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INTRODUCTION





	In 1992, medical care for Air Force Space Command (AFSPC) space operations personnel became the responsibility of the aerospace medicine office.  One year later, AFSPC assumed the strategic missile launch mission from Air Combat Command.  Since that time, space operations and missile combat crew personnel have been merged into a single AFSC (13SXX).  In addition, enlisted personnel in the AFSC of  1C6XX, Space Systems Operators, perform duties similar to  13SXX officer personnel assigned to space operations.  Though medical standards already existed for entry and continued duty in the space and missile career fields, their duties and workplaces have yet to be fully characterized from an occupational/aerospace medicine standpoint (this is especially true for space operations personnel).  Efforts to address these medical standards issues are on-going.





	Space and missile operations provide for a unique aspect of aerospace  medicine.  Fitting in between occupational and aerospace medicine,  space/missile ops medicine requires the practicing flight surgeon to understand both fields.  The physical  environments of space/ missile operations personnel are less demanding than flight, for there are no problems of acceleration or hypoxia.  On the other hand, toxic chemicals, hazardous noise, psychological stress, and circadian rhythm disruption are hazards that equal or exceed those of aviation.  It is essential to develop a comprehensive understanding of the environment of space and missile operations and their operational demands in order to provide the preventive medical care that space operators and missileers deserve.





	Though the AFSC is the same, there are some important differences in the workplace environments of space versus missile operations personnel.  Missile combat crews on alert duty pull their shifts in launch control centers located underground, often more than a hundred miles from the nearest medical care.  Space operations personnel, on the other hand, are often not too far from immediate medical care but may be stationed at globally remote sites where access to more advanced types of medical care may be severely limited.  At this point in time, there is not a categorical waiver option for individuals who may tolerate the environment of space operations but who might be considered a risk when assigned to a missile launch control center, or vice-versa.
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MISSILEERS





	AFSPC missile combat crew members (AFSC 13S3C) are highly trained, dedicated professionals who work in one of the most selective and demanding career fields in the  U.S. Air Force.  Their duty is to provide the command and control of the land-based intercontinental ballistic missile force, one leg of the triad of America's strategic nuclear forces.  The other two legs consist of USAF strategic bombers and Navy ballistic missile submarines.  Together, the triad furnishes the flexibility and survivability to deter nuclear attack.





	Originally, missile combat crews were all male, but in the late 1970s, women became crew members.  Minuteman crews were all male or all female until January 1, 1986, when SAC policy changed to allow mixing alert duty officers without regard to sex.  AFSPC supports the same policy.


 


	Initial training in the Minuteman weapon system at Vandenberg AFB is followed by a controlled tour assignment to one of four Missile Wings and Groups.  After extensive training, each officer is assigned duty as an alert crew member.  Each duty crew has the same clearly defined mission: be prepared 24 hours a day to launch intercontinental ballistic missiles against designated targets upon receipt of valid execution orders initiated by the President of the United States.





	There are approximately 1000 officers assigned to missile combat crew duty within AFSPC’s  strategic missile systems: Minuteman III and Peacekeeper.  These officers are volunteers and  must have a Top Secret security clearance and pass a physical examination as specified in Air Force Instruction (AFI) 48-123, Medical Examination and Standards.  The reasons for volunteering may vary.  Differing motivations will affect the potential missile officer's responses to the flight surgeon's questions in the Adaptability Rating for Space and Missile Operations Duty (ARSMOD) (see next section).





Medical Qualifications


	The physical standards for missile combat crew officers are derived from the specific job requirements.  While a few missileers may actually hold flying assignments, most will need only to commute via helicopter from their base to the work site.  Thus, Valsalva and related gas-expansion tests are included.  Corrected vision is needed to perform the myriad system checks and to read thick instruction manuals.  Color vision was once essential when the Titan II system was operational.  It remains useful, but is not as vital as in the days when the wiring was color-coded.  Hearing and speech must be normal to clearly communicate with other team members.  Protection from the hazardous noise of the work environment is vital.  In the future, select-in criteria for ability to tolerate shift work may be added.


