternative. This is a 
mission with some changes, mainly design 
changes to the Orbital Sample Container and the 
ESF sample retrieval rover. This would make it 
of much greater astrobiological interest. Design 
of this components are still at an early stage and 
could be modified. We need a dedicated dust 
collector, to either collect propagules or to 
produce a first realistic bound on the amount of 
material transported in the dust storms in this 
way and a first bound on the potential for distant 
habitats on Mars to transport spores to landing 
sites. Proposal to add an atmospheric 
compressor / dust collector to the Orbital Sample 
Container based on the moxie design to return 
up to two grams of compressed martian 
atmosphere and a few grams of martian dust in 
sterile containers. 

sample fetch rover is no longer part of the planned MSR 
Campaign architecture. The sampling hardware and 
procedures regarding sample collection and processing for 
the MSR Campaign are already in place on Mars; the planned 
MSR Program would simply collect the existing sealed 
sample tubes and return them to Earth (please see Section 
2.1.2.1 for current mission architecture). 

Walker 0195_A3 

This paper also recommends the ESA fetch 
rover is modified to dig an extra sample of dirt to 
return the brine layers Curiosity discovered 
centimeters below the surface of sand dunes. 
This could help resolve the puzzling Viking 
lander results and help to finally answer the 
question, “Did Viking detect complex chemistry 
or native life in the 1970s?” 

AL-003 Refer to the previous response for AL-003.  

Walker 0195_A3 
This paper recommends that the ESA fetch rover 
adds a dust sample, originally planned for 

AL-004 
A sample fetch rover is no longer part of the planned MSR 
Campaign architecture. The sampling hardware and 
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Perseverance. This could be used to search for 
dust-storm resistant Martian propagules which 
could be transported in Martian dust storms. It 
can be combined with a large volume 
compressed atmosphere sample to greatly 
increase sensitivity for biosignatures in the 
atmosphere. 

procedures regarding sample collection and processing for 
the MSR Campaign are already in place on Mars; the planned 
MSR Program would simply collect the existing sealed 
sample tubes and return them to Earth (see Section 2.1.2 for 
discussion of current architecture). 

Walker 0254-A7 

Modification to ESA fetch rover sample retrieval 
arm to dig an extra sample of dirt as for the 
Viking scoop and add it to a smaller 100% sterile 
container within the Orbital Sample Container. 

AL-004 Refer to the previous response for AL-004.  

Walker 0254-A7 

Proposal to use the Marscopters to search for 
young undegraded craters that could have 
exposed rocks from 2 meters or more below the 
surface in the last few tens of thousands of years 
– this greatly increases the chance of a sample 
of past life of enough interest to be of 
astrobiological value. 

AL-005 Refer to the previous response for AL-005.  

Walker 0254-A7 

Potential fourth 100% safe alternative – sketch 
for a biosafe laboratory on Earth protected by a 
sump with no atmospheric connection to the 
outside and the samples enclosed in a titanium 
sphere before return to Earth. This is an example 
that might suggest other possibilities to NASA 
that would also be 100% safe. The basic idea is 
to return the unsterilized sample inside a titanium 
sphere. This much we can do and it would be 
safe, there wouldn’t be any risk to Earth from a 
sample inside a titanium sphere. We could even 
do end of experiment sterilization without 
opening it by simply heating it up to 300 C and 
keeping it at that temperature for hours or weeks 
as needed. 

AL-006 

Thank you for the suggestion; this suggested approach is 
functionally similar to the planned approach as listed in the 
PEIS. The planned containment system utilizes two metal 
containers; titanium is among the candidate materials (see 
page 2-9 and Figure 2.1-6). The transport and facility 
elements will be better detailed in the planned Tier II NEPA 
documentation as noted on page 2-13. 
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Walker 0195 

return unsterilized samples to a safe orbit where 
astrobiologists study them remotely using 
miniature instruments such as those designed 
for life detection on Mars. Return sterilized sub-
samples to Earth immediately; 

AL-007 Refer to the previous response for AL-007.  

Walker 0195_A3 

If there is a significant chance of viable present-
day life in these samples, we suggest returning 
them to a satellite in a stable inclined orbit above 
GEO in Earth’s Laplace plane or “ring plane.” 

AL-007 Refer to the previous response for AL-007.  

Walker 0228 
The EIS must also consider 100% safe actions in 
addtion to BSL-4 laboratories and no action. 

AL-011 
The PEIS does consider both safety aspects of return (see 
Chapter 3) as well as the No Action Alternative (see Section 
2.2). Please also see Response ID Al-006. AL-006. 

Walker 0228 100% safe lab on Earth? AL-011  Refer to the previous response for AL-011.  

Walker 0228 

Add 100% sterile containers to the Orbital 
Sample Container, use those to capture a 
sample of dust, and gas using a miniature 
compressor simlar to the one used by Moxie, 
and collect a scoop of dirt ideally containing the 
perchlorate salts that form the brines Curiosity 
discovered at night. If those were all returned in 
sterile containers it would be of far more interest 
to astrobiology. 

AL-012 

Thank you for your comment. Samples that are being cached 
on Mars are being carefully selected by the science team 
based on the published goals and priorities of the mission. 
Additional information about samples being collected on Mars 
can be found in the Purpose and Need Section 1.2 of the 
Final EIS for the Mars 2020 Mission 
(https://mars.nasa.gov/mars2020/news/newsroom/eis/). 

Walker 0254-A7 

Draft EIS only presents No Action as an 
alternative to the proposal, even though there 
are alternatives which eliminate any possibility of 
harm to Earth’s biosphere while still retaining 
nearly all the science interest. Another issue is 
that the draft EIS presents only one alternative to 
the proposed action, and that is no action. No 
action naturally has many negatives for planetary 
science. But there are numerous other 
alternative actions. The document mentions only 

AL-013 Refer to the previous response for AL-013.  
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three alternative that were presented via scoping 
comments. 

Walker 0254-A7 

NASA’s draft EIS has no mention of quarantine 
or other precautions for accidental release on 
Earth – just sterilization of the landing site. They 
don’t consider issues of quarantine of 
technicians or of anyone contaminated during 
sample retrieval. There is an extensive literature 
on the topic. Then they just say (NASA, 2022eis: 
S-11): “Tier II analyses for determination of 
impacts associated with health and safety would 
consider the location of the proposed facility and 
surrounding community/land use type, health 
and safety system requirements associated with 
a BSL-4 equivalent facility, and risk analysis 
involving failure of containment systems that 
results in a release.” 
 
Indeed, the draft EIS is inconsistent on this topic. 
It mentions potential for health issues as a 
reason not to retrieve the sample to an orbital 
space station and yet they don’t consider health 
issues for technicians within the facility on Earth. 
Yet once the sample reaches Earth, they 
decontaminate the landing site with chlorine 
dioxide and aldehydes and that is it by way of 
precautions, they only consider a possibility of 
hazards around the landing site. The Apollo 
mission used quarantine of technicians who 
were exposed to lunar samples in the sample 
receiving laboratory - and though they mention 
this they don’t discuss it as a possibility for the 
Mars sample return. 

HS-007 Refer to the previous response for HS-007.  

Walker 0254-A7 
NASA fail to adequately consider the risks from 
life that can’t get to Earth on meteorites - in 

HS-015 
NASA addresses unknown risks directly in its planetary 
protection guidance, and in response, the MSR Program 
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2009, the National Research Council examined 
the possibility of life transferred on meteorites 
said the risk is significantly greater in a sample 
return mission - and said they can’t rule out the 
possibility of large scale effects in the past due to 
life from Mars – NASA’s EIS instead claims 
microbes will survive transfer from Mars to Earth 
more easily in a meteorite than in a sample 
return mission but their sources don’t back this 
up. 
 
There isn’t anything here to support the thesis of 
the draft EIS that it is easier for Martian microbes 
to get to Earth on a meteorite than in a sample 
tube. (NASA, 2022eis: 3-3): “The natural delivery 
of Mars materials can provide better protection 
and faster transit than the current MSR mission 
concept.” 
 
