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Preface 

In response to a reque st from the Chief of the Strategic Structures Di
vision , Defense Nuclear Agency , the u.s. National Committee on Tunneling 
Technology (USNC/TT ) convened a workshop on the technology for design and 
construction of deep underground basing facilities for the MX missile . 
In its request , dated October 9 ,  1981 , the Defense Nuc lear Agency (DNA ) 
indicated its interest in " evaluating the constructibility , vulnerability , 
and survivability of deep underground defense systems , "  and called on the 
USNC/TT to help in assessing current and developing tunneling technology 
that would be important in designing and constructing deep basing facil
ities . Citing an "urgent need to respond quickly to changing defense 
needs , "  DNA asked that the workshop be held in early November and that 
a report on the proceedings be completed in April 1982. 

The workshop was held on November 5 and 6 ,  1981 , in Washington , D . C .  
In attendance were all avai lable members of the USNC/TT and several of 
its subcommittees , as wel l  as selected past members of the committee and 
others whose expertise was j udged indi spensible . The first day , after a 
brief executive se ssion dealing with procedural matters , was devoted to 
public briefings by representatives of the U . S .  Air Force , the Defense 
Nuclear Agency , and several contractors (Merritt CASES , Inc . , the Boeing 
Company , and R&D As sociates , Inc . ) that have performed conceptual and 
design work on aspects of the deep bas ing problem .  Transcripts of these 
briefings , which were arranged for by the sponsor as background for the 
committee , appear in thi s volume . The subj ect matter and content of the 
briefings , as well as the views expressed therein , are the responsibility 
of the speakers .  

As part of its reque st , the Defense Nuclear Agency had asked for 
specific guidance in six areas : ( 1 )  costing , contracting , personnel ,  and 
management ; ( 2 )  siting ; ( 3 )  use of existing underground space ; ( 4 )  egress ; 
( 5 )  mechanical mining ; and ( 6 )  construction planning and validation . The 

USNC/TT accordingly had established a working group to deal with each of 
these topic s . In the evening of the first day the six working groups met 
separately and deve loped preliminary draft reports for pre sentation on 
the fol lowing day . 

The morning of the second day was occupied with the presentation of 
working group reports , again in open session . In the afternoon the as
sembled tunneling technologists met in executive session to discuss the 
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preliminary working group reports and agree on the general outlines of 
the ir revision as chapters in the committee ' s  report , which appears as 
Volume I ,  Eva lua tion of Technica l Issues. 

That report avoids the strategic and political issues surrounding 
the MX missile siting deci sion . It concentrates instead on the as yet 
vaguely def ined technical requirements of the deep basing option , discus
sing in general terms the technical and management issues raised by the 
proposal . Its aim is to help the Defense Nuc lear Agency and the u.s. Air 
Force to refine their plans in preparation for a final decision on the MX 
miss ile ' s  bas ing mode , expected in 1984 . 
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Air force Deep Basing Program 

COL. STANLEY D. BERRY 

Ba llistic Missile Office (AFSC) 

Nor ton Air For ce Base, Ca liforn ia 

SVHHARY: It is well known that the President recently announced a new strategic mod
ernization plan and that the MX missile is a.key part of the plan. This briefing 

states why intercontinental ballistic missiles are important and why the United States 
needs the MX missile in a survivable basing mode. 

The reason we have strategic forces is to deter an attack on the United States 
or its allies.· That objective has been achieved over several decades with the use of 

a "triad" of strategic forces, consisting of ( 1 )  bombers with air-launched missiles, 
(2) submarines, and (3) land-based missiles. Each of the triad's elements has dif

ferent strengths and weaknesses, but the diverse capabilities of the combined forces 

make it very difficult for an adversary to attack all elements successfully. The so
viets cannot guarantee that they can wage a successful attack without suffering dev

astating retaliation and destruction on their own homeland. This has provided strong 
deterrence. 

Intercontinental ballistic missiles (ICBMs) contribute unique and essential char

acteristics to the triad of forces, such as accuracy, speed, good communications, low 
cost, and a high state of readiness. However, ICBM survivability is degrading due to 
a massive soviet buildup of its ICBM force, technical improvements in accuracy and 

warhead technology, and extraordinarily high expenditures on their military forces. 

Many alternative responses have been proposed, including launch under attack, 

giving up the triad for a dyad, establishing a ballistic missile defense, and rebas
ing the MX. Rebasing is the alternative addressed in this presentation. 

The MX in a survivable basing mode can help restore the military balance and en
hance world stability. There are many reasons why the MX in a deep basing system 

makes sense. The Air Force needs the u.s. National Committee on Tunneling Technology's 
help to resolve key technical, cost, and schedule issues, which are discussed in more 

detail by Lt. Colonel Rule in his presentation. 

As you know , the President recently announced a new strategic package to 
upgrade our strategic forces ,  and MX was a very key and a very knotty 
problem for him . He kind of came out with the conclusion that we really 
did not have the right answer now . I am going to tell you today very 
briefly why MX is important--why miss iles are important--and hopefully 
it will be a speech that you have not , very many of you , heard before . 

The reason we have strategic forces i s  to deter the Soviet Union 
from going to war with us , and clearly that is a worthwhile obj ective . 
Now , maybe we stumbled into it or maybe we planned it , but it doe sn't 

1 

Copyright © National Academy of Sciences. All rights reserved.

Design and Construction of Deep Underground Basing Facilities for Strategic Missiles: Report of a Workshop Conducted by the U.S. National Committee on Tunneling Technology, Commission on Engineering and Technical Systems, National Research Council.
http://www.nap.edu/catalog.php?record_id=18562

http://www.nap.edu/catalog.php?record_id=18562


2 

make any di fference-- somehow we came out with a triad of strategic forces .  
First of all , we have the airplane ; the bomber was the first of these , and 
we went for some time with j ust bombers as strategic force s essentially . 
Then along came the intercontinental ballistic missile s  ( ICBMs ) and the 
submarine-launched ballistic missiles ( SLBMs ) . Each of the three has di f
ferent characteristic s . An attack on one does not nece ssarily mean an at
tack on all , and the Soviets have to be able to attack them all success
fully , or , in fact , you have deterred them . 

Figure 1 shows the weapons inventories' changes over the years 19 50 
to 1979 , in each of the three categorie s . In the early to middle 1950s , 
we bui lt up something like 1 , 500 or 1 , 600 airplanes , and then in came the 
ICBMs and SLBMs. So , we have some 2 , 000 strategic systems of three dif
ferent kinds . 

I wil l  talk to you now for the rest of the presentation about ICBMs , 
and the MX in particular . Figure 2 shows some of the advantages of ICBMs. 
I want to point out the word " survivable . "  The reason we are in thi s  
room today i s  that the ICBM has lost i t s  survivability . Now , one of the 
beauties of the triad is that i f  you have three legs--three sets of stra
tegic weapons--and one leg becomes vulnerable , the other two can carry 
you through that period of time so that the Soviets cannot attack you 
with great ease or even be promi scuous in a world political situation , 
I might say . But the ICBM leg has become more and more vulnerable , and 
through the 1980s it is definitely not going to have the survivability 
characteristics that we wi sh , and that is why we are looking for a way 
to base the MX missile . 

I might also add that in the Pres ident's recent strategic package 
he said that we are going to buy the B-1 bomber . The B-52 bomber , I al
ways thought , was des igned in 195 2 . I asked the pres ident of the Boeing 
Corporation once , and he said , "No , it was designed in a motel room in 
Dayton , Ohio , in 1948 . "  I don't care what year it was ; I know that it 
i s  an old airplane , and we either have to have a new bomber or we sort 
of have to give up on bombers , and the President went that way . So , we 
have two legs of the triad that are having some problems , and hopefully 
you are going to help us solve this one in the ICBM leg . 

Figure 3 shows where the present ICBMS are located . We have three 
Titan wings--in Arizona , in Kansas , and in Arkansas . We have six Minute 
man missile wings : Whiteman in Missouri ; Warren in Wyoming ; Ell sworth in 
South Dakota ; Grand Forks and Minot in North Dakota ; and Malmstrom Air 
Force Base in Montana . 

Just to show how obtrusive a mi ssile site i s , Figure 4 is a photo
graph of one . It covers about an acre or so , and it sits out here in 
the farmland . That particular one sits out in the farmland of North 
Dakota , and it doe sn't seem to bother the neighbors a whole great deal . 
That is what one looks l ike . 

Through the 19 70s , as you have heard , the Soviets have spent a lot 
more money . I have got a couple of illustrations that show that . I 
j ust want to talk first of all about development (Figure 5 ) . It used to 
be that the United States spent a great deal more money than the Soviet 
Union on the development of strategic and defense technology , but some
time about 19 70 there was a crossover , and although we made progress 
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toward the end of the 1970s , it is clear that the Soviets are spending a 
great deal more money than we are . 

Now , that is development money . Figure 6 shows that into the 19 70s 
their research , development , test , and evaluation (RDT&E ) dollars , their 
development funds , had gone up by 92  percent , and ours were actually down 
20 percent .  

Figure 7 shows that the Soviets spent more on equipment and facili
ties than we did during the time period . I read in a newspaper sometime 
in the very recent past where the Soviet Union actually for mi litary ex
penditures during the decade of the 19 70s had spent almost $ 500 billion 
more than the United States , but in this period ..... l ike 19 70 to 19 7 8  ..... they 
had spent for equipment and facilities $104 billion more than the United 
States had . That is documentable , and these are the kinds of things that 
we could have bought with $104 billion . If we had spent that $104 bil
lion the B-1 , the MX ,  and the Trident would be in the field , along with 
the XM-1 tank and the F-14 , F-15 , F-16 , F-18 , and A-10 . It would have 
paid for all those programs , and we are still struggl ing in the Depart
ment of Defense to do some of those things . 

What that has led to i s  the area of rough equivalence here that we 
talk about , whether we are roughly equivalent with the Soviet Union . The 
" in "  phrase in town now , I think , is "window of vulnerability . "  Back at 
the end of World War I I  it was clear that we had superior strength and 
certainly in the early 1950s and 1960s . There was no que stion that we 
had a deterrent force because in the Cuban missile crisis there is very 
little doubt that the Soviets looked at us and blinked and backed away . 
Now , I am not sure that if that were to occur today they would blink and 
back away . 

We have 1 , 000 Minuteman mi ssiles (F igure 8 ) , and we have 54 Titans , 
which we are now taking out of the field . The Minuteman I I  missiles are 
roughly 20 to 25 years old ; the Minuteman Ills are a little newer . The 
Titans are 2 5  years old . You can also see the Soviet mi ssile forces in 
the figure . Those indicated as under development are actually , it seems , 
beginning to come out into the field . The SS-18 and the SS-19 ..... they have 
about 1 , 000 of the smal ler mi ssiles that you see and about 300 SS-18s , 
and they are brand new as compared to our 1 , 000 Minuteman I I s  and Ills . 
That is why we are trying to build the MX missile , and you people here 
today , hopefully , are going to help us figure out a good way to base the 
missile , because there is very l ittle que stion that we need the mi ssile . 
The only question is about how we base it . 

Figure 9 illustrates what the Soviets have been doing over the years . 
At first they started out with single reentry vehicles . They have now 
put MIRVs on their big missiles , and whi le thi s  shows that there are 7 
or 12 on there , the number is not particularly important at this point 
in time ; the fact is that if you can kill a target with one of those on 
the left , you could kill 12 targets with one of those on the right . That 
is where the problem comes in , because they have very large mi ssile s , and 
they can put an awful lot of warheads on them , and each one of them kills 
a separate target . 

Figure 10 shows that also , through the years , they have moved their 
Circular Error Probable (CEP ) in . Now , CEP is a term that you don ' t  re
ally have to understand , but all it says is how accurate the mi s s ile is . 
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I f  I am trying to kill Washington , D . C . , and I put a warhead over Balti
more , obvious ly it doesn ' t  kill Washington , D . C . , and so accuracy is very 
important . While the figure is an unclassified chart from the 197 8 to 
1987 time frame , I can only te ll you that their mi ssiles are becoming 
very accurate , and they are at the point at which they can de stroy with 
one warhead virtually any target that they shoot at . They are that ac
curate . 

Figure 11 lists some of our alternative responses . One thing is to 
launch under attack . That means that if we see their missiles take off , 
and the President decides that we are going to lose our systems , then we 
can launch while we are under attack to avoid that los s . 

Now , that is not very pleasing to many people ; it is not very pleas
ing to the President ; it is not very pleasing to the Congress , but that 
is one of the things that can be done . Clearly that is not our national 
stated objective , although we do have the capability to do so . 

We could move from a triad to a dyad , and one of the problems with 
moving to a dyad is that then if one of those legs gets vulnerable you 
don ' t  have two legs to he lp support you . If you move to a dyad , and one 
leg is vulnerable , and all of a sudden they make a breakthrough on the 
other leg , you know that you are pretty we ll he ld hostage . We can de fend 
silos or we can rebase , and the rebasing of the MX is what we are talking 
about here today . 

Through the years we have looked at an awful lot of ways to base the 
MX missile . Each and every one of them , for one reason or another , has 
been rejected , and that is why we are in the room today . 

