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Nuclear Survivability/Vulnerability, Nuclear Hardness, Nuclear Radiationm,
Aircraft, Lifecycle Survivability, Aircrew Survivability, Fast Neutron Shielding,
Neutron Fluence.

Future technological advances by enemy nations could compromise the effectiveness
of our nuclear hardened manned systems. This study addresses the feasibility of
incorporating fast neutron shields into the systems. Such shielding would
enhance systems survivability and be very compatible with the use of advanced ECM
and bomber defense systems such as missiles, LASERs, and particle beam weapons.
It is shown that shielding providing mission completion capability for human air-
crews (hence to manned systems) is technically feasibl :, cost effective, and
relatively lightweight. Therefore it is argued that v .ight and space provisions
(at the very least) of such shielding be incorporateu into the design of new

manned systems, - o cem s
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ABSTRACT

Future technological advances by enemy nations could compromise the effec-

tiveness of our nuclear hardened manned systems. This study addresses the
feasibility of incorporating fast neutron shields into the systems. Such
shielding would enhance systems survivability and be very compatible with
the use of advanced ECM and bomber defense systems such as missiles, LASERs,
and particle beam weapons. It is shown that shielding providing mission
completion capability for human aircrews (hence to manned systems) is tech-
nically feasible, cost effective, and relatively lightweight. Therefore it
is argued that weight and space provisions (at the very least) of such

shielding be incorporated into the design of new manned systems.
~




INTRODUG T LON

Manned military aircraft intended tor cmployment in strategic and/or tacti-
cal nuclear warfare could be subjected tu envirommenis generated by tLhe
detonations of nauclear weapons.* For such systems to provide credible
deterrence and combat effectiveness if deterrence fails, they must be cap-
able of surviving exposure to nuclear euvironments without loss of mission
completion capability.

. *k _ . .
A companion study addressed the nuclear radiation criteria needed for

optimal lifecycle offectiveness. that study considered scenario/threat,
technological capabhility, aircrew susceptibility, and advanced system
defenses.

A key factor in the effort was the use of the aircrew "mission kill" radia-
tion dose as 2 kevstone. This "wission kill" dose corresponds to the
absorbed radiation dose regulting in 90% of the airciews being unable to
function. The rationale for such 27 -eference print was that the system
should reitain miasion comp!vtion capsh.iity up to poinl where even the most
resistant human aircrews succomb.

The supporting varionale for the selrcted nuclear tadcation (ratsria are
sound and the numerous factors coasideced in the analysis dovetai! amazingly
well. Probably for tne first time common nuclear radiation criteria can be
strongly defended. However, in the event enemy capabilities improve and we
are forced to develon and incorporate advanced ECM and active bomber
defenses compatible with the lethal volumes corresponding to the optimgi
nuclear radiation criteria, a significant percentage of the manned aeronau-
tical rysitems could be subjected to criteria or uear-criteria levels of

prompt radiation. [n other words, the enemy could gain the future capabil-
ity to detecr aod 10k ovur manned aircraft with low-yield nuclear weapons
("neutron bombs') on air to air, or surface to air missiles. ln response,

our dircraft would use newly instalied ECM (o "trick" the miesiles into
datonation outside the bombers’' lethal volume, or its active defense (bomber
defense missiles, [ASERs, erc.) ro destroy the missiles ontside the lethal
volume. Therefore the probability of exposure to criteria, or near criteria
radration could increase drasticaliy, resulting also in {ncreased probabil-
1ty of mission-kill of the manned system fleet,

To 1egain acceptable system survivability we must either increase the lethal
volume (reducing incident radiation on the system), reduce the enemy's capa-
bility to detect, track, and attack, and/or "protect" the aircrew by chemi-
cal means and/or attenuating the incident radiation. The first option
depends upon enhancing the ECM and/or the lethal defensive systems capabil-
itiea. Whether or not this is possible is debatable. T suspect that physi-
cal constralats may puse serious problems in this approach. The second
option would entail increased use of '"stealth" technology to decrease the

*eor aeronautical syatems, such environment include blast, thermal,
nuclear radiation (neutron fluence, gsmma dose rate, and gamma
doge), and electromagnetic pulse.

R Patrick, 'Optimal Nuclear Radiation Criteria for Aeropautical
Systems', Report §5~110, H) SAC/LQE, Oftutt AFB, Ne, May 1981.




probability of Jdetection. However, such effort may be countered by future
enemy technological advances. The third option appears highly viable either
alone or in combination with one or both of the previous options.

This study addresses the third option in some detail and argues that aircrew
shielding should be incorporated in the initial design of new manned sys-
tems. At the very least, weight and volume allowances should be made to
support possible future inclusion of such shields.