NASA fail to adequately consider the risks from 
life that can’t get to Earth on meteorites - in 
2009, the National Research Council examined 
the possibility of life transferred on meteorites 
said the risk is significantly greater in a sample 
return mission - and said they can’t rule out the 
possibility of large scale effects in the past due to 
life from Mars – NASA’s EIS instead claims 
microbes will survive transfer from Mars to Earth 
more easily in a meteorite than in a sample 
return mission but their sources don’t back this 
up. Let’s look at the first of these two statements 
NASA use to support their conclusion that the 
activity is very low risk, from the MSR safety fact 
sheet from this page: “The evidence includes the 
absence of any observed harm to Earth’s 
environment from Martian rocks that frequently 

would, as stated in the PEIS (p. 1-6), “implement measures to 
ensure that the Mars material is fully contained (with 
redundant layers of containment) so that it could not be 
released into Earth’s biosphere.” Additionally, the PEIS details 
and references on pages 3-3 to 3-4 information on the 
unlikely risks from “life that can’t get to Earth on meteorites.” 
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fall to Earth in the form of meteorites.” Then in 
the draft EIS: “One of the reasons that the 
scientific community thinks the risk of pathogenic 
effects from the release of small amounts (less 
than 1 kilogram [2.2 pounds]) of Mars samples is 
very low is that pieces of Mars have already 
traveled to Earth as meteorites.” “The natural 
delivery of Mars materials can provide better 
protection and faster transit than the current 
MSR mission concept.” 
 
They cite the NRC report from 2009 but not on 
this point. The National Research Council DID 
look into this question in their “Assessment of 
Planetary Protection Requirements for a Mars 
Sample Return.” However their conclusion was 
the opposite of NASA’s draft EIS summary. They 
were unable to rule out the possibility that life 
from Mars could have caused past mass 
extinctions on Earth. The NRC found that most 
of the meteorites that get to Mars are sterilized 
during transit. But about 1% get here within 
16,000 years and 0.01 percent within 100 years 
(note none of the meteoirites we have from Mars 
left the planet less than hundreds of thousands 
of years ago). This is from Earth (Board et al, 
2009: 48): “Transit to Earth may present the 
greatest hazard to the survival of any microbial 
hitchhikers. Cosmic-ray-exposure ages of the 
meteorites in current collections indicate transit 
times of 350,000 to 16 million years. However 
theoretical modeling suggests that about 1 
percent of the materials ejected from Mars are 
captured by Earth within 16,000 years and that 
0.01 percent reach Earth within 100 years.” NRC 
continue that survival of organisms in meteorites 
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is plausible. If they can be shown to survive 
ejection, entry and impact they can be expected 
to transfer from Mars to Earth (Board et al, 2009: 
48). 

Walker 0254-A7 

Draft EIS OMITS the 2012 European Space 
Foundation study which reduced the size limit to 
0.05 microns from the previous value of 0.2 
microns – a serious omission since containment 
at 0.05 microns is well beyond the capability of 
BSL-4 facilities It is a rather similar omission 
when they cite the 2009 NRC report on a Mars 
sample return (National Research Council. 2009) 
but don’t cite the 2012 ESF (Ammann et al, 
2012:48) which said “the release of a particle 
larger than 0.05 μm in diameter is not acceptable 
in any circumstances” 
 
• NASA plan to use a biosafety level 4 facility to 
handle the samples – but how can they know 
that a BSL-4 facility designed to contain 
infectious diseases of humans will work to 
protect Earth’s biosphere from extraterrestrial 
ultramicrobacteria or the potentially even smaller 
nanobes such as ribocells that may have 
preceded terrestrial life? The answer is they 
don’t – they seem unaware of the recommended 
size limits set in the 2012 ESF sample return 
study which make a BSL-4 facility inadequate. 
• NASA’s EIS mentions a 0.05 micron size limit – 
but only for the engineering for the earth entry 
capsule, not for the BSL-4 sample handling 
laboratories – and they don’t mention the ESF 
study in this section or in their list of references 
• Though NASA’s EIS uses a 0.05 micron limit 
for reentry, for sample handling on the ground 

HS-019 

NASA is aware of the ESF Mars Sample Return backward 
contamination study. NASA does not concur that 0.05-micron 
(50 nm) particles cannot be managed; standard High 
Efficiency Particulate Air (HEPA) filters like those used in 
biosafety facilities are tested for effectiveness at or near the 
Most Penetrating Particle Size (MPPS), which is typically 0.12 
micron (Perry, Jay L., J. H. Agui, and R. Vijayakumar). 
Submicron and nanoparticulate matter removal by HEPA-
rated media filters and packed beds of granular materials. 
NASA/TM-2016-218224). “Particles both larger and smaller 
than the MPPS (including bacterial spores and viruses) are 
removed with greater efficiency.” (Appendix A–Primary 
Containment for Biohazards –p.369, Biosafety in 
Microbiological and Biomedical Laboratories 6th Edition, U.S. 
Department of Health and Human Services, Public Health 
Service, Centers for Disease Control and Prevention, National 
Institutes of Health, 2020; Stuart D, Kiley M, Ghidoni D, 
Zarembo M. The Class III Biological Safety Cabinet. In: 
Richmond JY, editor. Anthology of Biosafety VII: Biosafety 
Level 3. Mundelein (IL): American Biological Safety 
Association; 2004. p. 57–71). Requirements associated with 
the SRF (to include management of particle size under the 
conditions required for sample curation) would be addressed 
in the Tier II phase of the NEPA process. 
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they rely on normal BSL-4 facilities – NASA 
show no awareness of the possibility that such a 
facility might not be considered adequate or 
might be challenged by litigation – or that they 
might be required to build a custom designed 
facility for this 
• ESF study: “the release of a particle larger than 
0.05 μm in diameter is not acceptable in any 
circumstances” 
 
The 2012 European Space Foundation study 
says its 0.05 micron size limit needs to be 
reviewed regularly – this alone is sufficient 
reason to halt this EIS process until the new size 
limits review is done. 
 
NASA plan to use a biosafety level 4 facility to 
handle the samples – but how can they know 
that a BSL-4 facility designed to contain 
infectious diseases of humans will work to 
protect Earth’s biosphere from extraterrestrial 
ultramicrobacteria or the potentially even smaller 
nanobes such as ribocells that may have 
preceded terrestrial life? The answer is they 
don’t – they seem unaware of the recommended 
size limits set in the 2012 ESF sample return 
study which make a BSL-4 facility inadequate. 
 
NASA’s EIS mentions a 0.05 micron size limit – 
but only for the engineering for the earth entry 
capsule, not for the BSL-4 sample handling 
laboratories – and they don’t mention the ESF 
study in this section or in their list of references. 
However they show no awareness of this report. 
It’s not in their list of cites. All they have relevant 
in their list of comments they responded to is: 
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(NASA, 2022eis: 4-7): “What is the smallest 
Mars particle that is forbidden to be on the 
capsule carried to Earth? Dust level, bacteria 
level, virus level, prion level?” They respond that 
the minimum size is 50 nm – so for roughly 
similar reasoning they apply this size to the 
capsule on the journey back to Earth. They don’t 
use the European Space Foundation as a 
source. Their first cite is the 1999 “Size limits” 
workshop which followed on from the discovery 
of possible small cells in the meteorite ALH 
84001, which I’ve cited as (Board et al, 1999). 
However this cite comes up with far smaller 
figures. Panel 4 for the 1999 “Size limits” 
workshop calculated that such a primitive free 
living lifeform could be as small as 0.014 microns 
in diameter and 0.12 μm in length, if there is an 
efficient mechanism for packing its RNA. (Board 
et al, 1999: 117). What size you get depends on 
which of the panels you look at. The one that 
looks at the biochemistry of early life came up 
with very small figures potentially. 

Walker 0254-A7 

There is no mention of the European Space 
Foundation report in their list of references or 
any justification for using BSL-4 to handle 
extraterrestrial samples. Just argument by 
analogy that BSL-4 facilities are used for 
infectious diseases and toxic materials. 
Containing infectious diseases is a very different 
situation from having to contain possibly 
starvation limited ultramicroabacteria and 
possibly even riobocells, RNA world cells with a 
different biology from terrestrial life. A closer look 
reveals that the ESF requirement is not only well 
beyond BSL-4 standards. The technology 

HS-019 Refer to the previous response for HS-019.  
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needed for the ESF limit doesn’t currently exist. 
It is well beyond the standards of any currently 
available technology, even in research 
experiments, except for some successful 
experiments infiltering out 0.05 micron particles 
from water at high pressure. For aerosols the 
technology is nowhere near this capability. 