Figure 12 gives some stat istics on the MX missile . It is 92 inches 
in diameter . It  weighs 190 , 000 pounds . It is about 71 feet long . It 
has about 8 , 000 pounds of throw weight , and could throw 10 reentry vehi
cles on that mi s s i le . It  is , also , the largest U . S .  ICBM allowed under 
SALT I I . (Even though the SALT II agreement was never ratified here in 
this nation , both sides have chosen to live to the terms of that agree
ment . ) 

Figure 13  shows what the missile looks like . It  is a three-stage 
solid rocket motor mi ssile . The first stage weighs some 106 , 000 pounds 
and is about 50 feet long ; the second stage weighs about 40 , 000 pounds . 
The third stage kind of looks like a donut , or a doorknob . It is very 
small . Of course , as soon as the propellant is burned out these stages 
fall off , and finally you are left in space with the fourth stage , which 
maneuvers and very precise ly releases each individual reentry vehicle to 
go to the target . 

Figure 14 compares the Minuteman I I I  mi ssile with the MX. Remembe r  
I told you that the Minuteman is some 15 to 20 years old . It we ighs 
7 8 , 000 pounds . It is 66 inche s in diameter at the bottom stage . Then 
it narrows down to 52 inches all the way , and we only can throw three 
reentry vehicles with that , compared to ten with the MX. 

Hopefully , if we are succes s ful , the MX missile will be added to 
the U . S .  inventory . Es sentially it is equivalent in size to the smaller 
Soviet missiles , which they are allowed about 1 , 300 . The MX, of course ,  
is probably a little more capable than the Soviet mi ssiles of the same 
category , but they are probably going to have 1 , 000 of those and we are 
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talking about 100 or 200 MXs . So , even if we get MX based as we desire , 
we are still not asking for an equal inventory . 

It is very clear . The Soviet Union has built up a very large inven
tory of missiles , and it has got to be for other than self-defense rea
sons . You j ust don ' t  built an inventory of these things without a pur
pose . It is pretty clear that their intentions are not all honorable . 

The President has told us , "Develop and produce 100 MX missiles ; de
ploy some of these missiles initially in silos . "  Part of our j ob out at 
the Bal listic Missile Office is to design and produce the hardware neces
sary to go in some 40 or 50 Titan or Minuteman silos . We have also been 
instructed to pursue as long-term options each of three categories of 
things ; the decision date for the choice among these three options is 
late 1984 . The first option i s  continuous patrol aircraft--very large 
airplanes that fly s lowly and low but can stay in the sky a long time . 
The optimists bel ieve that perhaps we can get an airplane to stay in the 
air for 10 days at a time , and the idea is i f  you have an airplane that 
can be in the air for 10 days you fly from the East or West Coast out 
over the ocean , and the Soviets could not find it . Therefore , the argu
ment goes , that would be a nice , survivable way to base mi ssiles . 

The second concept is that of balli stic mis sile defense whereby we 
could actually defend our s ilos with our own balli stic miss ile defense 
system . Right now there is a treaty that prohibits an effective ballis
tic missile defense , because it allows you only 100 interceptors .  Now , 

.if this option were chosen , of course , then we would have to tell the 
Soviets that it was in our best interests that we did not continue that 
treaty . We have not done that as yet ; maybe in 1984 we will . The third 
option , which is why I am standing here talking to all you folks today , 
is deep underground basing . It is felt that i f  we can put these missiles , 
in some numbers , very deep below the surface , the Soviets will be unable 
to destroy the system . Then the real is sues are how much it costs to 
build a system l ike that and how we get the mis siles out once we want to 
fire them . 

As I said , we are going to select the long-term basing modes in 1984 . 
All of the Air Force people in this room are advocates of deep basing , 
and if you ask them questions I am sure they will all tell you all the 
reasons why we think we can do this . But we certainly need your help . 
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Basing Alternatives and Technical Background 

EUGENE SEVIN 

Defense Nuclear Agency 

Washington, D. C. 

Gentlemen , I want to express appreciation on the part of the Defense 
Nuclear Agency {DNA) for the fact that so distinguished and prestigious 
a group as this is devoting its thoughts and talents to the problems 
that are facing the Department of Defense at the moment . 

I would like to make a couple of po ints in the few minutes allotted 
me . The first is that the deep basing option has been around for a num
ber of years ; a number of considerations and a number of investigations 
have been directed to thi s possibi lity , not only for missile basing but 
for other mil itary purposes . 

It was not a system invented in the last minutes of the Presidential 
decision . If there is a window of vulnerability at the moment , I would 
like to believe there is , also , a window of opportunity , so that by 1984 , 
i f  the decis ion does not favor the schemes we are thinking about now , at 
least we have left some legacy to the engineering profession and we know 
a bit more about things than we do at the moment , and there will be at 
least a better basis on which to make intelligent engineering decisions 
in the future . 

So , I think we have an opportunity . Over the past 20 years we have 
gotten to a point where we believe that there are certain essential at
tributes of deep underground basing . So here is a mini-course in the 
evolution ..... my view of the evolution ..... of deep basing {Figure 1 ) . Things 
started about the early to middle 1960s , with a view toward concentrating 
resources deeply underground and requiring proliferation of surface por
tal s to get out . There were two essential problems . First , thi s was a 
high-value target , and encouraged an enemy to direct a substantial at
tack toward it , and as the threat went up , the depth of burial went down , 
and pretty soon it went down to a point where economically , at least at 
that point in time , it did not seem feasible . So , the concentration of 
assets underground was deemed not a good idea . The second obj ection was 
that the means of egress depended on there being some portal or portals 
remaining undamaged ;  that is , after attack they had to have the same 
capabi lity as they had before attack , and with the increase in accuracy 
that was mentioned by Colonel Berry , and the limited number of portals 
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which could be afforded , each one could b e  targeted , and there was no 
way to get out . 

During the so-called " Strat X study " in the later 1960s , the thought 
was to distribute the underground assets within an interconnected tunnel 
system . The depth of burial was to be reduced by finding a hard rock 
site , but a large number of exit portals were required since , as before , 
some had to survive the attack . The utility of thi s scheme was found to 
lie more in the distribution of assets than in the distribution of attack 
points , but with increasing accuracy of the attacker , the requirement to 
ensure the postattack integrity of an egress portal had to be given up . 

Somewhat later , in the early 197 0 s , several schemes were developed 
to restore a vertical egress shaft after attack . On a scale of bizarre
ness of from 1 to 10 , in my view these schemes came out somewhere be
tween 5 and 9 . 9 .  

While pos sible , I think it is definitely a challenge to make systems 
of such a nature work , particularly in view of the unknown characteris
tics of the portal region after an attack . But clever schemes have been 
proposed , and you wi ll hear about some of them , I believe , today� 

To recapitulate , our view i s  that we need to distribute assets at 
some substantial depth below the ground . We need to give up the notion 
that at least some egress portals must survive the attack . So , we have 
to be completely self-sufficient from the inside out , and if we cannot 
do that , then we probably do not have a credible scheme . There is an ob
vious consequence ; namely , that the system response time will not be as 
immediate as some would like , and therefore that the attributes of a 
deep underground system ,  which are more or less constrained , have got to 
be entirely consistent with the mi ssion and roles that are expected of a 
missi le force based in thi s manner . 

Okay , so I guess my first point is that we have come a way . We have 
a reasonable idea , not a single concept , not a baseline concept today , 
but the general characteristics and general attributes of a deep under
ground system are fairly well understood . I think we have to be careful 
to do something useful in the relatively short time we have been given 
by this Administration , and not to go too far afield from things that 
have been properly discarded in the past . On the other hand , we should 
not be dogmatic about rej ecting past ideas . 

My second point has to do with uncertainties . In developing and 
deciding to deploy a deep basing system , we are going to have to learn 
to live with uncertainties to a degree beyond which perhaps we , as en
gineers , have been wi lling to admit heretofore . Figure 2 illustrates 
something of what is known about the shock environments at depth intro
duced by nuclear weapons detonated at the surface . I have suggested a 
porous rock , perhaps a tuff that we might find at the Nevada test site , 
and I show depth contours at which one could expect 0 . 5  ki lobar of stress 
from a large megaton-size weapon ( in fact a 100-megaton weapon , which is 
a larger weapon than presently is in anybody ' s  arsenal ) .  So , to talk in 
terms of facilities intended to survive these kinds of yields already is 
to stress an attacker , and probably cause him to aggregate smaller wea
pons and set them off simultaneously . 
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I have suggested a n  uncertainty i n  the data base that , expressed i n  
range , is roughly a factor o f  two , and is a consequence of several thi ngs , 
I believe . First of all , there is the essential uncertainty , or random
ness of behavior , as sociated with shock propagation in geologic media . 
Secondly , we suffer from the fact that the data base that we have , whi le 
it is fairly substantial with regard to tamped bursts ( i . e . , nuclear 
bursts that are fully contained ) , has no relevant data on modern , high
yield weapons detonated at the surface of the ground . Therefore , the 
basis that we have for inferring relationships between yield , stress , 
and depth of burial such as those shown in the figure is indeed inferen
tial . That has been done in the past by simulating a free surface burst 
underground ..... setting off a small weapon in a small cavity ..... and so the 
data also is subj ect to uncertainties of a systematic or bias nature . 
We may be wrong in the key that we have chosen to use in unlocking the 
tamp data and relating it to sur face burst conditions . Although we think 
we have related the tamp data to sur face burst conditions in a de sign 
conservative way , we may be wrong . We plan to conduct an underground 
test involving a cavi ty of 40 meters or larger that would allow us to 
study the nature of the energy coupling of the bomb to the sur face , the 
early stage s of crater formation , and shock propagation into the ground . 
This would be a very maj or undertaking , but we plan to do it . 

I have talked so far about free field stre sses or free field condi 
tions . Let me turn now to response of the buried facilities . A third 
element of uncertainty has to do with survivabil ity of underground open
ings . In a hard rock ..... perhaps a granitic rock , which is less di ssipa
tive and more elastic in its wave transmission characteristics ..... one would 
find that these kinds of environments would occur at greater depths than 
in soft rock . At the same time , one could expect a cavity or a tunnel 
to survive at higher stress levels . So there is a trade between the 
depth at which one would like to put the faci lity and the costs as sociat
ed with hardening or making the cavity survivable . The point , of course , 
is that the selection of a site from the point of view of survivability 
is something that has to interact very strongly with site se lection from 
the point of view of constructibi lity , maintenance , and public accept
abi lity . 

From a survivability point of view , there is such a thing as a bene
ficial site� that is a porous over hard layered site , perhaps with cap 
rock at the surface to discourage penetrating-type weapons .  One would 
utilize the porous overburden for its dissipative ( shock attenuating ) 
properties , and then uti lize the stronger , more competent material be
low in which fac ilities could survive at greater stress levels (or re
quire a lesser amount of hardening ) .  

Finally , this chart also carries an implication from an attacker ' s  
point of view , since uncertainties in burial depth of a factor of two 
are really quite bothersome . Pres sure-range re lations scale as the cube 
root of weapon yield . Thus , for an attacker to be sure that he has im
posed , say , 0 . 5  kilobar stress on a facility at known depth of burial , 
he would have to increase the yields shown here by a factor of eight . 
Where we may have designed a facility to survive a 100-megaton attack , 
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he may look upon it a s  a target requiring at least 800 megatons to en
sure acceptable ( to him) levels of damage . Also , the attacker is going 
to have a difficult time understanding what , in fact , he did accompli sh . 
However , let me emphasize that this view of uncertainty , which may be 
favorable from our perception of the attacker ' s  problem , is not all that 
helpful when we are planning an enormously expensive engineering under
taking and are expected to quanti fy ,  to the extent possible , the notion 
of risk . 

In summary , let me say that we think the required technology exists 
(Figure 3) in the sense that the work of the past years , much of which 

you will hear about today , provides an existence proof , a proof of en
gineering principle . There is a substantial amount of engineering data 
that is not in hand , and , before the Air Force and the Department of De
fense could go forward with an acquisition program , risks would have to 
be reduced to a point compatible with the way the Department of Defense 
goes about its business and makes its decisions . We are entering into 
a concept validation program in which we have to expand our considera
tion of admi ssible deep basing concepts ,  so that we have a fair set from 
among which to make a best choice . We have to document very well not 
only why we have made the choice from among that set , but also that other 
concepts were excluded for good and sufficient reasons . So , we have to 
document not only what we recommend to do but also what we have chosen 
not to do , and we have to carry out those sorts of technology and engi
neering demonstration activities that , indeed , will provide sufficient 
data for an informative and intelligent engineering decision . 

Over the past years , and most notably since 1976 , we have tried to 
addres s deep underground basing technology in a very systematic and rela
tively exhaustive fashion , trying to identify which aspects of design , 
construction and operation were in hand from an engineering point of view , 
and which , in fact , were technology issues around which we either could 
not pas s or for which proposed solutions simply lacked credibility . In 
those latter areas is where we have concentrated our resources and ef
forts . I trust that we wi ll convey to you during the course of this 
meeting where we think we are , and the basis for our proposed efforts . 