Discussion

The study footnoted previously was concerned with the development of nuclear
radiation criteria. Therefore it used the aircrew mission kill radiation
dose accumulation as a standard of comparison. It was argued that as long
as there are aircrews capable of meaningful performance, the system must be
operational. The criteria based upon this requirement were also highly com-
patible with the state of the art in hardening technology, they provided
definitive keep out ranges/lethal volumes, and they were compatible with a
minimum life cycle hardness cost philosophy. Therefore there was little
need to address the much more thornier problem of aircrew mission completion
dose.

In this study we are more concerned with future advances, both our own and
the enemy's. Suppose that a few years after we deploy our rew manned sys-
tems, the enemy improves his capability to detect, track and attack our sys-
tems with nuclear-tipped missiles. We respond by incorporating advanced ECM
an/or lethal defenses (LASERs, bomber defense missiles, etc.) to increase
the survivability of our systems by causing premature detonation and/or
destruction of the missiles outside the keep out ranges defined by the sys-
tem nuclear radiation criteria (which were incorporated into the system
acquisition program).

At this point, the probability that a given system (and its crew) would be
subjected to near-criteria levels of prompt radiation increases dramatically
from the almost-zero value at the time the system was initially deployed to
some unknown, but large, level. To regain an acceptable probability of sur-
vival we must either increase the keep out ranges of our active ECM/lethal
defenses (a formidable task at best), decrease the enemy's ability to detect
us {(which he could be countered via other advances in technology) or in-
crease the crew survivability.

There are basically two ways we could increase the crew's ability to func-
tion after system exposure to radiation, (1) use of chemicals to ameliorate
the effects of radiation and (2) the use of radiation shields to attenuate
radiation incident upon the system thus reducing the dose actucally accumu-
lated by the crew.

The USAF School of Aerospace Medicine at Brooks AFB, Texas is devoting some
effort to the development of a "wartime" pill, which would lessen the
symptoms of radiation sickness with minimum side effects. Some success has
been made in the area of reducing emetic behavior in test animals by using
combinations of standard anti-emetic drugs. For dogs subjected to gamma




radiation, tne EDqg {efrective dose causing ewesis in >0% of the sub-
jects) of thr onn (ceated <ubjects was about 250 rads {tissue). However the
EDgg of the Jogs adwioistered the combinalion ireg in normal dosages
lacreased to S50 rads (tissue), a more than two increase in the susceptibil-
ity threshold,’ Such results are highly promsiry and the follow-on
eforts should be stressed much more by using cewsmwods and bigher head-
quarters. Otherwige valuable research could be posatponed, delayed and/or
terminated in faver of projects with more short~term emphagis.

L
The secoud vivw “hardening” techanique is the inusrporation of radiation
shields iriv tre system to provide protection to the aircrew. However
betore addrvesing specific shielding details, we must now turn to that pro-
blem noted previously il.e., aircrew mission comple? 175 dose levels. Only if

E we bound the aircrew missiva completion radiation levels can we hope to
develop shi-tding tnat provides adequate protection withou! imposing unac-
ceptable weicic nenaiiiica. (Recall that each pound of weight requires

several powv: i~ 27 Jael ro carcey it, and every pound of weight cuts down fhe
payload). ‘M oraw operationally acceptable recourse is to use only the
absolute miir. w s*roiding required for mission completion.

Major piobiems 1 deritiag a generic mission complet.ion dose are variability

in humay ceoooce- 03 radiation, performance capavility variability with
dosz, type o wo'isijon, ‘ime after exposure, workload after exposure, and
RUMe =DUs S8 T a i Ors Mercfere, in general, a mission completion dose
must be vesimero s on Tarns of the effective dose at which 50% of the popula-
Lion ace a7ve ool ¥DG. {or g spacific operatiomal situation. Such
estimates oo ald ~te uet that =---- estimates. However for the specific

case of o e w: tomber on a 10-hour strategic mission au experimental
resedicic pr oo nns Peea accomplished and the dose used in the experiment
should vlos. iy rrezpond o the mission completion dose for the specific
operaticuai pa:-~rerers on which the experiment was bssed.

Tu that oo o oo ¥ heavv  emphasis was placed upon duplicating (as
much as posse-ol-) gasion duration, crew worklosd, dose accumulation, and
many otheo o~ e it factors of an actual mission. Rhesus monkeys were
trained o tiv s o atieom with a joy stick and respond to an array of
colored Lights “¥rgwe 1) o an attempt to simulate pilnt tasks. The work-

load was varied (o matva pilot workloads during various mission phases and
radiation exp - .uves were planned to approximate the time in the mission they
may occur and trhe level thev may attain (see Figure 2).

After the wmovkevs were highly proficient on both tasks (as evidenced by
stable performauce (i.e. they were ou the "flat" part of the learning
curve), they were s.bjected io the radiation dose accumulation of Figure.Z
whi o performiang trasks for the 10-hour wmission. Their performance was moni-
tored via data links and a video system. Theretore ohjective and subjective
2vajuations of ibair perfurmance and physical condition could be made. All
the subjects were exercised the following day to simulate a post attack mis-
ston.  Four of ihe ﬁ%ﬁ subjects were exercised on alternate days for seven
days post exposure.