Walker 0254-A7 

Then finally, there are issues with the whole idea 
of proving the samples safe on Earth too. In the 
section “Planetary Protection in the Sample 
Receiving Facility” in the DRAFT Environmental 
Impact Statement: page 2-21 they cite Kiminek 
“Ultimately, the SSAP Working Group findings, 
through an external independent peer reviewed 
process, will evolve over time as knowledge of 
sample constituents evolves and scientists 
identify certain requirements and protocols that 
should be implemented to ensure sample safety 
throughout the sample management, handling, 
and curation process (Kminek et al. 2022).” 
 
But their cite says that it is practically impossible 
to predict the effect of introducing life in new 
environments. So the only safety testing they 
can do is to check if there is extant life there at 
all (Kminek et al., 2022) “During the Working 
Group’s deliberations, it became clear that a 
comprehensive assessment to predict the effects 
of introducing life in new environments or 
ecologies is difficult and practically impossible, 
even for terrestrial life and certainly more so for 
unknown extraterrestrial life. To manage 
expectations, the scope of the SSAF was 
adjusted to evaluate only whether the presence 
of martian life can be excluded in samples 

HS-020 

The safety and security of Mars return samples are of upmost 
priority for the MSR Campaign and includes a commitment to 
following the guidelines set forth by the SSAP Working Group. 
The campaign will leverage the latest scientific findings and 
protocols necessary to ensure sample safety and 
containment.  
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returned from Mars. If the presence of martian 
life cannot be excluded, a Hold & Critical Review 
must be established to evaluate the risk 
management measures and decide on the next 
steps.” 

Walker 0254-A7 

• NASA fail to consider at all the potential for 
microhabitats in Jezero crater not detectable 
from orbit 
• NASA fail to consider at all the potential for 
dust storms to transfer life to Jezero crater.  
 
NASA fail to consider at all the potential for 
winds to transfer microbes imbedded in a grain 
of dust to Jezero crater shielded from the UV by 
the global dust storms. NASA don’t mention that 
the sample tubes will also be covered in dust – 
indeed this is considered to be part of the 
sample return. NASA originally planned a dust 
sample, but instead decided to just rely on 
whatever dust gets attached to the outside of the 
sample tubes before collection. 

HS-022 

While the scientific consensus remains that the surface of 
Mars in inhospitable to life, NASA’s strategy for preventing 
harm to Earth’s biosphere (i.e., large-scale effects) is 
dependent on particle transport mitigations, including 
sterilization, cleanliness, and containment methods, not on 
habitability assessments or the potential for returning life in 
the samples (PEIS, p 1-6). This strategy explicitly considers 
free particle transport on the exterior of spacecraft and flight 
hardware (PEIS, p. 3-17). 

Walker 0254-A7 

Also, what are the contingency plans if Martian 
life has got into the microbiome of a human, or 
an insect flies away with it, or it gets blown away 
from the site in dust in the atmosphere, or into 
groundwater? And then – if these precautions 
are needed for the landing site, why are they not 
also needed in case of an accidental breach of 
containment at the BSL-4 facility? 

HS-023 

Please see Response ID HS-008 regarding contingency 
planning and emergency response. Extensive testing and 
analysis of the spacecraft systems, along with redundant 
layers of containment, would preclude release of Mars 
material at landing. However, precautionary procedures would 
include proper personal protective equipment and may 
include sterilization of the landing site. In addition, any breach 
of containment at the landing site of the Mars samples would 
be addressed using a relevant combination of 
decontamination, quarantine, isolation, and follow-up testing, 
including notifications of potentially affected personnel or 
communities. The SRF precautions would follow procedures 
standard for Biosafety Laboratories. 



Appendix B Public/Agency Involvement 

B-67 

 

Table B-8. Draft PEIS Public / Agency Substantive Comment Responses 

Submitter 
Name 

Submittal 
ID 

Public/Agency Comment 
Response 

ID 
Final Response (for FEIS) 

Walker 0254-A7 

NASA’s draft EIS gives no quantitative answer to 
concerned questions from the general public 
about how low the risk is for large scale effects 
from a sample return from Mars handled 
according to the methods they have outlined – is 
it 1 in thousand or 1 in a million or 1 in a billion? 
They just say it is impossible to give a 100% 
guarantee. 

HS-024 

NASA allows, but does not require, restricted sample return 
missions to achieve compliance through demonstration of a 
specific likelihood threshold (Section 5.4.2, NASA-STD-
8719.27). To demonstrate compliance with NASA planetary 
protection standards the MSR Program has developed and 
continues to refine an Assurance Case, which provides 
quantitative data on the performance of the as-flown systems 
in terms of containment likelihood as described in the PEIS 
(pp. 3-16 and 3-17). 

Walker 0254-A7 

The draft EIS shows clearly the results of not 
setting up any advanced planning and oversight 
agency with experts in legal, ethical and social 
issues tasked with interfacing NASA decisions 
and the general public’s questions as the top 
priority – as recommended in numerous papers 
on Mars sample return missions. 
 
Rummel et al recommend a planning agency set 
up in advance with experts in legal, ethical and 
social issues - Uhran et al recommend an 
advanced planning and oversight agency set up 
two years before the start of the legal process – 
and the ESF recommends an international 
framework should be set up, open to 
representatives from all countries - NASA don’t 
seem to have done any of this yet. 

HS-025 

The Committee on Planetary Protection, International Council 
for Science, Committee on Contamination by Extraterrestrial 
Exploration (CETEX), and Committee on Space Research 
(COSPAR) all serve this purpose. It is not within the scope of 
the NEPA document to mandate implementation of planning 
and oversight agencies, only to analyze the potential 
environmental impacts associated with a proposed action. 

Walker 0238 See Walker Submittal ID 0254-A7 N/A   

Walker 0249 See Walker Submittal ID 0254-A7 N/A   

Walker 0250 See Walker Submittal ID 0254-A7 N/A   

Walker 0254 See Walker Submittal ID 0254-A7 N/A   

Walker 0228-A4 See Walker Submittal ID 0254-A7 N/A   

Walker 0228-A4 See Walker Submittal ID 0254-A7 N/A   
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Walker 0254-A7 

Draft EIS says (MISTAKENLY) potential 
environmental impacts would not be significant – 
2009 NRC study says risk of large scale effects 
appears to be low but not demonstrably zero, 
and they can’t rule out the possibility of large 
scale effects on the Earth’s biosphere from 
martian life in the distant past. Then in the draft 
EIS they say that the potential environmental 
impacts from a sample release would not be 
significant (NASA, 2022eis: 3-16): “The relatively 
low probability of an inadvertent reentry 
combined with the assessment that samples are 
unlikely to pose a risk of significant ecological 
impact or other significant harmful effects 
support the judgement that the potential 
environmental impacts would not be significant.” 
This sentence is not cited. However in the 
discussion of large scale effects, the 2009 
National Research Foundation study they use as 
a source elsewhere says that it is simply not 
possible to discount such effects in the distant 
past from Martian life transferred to Earth. 
(Board et al, 2009:48): 
 
“As noted above, it is also possible that if life had 
an independent origin on Mars, living martian 
organisms may have been delivered to Earth; 
Although such exchanges are less common 
today, they would have been particularly 
common during the early history of the solar 
system when impact rates were much higher..; 
Despite suggestions to the contrary, it is simply 
not possible, on the basis of current knowledge, 
to determine whether viable Martian life forms 
have already been delivered to Earth; Certainly 
in the modern era, there is no evidence for large-

NP-001 

Because NEPA necessarily requires evaluation of 
environmental impacts of a proposed action before the action 
occurs, unless the action is routine or has been accomplished 
before with prior basis for identifying impacts agencies must 
make predictions about the consequences of actions they are 
considering. In some cases, an action’s consequences are 
relatively clear and certain (e.g., previous similar actions). 
However, in many cases (such as MSR) predicting 
environmental consequences involves a significant degree of 
factual risk or uncertainty. NEPA does not require a “worst-
case” analysis; under NEPA agencies are required to 
evaluate reasonably foreseeable significant adverse effects 
on the human environment. As per Section 3.2 of the PEIS 
(Incomplete or Unavailable Information) 40 CFR § 1502.21 
directs that when an agency is evaluating reasonably 
foreseeable significant adverse effects on the human 
environment in an environmental impact statement, and there 
is incomplete or unavailable information, the agency shall 
make clear that such information is lacking. While 40 CFR § 
1502.21(d) defines “reasonably foreseeable” as including 
impacts that have catastrophic consequences, even if their 
probability of occurrence is low, the analysis of the impacts 
must be supported by credible scientific evidence, must not 
be based on pure conjecture, and must be within the rule of 
reason. 
 