There is a great deal that needs to be done and we are appreciative 
of the fact that the u.s. National Committee has chosen to address it
self to this problem which , to the Department of Defense , the Air Force , 
DNA , at the moment is of really very significant importance . 
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Nuclear Weapons Effects and Results of Previous Tests 

JOSHUA L. MERRITT 

Merritt CASES, Inc. 

Redlands, California 

SUMMARY: The damage done at a given distance from ground zero at Hiroshima and Naga

saki would be inflicted by modern weapons at distances perhaps ten times as great. 

Also, dramatic improvements in the accuracy of delivery systems for missiles make it 
probable that a near-surface target (such as an egress portal) would be within the 
crater produced by any weapons used to attack it. Furthermore, the numbers of poten

tial attacking weapons are such that using proliferation of targets (such as egress 
portals) as a means of protection is not economically feasible. 

Protection, however, can be afforded in a deep basing facility by burying the 

facility deep enough to provide a suitable distance between the burst point of the 
attacking weapons and the facility. The weapons effect of most concern is the stress 

induced in the rock, propagating to the deeply buried facility. Results of tests in 

rock, from which these stresses can be inferred, indicate that such an approach may 
be feasible. 

The structural damage observed in several completely contained nuclear events 

(namely, events "Hard Hat, " "Pile Driver, " Mighty Epic, " and "Diablo Hawk") yields 
data useful for planning the design and construction of deep basing facilities. Al

though much of it was inflicted on sophisticated, super-hard structures at high 

stress levels, some unlined and rock-bolted structures survived impressive stresses 
in the rock. The rock types included granite and tuff with a wide range of uncon

fined strengths and angles of internal friction, as measured by tests of conventional 
cores. 

I have been asked to summarize our experience over the last thirty-five 
to forty years in weapons e ffects, and particularly weapons effects on 
deep underground structures. I must do so in an unc lassified nature . 
The experiences I shall cover, or at least touch upon, are our experi
ences in Hiroshima and Nagasaki. The attack on those two c ities involved 
so-called "nominal "  bombs, a nominal bomb being 20 ki lotons of explos ive 
energy . (The Texas City ship explos ion in 1944, incidental ly, was esti
mated to be the equivalent of two to four ki lotons of explos ive energy . )  
I wi ll then go into, in an unc lassified way, a di scuss ion of the nuclear 
weapons effects, emphasiz ing cratering, stress with depth, and what we 
know about the stress with depth . Finally, I shall very briefly go over 
what we learned from a series of experiments entitled " Hard Hat " in 196 3 , 
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" Pile Driver" in 1966 , and-more recently-"Dining Car , " "Mighty Epic , "  
and "Diablo Hawk" beginning in 1975 . 

I mentioned the Hiroshima and Nagasaki experience s .  Figure 1 is 
from a book entitled Effects o f  Nuclear Weapons, the first edition of 
which was produced in 1946 ; there have been several editions since then , 
the most recent being in the 1970s . The se photographs show what happened 
at 0 . 5  mile from ground zero at Nagasaki (Figure 5 . 34a) and what happened 
0 . 3 mile from ground zero at Hiroshima (Figure 5 . 34b ) ; there was total 
destruction at those points . I mentioned this is a 2 0-kiloton nominal 
bomb . The yields of the bombs we are talking about today are in the 
ne ighborhood of 20 megatons , a thousandfold as great . To a reasonable 
degree of approximation , what happened at Hiroshima and Nagasaki at about 
0 . 5  mile would occur at 5 mi les from our current weapons . It i s  an awe
some amount of energy and an awesome amount of damage that can be created 
by that energy . 

Colonel Berry has already mentioned CEP ( circular error probable ) . 
Dr . Sevin has mentioned stress with depth . Figure 2 i s  a cartoon which 
I borrowed from Air Force Systems Command Manual 500-8, published in 
196 7 . I have added some rough outl ines to emphasize some of the points 
that we need to at least touch on . The most important point i s  the cra
ter created by a sur face or near-surface burst of a nuclear weapon . I f  
that burst should occur at o r  near the surface of a very competent rock 
-granite or basalt, as an example-the radius of that crater* is about 
500 feet for a !-megaton device . If you take that up to current opera
tional sizes , we could multiply that by a factor of three . So , instead 
of 500 feet in radius, we are talking some 1 , 500 feet in radius , about 
0 . 2 5 mile for the radius of the crater . The depth of the crater , again , 
for 1 megaton for scaling purposes is something on the order of 100 to 
120 feet . You scale that up to, let us say , a 27-megaton device , it be
come s 300 to 360 feet in depth . The accuracy of the weapon is such that 
if an enemy aims at a target , he can almost certainly place that target 
within the crate r .  For soils , to jump to another extreme while not at
tempting to imply any solution in terms of s iting , the crater, instead 
of being some 1 , 500 feet , could be on the order of 3 , 000 feet in radius . 

I marked also on the figure "EMP " and "prompt radiation . "  I will 
not go into any depth on those . Suffice it to say that EMP ( electromag
netic pul se ) is the most awesome l ightning strike that you could imagine 
multiplied by many , many-fold . The prompt radiation is also a signifi
cant item and could create s ignificant damage to anything on the surface . 
As the stre ss waves propagate downward from the crater , we have the 
directly induced ground shock , which Dr . Sevin has already touched upon . 

Figure 3 shows our experience in hard rock on the left . The first 
four are granitic sites . The French data i s  in granite for weapon yields 
of 3 . 6  kilotons to 117 kilotons . Hard Hat , in 196 3 , was conducted in 
granite at the Nevada Test S ite (Cl imax Stock granite ) with a yield of 
5 . 9  kilotons ; "Shoal , "  north in Nevada , was again at a granite s ite with 

*Here we are referring to the apparent crater , that which exists after 
fallback has occurred . The true crater and the as soc iated rupture zone 
may be much larg.er . 
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a yield of 12 . 5  kilotons; Pile Driver , 59 to 61 kilotons in 1966; and 
the last three on this chart are for andesite at Amchitka , Alaska , rang
ing from 81 kilotons for the "Longshot" event up to a 5 -megaton device 
for the "Canikin" event . Plotted within the two bars is the summary of 
all the measurements of particle veloc ity in those particular shots and 
then , using an acoustic impedance to relate particle velocity in feet per 
second to stre ss in kilobars , we have a separate bar on the ordinate for 
the stress in kilobars . The 0 . 5  kilobar used by Dr . Sevin would corre
spond to a scaled distance below a contained event on the order of 700 
feet for a total confined explosion . The preponderance of experiments 
that we have conducted in the United States have been in the hard rock 
and the tuff at the Nevada Test Site . Most of the tuff is at Area 12 , 
Nevada Test Site . 

On the right-hand panel of Figure 3 we show the scatter bands of 
data from the left-hand panel . Superimposed on the right-hand pane l is 
the measured particle velocity from exper iments in tuff . You can see 
that the lower bound of the data for hard rock becomes es sentially the 
mean for the data in the softer rock , speci fically tuff . Again using an 
acoustic impedance to convert particle velocity to stress , you find a 
lower stress in tuff as compared to granite . Dr . Sevin has already men
tioned the coupl ing . I would emphasize that the data shown in the figure 
are strictly from contained bursts . we have to convert from contained 
bursts to the conditions of a surface burst by use of the coupling factor 
mentioned by Dr . Sevin . 

We made up Figure 4 in cartoon form to summarize our data base for 
behavior of l ined and unlined openings in rock in the United States . The 
underground explosion test series conducted in 1948 to 19 5 3 , logi stically 
supported out of Dugway Proving Ground , Utah , inc luded granite , l imestone , 
and sandstone , with a tunnel below the burst point . The burst point was 
a buried burst; much of the data were gathered by documenting the behav
ior of those tunnels fol lowing the detonation . They were all chemical 
explosive s , ranging in s ize from 320 to 320 , 000 pounds . The sizes of the 
tunnel s  went from 6 feet in nominal size for a modi fied horseshoe up to 
30 feet in s i ze . The 30-foot tunne l was subj ected to the effects of a 
320 , 000-pound burst . The 6- foot tunnel s were subj ected to the effects 
of a 2 , 560-pound charge or , in a few instances ,  a 320-pound charge . I 
have flagged the test sites that I have already mentioned and the sizes 
of weapons: 8 pounds to 160 tons for the UET ( underground explosive 
test ) series ; the nuclear events go from 55 tons to 5 megatons , 5 mega
tons being for the Amchitka shot . The series of experiments have in
volved Hard Hat and Pile Driver , as already mentioned . First is a car
toon of these events which I will discuss in greater detail a bit later . 
Next i s  a cartoon of the Mighty Epic/Diablo Hawk events that were con
ducted in the middle to late 1970s . 

F inally , we summarize the peak stress of up to a kilobar ( a  kilobar 
is 14 , 500 ps i )  for unl ined cases . For lined cases we have experienced 
all the way up to 5 kilobars (or 7 2 , 500 psi )  stress in the rock . Final
ly , in the table we summarize the types of linings , the environments , 
and the materials in which we have conducted experiments . The basalt , 
mentioned at the bottom of the chart , incidentally , was at the Nevada 
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Test Site � the salt i s  located in two places . We have done free-field 
experiments in those media also . 

Let us move to the Hard Hat event (Figure 5 ) . The Hard Hat event 
was reached through a shaft 785 feet deep to the muck pocket � the muck 
pocket went an additional 35 feet below the intersection with the nearly 
horizontal drift . There were 3 experimental stations and some 43 test 
structures in these 3 areas . The device was emplaced in a 36-inch cased 
drill hole some 9 4 3  feet below the sur face � as already indicated , it was 
a 5 . 9-kiloton device . The working point , as we call it , or the zero 
point , was depressed below the structure ' s  drifts to get rid of the shad
owing that might occur from one drift to another if they happened to be 
at the same elevation . 

The plan view of those three drifts , A ,  B, and C ,  i s  shown in F igure 6 .  
"A" drift was some 2 5 0  feet from the zero point . " B "  drift was 340 feet 
and "C" 460 feet from the zero point . The 5 . 9-kiloton device was to the 
left , off the figure in thi s  sketch . There were 10 structures in A 
drift , 18 in B drift , and 15 in C drift . The basic de s ign was for the 
conditions estimated to occur in B drift , and then the structures were 
arrayed at three different locations in order to give a spectrum of dam
age . Stress levels inferred from measured particle velocities at A dri f t  
were 2 t o  4 ki lobars , and a t  C drift , 0 . 5  to 1 kilobar . A series o f  
mainly cyl indrical structures were involved , ranging from the strongest 
structure , a re inforced concrete structure 8 inches thick surrounded by 
20 inche s of polyurethane foam , to the weakest of the structures ,  a 
horseshoe shape with 4- inch , 1 3  pound-per-foot steel shapes with 2 - inch 
lagging between the shapes . I will not have time to go into any great 
detai l on Hard Hat , but I think from the slides I shall show on Pile 
Driver , subsequently ,  we can infer some of the conditions that occurred 
in the Hard Hat experiment .  

Now , moving to the Pile Driver experiment (Figure 7 ) , I shall show 
a perspective with the access shaft some 1 , 367 feet deep , extending to 
a muck pocket 89 feet deep , and then some 1 , 400 feet along the access 
drift to a winze . The winze goe s down some 104 feet � the device was 
placed at the bottom of it . The device was planned to have a 50-kiloton 
yield . It actually turned out to be a 59-kiloton yield and in some 
references it has been noted as a 61-ki loton yield . The test structures 
were located in X drift , at 3 2 0  feet from the zero point , on out to C 
drift at some 940 feet from the working point . Measured particle veloc
ity at X drift was sufficiently high that it corresponds to about 30 
kilobars--about 500 , 000 psi--in the rock , on out to about 10 , 000-20 , 000 
psi , or 0 . 66- 1 . 3 3 kilobars , at the most remote range . 

From the perspective , you should note that we varied the size of 
excavation from 44 to 7 feet in size . We also var ied configuration: 
X intersections , T intersections and complete structures ,  capsules at 
the bottoms of the X intersections . The structural types inc luded rock 
bolts , unlined openings , and various types of sophisticated lining , but 
before we touch brief ly on the construction methods and the results of 
that particular experiment , I would like to note some of the maj or fea
tures of the geology at Area 15 of the Nevada Test Site . 
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In Figure 8 ,  the plan is j ust reversed over the preceding perspec
tive . The l ines are the surface maps of the various maj or j o ints encoun
tered throughout the workings . The j oints were mapped at the tunnel lev
el , some 1 , 400 feet below the surface . At that level , the contact between 
a quartz monzonite and a granodiorite was as shown . The physical proper
ties of the rock types were almost identical , but one was a much more 
quickly cooled material than the other . Also at tunnel leve l , we had a 
horsetail fault that we picked up a definite expression of at the base 
of the shaft and near C drift , but we qid not pick it up clearly in B 
dri ft . The granite was a j ointed rock and it did have some faulting and 
discontinuities in it . 

Some damage along natural j o ints can be seen in Figure 9 .  The dark
er areas in the roof in the foreground represent regions where small 
blocks of rock fell . 