Fligures 3 and 4 ::tlect my subjective opinion on how capable they were to
perform effeciiveiy. Note that these results 8re based upou the requirement

*Parsnal commmication with Dr. D Farrer, USAFSAM/R7ZW, Brooks AFB, Texas.
"R, Fatrick, et al, "Nuclear Survivability/Vulnerability of Aircrews:

A brperimectal Approach', SAM-TR-81-1, USAF School »f Aerospace Medicine,
Brooks AFB, Texas, January [981.

" fResulLs of the seven day post exposure may be obtained from the

author.




Figure 1.

Primate Equilibrium Platform -

(PEP) with the Multiple
Alternative Reaction Task
(MART).
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Figure 3
SUMMARY OF MISSION IMPACTS
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the subjects "hand fly" the "aircraft". For this requirement, during pene-
tration, 2 of 6 subjects 'crashed and burned", and 3 of 6 were affected.
Only 1 of 6 was relatively unimpaired. However note that by the end of the
mission all had recovered and were responsive. All subjects performed
rather well in the post-exposure runs.

The above results suggest that the 1440 rads dose accumulation could pose
problems to aircrews required to perform continously during the mission. If
we assume that 1 of 3 crew members would completely lose performance capa-
bility for an hour or so, but if we have two crew members, either of whom
could take over, then our system mission kill occurs only if both are inca-
pacited, i.e. 1 of 9 chance for mission kill.

On the other hand, if the system were computer controlled (e.g, the B-1) and
the system were hardened to survive such exposure, then the system mission
kill probability would approach zero. The system could fly itself and "drop
bombs'" for the hour or so while its crew was incapacitated (with some de-
grade in CEP). After the period of incapacitation the crew should recover
sufficiently to finish the mission and bring the aircraft safely to a recov-
ery base.

It is then claimed that a dose of 1440 rads (tissue) constitutes a mission
completion dose for systems of interest here and that sufficient shielding
must be added to reduce the total dose expected over the mission to a maxi-
mum of 1440 rads (tissue).

If we now return to the criteria study, we find that about 1000 rads (tis-
sue) were attributed to gammas and 4000 rads (tissue) to fast neutrons.
Gammas can be effectively attenuated only by dense, high Z material (such as
lead), therefore extensive gamma shielding for a flying system (where weight
is critical) 1is not practical, However fast neutrons are attenuated by
hydrogen-rich, low Z materials such as water, fuel, and polyethylene. If we
could provide a factor of ten attenuation of the fast neutrons, then aircrew
mission compeltion capability should be compatible with system hardware mis-
sion completion capability when the system is subjected to criteria radia-
tion exposure.

The question now is, "Is it technically feasibile, and cost-effective to

incorporate neutron shields with the needed attenuation?" A briefing pre-
sented by Lt Col Lauritson of the Air Force Weapons Laboratory strongly
suggests that such shielding is indeed practical. It appears that just a

few inches of polyethylene impregnated with boron (to attenuate hydrogen
capture gammas) would provide the needed attenuation. Of course the shield
should be integrated into the cockpit structure, seats, instrument panels,
glare shields, etc. Consideration must also be given to probability of
detonation within any solid angle and insure that the high threat angles are
treated. Flip-up shields may be a viable option during high threat mission
phases for angles where permanent shields are not feasible. Such flip-up
shields may either be used by both crew members simultaneously, or alter-
nately to allow for at least one protected crew member.

In the design of the shield, attention should also be paid to the suscepti-

bilities of the various parts of the body. For example, the limbs (arms and
legs) could probably be exposed to many thousands of rads (tissue) and not

10
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result in any appreciable performance degradation. The head and brain also
are relatively hardy. The most sensitive part of the body appears to be the
trunk, particularly the gastro intestinal tract. Hundreds of rads in this
area results in classical radiation sickness symptoms, which could impair
performance.

A "first cut" shield was discussed in the AFWL briefing. Such a shield was
composed of several inches of strategically located impregnated polyeth-
ylene. A factor of 15 attenuation to fast neutrons and a factor of 2 atten-
uation to gammas was the estimated protective factor. The additional weight
per crew member was estimated to be 150 pounds. Such a shield would provide
the needed increase in system survivability at little cost in weight.

RECOMMENDATION

The results presented in this brief study strongly suggest that new advanced
manned systems could be made more survivable in the face of future enemy
advances in technology by the incorporation of fast neutron shields into the
cockpit design. The addition of such shields should be excellent investment
strategy since they could provide dramatic increase in future survivability
for relatively little cost. Therefore, it is recommended that new manned
systems incorporate, at a very minimum, weight and volume provisions for
such shields.

It is also recommended that the USAF School of Aerospace Medicine be
strongly supported in their effort to develop a "wartime pill" to further
enhance new survivability.

11
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