 


	A key difference in physical standards for missile duty as compared to flying duty is the Adaptability Rating for Space and Missile  Operations Duty (ARSMOD), the counterpart to the Adaptability Rating for Military Aviators (ARMA).  The examining flight surgeon must test mental alertness and stability because all missile officers are subject to the requirements of the Personnel Reliability Program (PRP) under the provisions of AFI 36-2104, Nuclear Weapons Personnel Reliability Program.  In addition the flight surgeon should explore the candidates background for the possibility of claustrophobia and related disorders.  Most important, the willingness of the candidate to comply with valid Presidential launch orders must be questioned.  Individuals who cannot meet these criteria will be rated as “ARSMOD Unsat”. The medical waiver and certification authority for missile launch officers is the AFSPC Command Surgeon (AFSPC/SG).  





Crew Duties


	Missile combat crew duty is a four-year, stabilized tour. The initial assignment for crew members is normally as Deputy Missile Combat Crew Commander on a regular line crew. During this period, the crew member may progress to instructor, evaluator crew, or deputy flight commander status.  Eventually, the position of Missile Combat Crew Commander may be assigned at the discretion of the Squadron Commander. In this position, the officer may command a regular line crew, instructor crew, or evaluation crew.  Wing staff positions are available after completion of an initial tour of duty.  Other career progressions may lead into space systems, flight commanders and higher command level jobs.





	Minuteman and Peacekeeper crews have 24 hour alert tours, usually six to eight times a month.  During these tours, the crew members remain in the Launch Control Centers and are responsible for monitoring all the activities of their flight of ten missiles as well as providing backup for a "sister" flight.  This duty requires knowledge of complex systems management and significant problem-solving ability.  Usually, sleep/rest periods of four to six hours are available to the crew during the tour.  This varies considerably with readiness posture.





	In addition to alert duties, a crew member completes an average of 15 hours of additional training a month.  Topics include updates and refreshers on weapon system operations, Emergency War Orders (EWO), and practice sessions in the Missile Procedures Trainer (MPT).  The MPT is a computerized, simulated launch control center and, much like aircraft simulators, presents situations that closely resemble actual weapon system situations.





	The duties of the missileers require a continuous, high level of mental alertness, combined with a schedule that provides very little off duty time.  In their three-day rotation of alert/training/off, the day off may be only a half-day, creating stress within the missile officers' families; the stress is compounded by the feeling of isolation when missile bases are located in sparsely populated areas.  Limited free time and the limited availability of social and recreational outlets can lead to chronic stress situations.











STRATEGIC MISSILE CREW FACILITIES





Launch Control Center


	The command and control of the strategic missile force is exercised from Launch Control Centers (LCCs).  These LCCs are removed 20 to 150 miles from the central support base and a minimum of 14 miles from each other.  The LCC itself is buried 40-100 feet below ground and can be completely self sufficient for several weeks.





	A crew of two officers operate all the systems in the LCC on a 24 hour shift.  From the LCC, they remotely monitor their flight  of ten missiles and backup another flight of ten.
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Figure 24-1. Launch Control Facility.








	The LCC is a spartan capsule with two launch consoles, communication equipment, a small lavatory and a bed.  Anything can happen during an alert tour: Emergency War Order Message traffic, maintenance problems, electrical fires, or computer malfunctions. The time can be frantic or boring, an opportunity to study or a test of vigilance.  One officer may sleep if the work load is light, while the other monitors the flight.  Sleep may be difficult; operating noise in the LCC is often 70 dB and may exceed 90 dB during fully sealed operations. The Missile Crew Commander, and the deputy, even though they are only sitting ten feet from each other, must communicate with loud voices or by headphone during these conditions. In addition, perceptions of poor air quality in the LCC may add additional stress.





     Entry to the LCC is controlled by the crew through an elevator leading down to the LCC.  The crew must open a blast door that separates their capsule from the elevator exit. Due to the underground location, some LCCs have been known to have high airborne mold levels, occasionally causing allergic problems.





     Topside, a small building holds security police, a cook and support personnel.  All meals for launch officers are centrally prepared, frozen and sent out to the LCCs.  The topside building is surrounded by a security fence and contains within its perimeter a number of radio communications antennas, some hardened against nuclear attack.  Buried cables also connect the LCC to other command centers and to the missile silos.
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Figure 24-2. Minuteman and Peacekeeper Launch Facility.