Further, in cases where the incomplete or unavailable 
information is relevant to reasonably foreseeable impacts but 
cannot be obtained because the means to obtain it are not 
known, then a Federal agency is required to affirmatively 
state that: 1) such information is incomplete or unavailable; 2) 
provide a statement of the relevance of the incomplete or 
unavailable information to evaluating reasonably foreseeable 
significant adverse impacts on the human environment; 3) 
provide a summary of existing credible scientific evidence that 
is relevant to evaluating the reasonably foreseeable 
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scale or other negative effects that are 
attributable to the frequent deliveries to Earth of 
essentially unaltered Martian rocks. However the 
possibility that such effects occurred in the 
distant past cannot be discounted;... Thus it is 
not appropriate to argue that the existence of 
martian meteorites on Earth negate the need to 
treat as potentially hazardous any samples 
returned from Mars by robotic spacecraft. ... A 
prudent planetary protection policy must assume 
a biological hazard exists from Mars sample 
return and that every precaution should be taken 
to ensure the complete isolation of any 
deliberately returned samples, until it can be 
determined that no hazard exists.” 
 
The committee concludes that the risk appears 
to be low but not demonstrably zero. 

significant adverse impacts on the human environment; and; 
4) provide an evaluation of such impacts based on theoretical 
approaches or research methods generally accepted in the 
scientific community. 
 
Section 3.2 of the PEIS clearly outlines these requirements 
and addresses these issues. The sentence cited in this 
comment (“The relatively low probability of an inadvertent 
reentry combined with the assessment that samples are 
unlikely to pose a risk of significant ecological impact or other 
significant harmful effects support the judgement that the 
potential environmental impacts would not be significant.”) is 
a NASA conclusion based on the analyses presented in the 
PEIS—the reference is the PEIS itself. Based on the credible 
scientific evidence cited in the PEIS (samples are unlikely to 
pose a risk of significant ecological impact), it is reasonable to 
conclude that there would be no significant impacts from the 
Proposed Action. The term “unlikely” accounts for the fact that 
the risk is not zero.  

Walker 0254-A7 

Potential for large scale effects should be re-
assessed based on many new potential 
microhabitats on Mars both for Jezero crater and 
elsewhere on Mars - not known at the time of the 
2009 report. The 2009 report was written before: 
Direct observation of what appear to be water 
droplets on the legs of the Phoenix lander 
(Gronstall, 2014); Discovery that water droplets 
like the ones seen on the Phoenix lander leg 
form rapidly whenever salt overlays ice on Mars 
(Fischer et al., 2014). 
 
Our understanding of the Martian surface and 
potential for life has changed so much in the last 
decade - NASA needs a new study to revisit the 
question before they can evaluate the potential 

NP-002 

While the scientific consensus remains that the surface of 
Mars in inhospitable to life, NASA’s strategy for preventing 
harm to Earth’s biosphere (i.e., large-scale effects) is 
dependent on particle transport mitigations, including 
sterilization, cleanliness, and containment methods, not on 
habitability assessments or the potential for returning life in 
the samples (PEIS, p 1-6). 
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for returning life from Jezero crater properly. 
With so many new discoveries in the last 13 
years, a cite from 2009 (National Research 
Council. 2009) is not likely to give a well-
informed view of the potential effects of returning 
life from Mars in a Mars sample return. NASA 
needs a new study to revisit the question now, 
13 years later, before they can evaluate what the 
potential is for returning life in this sample. Even 
the more recent 2012 ESF Mars sample return 
study was written before most of these 
discoveries, and doesn’t look at this particular 
topic in depth (Ammann et al, 2012). We don’t 
have any comprehensive sample return study 
that takes account of the new science since the 
2009 NRC report. 

Walker 0254-A7 

NASA have made no significant changes in their 
safety assessments in response to objections in 
previous requests for comments that highlighted 
these issues. So far NASA don’t seem to have 
made any modifications of their plans as a result 
of the comments on the previous round of NEPA 
comments including my own previous comment 
(Walker, 2022a) and many others (NEPA, 2022). 
 
This latest submission doesn’t include any 
changes to their assessments of the risks. 
Compare the “Safety of MSR” in the Nov 4 
project fact sheets With: MSR Safety Fact Sheet 
4-18-22 in the April 18th project fact sheets. The 
changes are only cosmetic, minute changes in 
grammar and phrasing. This is the part I’ll focus 
on here, which in a short paragraph has many 
serious omissions that I mentioned in the 
uploaded paper attached to my previous 

NP-003 

The NEPA process involves a scoping process, where the 
agency notifies the public of its intent to conduct NEPA on a 
proposed action and solicit input. Agencies are not required to 
provide responses to scoping comments, nor contact and 
speak with commenters directly; only to summarize the inputs 
received (if relevant and substantive)—NASA did this in 
Chapter 4 of the PEIS. Individual comments and inputs were 
grouped together—your specific inputs may have been 
categorized/grouped with other similar comments. The 
agency then releases a Draft EIS for public comment—any 
substantive Draft EIS public comments are then addressed in 
the Final EIS, which is then released to the public; only two 
iterations of the EIS are released to the public. Therefore, 
your comments on the Draft PEIS would/will not have been 
addressed until release of the (this) Final PEIS. 
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comment as part of the NEPA process (Walker, 
2022a). Other commentators there also pointed 
out some of these omissions. The one on the left 
is the one from April 18, the one on the right is 
from Nov 4. 

Walker 0254-A7 

All these inaccurate cites and omissions make 
the draft EIS easy to challenge in courts – and 
they didn’t respond to significant concerns raised 
by the public such as my own comment alerting 
them to the European Space Foundation study 
limit of 0.05 microns which is still not cited in the 
draft EIS. 
 
They still don’t cite (Ammann et al, 2012) in the 
draft EIS. Nor do they give any reason for not 
citing it in the draft EIS or in the materials 
provided. I can also confirm that they never 
contacted me in response to my comment 
though I did provide my email address in the 
form. 
 
NASA show no indication of having read the first 
sentence of my comment. They also show no 
indication of having read many other issues 
raised in the comments of others that said similar 
things during the previous round in May (NEPA, 
2022). More precisely, in this EIS, they say they 
read our comments. But in their summary of 
what they say we said, they don’t mention many 
of the things we raised as issues. NASA can’t 
have given the public comments a thorough 
examination as required for the EIS process. 

NP-003 Refer to the previous response for NP-003.  

Walker 0228 
The public deserves it to be peer reviewed first 
by independent reviewers not connected with the 
project. 

PI-001 
NEPA does not require a “peer” review prior to release. The 
purpose of releasing the Draft PEIS is to allow the public, 
agencies, and other interested parties to review the document 
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and provide substantive comments on the alternatives and/or 
analyses presented. 

Walker 0254-A7 

NASA’s purpose and need is too narrowly 
defined - it requires the samples to be returned 
to Earth for safety analysis - which prevents 
them considering a sterilized sample return even 
though a sterilized sample return wouldn’t need 
a safety analysis. If we look at the “purpose and 
need” it says that the samples must be returned 
to Earth to a biosafety laboratory for a 
“comprehensive sample safety assessment.” 
This is what NASA’S EIS says, (NASA, 2022eis: 
3-3) “An important aspect of this is that many 
critical measurements can only be done on 
samples that have been through intricate sample 
preparation processes, and most of those 
processes are not able to be automated. These 
same principles regarding the importance of 
using terrestrial laboratories to enable the best 
scientific return also apply to the care and 
attention to detail that would be required to 
conduct a proper and comprehensive sample 
safety assessment in a proposed SRF.” 
 