Figure 10 is a post-test picture of a more sophisticated structure . 
Thi s  one i s  seven feet in internal diameter . It is 6 inches thick , has 
nominally 0 . 5  percent re inforcement on each face in the c ircumferential 
direction and 0 . 2 5 percent reinforcement on each face in the longitudi
nal direction . The "flex duct" used to provide air was installed after 
the reentry ; during the event itself the opening was completely free of 
materials . The power l ine was also brought in for electric power after 
the event . Th� only things that existed within thi s  structure at the 
time of the event were the s ignal cables , which were strapped to the wall 
with airplane cable in one case and with bungee cord in the other case . 
You can see the bungee cord in place . Surrounding this seven- foot struc
ture was some four feet of material , frequently referred to as Merlcrete . 
It is  a foamed neat cement that has a flat-top stre ss- strain curve . That 
structure survived somewhere between 0 . 66 and 1 . 3 3 kilobars . Other struc
tures actually survived at a level of two to four kilobars , as I shall 
show in thi s  next s l ide . 

Figure 11 shows a steel structure , but there is a concrete structure 
very similar to the one we j ust saw in the background in this particular 
view . Thi s  figure is in B drift . B drift saw a measured particle ve loc
ity of about 110 feet per second , which , depending on how you want to 
convert that into stress ,  is somewhere between 2 and 4 ki lobars . The 
concrete structure in the background survived . The steel structure in 
the foreground used corrugated steel of two thicknesses . It was surround
ed by four feet of the foamed neat cement . It also survived two to four 
ki lobars . Again , there was a power l ine and a "flex duct" that were 
put in after the event to give us ventilation and power . On the left 
rib of the structure are the cables for getting the instrumentation sig
nal s out . They were held down with bungee cord or with airplance cable . 
They were covered wi th spray- in-place foam to further protect them . 

I mentioned a rock bolted section . F igure 12 shows a heavily rock 
bolted section . The rock bolts are some two feet on centers . There are 
at least two layers of chain link fence on the surface . The rock bolts 
are size number 11 ; they are 16 feet long . The opening is 16 feet in 
diameter . This picture was taken after the event , and there is no evi
dence of any distress whatever in that particular structure . I would 
hasten to add several things , however . First , this is an end-on 
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configuration . (The stress wave propagated in the direction of the lon
gitudinal axis . )  The working point , if you eye down the rock bolt with 
the white painted bearing plate , is some 846 feet ahead of that . The 
best estimate of the stress level at that particular point is about 1 . 5  
kilobars , about 20 , 000 psi , in the rock . Also , I would emphasize that 
these rock bolts are very closely spaced . These rock bolts were also 
tens ioned to 60 , 000 pounds force in each of the bolts after they were in 
place , so that there was a fairly high confining stre ss intentionally 
put on the rock . 

Finally , in my last five minutes I shall try to bring us up-to-date 
with the recent serie s of tests and , because I am running out of time , 
let me try to expedite thi s by first quickly indicating in plan view the 
Mighty Epic event (Figure 1 3 ) . The Mighty Epic event was originally 
planned as a line-of-site ( LOS )  pipe experiment , as they are cal led , with 
test chambers off the view on the right s ide to test other effects of the 
device . Of course , that device create s a stress wave that propagates out
ward and we took advantage of that stre ss wave and added a series of 
structures in the Mighty Epic event . 

Mighty Epic had as its main thrust looking at so-called super-hard 
construction. The Diablo Hawk event following it re loaded that super
hard construction in a second loading . In pass ing , let me briefly com
ment on the result of a reloading of a structure where it first saw one 
kilobar propagating in a direction perpendicular to the longitudinal 
axis ( s ide-on ) in Mighty Epic ; and axially in Diablo Hawk with stress 
levels , depending where you were in the drift , anywhere from one kilo
bar to about three-eighths ki lobar range . There was some distortion of 
the interior stee l ring resulting from the second loading , but the actual 
measured distortion was on the order of one-half inch. 

The Mighty Epic working point appears on the left . In Diablo Hawk , 
we not only re loaded the structures that you saw in the previous case , 
but we added a number of other experiments. One was a sand-fil led tun
nel to determine the behavior of potential underground reservoirs and 
finally , there was a series of size-effects experiments at 0 . 6 ,  0 . 3 ,  
and 0 . 15 kilobar . The size of the last set of structures ranged from 
9 inches to 18 feet . 

Construction of the horseshoe- shaped dri fts for size effects was 
with a roadheader in a s ingle pass for the 9-foot and 13-foot openings . 
Two passes were required for the 18-foot excavation . The completed 
structure was some 54 feet long . The openings were largely unl ined . 
There were rock bolts between the var ious unl ined segments , so that in 
the event that one of them failed, it did not propagate to the next seg
ment . There was some dislocation of the rock from the back in several 
places in the unlined openings, but probably nothing to cause any great 
concern about moving personne l and equipment through that tunnel sub
sequently at the lowe st stre ss level . 

In clos ing , I would like to emphas ize that high-speed photography , 
taken in those types of dri fts , which you will see later today , shows 
what appears to be an awfully hosti le environment , but there was no se
rious damage in many drifts . Assuming , o f  course , that one has provided 
secondary protection for anything that might have been housed in the 
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drifts , I would not be concerned about surv1v1ng the environment shown 
in the high-speed photograph . So , my time is doubtless up ; I shall 
close at thi s point . 

* * * * * 

SPEAKER : Jay , what is the stre ss level for that unlined tunnel ?  

DR . MERRITT : The unlined tunnel shown i n  the last slide saw 2 , 400 psi . 
We had two other drifts of s imilar size that saw 4 , 000 psi and 8 , 000 psi . 
The 8 , 000 psi one was very heavily damaged . The one at 4 , 000 psi was 
moderately damaged . Thi s  one was lightly damaged . 

SPEAKER : On a scale of one to ten , at the present t ime , what is our re
liabil ity on the test related to instrumentation cabling , etc . ?  Where 
would we stand in analyzing where we go from here on that reliability? 

DR . MERRITT : Gosh , I am not quite sure how to answer that because , as 
you are probably aware , we are actively considering the development of 
new gauges to allow us to go into still higher stress levels than we 
have looked at there . There i s  a lot of work in being able to do that . 
The instrumentation for most of the things I have shown here , up to one 
kilobar in tuff , has survived quite wel l , with some exceptions .  There 
is some faulting in this particular rock , and we did have one case , and 
I emphasize one case , in which a fault did guil lotine our instrumenta
tion system . 

SPEAKER : In our time span of collectively analyzing and going into a 
basing mode , do you think that between now and 1984 there is enough re
search and development being done in this field that should bring us to 
a better percentage of reliability? What I am referring to is one of 
our discuss ions has to be what i s  coming out o f  new technology , and is 
it sufficient? 

DR . LINGER : I think , in answer to that question , the instrumentation 
technology has improved probably two orders of magnitude since these 
tests were conducted , and I think that we will see a high-speed photo
graph of this tunnel during the shot , and the man that is going to do 
that is the manager of the Construction Divis ion at Nevada Test S ite , 
and I think he has tremendous reliabi l ity bui lt into his instrumentation , 
more so now than ever before . 

SPEAKER : What was that rock , the last one we were looking at , the un
lined tunnel ?  

DR . MERRITT : The unlined tunnel there i s  a tuff at N tunne l , approxi
mately 1 , 400 feet below the local surface . The unconfined compressive 
strength of that particular rock , using NX cores , is in the neighborhood 
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of 3 , 000 to 4 , 000 psi . I f  you want to characterize it as a Mohr-Coulomb 
material , it probably has an angle of internal friction in the range of 
10 to 15 degrees .  Its specific gravity i s  right around two . Its seismic 
velocity is about 8 , 000 feet per second . 

INDUSTRIAL STRUCTURES 1 67 

F I GURE 1 ( 5 . 34a ) Destroyed industrial area showing smoke
stacks still standing at 0 . 5 1 mile from ground zero at 
Nagasaki ( from The Effects of Nuclear Weapons , 197 7 ) . 
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1 68 STRUCTURAL DAMAGE FROM AIR BLAST 

F I GURE 1 ( 5 . 34b ) A c ircular , 60 feet high , reinforced
concrete stack at 0 . 34 mile from ground zero at Hiroshima 
( from The Effects of Nuclear Weapons, 197 7 ) . 

Copyright © National Academy of Sciences. All rights reserved.

Design and Construction of Deep Underground Basing Facilities for Strategic Missiles: Report of a Workshop Conducted by the U.S. National Committee on Tunneling Technology, Commission on Engineering and Technical Systems, National Research Council.
http://www.nap.edu/catalog.php?record_id=18562

http://www.nap.edu/catalog.php?record_id=18562


-;? D I R EC'f- IHDUC
CK 

\ � 
G ROUND SHO� 

/ 

�p Pllt ... PT Jti'.,Nrlltl 
AIR B L A ST 

SHALLOW BURIED 
STRUCT URE 

S • -rE � 
�� (t.P.O <: M C 

• 

• 
• 
' 

• 

flATIAaf; 

AI R BL AST OV E R PRESSURE 

A N D  DY NAW IC  P R E S S U R E 

A BOVEGRO U N D 
STRUCTURE 

F. I GURE 2 Types of air blast and ground shock effects associated with permanent-type structures .  

w 0\ 

Copyright © National Academy of Sciences. All rights reserved.

Design and Construction of Deep Underground Basing Facilities for Strategic Missiles: Report of a Workshop Conducted by the U.S. National Committee on Tunneling Technology, Commission on Engineering and Technical Systems, National Research Council.
http://www.nap.edu/catalog.php?record_id=18562

http://www.nap.edu/catalog.php?record_id=18562


F I GU RE 3 

DEEP BASED 
FS R F  

10 

0 rCA It 
STREU ' 
IKIARI 

1.1 

'·" 

Scaled Grotm4 1lotlon lrom Tunpecl 
UnclemoW N'adar Explosio• 

ICAUD RANOI 
R IIII/IIT113J tOO ,.. 

• PltiiiiCH OAT A Q.l-UJ CTI 

e HAIIIO HAT 11.1 llTI 

D •  IMOAL 1 1 1.1 CTI 

6 6  PILIOiliVIIII II, CTJ 

9 CANNICIN II MTI 

0 PlAit 
STREit 
IKIAR) 
TUP F -

a MILilOW 1 1  MTI GRAMm 
tOO 

• 

' 

+ LONGIHOT 11 1 CTI 

HAN) ROCK 

YUDCfTY �Ct 

1 e a a •••e' 1 ,).-.-,-.-,¥ 1.1 I 0 ,  I "1 
10,000 1 00  1000 

R UllkT tn, 
SCALED RANGE 

ICALID WOI 
,.. 

TU, cso•n 

0.1 1 , , , •• r 0 , , , , , , ,, , > • 1 ',.,' 
100 11.1. 1000 10,000 

R lfVIlT ·-, 
ICALID MNGI 

w ...... 

Copyright © National Academy of Sciences. All rights reserved.

Design and Construction of Deep Underground Basing Facilities for Strategic Missiles: Report of a Workshop Conducted by the U.S. National Committee on Tunneling Technology, Commission on Engineering and Technical Systems, National Research Council.
http://www.nap.edu/catalog.php?record_id=18562

http://www.nap.edu/catalog.php?record_id=18562


... 

DE EP BAS E D  
FS R F  

• 1948 TO TODAY 

• TEST SIT ES: 

Expe rirn en ta l D ata  B ase 
Gro u n d  Sh oc k Environ ment & 
Rock O pening  Rein fo rcem en t  

DUGWAY PROVING G R OUND, UTAH 

N E VADA TEST SITE 

• Y I E LD 

CAR LSBAD, N EW . M E XICO 

HATT I ESBURG, M I SS ISSI PPI 

AMCH IT KA, A LASKA 

CHEM ICAL: 8 L8 - 160 TONS 

NUCL EAR : 55 TONS - 5 MT 

e PEAK STR ESS 

( F R E E·F I E L D, AT STRUCTURE LOCI 

UN L I N E D :  0 - 1 KBA R  ( 14,600 PSI ) 

L I N E D: 0.2 - 5 KBAR (72,500 fiS I )  

• ROCK TYPES 

F I GURE 4 

PI L E  D R I VE R  UGT - NEVADA TEST SITI - 11&1 

MtGHl V EP'tC/DIABLO HAWK UGTS - NTS - 1171 . 71 

TUNNIL PUN 

w (X) 

Copyright © National Academy of Sciences. All rights reserved.

Design and Construction of Deep Underground Basing Facilities for Strategic Missiles: Report of a Workshop Conducted by the U.S. National Committee on Tunneling Technology, Commission on Engineering and Technical Systems, National Research Council.
http://www.nap.edu/catalog.php?record_id=18562

http://www.nap.edu/catalog.php?record_id=18562


r 

I 
I 

F IGURE 5 

. ' t ·  � 
-

-

� . .. ,.. - 36 C A S E D  M O l E . .  
( l  I ST A T • O �  u l$ o )  { '  . .  • 

39 

ELEVA TO R S HA,:-r 
(STAT I O N  i500 1 

- Vert ical Sec t ion . F.vent Hard "at 

Copyright © National Academy of Sciences. All r ights reserved.

