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This memo i s  i n  answer t o  your request o f  February 23, 1986 f o r  more 
I w i l l  at tempt t o  address the issues you in fo rma t ion  on the  subject  matter.  

ra i sed  p o i n t  by po in t .  

Why are experiments done? What i s  t he  Navy's I n t e r e s t ?  Decompression 
sickness problems remain t h e  most important l i m i t a t i o n s  o f  present and 
proposed operat ional  Navy d i v i n g .  Central  Navy task ing  t o  t h e  medical 
l a b o r a t o r i e s  recognizes the problem. It provides general guidance, such as 
"produce an a lgo r i t hm f o r  spec ia l  warfare d i v e r s  t o  perform complex dives, 
ou ts ide  t h e  c u r r e n t  decompression tables,"  and a l l o c a t e s  s tab le  funding o f  
about 850OK per  year (Ref .  3 ) .  Much o f  t h a t  funding i s  consumed by 
computational work and t r i a l  and e r r o r  human experiments i n  the  l a rge  h igh 
pressure chambers a t  t he  Naval Medical Research I n s t i t u t e  (NMRI )  i n  
Bethesda, Maryland. 60th the  P . I .  (Ref .  9)  and the  Head o f  D iv ing  Medicine 
(Ref. 1) be l i eve  t h a t  the proposed human experiments can prov ide a needed 
quantum increase i n  basic understanding t o  m i n i m i z e  f u t u r e  t r i a l  and e r r o r  
procedures. 

Why a t  LLNL? Some years ago, on t h e  u rg ing  o f  LLNL's Hazards Control 
Department, I developed a rad io isotope f a c i l i t y  a t  t he  LINAC t o  produce 
s h o r t - l i v e d  b i o l o g i c a l  isotopes. I n  add i t i on ,  a three-dimensional pos i t ron  
camera imaging system was implemented t o  study t h e  e f f e c t  o f  ozone on lung 
f u n c t i o n  o f  dogs and humans. This p r o j e c t  was i n  cooperat ion w i t h  the 
U n i v e r s i t y  o f  Washington Medical School, funded by N I H  and EPA, and approved 
by LLNL's Finance Committee. The c a p a b i l i t y  and exper t i se  gained was unique 
i n  t h e  Uni ted 'States and lead t o  the  c u r r e n t  j o i n t  research program w i t h  the 
Navy. A t  t h i s  t i m e ,  there e x i s t s ,  t o  our knowledge, no o the r  l abo ra to ry  
where t h i s  s c i e n t i f i c  i n v e s t i g a t i o n  could be conducted w i thou t  a lengthy 
development per iod.  
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Decompression sickness risks; what are they and how often do they 
materialize? 
of cases of decompression sickness per year in the Navy. 
the number of dives is listed as approximately 16,200 for the Navy alone. 
Overall incidence rate was found to be 1.25%; the incidence rate for 
individual schedules, having more than 50 dives, ranged from 0-4.8% 
(Ref. 4). Several percent of these cases left permanent disabilities, such 
as central nervous system dysfunction, residual paralysis, sensory loss 
below the knee and impotence are some of the more common ones. 
systematic records are unavailable, it is said that civilian divers using 
Navy decompression tables under less controlled conditions, experienced an 
order of magnitude greater problems. Furthermore, a new Navy need is for a 
general decompression computer algorithm for SEAL teams to operate on 
complex dives not allowed by current decompression tables (Ref. 1,3 ,9) .  
Their mission success depends on a good calculational approximation for gas 
exchange kinetics in humans. 

The present decompression tables are known to result in dozens 
During 1971-1978, 

Although 

Radiation exposure risk? The dose received by each subject i s  
calculated using actual lung volume and time elapsed from isotope production 
to beginning and end of exposure. 
absolute specific activity measurements achievable under full accelerator 
beam power condition, extrapolated back to beam-off time. In practice, the 
actual dose is always less than the maximum, because of elapsed time to gas 
uptake and generally lower than maximum beam power. Due to the necessary 
gas preparation procedure, the time to uptake is at least one half-life of 
the N-13. Steve Homan (health physicist, LLNL Hazards Control) addresses 
the cancer risk (Ref. 2). His conservative estimates are based on 400mr to 
the lung and generally accepted international statistical methods. The 
expected number of cancer fatalities for a set of 20 subjects associated 
with this procedure os 0.0002, i.e. two in 10,000. This must be compared 
with a natural expected value of five cancer fatalities for the group, i.e., 
20 x 0.25 fatalities per person. 

The maximum dose of 400mr is based on 

Why use human subjects? Animal work with radioactive gas has been 
performed (Ref. 6) and the results have been partially implemented in new 
human decompression procedures (Ref. 7 and 8). However, the work done at 
LLNL with humans (Ref. 5) showed a striking qualitative difference in 
outcome, that perplexes diving physiologists and makes direct human studies 
imperat i ve . 
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