So the purpose and need section says that the 
samples have to be returned to Earth to do a 
comprehensive sample safety assessment. This 
narrowly defined “needs and purpose” prevents 
them from considering the possibility of sterilizing 
the samples on the way back from Mars, 
because they wouldn’t be able to do this safety 
assessment on Mars. If we check the submitted 
alternatives, this is indeed the argument they use 
to rule out the alternatives to “no action” 
proposed during scoping. If we go to section 2–3 

PN-002 

NASA’s purpose and need for the Mars Sample Return 
Mission is derived from 1) the overall goals, as directed by the 
Executive Branch and Congress, to explore space peacefully 
for the benefit of all humankind and 2) NASA’s and the 
scientific community’s specific priorities. The scientific 
community has told NASA repeatedly that returning a set of 
well-selected samples of Mars to Earth should be one of the 
agency’s highest priorities. These samples would be a 
treasure trove of information, potentially about life on Mars, 
but also about the climate history and geologic evolution of 
the Red Planet. Additionally, these samples could help us 
prepare for sending humans to Mars. Seeking to return such 
samples from Mars represents the culmination of a dozen 
carefully planned previous missions to the Red Planet across 
several decades, which have prepared NASA and its partners 
to accomplish MSR safely and successfully. 
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(Alternatives considered but not carried forward) 
it says (NASA, 2022eis: 2-24): “Alternatives must 
be able to accommodate the equipment required 
to conduct the proper analysis to meet MSR 
Campaign objectives (which include not only 
science but also a properly rigorous assessment 
of the biological safety of the samples).” So they 
use the narrow scope of the needs and purpose 
to exclude any alternative that doesn’t permit a 
safety assessment of the sample to detect if 
there is life in it or not before it is returned. 

Walker 0228 

It is a serious omission to cite Rummel et al 2014 
and not cite the 2015 study commissioned by 
ESA and NASA that overturned or modified 
many of its findings. It is an equally serious 
omission to cite the National Research Council 
Mars Sample Return study from 2009 and not 
cite the European Space Foundation study from 
2012 since research between 2009 and 2012 
lead the ESF to reduce the size limit from 0.25 
microns to 0.05 microns. 

RF-001 

Regarding the ESF study, please see Response ID HS-019. 
The MSR Program reviewed multiple sources in defining its 
approach to the minimum size particle managed; this is listed 
in Table 4.3-1 of the PEIS on page 4-7. The changes 
proposed to the 2014 paper by Rummel et al. (no change to 
29 findings, modification of 13, combination of 2 findings, 
removal of 1 finding and introduction of a new finding 
regarding Humans to Mars missions) as a result of a joint 
review by the National Academies of Science, Engineering, 
and Medicine and the European Science Foundation are 
relevant for fine differentiation of special regions from other 
areas on Mars for forward planetary protection. The general 
Special Regions concept, as developed in Rummel et al. is 
relevant to the concepts referenced in the PEIS in its 
discussion of backward planetary protection concepts. 
Current NASA and COSPAR policy (as adopted by MSR) 
reflects the international consensus outcome of the MEPAG 
SRSAG-2 (Rummel 2014) and ESF (Rettberg 2016) 
discussions on special regions. Even to the extent that 
habitability and special regions are considered together, 
Jezero Crater’s shallow subsurface has parameters for 
neither. 

Walker 0254-A7 
Draft EIS says MISTAKENLY that the 2014 cite 
represents a consensus opinion within the 

RF-001 Refer to the previous response for RF-001.  
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astrobiology scientific community – it was not a 
consensus even for forwards contamination as it 
was overturned by a 2015 review commissioned 
by ESA and NASA which emphasized potential 
for microhabitats within apparently uninhabitable 
regions, and transport of life on dust Here is the 
cite again: (NASA, 2022eis: S-4) “Consensus 
opinion within the astrobiology scientific 
community supports a conclusion that the 
Martian surface is too inhospitable for life to 
survive there today, particularly at the location 
and shallow depth (6.4 centimeters [2.5 inches]) 
being sampled by the Perseverance rover in 
Jezero Crater, which was chosen as the 
sampling area because it could have had the 
right conditions to support life in the ancient past, 
billions of years ago (Rummel et al. 2014, Grant 
et al. 2018).” 
 
Their source (Rummel et al , 2014) is not a 
consensus position. Even as that 2014 report by 
Rummel et al was in publication, NASA and ESA 
commissioned a review which overturned many 
of its findings. The NASA EIS relies on (Rummel 
et al , 2014) with many cites. It is a serious 
omission to not mention (Board, 2015) which 
reversed or corrected many of its findings. 
 
This serious omission is especially important as 
it lead to an omission of any discussion of 
microhabitats in Jezero crater or of spores or 
propagules that could be brought there in the 
dust. (Board, 2015) found microhabitats and 
transport of microbes in dust storms were 
knowledge gaps that need to be addressed and 
weren’t adequately covered by (Rummel et al , 
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2014). They don’t consider this issue because 
they only cited (Rummel et al , 2014) and didn’t 
cite (Board, 2015). 

Walker 0254-A7 

Draft EIS says (MISTAKENLY) Mars life can get 
to Earth faster and be better protected in 
meteorites than sample tubes - their cites don’t 
support this - their main cite is about transfer 
from Mars to its innermost moon Phobos instead 
of Earth - and didn’t look at sterilization during 
ejection from Mars. This is a central point in their 
argument (NASA, 2022eis: 3-3): “The natural 
delivery of Mars materials can provide better 
protection and faster transit than the current 
MSR mission concept.” 
 
The draft EIS says that potential Mars microbes 
would be expected to survive ejection forces and 
pressure (NASA,2022eis: 3-3): “First, potential 
Mars microbes would be expected to survive 
ejection forces and pressure (National 
Academies of Sciences, Engineering, and 
Medicine and the European Science Foundation 
2019), …” But the paper from 2019 which they 
cite to support that claim is first of all, a study on 
ejection of materials from Mars to its innermost 
moon Phobos, not to Earth. 
 
To get from the Martian surface to Phobos 
requires an escape velocity of 3.8 km/s 
according to their cite (Board, 2019 : 26). So the 
shock of ejection would be far less than for 
materials ejected with enough velocity to reach 
Earth of 5.03 km / sec (NASA, n.d.mfs). It’s 
worse than that though. The paper they cite says 
explicitly that the team did NOT study 

RF-002 

The 2019 NASEM/ESF report contains a section titled “Ratio 
of Natural to Spacecraft Flux of Martian Material to Earth” in 
which the amount of material returned to Earth on relatively 
rapid transits is estimated and compared to that planned for 
return from the Martian moons by the JAXA MMX mission. 
Regarding the shock pressures experienced by Mars ejecta 
that reach Earth, the report noted that while the ejection 
velocities are higher than for material reaching only the orbits 
occupied by Phobos, “weakly shocked Mars rocks where 
microbes would have survived are known, so this effect only 
modestly reduces the flux to Earth relative to Phobos.” 
Regarding the SterLim report referenced by the comment, the 
estimate for Mars material flux to Earth provided in the 2019 
NASEM/ESF report was derived from other sources and is 
not cited in estimating the fraction of hypothetical Mars 
microbes that would survive transit. 
 
Additionally, while the introduction of Mars material to Earth’s 
biosphere through natural processes is consistent with a low 
risk of harm posed by that material, the NASA approach 
described in the PEIS is designed for safety even if the 
potential hazards remain uncertain.  NASA addresses 
uncertainty with respect to restricted sample return missions 
by emphasizing robust containment and/or sterilization in its 
planetary protection guidance (NPR 8715.24 and NPR 
8719.27). In response, the MSR Program would, as stated in 
the PEIS (p. 1-6), “implement measures to ensure that the 
Mars material is fully contained (with redundant layers of 
containment) so that it could not be released into Earth’s 
biosphere.” 
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sterilization during Mars ejecta formation in their 
analysis (Board, 2019 : 26): “The SterLim team 
did not include any sterilization during Mars 
ejecta formation in its analysis because such 
investigations were not requested in its study’s 
statement of work.” So, the draft NASA EIS is 
using this 2019 paper as their only source - on a 
topic which the cite itself explicitly says it does 
NOT cover. 