 


 STRATEGIC MISSILE WEAPON SYSTEMS





Missile Fundamentals


	Strategic missiles consist of propellant-filled stages, a guidance system, and a payload.  Once launched, the missile passes through three phases of flight: boost, ballistic, and reentry.  If a missile has more than one stage (as all of ours do) there may be more than one boost phase interspersed with several ballistic (coasting) phases where the missile follows its trajectory.      The missile can only be guided during boost phase with inertial or stellar or both.  Inertial guidance uses onboard computer driven gyroscopes to determine the missile's position and compares this to the targeting  information fed into the computer before launch.  Stellar guidance uses an optical tracking system to triangulate star positions and update targeting information when it is out of the earth's atmosphere.  Targeting cannot be changed after launch, nor can strategic missiles be recalled or destroyed in flight.  These guidance systems produce accuracies measured in hundreds of feet at ranges of 7,000 miles. Payloads of strategic missiles consist of nuclear warheads  which cannot arm themselves until the onboard computer confirms that all three phases of flight have been completed.





	The solid propellant used in the first three stages of both the Minuteman II and III, as well as the Peacekeeper,  uses acrylic acid/aluminum powder for fuel, ammonium perchlorate as the oxidizer, and polybutadiene as the binder.  Once ignited, solid propellant cannot be extinguished; it burns until exhaustion.  The resulting burn is a metal fire which produces exhaust fumes consisting primarily of aluminum oxide dust and hydrogen chloride gas. In the event of an accident, small levels of hydrochloric acid could be inhaled by nearby personnel, but it is unlikely that much more than eye and upper airway irritation will be experienced.





	Minuteman III and Peacekeeper both have a liquid fuel, restartable fourth stage, called the payload bus.  The fuel is monomethyl hydrazine and the oxidizer is nitrogen tetroxide.  They are stored in a sealed system that is never opened in the field. Both chemicals are highly toxic at low levels and any exposure requires immediate decontamination with copious amounts of water followed by hospitalization for a minimum observation period.  Symptoms of eye and airway irritation must be treated promptly.





Minuteman II (LGM-30F)


	In service since 1965, the Minuteman "F" is a three stage, solid propellant, intercontinental ballistic missile. Because solid propellant is so stable in storage, the missile can be stored almost indefinitely and yet be ready to launch on short notice. This, the oldest of our operational ICBMs, has a range of over 7,000 nautical miles and carries a single nuclear warhead. 450 missiles were fielded at one time. Currently, the Minuteman II is being decommissioned and the missiles disassembled.





Minuteman III (LGM-30G)


	Five hundred Minuteman III missiles are deployed at four bases in the north-central United States: Minot AFB and Grand Forks AFB, North Dakota, Malmstrom AFB, Montana, and F. E. Warren AFB, Wyoming. Operational since 1968, the model "G" differs from the "F" in the third stage and reentry system.  The third stage is larger and provides more thrust for a heavier payload.     


  


	The payload, the Mark 12 reentry system, consists of a payload mounting platform, penetration aids, three reentry vehicles (RVs) and an aerodynamic shroud. The shroud protects the RVs during the early phases of flight. The mounting platform is also a "payload bus" and contains a restartable hypergolic rocket engine powered by hydrazine and nitrogen tetroxide.  With this configuration, the RVs can be independently aimed at different targets within the missile's overall target area or "footprint". This concept is known as Multiple Independently Targeted Reentry Vehicles (MIRV).





Peacekeeper (LGM-118A)


	Increased hardening of Soviet targets and improved accuracy of their missiles mandated a new strategic missile to replace our aged Titan II force.  The Peacekeeper is much larger than Minuteman, over 70 feet long and weighing 198,000 pounds. It is a four stage missile like the Minuteman III, with the first three stages being solid propellant and the fourth stage bus�
 hypergolicly fueled with hydrazine and nitrogen tetroxide. Although capable of carrying eleven Mark 21 RVs, treaty limits mandated deploying the Peacekeeper with only ten RVs.