Design and Construction of Deep Underground Basing Facil i t ies for Strategic Missiles: Report of a Workshop Conducted by the U.S. National Committee on Tunneling Technology, Commission on Engineering and Technical Systems, National Research Council.
http://www.nap.edu/catalog.php?record_id=18562

http://www.nap.edu/catalog.php?record_id=18562


40 

8 

C 2 o  TEST DRIFT A 

· C'6 c 

- C 3 o 

. C 4 o  

- 8 � 1)  - - C 7 e 

- a . o  

- Plan Viev of Tea t  Sec t i ons . Event Hard Hat ------------------
- --- - - - - - -----

F IGURE 6 

Copyright © National Academy of Sciences. All rights reserved.

Design and Construction of Deep Underground Basing Facilities for Strategic Missiles: Report of a Workshop Conducted by the U.S. National Committee on Tunneling Technology, Commission on Engineering and Technical Systems, National Research Council.
http://www.nap.edu/catalog.php?record_id=18562

http://www.nap.edu/catalog.php?record_id=18562


Q 
w 
u:: 
Vi 
� _, u 
z 
::::> 

41 

Copyr ight  © Nat iona l  Academy of  Sc iences.  A l l  r ights  reserved.

Design and Const ruct ion o f  Deep Underground Bas ing Fac i l i t ies  for  St ra teg ic  Miss i les :  Repor t  o f  a  Workshop Conducted by the U.S.  Nat iona l  Commit tee on Tunnel ing Technology,  Commiss ion on Engineer ing and Technica l  Systems,  Nat iona l  Research Counci l .
h t tp : / /www.nap.edu/cata log.php?record_ id=18562

http://www.nap.edu/catalog.php?record_id=18562


\ 
\ 
\ 
" �� \ ,' l I I ; I I 1 ! v 

71: J 
I I I I 

,' I 
I ' •  I I •  / �· ! I !' I  I '!I >  ' :e : ,/ � .\ I 

I , 1,,' 

I I I I 

42 

' 
' 

' 

�·· , , '<, � . . ' l 

. .  I . • 

Copyright © National Academy of Sciences. All rights reserved.

Design and Construction of Deep Underground Basing Facilities for Strategic Missiles: Report of a Workshop Conducted by the U.S. National Committee on Tunneling Technology, Commission on Engineering and Technical Systems, National Research Council.
http://www.nap.edu/catalog.php?record_id=18562

http://www.nap.edu/catalog.php?record_id=18562


4 3  

F I GURE 9 Failure along natural j o ints , Shop Dri ft 
( event Pile Driver ) . 

F I GU R E  1 0  Structure s with packing , sections CRl and 
CRla ( event Pile Driver ) . 

Copyright © National Academy of Sciences. All rights reserved.

Design and Construction of Deep Underground Basing Facilities for Strategic Missiles: Report of a Workshop Conducted by the U.S. National Committee on Tunneling Technology, Commission on Engineering and Technical Systems, National Research Council.
http://www.nap.edu/catalog.php?record_id=18562

http://www.nap.edu/catalog.php?record_id=18562


44 

F I GURE 1 1  Structure with packing , section BR9 
(event Pile Driver ) . 

F I GU R E  12  Structure with rock bolts and me sh--end-on 
loading , sections CRS and CR6 ( event Pile Driver ) . 
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Deep Basing Concept (Horizontal Egress) 

JAMES A .  WOOSTER 

Boeing Aerospace Company 

Seattle , Washington 

SUMMARY: Recent developme nts and observed trends in the intercontinental nuclear 
threat against potential strategic targets in the United States have caused much in

terest in new concepts for survivable basing of this nation's own high-value military 
systems. President Reagan's October 2 ,  1981 , announceme nt initiated the current in
vestigation of deep basing as one of three possible long-term basing modes for the MX 
intercontinental ballistic missile (ICBM) . The same threat trends (primarily for in

creasing accuracy, increasing numbe rs of large delivery vehicles, and increasing num

bers of individual nuclear weapo ns) that engendered today's ICBM rebasing activity 

also affect our approach to the design of deep basing systems. Most importantly, we 

should avoid (a) any dependence on fixed surface eleme nts to pe rform mission-critical 
functions and (b) the temptation to concentrate a great deal of target "value" in one 
or a few deep underground cavities. In other words, we are driven to underground sys

tem concepts that can operate relatively independent of surface support after attack, 

and that spatially distribute target value to make a nuclear attack on the system as 

unrewarding as possible to the attacker. For a combination of reasons, both techni

cal and nontechnical, we also should avoid depe ndence on deception of the po tential 
attacker regarding the exact underground locations of critical fixed system assets. 

Recognizing the foregoing constraints, Boeing engineers in recent years have 

studied a series of concepts for deep basing of an ICBM force. Their efforts led to 

the description, in some detail, of a particular example of a deep basing system con� 

cept, and to some parametric investigations of the anticipated cost and survivability 
of such a system. The example is an interconnected network of horizontal tunnels, 

excavated deep under a mesa or mountain ridge composed primarily of unsaturated por
ous rock. Access tunnels are horiz ontal, but passageways for postattack egress may 
involve slopes anywhere between horizontal and vertical. Provisions are made for 

critical subsystem equipment, pe rsonnel, and materials to be distributed among many 
separate locations within the tunnel network. Preliminary evaluation of this type 

of system concept indicates that satisfactory nuclear survivability probably is 
achievable at depths that appe ar to provide a reasonable number of candidate sites 

in the United States. 

Those of you who have an agenda will notice that thi s s lot on the agenda 
is entitled " Horizontal Egre ss Systems . "  I want to take the liberty now 
of expanding that title a l ittle bit . I wil l  try to speak in basically 
two categories . First I ' ll identi fy some of the overall system archi
tectural design options that we believe are available to des igners of 
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potential deep based systems . Then I would like to go into a specific 
example that we have worked out in more detail than the others and that 
gives a reasonable outline , I believe , of two things . One i s  a system 
with near horizontal egress capability , and the other is some of the crit
ical subsystems that must be involved in j ust about any deep based system 
(particularly a manned system) that might be considered . 

Just before we start , I would l ike to recall several things that 
speakers have said today . First o f  all , Colonel Berry ' s  presentation on 
the evolution of the threat is pertinent because it tells us that as the 
attacker ' s  accuracy increases we cannot count on anything on the surface 
to survive an attack . As the attacker ' s  ability to deliver very large 
amounts of yield to the target increases ,  we also are driven , as Dr . Se
vin pointed out , away from concepts that tend to concentrate high-value 
assets in one place , regardless of their depth . Thus we are driven to 
distributed systems by those two trends in the threat . 

Finally , some of the material that Dr . Merritt j ust presented in the 
way of weapon effects testing , and particularly vulnerability testing , o f  
various cavity lining systems and that sort o f  thing gives u s  some basis 
for constructing analytical models of deep basing system vulnerabi lity in 
the gross structural sense . 

What I wi ll show you , I believe , will i llustrate how that type of in
formation can be used in at least the very preliminary stages of a system 
design . I would also point out that in an attempt to meet my time sched
ule I am going to be walking through these charts at a speed of about one 
per minute . I won ' t  be able to elaborate on everything , but I want to 
give you some ideas as to approaches that might be possible . 

An obvious one , I suppose , with which to start ( and with which , in
deed , we did start ) is the idea of distributing a system in the sense o f  
providing many self-sufficient deep shafts , as illustrated in Figure 1 .  
In other words , j ust very deep silos that are capable of protecting the 
missile from attack and provide the capability , also , for self-sufficient 
diqout and all the other functions that must be provided to support the 
missile . In the plan view , because of nuclear attack considerations , you 
are driven to some sort of a hexagonally packed layout to avoid the at
tacker ' s  being able to get "bonus kills . "  In the elevation view you must 
consider some possible nonideal geologic conditions . At this stage o f  
the game , about as far a s  we went i n  that direction was t o  consider two
layer systems . 

At the time when this was being done there was a temptation to bring 
in the idea of deception--in other words , having more deep shafts than you 
actually have missiles . Recent events in this type of business , I think , 
would convince us all that deception is not a very viable approach to de
s ign . Deceptive basing schemes have a lot of ugly aspects as regards pub
lic acceptability and cost , but nevertheless we tried various approaches .  

You can try to shuffle missiles on the surface , as indicated in Fig
ure 2 .  You could try to do it in a shallow tunnel , as shown in Figure 3 ,  
to he lp conceal your activities in operating the system . Or , as illus
trated in Figure 4 ,  you could provide a shallow tunnel for missile shuf
fling and a deeper tunnel for less mechanically intensive operations , 
such as minor maintenance . 
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We eventual ly came to the conclusion that , at least conceptually , 
this sort of a design approach would lead us to a deep tunnel system 
where the interconnecting tunnels are as hard as the cavities that pro
tect the high-value assets . ( Such a concept is shown in Figure 5 . ) Al
though we can ' t  be certain this is the ideal solution , at least it is a 
very attractive one . I want to be careful I don ' t  say anything is an 
ideal solution , because I think before I am through here you will see 
that the work we have done barely scratches the surface as to the pre
liminary system design activity that we are fac ing in the next two years . 

Returning to the question of postattack egres s ,  we bel ieve the un
certainties (primarily in the nature of crater-related damage to such a 
site ) tend to drive you to consider the idea of creating entirely new 
egress paths after attack and avoiding the immediate locale that was at
tacked . Such an approach seems superior to attempting to dig through or 
otherwise pass through an environment of very disrupted material the me
chanical nature o f  which , or even the extent of which , you are unable to 
predict prior to the actual attack . Thi s  crater-rupture environment un
certainty makes design of a digout system (particularly an automated one ) 
an almost intractable engineering problem .  Figure 6 illustrates the fore
going issues . 

There are also reasons for looking at the variation on that theme of 
providing prestarted exit pathways that are not completed all the way to 
the sur face . This approach to system design has two attractions . One is 
that if any of the exits are not attacked or happen to survive for what
ever reason , they provide you potentially with a much shorter egress time , 
and that is mi litar ily a very attract ive feature . 

Referring to Figure 7 ,  another attractive thing about pre-established 
exits is that we believe they complicate the targeting problem for the at
tacker . If he sees a system like this or bel ieves that the system is de
signed like thi s (actual ly he would know i t )  he then must make a choice . 
He must decide either to target the high-value assets at great depth , 
which are wel l  protected and thus require large amounts of his deliverable 
yield , or he can decide to use that yield in another way and attack your 
prestarted egre ss pathways .  An attack against prestarted egre ss passage
ways require s him to use up a significant fraction of the yield that he 
might allocate against the entire system and thus leave large numbers or 
a large percentage of the higher value assets , such as mi ssile s , power 
plants , crews , etc . , undamaged at the greater depth . I f  so ,  they would 
still remain a long-term threat to him , although perhaps not as immediate 
a threat . 

Although this is probably an obvious point , I want to mention brief
ly in pas sing that the basing of digout capability in such a system also 
clearly provides the capability ( at least conceptually )  of repa1r1ng some 
of the damage sustained during an attack . This idea is i llustrated in 
Figure 8 .  It gives the system flexibility , particularly , we believe , if 
it is a manned system . It  would have flexibility that an unmanned system 
without thi s capabil ity could not exhibit . 

I wi ll apologize for the cartoonish nature of Figure 9 ,  but i f  you 
think about the problem of creating new egress pathways after attack and 
avoiding damaged areas , we be lieve you wi ll be drawn to the idea that 
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perhaps vertical egress paths may not have all the attractiveness that 
steeply or even shallowly angled egress paths might have . 

In particular , i f  you are capable of finding a site that allows some 
surface relief , the task of tunneling or otherwise excavating an egress 
path , we believe , might be accomplished with less of a demand on techno
logical development . In other words , it takes more advantage of existing 
underground excavation technology . 

So , with that as background on the preliminary search for a system 
to examine in greater detail ,  I will proceed now to the system that we 
have recently given some attention to . Please understand , however , that 
our elaboration of thi s concept was done only as an example . The motiva
tion for doing so was ( a )  to convince ourselves that we understand all the 
parts of such a system and how they must play together and (b ) to provide 
a framework for the planning of required research , particularly research 
in nuclear hardness and survivabi lity as they relate to mission-critical 
subsystems . 

Now , I have a series of four or five illustrative charts here which 
tend to start , as you see in Figure 10 , with an external view of an ideal
ized site . The sur face relief shown here probably is physically unrealiz
able , but the point is that a base such as you will see described would 
have very little observable signature on the surface . You would see a 
system of access roads and a system of access tunnel portals from the out
side leading into whatever escarpment was used as a host for the system . 

As we see in Figure 11 , i f  it were possible to cut away and see what 
is inside that ridge or mesa or mountain , whatever you want to call it , 
we propose that a tunnel system be excavated in that escarpment which ba
sically consists of , first of all , a peripheral tunnel that essentially 
follows the lay of the land , the outside periphery of the ridge . For rea
sons which I probably don ' t  have time to go into in detail , we believe 
that you would , also , be driven to have essentially enough additional un
derground space to provide a redundant tunnel ( shown there in a z igzag 
shape ) that connects with the basic peripheral tunnel . 