Walker 0254-A7 

Draft EIS says (MISTAKENLY) Jezero crater is 
too inhospitable for life to survive there – their 
cite from 2014 only studied forward 
contamination by terrestrial life, and specifically 
says it didn’t study potential capabilities for 
Martian life. Another central part of the reasoning 
is they claim that there is no life in Jezero crater 
where Perseverance is collecting samples even 
if there is life elsewhere. Again they falsely claim 
a consensus on this. (NASA, 2022eis: S-4) 
“Consensus opinion within the astrobiology 
scientific community supports a conclusion that 
the Martian surface is too inhospitable for life to 
survive there today, particularly at the location 
and shallow depth (6.4 centimeters [2.5 inches]) 
being sampled by the Perseverance rover in 
Jezero Crater, which was chosen as the 
sampling area because it could have had the 
right conditions to support life in the ancient past, 
billions of years ago (Rummel et al. 2014, Grant 
et al. 2018).” 
 
Their first cite here is (Rummel et al , 2014) 
which is a study of Mars special regions. But 
Rummel et al looked at forward contamination, to 
try to delineate areas where missions TO Mars 

RF-004 

As noted in the comment, the references to the inhospitable 
environment on the surface of Mars do not underpin the MSR 
approach to backward planetary protection. The referenced 
passages and other passages in the PEIS referring to an 
absence of habitability (i.e., absence of special regions in the 
sampled region) address what is known about Jezero Crater 
based on the best available data, but the safety of the MSR 
Program is specifically not dependent on the accuracy of this 
assessment. The PEIS specifies, as noted by the comment, 
that “NASA would implement measures to ensure that the 
Mars material is fully contained” throughout the return. 
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risk introducing terrestrial life that might be able 
to replicate on Mars. Rummel et al is NOT an 
attempt to explore possible locations for extant 
native martian life returned FROM Mars. 
Rummel et al say this explicitly that they are not 
going to discuss habitats for extant Martian life. 
(Rummel et al , 2014:888) “Special Regions are 
regions ‘‘within which terrestrial organisms are 
likely to replicate’’ as well as ‘‘any region which is 
interpreted to have a high potential for the 
existence of extant martian life. … At present 
there are no Special Regions defined by the 
existence of extant martian life, and this study 
concentrates only on the first aspect of the 
definition.” 
 
NASA fail to adequately consider the potential 
for life on the Martian surface – they claim that 
the Martian surface is too inhospitable for life – 
but why would they need to take precautions if 
there is no risk? – it’s not surprising the general 
public aren’t convinced by these claims and from 
the comments clearly they are not convinced. 
From their NEPA announcement, (NASA, 
2022nepa), NASA seem to be of the impression 
that the consensus amongst scientists is that the 
Martian surface is too inhospitable for life “The 
general scientific consensus is that the Martian 
surface is too inhospitable for life to survive there 
today. It is a freezing landscape with no liquid 
water that is continually bombarded with harsh 
radiation.” In the draft EIS itself, they say (NASA, 
2022eis: S-4) “Consensus opinion within the 
astrobiology scientific community supports a 
conclusion that the Martian surface is too 
inhospitable for life to survive there today, 
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particularly at the location and shallow depth (6.4 
centimeters [2.5 inches]) being sampled by the 
Perseverance rover in Jezero Crater, which was 
chosen as the sampling area because it could 
have had the right conditions to support life in 
the ancient past, billions of years ago (Rummel 
et al. 2014, Grant et al. 2018)... Nevertheless, 
out of an abundance of caution and in 
accordance with NASA policy and regulations, 
NASA would implement measures to ensure that 
the Mars material is fully contained (with 
redundant layers of containment) so that it could 
not be released into Earth’s biosphere and 
impact humans or Earth’s environment.”  
 
First, the main source there, (Rummel et al , 
2014) is study of the Mars special regions which 
is a concept in forward contamination, a special 
region is one where rovers need high levels of 
sterilization due to the risk of contaminating 
habitats there with terrestrial life. This is NOT a 
sample return study. They do cite the NRC study 
from 2009 in this draft EIS but not for this 
passage. They don’t cite the more recent ESF 
sample return study from 2012 at all – the ESF 
study set much more stringent requirements due 
to advances in science between 2009 and 2022 
(Ammann et al, 2012). It is a serious omission 
not to cite it. 
 
Their source (Rummel et al , 2014) is not a 
consensus position. Even as that 2014 report by 
Rummel et al was in publication, NASA and ESA 
commissioned a review which overturned many 
of its findings. Again it is a serious omission to 
cite (Rummel et al , 2014) and not to mention 
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(Board, 2015). NASA’s source Rummel et al is 
about habitability of Mars for terrestrial life not 
about its habitability for possibly more capable 
martian life – and it also doesn’t say that the 
Martian surface is inhospitable for terrestrial life 
in its entirety. NASA don’t give a cite for the 
“consensus opinion” in this statement. Or at least 
if Rummel et al is meant as a source then it is 
falsely summarized. Their source (Rummel et al , 
2014) doesn’t say this. The study is about 
“special regions” for forwards contamination and 
NOT about the locations and capabilities of 
putative martian life: “Special Regions on Mars 
as places where terrestrial organisms might 
replicate.” 
 
Their source (Rummel et al , 2014) goes through 
many factors that could be a limit for life but find 
none of them make it totally uninhabitable. In 
their conclusion Rummel at al say that there are 
locations with high enough water activity for life, 
and with a high enough temperature for life, but 
that it is unknown if terrestrial contamination from 
missions sent from Earth can use these 
conditions in this discontinuous fashion: 
(Rummel et al , 2014:945) “Special Regions on 
Mars continue to be best determined by 
locations where both of the parameters (without 
margins added) of temperature (above 255 K) 
and water activity (aw ; > 0.60) are attained. 
There are places/times on Mars where both of 
these parameters are attained within a single sol, 
but it is unknown whether terrestrial organisms 
can use resources in this discontinuous fashion.” 
Rummel et al’s study is not about backward 
contamination. Regions with a “high potential for 
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Table B-8. Draft PEIS Public / Agency Substantive Comment Responses 

Submitter 
Name 

Submittal 
ID 

Public/Agency Comment 
Response 

ID 
Final Response (for FEIS) 

the existence of extant martian life” are classified 
as “Special regions” but they dismiss this part of 
the definition of a special region on the basis that 
we don’t know of any extant martian life. On that 
basis they don’t discuss it any further. So this 
can’t be used as a source for the potential for 
habitats for extant martian life as it doesn’t even 
discuss the literature on the topic (Rummel et al , 
2014:888). 

Walker 0254-A7 

The Grant et al cite in the Draft EIS isn’t about 
planetary protection, just supports the statement 
that the main aim for the mission was to search 
for past life. Their second cite (Grant et al, 2018) 
seems to be just to support the sentence 
“...which was chosen as the sampling area 
because it could have had the right conditions to 
support life in the ancient past, billions of years 
ago...” It doesn’t have anything about whether 
there is life there except to say it’s not a “special 
region” where terrestrial life could propagate in 
the forwards direction. It refers to another paper 
for the detailed assessment (Grant et al, 2018): 
“Moreover, planetary protection considerations 
warrant the exclusion of “special regions” where 
liquid water may exist at the surface (e.g., 
recurring slope lineae (RSL) (McEwen et al., 
2014)), here there is evidence for water or ice 
within 1 m of the surface (Rummel et al., 2014; 
Golombek et al., 2015), or possibly other 
induced special region. (e.g., Shotwell et al., 
2017).” The paper continues by saying it’s not a 
paper about planetary protection: “These 
atmospheric and planetary protection 
assessments are described in separate 
publications (e.g., Shotwell et al., 2017), 

RF-006 

NASA has not mischaracterized any information that has 
been quoted in the PEIS. NASA stands by its references as 
cited in the PEIS. The paper referenced as Grant, et al, 2018 
documents the site selection process for the Perseverance 
Rover, which is currently on Mars. 
 