	


	The entire missile is encased in a canister in the silo to protect it against damage and to permit "cold launch". The Minuteman II and III ignite their first stage engines while in the LF, but the Peacekeeper is ejected by pressurized gas some fifty feet into the air before first stage ignition.  





	The Peacekeeper is currently being removed from service as agreed upon in recent treaties. 





�








Figure 24-3. Minuteman II, Minuteman III and Peacekeeper. 








SPACE OPERATORS





	Before being combined with space operations, missile launch crew duties were fairly well characterized by members of the aerospace medicine profession.  However, missile launch is but one of the five major mission categories of the newly combined AFSC.  The other four areas are: 1) satellite command and control; 2) spacelift; 3) space surveillance; and 4) space warning. 





SATELLITE COMMAND AND CONTROL - these personnel operate satellites and associated support resources; they must plan, manage, and direct mission planning; perform training and standardization/evaluation for satellite systems and related activities.  They must deal with strings of alphanumeric code, manipulating these data elements, both to interpret communications from satellites, as well as to send control commands to the satellites. 





SPACELIFT - our personnel assigned to spacelift duties plan and direct mission planning, manage mission integration activities; and conduct real-time range and Expendable Launch Vehicle (ELV) operations.  These personnel support launch operations at our two launch complexes: the East Coast Launch Complex at Cape Canaveral Air Station, and the West Coast Launch Complex at Vandenberg AFB.





SPACE SURVEILLANCE - provide command and control to mechanical, passive, phased array and space-based sensors to provide space object position predictions and object identification to USSPACECOM.  Orbital analysts use computer systems, mathematical laws, and celestial mechanics to generate high accuracy satellite position predictions for space surveillance, tracking, and satellite command and control.  These folks track over 8000 earth-orbiting objects, and have, in the past, provided information to NASA regarding space debris which might threaten the Space Shuttle during its flight.





SPACE WARNING - provide command and control to phased array, mechanical and space-based sensors to detect and provide warning of missile attacks against North America and U. S. forces worldwide.  These were the space operators who saw evidence of Scud missile launches during the Gulf War, interpreted their flight paths, and provided rapid warning, allowing the Patriot batteries to engage the Scuds.  This was an amazing use of the available technology, considering that the sensors and dual phenomenology concept used to verify ballistic missile launch were designed for intercontinental ballistic missiles, not intra-theater missiles with flight times of less than 10 minutes.





Work Environment/Human Factors 


	For the most part, space operations personnel work in above-ground, but otherwise sterile environments, that are windowless, secured, and dependent on built-in ventilation for fresh air provision.  Space operators typically work in shifts, usually similar to the traditional days, swings, and nights (mids).  The most common shift progression is two days on day shift, two days on swing shift, two days on night shift, and three days off.  Selection of this type of schedule is not made because of the ease of circadian clock shifting but because it enables most personnel the best opportunity of meeting family and social obligations.  Space operators deal, almost 100% of the time, with obtaining abstract data sent from land or space-based sensors, converting this data into understandable information, and forwarding this information to our decision makers.  The reverse is also true, when communicating with our satellites, for example, they must convert understandable human language back into the abstract prior to transmission.  They receive most of their information from cathode ray tube-based consoles which are, like the modern airplane cockpit, using a greater variety of colors and symbols.





	As you can see, the main areas of concern for practitioners of aerospace medicine when caring for space operators involve fatigue/shift management issues, color vision questions, ability to deal with abstract data (from a cognitive sense), the effects of working in a secured, sterile environment, to include effects of CRT technology, and the potential effects of reduced attention span, drowsiness, or the risk for sudden incapacitation.  SPACECOM/SGP is currently planning  efforts to better characterize the jobs and workplaces of space operators such that physical standards are adequate but not excessively restrictive.





     In summary, flight surgeons must be familiar with the duties and medical needs of space and missile operations personnel for two primary reasons: 1) providing medical care to space and missile operators largely involves the precepts of occupational and preventive medicine; and     2) because of the success of space-based information on the conduct of the Gulf War, the operational value of space operations personnel and their contributions to mission accomplishment have become more highly appreciated.      
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