We have shown the idea of providing prestarted exit tunnels sloping 
up nominally at a 20-percent slope . Thi s concept for pre started exits 
is one that we chose rather arbitrarily for purposes of thi s exercise . 
Figure 11 shows that for some distance (which would have to be determined 
by our estimates of cratering weapon effects , etc . ) that exit tunnel would 
not be completed all the way to the surface . 

The access tunnels are shown again here in Figure 11 . They would 
have to be provided at intervals , probably something on the order of every 
10 miles around this system , for two reasons . One is that , as you people 
are more aware than I ,  access tunnels would be necessary for construction 
purposes during the deployment of the system , and finally , of course , it 
is required to have some way to get crews , equipment , etc . , in and out of 
the system during peacetime operation . 

· 

In Figure 12  we have made an attempt to show a closer view of what 
is in that internal tunnel arrangement . This is a view that at least 
tries to give a conceptual idea of what that system would look like from 
a closer vantage point and what sort of equipment is required in it dur
ing the period of postattack egress operation . 
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We have shown that the machine to be used would be a tunnel boring 
machine ( TBM) . I don ' t  think that we need to select a particular device 
at this time , and we realize that a standard TBM is probably not a good 
choice , given the uncertainty about the type of material you will be go
ing through . However , some sort of excavating capabil ity has to be pro
vided along with some means of handling the spoils , a place to di spose 
of them within the system , and of course all the other critical items . 
They include accommodations for the crew ( in other words , the life sup
port systems ) , shops for maintenance of the equipment being used , trans
porter-launchers which house and protect the environment of the mi ssile 
while it i s  being stored and , also , serve the function of bringing it to 
the surface for launch after digout has been accompli shed , plus some sort 
of survivable electric power system . 

We chose to look at large-capacity hydrocarbon fuel cells as a candi
date for that system and , of course ,  recognized the need for a very im
portant and very elaborate environmental control system which provides 
venti lation and disposal of waste heat in this system . 

Before I proceed to a short discussion of some critical subsystems 
besides the ones that you see there , I want to make a few points about 
assumptions that were made . 

First of all , we made assumptions which I believe are critical . One 
is that nothing in the layout of thi s  system wi ll be unknown to the at
tacker , that he will have perfect pre-attack knowledge of the location 
of everything underground . It is  very di fficult , we believe , to con
vince ourselves that we could keep that information secret or even sig
nificantly uncertain . 

Secondly , we also believe that by the time the full range of threats 
against such a system has been considered it wi ll be a requirement that 
the system have maximum autonomy in the sense of not requiring exchange 
of air or coolant fluids with the external surface environment after at
tack . In other words , it truly must be a self-contained , buttoned-up , 
sealed operation after attack . For that reason , as many of you are well 
aware , the problem of thermal efficiency of all the equipment involved , 
and particularly energy storage and energy conversion systems , is ex
tremely important . The problem of disposing of waste heat in a fully 
sealed system that is housed in rock (particularly the types of rock that 
we believe would be attractive , which tends to be a rather good insulator 
and not the most ideal medium for disposing of waste heat ) will have to 
be given significant attention in the design of deep underground surviv
able basing systems . 

The previous figure s have shown you a few of the critical subsystems, 
and I particularly want to point out that , as we are all aware , the post
attack egre ss issue is the first one that people will ask about in con
�idering this type of concept . It is my belief that perhaps the second 
question that will be asked has to do with the survival of communications. 
I f  this system i s  to have any utility to the nation , some means of com
municating with it after attack must be provided . As you noticed in the 
previous pictures ,  no designs were chosen for that particular subsystem . 
The reason is that we don ' t  believe it has been worked out , or that the 
technology in general has developed to the point at which a particular 
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design can . be chosen . Thus , although there are a number of promising tech
nologies from military applications , oil exploration programs , �n1ng safe� 
ty research , and that sort of thing , that lead us to believe that some sort 
of through-the-earth communications link would serve well as a last-ditch 
survivable link to outside authority , we did not believe that we could iden
t i fy a particular design as being even a reasonable candidate for an example . 

Now , clearly you must have some criteria on which to j udge the bene
f its of such a system of deep based strategic missiles . Our aerospace dis
c ipline in thi s  area tends to concentrate on these two criteria : how well 
does it survive an attack of the type that we think might be mounted 
against it , and how much is it going to cost? 

At that point , particularly with the last word , " cost , " ringing in 
your ears , I would like to caution everyone that the amounts of resources 
that have been devoted thus far to this type of conceptual system design 
are by no means adequate to provide a lot of confidence in cost estimates . 
I think that be fore we are through here you will understand that all the 
confidence that we place in the estimated cost numbers that we have come 
up with for this one particular example is to convince us that it i s  not 
an order of magnitude cheaper than alternative basing schemes , and neither 
is it an order of magnitude more expensive . It is in the same bal lpark . 

I mentioned the capability of creating survivability models , given 
some rather arbitrari ly chosen parameters at the outset about the type of 
site that you will be in . In Figure 13 we show at least one model of the 
survivability of tunnels of about the size that we are talking about in 
dry , soft ( that is , unsaturated and porous ) rock . 

You can see that an analytical model (which is a lot fuzzier than 
that nice crisp line of Figure 13 would tend to make you believe ) can be 
created which , for example , shows that , from the facility designer ' s  view
point , 100 megatons of attacking yield are required to irreparably damage 
a single point on a tunnel at a depth of 3000 feet in the type of material 
we are talking about . In other words , trying to provide a system that we 
believe with great confidence could survive a given attack , we would say 
at that depth one point on the tunnel would require something like 100 
megatons of attacking yield in a surface burst to create a severe enough 
destructive environment to render that point or a few tens of feet along 
the tunnel inoperable . 

As Dr . Sevin mentioned in his presentation , the tunnel system design
er ' s  viewpoint is not the only one that counts . The attacker ' s  viewpoint , 
also , has to be taken into account . The attack planner has a lot of un
certainty about every step in the process of predicting how much damaging 
environment he can produce at this system ' s  depth . Even conservatively 
speaking , we believe that when those uncertainties are folded in (as you 
will see ) there is probably something like a factor of eight between the 
two points of view . I f , for example ,  the designer felt he had a system 
that was reasonably survivable against 100 megatons detonated on a par
ticular surface aim point , the attacker ( at least if he uses targeting 
philosophies that we believe he would ) would be convinced that he had to 
put 800 megatons on that aim point to ensure a high confidence in destroy
ing the deep tunnel target location . Such a calculation of target hard
ness would , in our opinion , tend to make any potential attacker look very 
hard at other ways of neutralizing that target . 
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Now , given a model like that and some knowledge of other nuclear 
weapon effects , you can come to some rough conclusions about some of the 
parametric variations of such system designs as a function of depth for 
a given set of other postulated constraints . Some sort of a threat esti
mate must be obtained . Some requirement must be specified for how many 
missiles out of the original number deployed must survive . Also necessary 
are some speci fication of the type of site and an agreement as to what the 
proper kill mechanism i s ;  that i s , that combination of weapon-induced en
vironments which will render the system inoperable . 

We have done a little bit of this kind of thing , and in Figure 14 we 
can see a couple of curves that are important for the type of system I 
have j ust described . As you can see , as you go deeper , you require fewer 
missiles to be deployed . Also as you go deeper , fewer miles of tunnel 
have to be constructed to interconnect those deployed mi ssiles . 

As you can see , these curves do not have a definite optimum point . 
However , they tend to tell us that i f  we are interested in fielding a sys
tem that looks reasonable in terms of number of missiles and i f  all of our 
other as sumptions about the threat , the nuclear weapon effects , and the 
survivability of tunnels are correct , then you want to be somewhere down 
in the neighborhood of at least 2 000 feet deep , probably closer to 3000 
feet . 

Again , I don ' t  want to give the impression that there is a lot of 
confidence in these exact numbers . We did thi s  type of analysis primar
ily to show trends , to see if there were any obvious optimal depth points , 
and exactly what were the trends of system requirements as you go deeper . 
Doing that and having some idea of how much it costs to dig tunne ls and 
shafts , provide various pieces of equipment ,  etc . , you can make an esti
mate of how cost varies as a function of depth . Here we are going to get 
into some Defense Department cost terms . 

We see a few of these terms in Figure 1 5 . Life cycle cost , for ex
ample , is the total cost of doing research , developing the system , de
ploying the system , and operating the system for a given period of years . 
Research and development cost , acquisition cost , and operating and sup
port costs are depicted individually in Figure 15 . 

Acquisition costs are j ust the costs of actually producing and in
stalling all the necessary equipment , plus providing the necessary base 
faci lities , including underground cavities . Out of acquisition costs , 
j ust for curiosity , we display how much of that in our estimate was occu
pied by the cost of excavating tunnels and other cavities . 

As you can see , depending on the system depth , it is a relatively 
small fraction of the total . Figure 16 i s  a display of the same data for 
a particular system depth in pie charts . Please keep in mind that in de
veloping this estimate we employed techniques good within plus a factor 
of two and minus cons iderably less than that . We can see , however , the 
division between research and development , acqui sition , and operations 
costs . Keep in mind , also , that in the research and development cost cat
egory we charged the development of the missile itself against this system . 
In acquisition we also charged the acquistion of the missile against this 
system , in developing a number which comes out into the few tens of bil
lions . 
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What we are probably more concerned about now , having been charged 
by President Reagan with comparing three competing long-term MX basing 
options , is  j ust the cost of the bas ing system itself . To do that you 
have to take out the cost of missiles in both acquisition and R&D . How
ever , the remainder of this acquisition pie (which is about two-thirds 
of it)  is split about equally between equipment and other items and ex
cavation . These costs must be charged against the cost of the basing 
system . Again , i f  you look at system acqui sition costs for basing only , 
then tunnels , at least in this particular example , loom as a larger frac
tion of the total ( about half the total basing cost ) . 

Again , I want to offer the caution that this exercise was not done 
with the intent or the claim that it produced a system that we could go 
out and bui ld tomorrow , or a system that we could even stand up and say 
today is the optimal system . We clearly cannot say that . We have not 
done sufficient research to identi fy an optimal system . We have not ex
ercised all the possible deep basing options in this way . However , we 
feel that this example was useful , at least as a starter , in portraying 
to the community the type of considerations that have to be included in 
an R&D program such as we are facing right now . 

With that , I wi ll close with a couple of minutes to spare . 

* * * * * 

SPEAKER : It went a little fast , but what cost per linear foot of tunnel 
are you talking about in those estimates? 

MR .  WOOSTER : The estimate , which was done in 19 78 dollars , I think came 
out to something like $ 1 , 800 a foot , at the most . 

SPEAKER : What size tunnels were they? 

MR .  WOOSTER : They varied . Di fferent parts of the system had different 
tunnel diameters , but the access tunnels were of about 18- foot diameter , 
and most of the rest of the tunnels we estimated would be 15 feet in 
diameter . 

SPEAKER : You passed over the shell game of the old silos very quickly . 
What disadvantage did you see in those ? 

MR .  WOOSTER : I will cite two primary disadvantages which we feel were 
a great hindrance to the MX surface shelter deceptive system . The first 
one is that producing redundant shelters in which to house missiles , par
ticularly in thi s deep based example , would be extremely expensive . While 
it might enhance survivability , the costs quickly get out of hand , and 
j ust from an economic standpoint we feel it would hinder feasibility of 
the idea . 

The second one is that in this country , with the society as we have it 
set up ,  maintaining deception in any system like that (with the possible 
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exception of one where everything is at great depth and fully concealed) 
is  very difficult . I believe we would be unable to assure ourselves that 
we could maintain deception and be confident that we were indeed still 
creating enough uncertainty in the eyes of the attacker . So , since both 
of those things were looked upon as close to being " show-stoppers "  on the 
previous concept , it would be nice to avoid them here . 

SPEAKER : It might save us a little money , but what are the Russians 
doing? What are they going to do to base their missiles? 

MR .  WOOSTER : I am not even brie fed into that activity , but we ought to 
be concerned with two aspects of what they will do . One of them , as you 
said , i s  looked at from the de fensive point of view . Would they mirror
image a development like this i f  we started it? That is an interesting 
question . Perhaps it would be a good thing . 

The second question is , " How would they perhaps modi fy the forces they 
have in order to attack a system like this effectively? " I think in 
that area lies one of the primary advantages of deep basing . I say so 
because I believe that the nuclear survivabi lity of a properly designed 
deep underground system will not be sensitive to changes in the enemy ' s  
threat , or even to some very substantial change s in his threat . 

SPEAKER : Your presentation was based on a prototype site . Would the 
system have multiple sites? 

MR .  WOOSTER : I don ' t  think that is sue has been even addres sed yet . There 
are some considerations that I think would drive you to wanting to have 
multiple sites , among them threats in the non-nuclear category . 

SPEAKER : Which means you have not eliminated the possibility of the 
silos ; you have not totally eliminated anything that you started in the 
beginning . You are still going to have another look? 