Grant et al., 2018 is cited twice in the document (PEIS, pp. 
S-4, 1-6), both times in reference to the process through 
which the landing site was chosen. The Grant paper 
describes five threshold criteria for selecting the landing site 
for the Mars 2020 mission, two of which are related to the 
presence of past water, which would imply past habitability, 
and one that excluded any site representing a Special 
Region. The Rummel et al. 2014 citation details the concept 
of Special Regions. On page 1-6 of the PEIS, further detail is 
given immediately subsequent to the statement citing both of 
these sources regarding the potential for life on Mars.  
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Table B-8. Draft PEIS Public / Agency Substantive Comment Responses 

Submitter 
Name 

Submittal 
ID 

Public/Agency Comment 
Response 

ID 
Final Response (for FEIS) 

whereas this manuscript focuses mostly on the 
terrain.” 

Walker 0254-A7 

Draft EIS says (MISTAKENLY) existing credible 
evidence suggests Mars hasn’t been habitable 
for life as we know it for millions of years - their 
cite says that we need to search for current 
habit+D121ats in a seemingly uninhabitable 
Mars. Another central argument in the draft EIS 
is that Mars is lifeless anyway and that they are 
doing the sample return precautions just out of 
an “abundance of caution”. The draft EIS says 
that “conditions on Mars have not been 
amenable to supporting life as we know it for 
millions of years” (NASA, 2022eis: 1-6): “Existing 
credible evidence suggests that conditions on 
Mars have not been amenable to supporting life 
as we know it for millions of years (iMARS 
Working Group 2008, National Research Council 
2011, Beaty et al. 2019, D121).” But their most 
recent 2022 source for this “existing credible 
evidence” says the opposite from their summary. 
Their source says that exploration of Mars will 
help establish whether localised habitable 
regions currently exist. It refers to Mars as 
“seemingly uninhabitable”, not “uninhabitable.” 
See: (Smith et al, 2022: 393). 
 
Their source continues by saying that once 
habitable environments are identified, the 
greatest challenge is the search for evidence of 
life and it warns about the need for inclusivity, 
not relying solely on what life on Earth can do as 
a guide. (Smith et al, 2022: 393) 

RF-007 

NASA has not mischaracterized any information that has 
been quoted in the PEIS. NASA stands by its references as 
cited int he PEIS and the PEIS does not characterize Mars as 
not inhabitable but is not amenable to habitability as is 
currently known. 
 
This comment confuses two concepts: “life as we know it,” 
and potentially extant life on Mars that is different than life as 
we know it. The comment also appears to misstate 
information from the 2023-2033 Decadal Strategy. 
References to life as we know it specifically point to our 
current understanding of life, which is limited to examples of 
Earth life. This is an important concept for forward planetary 
protection in that the environmental limits, like water content 
or temperature, under which life as we know it proliferates 
provide a window into where Earth life might find a foothold 
on another planet. It is from these environmental limits that 
NASA has established more rigorous cleanliness standards 
for missions that would explore potentially habitable regions. 
Prior to the Mars 2020 mission, Jezero Crater was identified 
as a potential target for sampling, in part because it provided 
a range of sampling opportunities that were not expected to 
be (and have not been shown to be) in a currently habitable 
region. 
 
Sampling by the Perseverance rover, in regards to biology, is 
focused on biosignatures of past life as clearly indicated in the 
Decadal Strategy: “A search for evidence of past life on Mars 
is now underway at Jezero crater with the Perseverance 
rover, and is a top priority objective for the analysis of 
samples cached by the rover.” It is life as we know it that 
would not be expected to proliferate at the sampled sites due 
to a lack of water content, low temperatures, and high 



Mars Sample Return Campaign Programmatic EIS   

B-82  

 

Table B-8. Draft PEIS Public / Agency Substantive Comment Responses 

Submitter 
Name 

Submittal 
ID 

Public/Agency Comment 
Response 

ID 
Final Response (for FEIS) 

radiation flux (see PEIS p 3-2). While such assessments 
inform scientific opinions on the likelihood that life may exist 
on Mars today, the MSR approach to safety and backward 
planetary protection does not depend on an absence of Mars 
life. NASA’s strategy for preventing harm to Earth’s biosphere 
is dependent on containment of Mars material to exclude it 
from interacting with Earth’s biosphere, not on habitability 
assessments or the potential for returning life in the samples 
(PEIS, p 1-6). 

Walker 0254-A7 

Let’s look at their most recent cite, the National 
Research Council Decadal Strategy for 
Planetary Science and Astrobiology, published in 
2022. As we’ll see there is some potential for 
biological oases in Jezero crater especially for 
extant martian life that might have the capability 
to use colder brines than terrestrial life. This is 
indeed a credible source, of the highest order. 
But it is incorrectly cited in the NASA draft EIS. 
NASA’s draft EIS summarizes all this research 
as (NASA, 2022eis: 1-6): “Existing credible 
evidence suggests that conditions on Mars have 
not been amenable to supporting life as we know 
it for millions of years (iMARS Working Group 
2008, National Research Council 2011, Beaty et 
al. 2019, National Research Council 2022).” I 
find it hard to understand how such an 
inaccurate citation could get into the NASA draft 
EIS. 
 
I’m saying all this because NASA said (NASA, 
2022eis: 1-6): “Existing credible evidence 
suggests that conditions on Mars have not been 
amenable to supporting life as we know it for 
millions of years.” You could hardly have a more 
credible source on the habitability of present day 

RF-007 Refer to the previous response for RF-007.  
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Table B-8. Draft PEIS Public / Agency Substantive Comment Responses 

Submitter 
Name 

Submittal 
ID 

Public/Agency Comment 
Response 

ID 
Final Response (for FEIS) 

Mars than Nilton Renno, an astrobiologist who 
was co-investigator for Phoenix, who runs the 
Curiosity REMS weather station on Mars, who 
has written the most comprehensive review there 
is on the potential for water on Mars and whose 
team developed and runs the Michigan Mars 
Simulation Chamber. 

Key: AFB = Air Force Base; BSL = Biosafety Level; C = Celsius; CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act; CFR = Code of Federal Regulations; 
COSPAR = Committee on Space Research; DAF = Department of the Air Force; DoD = Department of Defense; DPG = Dugway Proving Ground; EAM = Earth Avoidance Maneuver; EES = Earth 
Entry System; EEV = Earth Entry Vehicle; EIS; Environmental Impact Statement; EPA = U.S. Environmental Protection Agency; ERO = Earth Return Orbiter; ESA = European Space Agency; ESF = 
European Science Foundation; FEIS = Final EIS; GCR = galactic cosmic radiation; iMARS = international Mars Architecture for the Return of Samples; ISS = International Space Station; JAXA MMX 
= Japan Aerospace Exploration Agency Martian Moons eXploration; JIC = Joint Information Center; K = Kelvin; MGy = Megagray; MSPG2 = MSR Science Planning Group 2; MSR = Mars Sample 
Return; NASEM = National Academies of Sciences, Engineering, and Medicine; NCP = National Contingency Act; NEPA = National Environmental Policy Act; NHPA = National Historic Preservation 
Act; NIMS = National Incident Management System; NPR = NASA Procedural Requirement; NRC = National Research Council; NRF = National Response Framework; NRHP = National Register of 
Historic Places; OST = Outer Space Treaty; PEIS = Programmatic Environmental Impact Statement; QR = quick response; REMS = Rover Environmental Monitoring Station; RSL = recurring slope 
lineae; TRL = Technology Readiness Level; TS = Top Secret; SCI = Sensitive Compartmented Information; UN = United Nations; UTTR = Utah Test and Training Range; U.S. = United States.  
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Draft PEIS Federal Register Notice of Availability 



Appendix B Public/Agency Involvement 

B-85 

 



Mars Sample Return Campaign Programmatic EIS  

B-86  

 



Appendix B Public/Agency Involvement 

B-87 

 

 
  



Mars Sample Return Campaign Programmatic EIS  

B-88  

 

Draft PEIS Federal Register Notice of Availability Update 
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Example Draft PEIS Local Newspaper Ad 
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Example Draft PEIS Notification Email 
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Example Draft PEIS Notification Letter 
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Example Draft PEIS Meeting Notification Flyer 
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B.2 REGULATORY CONSULTATIONS 

B.2.1 National Historic Preservation Act 

Letter from Utah Division of State History to NASA, dated April 18, 2022 
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Letter to Advisory Council on Historic Preservation from NASA, dated April 15, 2022 
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Letter to Historic Wendover Airfield from NASA, dated April 15, 2022 
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Letter to Preservation Utah from NASA, dated April 15, 2022 
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Letter to Utah Division of Indian Affairs from NASA, dated April 15, 2022 
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Letter to Utah Professional Archaeological Council from NASA, dated April 20, 2022 
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Letter to All Consulting Parties Finalizing Tier I NHPA Section 106 Consultation, 
dated March 17, 2023 
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Correspondence from Utah Division of State History to NASA, dated March 20, 2023 
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Correspondence from Advisory Council on Historic Preservation to NASA, dated 
March 21, 2023 
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B.2.2 Endangered Species Act 
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B.3 NATIVE AMERICAN TRIBAL COORDINATION 

In compliance with the National Historic Preservation Act of 1966, as amended, NASA has 
endeavored to identify historic properties, sacred sites, and traditional cultural properties 
that may be affected by the Proposed Action. NASA (in coordination with the DAF and 
U.S. Army) has consulted Native American tribes with cultural affinity to the Proposed 
Action, in keeping with the Presidential Memorandum on Government-to-Government 
Relations with Native American Tribal Governments; Executive Order 13175, Consultation 
and Coordination with Indian Tribal Governments; NASA Policy Directives (NPD) and 
NASA Procedural Requirements (NPR) pertaining to cultural resources management, 
including NPD 8500.1C, NASA Environmental Management, and NPR 8510.1A, NASA 
Cultural Resources Management; Department of Air Force Instruction (DAFI) 90-2002, 
Interactions with Federally Recognized Tribes, and Air Force Manual 32-7003, 
Environmental Conservation; and Department of Defense’s Policy on Native American and 
Native Alaskan Consultation.  

NASA, in coordination with the DAF and U.S. Army, sent several notifications to 
21 Federally recognized Native American tribes with cultural and/or historic ties to the area 
that are potentially interested in the Proposed Action. On March 25, 2022, NASA sent 
letters initiating government-to-government consultation to identified tribes. The letters 
requested any concerns or additional information for incorporation into the PEIS. On 
April 15, 2022, NASA sent letters initiating NHPA Section 106 consultation to the same 
Federally recognized tribes. On November 4, 2022, NASA sent letters to the same Federally 
recognized tribes announcing the availability of the draft PEIS and inviting them to attend 
one of the public meetings to learn about, and comment on, the content and analysis in the 
Draft PEIS. In the same letter NASA also offered to meet with any of the tribes that might 
be interested to confer regarding any additional information they would like included in the 
analysis, or any matters related to the proposal which may affect any of their sovereign 
interests. Section 106 consultation for activities within the Tier I analysis with the potential 
for impacts to historic properties was completed in a March 2023 letter from NASA to all 
consulting parties, including same Federally recognized tribes, announcing the execution 
of a Memorandum of Understanding between NASA and Hill Air Force Base (AFB) (the 
responsible land manager of the UTTR) transferring the lead Agency responsibility for the 
Section 106 consultation to the DAF, and the execution of a Programmatic Agreement 
between Hill AFB, the Utah SHPO, and ACHP which includes protocols and stipulations for 
Operational Retrieval of Objects. The following provides a summary of the tribes contacted 
and any responses received at the time of this publication. 

Tribe Response 

Duckwater Shoshone Tribe of the Duckwater 
Reservation, Nevada 

No Response 

Eastern Shoshone Tribe of the Wind River 
Reservation, Wyoming 

No Response 

Ely Shoshone Tribe of Nevada No Response 

Shoshone-Bannock Tribes of the Fort Hall 
Reservation 

No Response 
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Tribe Response 

Confederated Tribes of the Goshute 
Reservation, Nevada and Utah 

No Response 

Hopi Tribe of Arizona No Response 

Navajo Nation, Arizona, New Mexico, & Utah Requested an extension on review of the MSR 
March 25, 2022 Government-to-Government 
Consultation. The letter was forwarded to the Navajo 
Nation Headquarters in Washington D.C. 

Northwestern Band of the Shoshone Nation No Response 

Paiute Indian Tribe of Utah No Response 

Zuni Tribe of the Zuni Reservation, New 
Mexico 

No Response 

San Juan Southern Paiute Tribe of Arizona No Response 

Skull Valley Band of Goshute Indians of Utah No Response 

Te-Moak Tribal Council of the Te-Moak Tribe 
of Western Shoshone Indians of Nevada 

No Response 

Ute Indian Tribe of the Uintah and Ouray 

Reservation, Utah 

No Response 

Ute Mountain Ute Tribe No Response 

Wells Band of the Te-Moak Tribe of Western 
Shoshone Indians of Nevada 

No Response 
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B.4 COOPERATING AGENCY AGREEMENTS 

B.4.1 Memorandum of Understanding (with Programmatic Agreement) 



Appendix B Public/Agency Involvement 

B-203 

 



Mars Sample Return Campaign Programmatic EIS  

B-204  

 



Appendix B Public/Agency Involvement 

B-205 

 

 



Mars Sample Return Campaign Programmatic EIS  

B-206  

 



Appendix B Public/Agency Involvement 

B-207 

 



Mars Sample Return Campaign Programmatic EIS  

B-208  

 



Appendix B Public/Agency Involvement 

B-209 

 



Mars Sample Return Campaign Programmatic EIS  

B-210  

 



Appendix B Public/Agency Involvement 

B-211 

 



Mars Sample Return Campaign Programmatic EIS  

B-212  

 



Appendix B Public/Agency Involvement 

B-213 

 



Mars Sample Return Campaign Programmatic EIS  

B-214  

 



Appendix B Public/Agency Involvement 

B-215 

 



Mars Sample Return Campaign Programmatic EIS  

B-216  

 



Appendix B Public/Agency Involvement 

B-217 

 



Mars Sample Return Campaign Programmatic EIS  

B-218  

 



Appendix B Public/Agency Involvement 

B-219 

 



Mars Sample Return Campaign Programmatic EIS  

B-220  

 



Appendix B Public/Agency Involvement 

B-221 

 



Mars Sample Return Campaign Programmatic EIS  

B-222  

 



Appendix B Public/Agency Involvement 

B-223 

 



Mars Sample Return Campaign Programmatic EIS  

B-224  

 



Appendix B Public/Agency Involvement 

B-225 

 



Mars Sample Return Campaign Programmatic EIS  

B-226  

 



Appendix B Public/Agency Involvement 

B-227 

 



Mars Sample Return Campaign Programmatic EIS  

B-228  

 



Appendix B Public/Agency Involvement 

B-229 

 



Mars Sample Return Campaign Programmatic EIS  

B-230  

 



Appendix B Public/Agency Involvement 

B-231 

 



Mars Sample Return Campaign Programmatic EIS  

B-232  

 



Appendix B Public/Agency Involvement 

B-233 

 



Mars Sample Return Campaign Programmatic EIS  

B-234  

 



Appendix B Public/Agency Involvement 

B-235 

 



Mars Sample Return Campaign Programmatic EIS  

B-236  

 

 
  



Appendix B Public/Agency Involvement 

B-237 

 

B.4.2 Correspondence Among Cooperating Agencies 
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APPENDIX C 
NASA ENVIRONMENTAL CHECKLISTS  

C.1 ENVIRONMENTAL CHECKLIST FOR EXECUTIVE ORDER 12114 
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C.2 NASA ROUTINE PAYLOAD EVALUATION AND DETERMINATION PROCESS 
AND CHECKLIST 
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C.3 RECORD OF ENVIRONMENTAL CONSIDERATION (REC) FOR MSR EES 
DROP TESTS AT THE UTTR 
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