MR .  WOOSTER : That is right , i f  we are permi tted to look . 

SPEAKER : So you have not done our j ob? 

MR .  WOOSTER : That is right . I certainly don ' t  mean to imply that any 
options have been foreclosed . We have some reasons for believing that 
some of the 15- to 20-year-old approaches no longer are viable because 
of recent developments in the threat , but there is still quite a wide 
spectrum of design approaches that we believe are still valid for in
vestigation against today ' s  and tomorrow ' s  threat . 

SPEAKER : Doe s your scheme depend on these 5 percent and 20 percent 
tunnel slopes , which are pretty tough to build? 

MR. WOOSTER : No , it does not . I think there are two main penalties for 
going to shallower slopes . One of them is that shallower slopes make 
acceptable sites harder to find . So , site avai lability from a topographic 
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point of view is much enhanced if you can go out at a steeper angle . Per
haps you don ' t  even need any surface relief , if you can convince yourself 
you can dig out at a sufficiently steep angle . 

SPEAKER : Conversely , talking about a postattack excavation , I would 
think you might want to keep it simple , and you might want to make it 
horizontal , and that would limit your geographical sites . 

MR .  WOOSTER : Yes , it would . 

SPEAKER : What digout times are being considered? How long do you have 
to get out? 

MR .  WOOSTER : The answer , as far as I know , is  no . 

SPEAKER : The answer is no . There is no constraint , but obviously faster 
is better . 

MR. WOOSTER : That is right . Through the several years that our organi
zation has been looking at this particular problem there has been a dis
tinct paucity of specific requirements .  We have had to postulate what 
that system might be required to do , and it appears that in this program 
there is going to be a deliberate approach which says that we want to 
see what is possible before we start laying any specific requirements 
on the system . 

There is a wide variety of opinion as to what is desirable . There are 
some people in the Air Force who believe that if such a system cannot 
launch instantaneously it has no credibility as a deterrent . There is 
another variety of opinion , perhaps in the " strategic thinker " category, 
of people who say that as long as you can create enough uncertainty in 
the attacker ' s  mind that he cannot actually destroy the missiles , even 
i f  they cannot dig out at all , he still has to consider them in his cal- . 
culations of threat against himself . That point of view i s  not terribly 
appealing to me either . It does not constitute a very credible threat 
against an attacker who otherwise could bottle you up . 

SPEAKER : What is to prevent the observations of rubble after the attack 
and the immediate " zap" when you break through before you have the time 
to get your missile up? It is  obviously going to be a long period of 
time . 

MR .  WOOSTER: Yes . That question has not been addressed , and it will be 
a key part of the R&D program , I would predict . However , I think that 
one of the answers that is going to come out is that even a system such 
as we are talking about , which has a high degree of self-sufficiency 
postattack , is not entirely independent of outside help . For example , 
one common thing that is said is that we must retain the capability to 
deny enemy occupation of the site . Working that problem even further , 
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then , perhaps denial of surveillance or at least interference with post

attack surveillance on the part of the adversary may also be a require
ment for systems like this . 

DR . LINGER : That is one reason why there is a task force whose obj ective 

is eqress . Eqress is the biq problem . 

SPEAKER : I thouqht maybe they solved it already . 

DR . LINGER :  No , as a matter of fact , I think there miqht be some words 
that will come out here that would help . Are there any other que stions 

for Jim? Super . well , thank you , Jim , for an excellent presentation . 
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Deep Silo Basing Systems 

FRA NK PARR Y 
R & D Associat es 

Ma r ina Del R ay ,  Cal iforn ia 

SVHNARY: An alternative to the horizontal tunnel basing mode (i . e . , the "Mesa "  con
cept or any of its derivative s )  is the system of deep vertical silos . These are typ
ified by two main types , the "Sand Silo" and the " Pencil Pusher . "  

Unlike the horizontal systems , the vertical systems are unmanned and would tend 
to be operated very much like current Minuteman silo systems , with the exception that 
the deep silos might al&o be for "dormant " missile storage . In this mode the missile 
would be essentially " turned off" and would not be activated until eqress and launch 
were required . The vertical systems would accommodate similar threats to the hori
zontal systems , but in some conceptions might be based at a greater depth than the 
horizontal systems with an attendant increase in hardness . One possible disadvantage 
is that the vertical system must have fixed and known exits , whereas in the horizon
tal concepts the exit points could be unknown until egress . In general , designs have 
been made to accommodate surface bursts of up to 100 megatons . 

The " Pencil Pusher " (see Figure 3 )  was originated by the Lawrence Livermore Na
tional Laboratory in 1980 . The MX-sized missile canister is placed near the bottom 
of a 3 ,  000-foot hollow steel tube open at the bottom and terminating at the top in a 
conical raise borer . The steel tube is the "penci l , "  and the whole is sited below 
the water table , which is at a depth of 2 , 000 feet . Thus , silos containing this sys
tem are some 5 , 000 feet deep . The required siting is for 2 , 000 feet of soft overbur
den over 3 , 000 feet of hard rock with the water table no lower than the interface . A 
capsule of propellant for eqress actuation is stored below the missile canister . In 
the storage position the pencil is full of water , and the buoyant missile and propel
lant canisters are anchored at the bottom of the pencil . For egress the missile and 
propellant canisters , both of which are buoyant in water , are released and floated to 
the top of the pencil and there anchored . The propellant is then ignited . This pro
pellant , possibly hydrazine , is designed to burn slowly in a controlled manner and 
expels water out of the pencil . This makes the whole pencil assembly very buoyant in 
the lower water-filled 3 , 000 feet of the silo , giving an upthrust of several million 
pounds . This raises the whole assembly to the ground level either by simply forcing 
it through a prepared upper fill or by using the raise borer . An alternative to the 
buoyancy concept (see Figure 7 )  is the hydraulic ram concept (see Figure 8 ) . In the 
latter case , the lower 3 , 000-foot silo is pressurized by a reservoir and PUIIlP system, 
thus sliding the pencil through a seal system and forcing it through the upper fill 
as shown . The ram concept can produce over twice the force of the buoyancy concept . 

The "Sand Silo" concept (see Figure 1 3 )  was originated by Boeing about 1974 . 
The MX-sized missile is encapsulated and placed at the bottom of a deep silo some 30 
feet in diameter and 1 , 500 feet deep . The silo shaft above the missile capsule is 
f illed with prepared sand . For capsule emplacement or eqress the sand is "fluidized" 
by introducing a fairly uniform water content throughout the sand . The capsule is 
operated somewhat like a submarine , for emplacement the capsule can be made heavy by 

7 3  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

D e s i g n  a n d  C o n s t r u c t i o n  o f  D e e p  U n d e r g r o u n d  B a s i n g  F a c i l i t i e s  f o r  S t r a t e g i c  M i s s i l e s :  R e p o r t  o f  a  W o r k s h o p  C o n d u c t e d  b y  t h e  U . S .  N a t i o n a l  C o m m i t t e e  o n  T u n n e l i n g  T e c h n o l o g y ,  C o m m i s s i o n  o n  E n g i n e e r i n g  a n d  T e c h n i c a l  S y s t e m s ,  N a t i o n a l  R e s e a r c h  C o u n c i l .
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filling ballast spaces with water and thus making the capsule sink through the fluid
ized sand , with the latter behaving like quicksand . For egress , the reverse of this 
process takes place r the capsule is IIIAde buoyant by "blowing " the ballast spaces . 
This method of operation allows ready emplacement and also egress from an undisturbed 
silo . If , however , the silo has been subj ect to a nuclear attack the upper silo could 
be greatly disrupted and no longer have a prepared fill of known characteristics . It 
is therefore desirable that the capsule carry a raise boring IIIAChine so that in this 
worst-case condition egress can be achieved by boring out the upper portion of the 
silo . 

In general , the deep silo systems are capable of more rapid egress than the Mesa 
systems--perhaps hours instead of days . After attack , where egress requires opera
tion of the raise borer IIIAchine , the silo systems would have the advantage of provid
ing a steady force on the rock face by virtue of their inherent upthrusts , whereas 
the horizontal exit requires use of a conventional tunnel boring IIIAChine with a re
petitive "grab and thrust "  mechanism .  

The above i s  an abbreviated description o f  the vertical silo deep basing systems . 
Details of associated system requirements , such as siting r operations and IIIAintenance r 
command ,  control , and communications , security , and cost are included in the briefing 
charts . 

It has been a long morning , and we are talking about tunnels . I always 
think of tunnels as horizontal . I am going to talk about something dif
ferent . I am not going to promise you a light at the end of the tunne l , 
but at least I am going to turn them upside down and talk about vertical 
systems . 

I am going to talk briefly about the generic deep basing concepts 
and then the very pressing que stion : what are the threat and the envi
ronment that one must design to? I have been involved in designs in a 
number of these systems , and it i s  always very difficult getting the nu
c lear community to tell me what to design to . 

Somehow we need some unified threat to compare all these systems by . 
I am going to talk first about the " Pencil Pusher , "  a concept originated 
at Lawrence Livermore Laboratory on which we have done some very prelim
inary engineering work . (As Jim Wooster said , all the se things are very , 
very preliminary . )  Then I am going to talk about one of Jim Wooster ' s  
systems , the vertical " Sand Silo . " Finally , I will addres s  some of the 
issues at the end . 

The problem , as has been explained , is to provide a land-based ICBM 
either as a secure reserve force or as an alternative primary basing mode 
(Figure 1 ) . The potential solutions for the deep underground are the ver
tical , which tend to be unmanned , and the horizontal , which tend to be 
manned . 

I am going to talk about , as I said , the Sand Silo and the Pencil 
Pusher in terms of the system technology issues and survivability ; what 
actually is the threat you want to design to , and what is the environment 
at depth? Then the big thing we are all talking about here is egress : 
How feasible is it? How long does it take? What powers does it want? 
And so on . The endurance and communications , which Jim briefly addres sed , 
but which have not been properly dealt with yet , and siting are some of 
the other issues . 

Why vertical deep underground basing? Well , it is said--and let me 
say here that I am not in a position of advocacy here but am j ust trying 
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to present some things that have been developed and postulated--vertical 
egress might require only tens of hours , for the s imple reason that the 
vertical shaft does ease the muck disposal problem provided you make 
proper preparations for a muck pit underneath . 

The cost per unit employed ( UE )  is comparable with those of all the 
other systems ; they all cost around about $ 100 to $ 2 00 million per mis
sile for acqui s ition . The MX multiple aim point (MAP ) concept had the 
same estimated costs . 

Combined concepts are also pos s ible . For example , i f  you make a 
vertical deep silo ,  one could have a quick-response shallow s i lo at the 
top . 

Also , the egress system developed for the vertical silo might be 
applicable to the Mesa concept , and we bel ieve at this time that these 
types of concepts should be included in the Air Force deep underground 
program .  Don ' t  throw them out yet . They may have some value . 

The two things I am going to be talking about , the Sand Silo and 
the Penci l  Pusher , were conceived as responses to different threats (Fig
ure 2 ) . The Sand S i lo has a 5-megaton threat , with the shock spectrum 
as shown . Boeing did a point design . R & D Associates looked at their 
environment , and sure enough the Boeing points lay within that environ
ment . If you extend the threat to 25 megatons , the chart shows the un
certainty bounds--this is actually the same chart that Dr . Sevin showed 
you--and for the Pencil Pusher we are using this environment ,  a soft 
rock over a hard rock , with basing at 5 , 000-foot depths . 

Because I am showing the Pencil Pusher (Figure 3 )  first does not 
mean that it is either preferred over the Sand Silo or not . It  j ust hap
pens that I have recently worked on this , so it is a little easier for me 
to talk about it . 

The principle of the Pencil Pusher , originated in 1980 by Livermore , 
was that one would dig a deep hole in this layered medium with alluvium 
on top and competent rock below . In the bottom 3 , 000 feet , one would 
have a hollow steel pencil-like obj ect . One would require the water ta
ble to be somewhere at the 2 , 000-foot level . In the bottom end of the 
penci l  is the missile cani ster . Below that is the canister containing 
"propel lant , "  or some material that can be burned to expel the water in 
the canister . 

For egress , first of all these two cani sters are raised to the top 
of the pencil , and then the propel lant canister is fired--under control , 
of course--so it can force the water out of the inside of the penc i l , 
and the whole thing then becomes very buoyant and can force its way up 
through the upper prepared fill . Of course , the problem i s  that after 
an attack you may not have prepared fill anymore . Maybe you have 2 , 000 
feet of prepared fill ; the top 1 , 000 feet is gone or is badly disrupted . 
So , in all cases--and this applies to the Sand Silo as well--I think one 
has to have a raise borer of some sort on top . One advantage of this 
type of concept , which uses buoyancy for pushing up , is that the raise 
borer has automatically got its force on the rock face . So you don ' t  
have to keep grabbing and pushing , grabbing and pushing . 

That i s  the principle . The summary (Figure 4 )  is that for this lim
ited s tudy , a first-cut summary , it appears feasible with compatible 
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costs and possible egress advantages ,  but a number o f  issues require 
clarification . However ,  we did not uncover any obvious showstoppers . 

Now , as a matter of interest , we normally draw it exaggerated l ike 
the left-hand diagram so you can see it ; a true perspective view is more 
like the right-hand diagram . 

General system considerations are shown in Figure 5 .  The sure kill/ 
sure safe limits are untestable . That is a common deep underground (DUG ) 
problem , but for a 100-megaton burst in a layered medium and 2 , 000 feet 
of porous overburden where we have the equipment below in the 3 , 000 feet 
of the Pencil Pusher , the environment is benign compared to that of the 
MX shelter MAP system . The size we used for preliminary engineering 
based on that type of environment was , for block motion , 1 meter at 2 , 000 
feet (which gave us a 1 3 . 5-foot lower shaft )  and 3 meters at 1 , 000 feet , 
with a 20-foot upper shaft and rubblizing to a 500-foot depth . 

Siting would require 2 , 000 feet of soft overburden , 3 , 000 feet o f  
competent lower medium, and a water table that would enable u s  t o  keep 
the bottom silo fi lled . There are quite a number of areas that sati sfy 
these conditions . 

The egress uncertaintie s  ( until determined otherwise , and I am sure 
it is always going to be the case ) require some kind of rai se borer cut
ters on the pencil top , to get through the material you are not sure 
about . If you have a fill that you know about , I am sure you can get 
out very quickly . 

When we started this we were using the buoyancy concept (Figure 6 ) , 
but this troubled us , largely because of the control . I f  you fire the 
propellant , how do you control it after you have fired all of the pro
pellant? However , this is the type of force we can generate for such a 
system i f  we measure the tip depth . I f  the tip is 2 , 000 feet down to 
start with , it comes up , and it will go about 500 feet above . The fig
ure shows the sorts of forces we can get by buoyancy , depending on the 
initial water table depth . We are talking of 5 to 10 million pounds of 
upthrust in such a system . 

It occurred to us that i f  we could do thi s  hydraulically we would 
have more control over it ; as we changed pump speed and so forth we could 
change pressure . So , we looked at a system whereby we pump water into 
this lower cavity and force thi s  whole thing up , filled with water again . 
Everything else is the same as before . So , i f  we forced this up through 
a set of seals (a unique problem in itself ) , we can then talk about as 
much as 20 million pounds or even for moderate pres sure we can keep 10 
to 15 million pounds upthrust all through egress , and that , of course , 
we can control . 

We can work anywhere on the force diagram at any particular depth . 
There are pumps , not of this capacity , but I point out that in the North 
Sea some of the pumps are at 10 , 000- foot depths , and they have as many 
as 200 stages , pumping water and oil up from that depth . Figures 7 and 
8 depict some of the feature s of the two concepts . 

In the hard copies there are a number of detailed de signs . I have 
not time to go through all those , but let us have a look at the energy 
required in thi s  system for egress (Figure 9 ) . 

Before attack , all of the energy needed would be supplied by land 
line or an on-site powerhouse . There is  no need to worry about that ; 
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that i s  straightforward . For after attack , we j ust looked at a case in 
which we stored all of the energy in l ithium sul fur batteries . These 
batteries were sized and priced on the basi s  of some work that Boeing 
did some five or six years ago , when it was looking at a semidormant 
system that could be stored for a long time . We based our sizes and 
costs on that study , updating it , of course , for inflation . 

The digout penetration , we assume , requires about 10 megawatt-hours .  
That i s  assuming a worst case , in which we have to dig through soft allu
vium . If we go through our filler medium--a formed concrete something 
like Jay Merritt talked about in those shafts that were l ined--which we 
believe we can dig through fairly quickly , we could get through very 
quickly . However , we cannot allow ourselves that luxury . The whole 
shaft may shift over , and we may have to dig through straight alluvium. 
So , 20  megawatt-hours has a safety factor of two in it . 

The lifting energy is also of interest . In one case it is by buoy
ancy , and here we have to f ire a gas generator with 840 kilopounds of 
hydrazine in it . In the other case we have pumps which have to keep this 
pencil pressing up by pumping a large volume of water under high pressure . 
For that we want about 20 megawatt-hours ,  and we double that for safety 
and allow for 40 megawatt-hours .  

For postattack egress , we believe we can get up in 40 hours i f  it 
were all alluvium; 20 hours if we had 1 , 00 0  feet of undi sturbed foam
type or vermiculite concrete--something of that nature--plus 1 , 000 feet 
of earth destructive crater ; and 10 hours if it were all undisturbed . 
Again , there is great uncertainty here . That is a guess , extrapolating 
data from smaller sizes and so forth . 

We estimated the cost of both systems (Figure 10 ) . The buoyancy 
concept would cost about $ 86 million per missile . Now , thi s  is acquisi
tion only , no O & M  (operation and maintenance ) ,  none of the outside fa
cilities . This is j ust the shaft , the digging machine s , the casings , 
the bottom tunnel lined with quarter-inch steel , the pencil , the missile 
and all those sorts o f  things , and the power systems . Of that $ 86 mil
lion , the civil engineering ( the digging of the tunnels , etc . ) is about 
$ 5 0  million (Figure 1 1 ) . 

For the hydraulic concept the cost of the shaft is about the same-
a l ittle bit more because you have to dig cavities for pumps and so 
forth--but the mechanical systems cost much more ( Figure 12 ) . You have 
to provide all those pumps and you also have to provide a much thicker
wal led pencil , because you are talk ing about a 3 , 000-psi pres sure di ffer
ential ; much higher than in the buoyancy concept . 

In the buoyancy case we are talking about 1 . 5-inch walls on the pen
cil , as compared with the hydraulic ram case of 3- or 4-inch walls . So , 
it i s  a lot of steel , and that comes out to about $ 12 0  million . The 
costs of MX turned out to be about $ 7 0  or $80 million per missile . That 
is the 2 3  shelters and all the associated costs . 

Now , for the Sand Silo (Figure 1 3 ) . This was originated by Boeing 
around about 19 74 , and most of these are Boeing charts with some charts 
from a critique that R & D Associates did at that time . 

Thi s  was planned at that t ime to be about 1 , 500 feet deep . It had 
a wide shaft filled with sand , and the idea behind thi s concept i s  that 
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you can get out very quickly i f  you make that sand fluid . I n  other words , 
you make it quicksand , and buoyancy gets you up rather than your weight 
pushing it down . That is what it really i s , quicksand . 

To do that you have to have a manifold with survivable water , and 
you have to pump that into the sand , and then the canister being buoyant 
will rise up ,  and we made a few models of thi s . We did not use water . 
We used air , and indeed , you put a canister in there and without putting 
air in you could not drag it out . So , you pumped air into the sand and 
out it came . The problems , of course , are somewhat different at depth . 
How do you get the water uniformly dispersed in the sand? In any case , 
I think the same problem occurs for all these concepts . 

What do you do about disruption (Figure 14 ) ?  It i s  all right if 
nothing i s  disturbed and you have a nice , straight silo , but the sort of 
thing that happens is that the earth gets shifted and you may get 2 5 0  
feet for a 5-megaton blast , o r  for a 100-megaton blast even more . 

So , it i s  our feeling that for all these vertical concepts you must 
have a digger at the top . 

The ground rules that were used for Boeing ' s  design of the Sand S ilo 
prescribed an obj ective mission the same as the Minuteman ' s .  The mis
siles were to be sited in hardened and dispersed facilities deep under
ground , colocated with Minutemen so that they could use Minuteman facil
ities . The numbers assumed to be used were 150 to 300 MX missiles . The 
facilities were expected to be able to survive direct hits by 5-megaton 
surface bursts . Operation and maintenance were to be roughly the same 
as for the Minuteman missile . The question of command , control , and com
munications (C3 ) has not been addres sed in detail , as Jim pointed out . 

Now , there i s  one big advantage the Sand Silo has over the Penci l  
Pusher , and that is maintenance (Figure 15 ) . With the Sand Silo , main
tenance , if required , wi l l  be before any disruption so you can fluidize 
that sand and get the missile out fairly quickly for maintenance . In 
the Pencil Pusher , especially if you have a fill at the top of foamed 
concrete , it is more difficult to get through that stuff if you have to 
dig it out . 

So , in all our Pencil Pusher costing , we as sumed an auxiliary shaft 
going down with side drifts so that one could get to the guidance and the 
interstages for maintenance if you wanted . That complicated the des ign , 
but the cost of those shafts was inc luded in that overall cost . 

However , as I said before , maybe thi s sort of a system is unmanned , 
and egress i s  the only problem .  Maintenance may b e  a problem , but it may 
be also an opportunity to get the Air Force to go fully dormant on these 
systems . I f  they cannot get out in a hurry , why not go fully dormant? 
Then maintenance costs should go way down . That i s  something to think 
about . I am not advocating it particularly . 

For the Sand Silo , here i s  an active egres s  concept (Figure 16 ) . 
You can see how complicated it gets to dig out of something l ike this . 
There are a number of arms which grab the side and gradually telescope 
thi s  thing out . None of thi s  was costed in the Boeing study , which is 
probably why we get a sl ightly different answer in cost . Jim was asked 
questions about tunne l costs � Figure 17 is his old curve of what the 
costs of tunnels were . This was done in 1974 , and one has to double 
these , roughly , for 1981 costs . 
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We are talking about 20- or 30-foot tunnels , which at that time had 
costs of around a thousand dollars a foot . In our digging �or the Pen
cil Pusher I used four thousand dollars a foot for the upper shaft and 
five thousand dollars a foot for the lower shaft , j ust for digging . That 
does not include the linings . So , I tried to make that cost fairly con
servative .  

For the Sand Silo cost summary , I doubled the Boeing estimate ( 1974 ) 
to get 198 1  dollars , and that came out to be about $ 2 6  billion tor 300 
units employed ( including R&D , acquisition , military construction , and 
O&M) . Acqui sition plus construction costs ( to compare it with the Pen
cil Pusher , which was $ 80 million in one case and $ 116 mi llion in the 
other case ) came out to be $ 54 mil lion . It wasn ' t  as deep , and there 
was no digging machinery included in that . 

Now , I would l ike to finish up by addressing some of the issues 
listed in Figure 18 . Again , as somebody who gets into designing concepts 
for some of the se things , I think ground motions versus depth really want 
def ining so that these systems can be truly compared . For egress--espe
cially for the vertical systems--the question is what is the disruption 
zone and what are its characteristics . How do you design your machines 
to get through it? 

We did not have a lot of time or a lot of money to do very deep 
studies of egress and upper filler trade-offs , but we lighted on vermic
ulite concrete , which is k ind of a foam concrete , as a suitable medium 
for the upper fill . There are lots of other things one could do there . 
You could fill it with water . You could fill it with air , and add blast 
doors . That would make maintenance very easy , but somehow it seems like 
you really want to seal it off for other reasons and it seemed to us at 
the time that the vermiculite concrete was pretty good . Egre ss mechanics 
( forces , times , and control ) are also issues . 

The raise borer design that goes along with these systems needs ·to 
be defined . 

The water systems are obviously vital ; both Pencil Pusher and Sand 
S i lo have water systems . The Penci l  Pusher needs seals , pumps , and a 
water supply . It would be deep enough to be well below the water table , 
so maybe supply is not a problem , but at least it should be looked at . 
When you are pumping this water , how do you make sure that you keep 
your pump supplied? For the Sand Silo , fluidization is a peculiar prob
lem . How do you make sure that the sand doesn ' t  go into a slugging mode , 
so that you get slugs of sand and slugs of water and things l ike that? 

As Jim said , the auxiliary disciplines have not been defined , and 
yet they have a very important ef�ect on the system as a whole and on 
its acceptability , maintenance , C , and security . 

Then for this system there are some perturbations and options . One 
of the things that we have addre ssed is an MX system , but one option 
whi ch may be suitable , say , to secure reserve forces is a small mi ssile . 
Does going to a small mi ssile , or a mi ssile with a single reentry vehicle 
(RV )  make any difference to these systems ? Probably not , but it has not 

been addressed . 
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Then .I talked about the dual missile , the shallow silo plus the deep 
silo , and mul timissile . I f  these systems are so good , why can ' t  you put 
several missiles in one silo , i f  you could do the mechanics? 

Now , a few words about some of the advantages of all deep under
ground systems . We lost the MX MAP system for three basic reasons . One , 
it cost too much . I am not putting them in any particular order , but the 
final cost of the MX system was about $ 3 . 7 ,  say , $4 million per shelter 
time s 2 3  shelters per missile . It was not accepted by the public with 
all those shelters all over the place , and I think that deep underground 
basing removes that public interface . It really is j ust like the ordi
nary silos , which are accepted . . Whether it is Mesa or anything else , it 
is out of view , so from that point of view it is acceptable . The other 
thing that happened to the MX MAP system was that the argument was made 
that if shelters cost $ 3  to $4 million ea�h you get threated to death . 
It i s  easier for the enemy to put one more RV on his big missile than it 
is for you to build one more shelter . This does not apply to deep bas
ing , which requires the enemy to go the other way . It requires him to 
put very large�yield weapons on his missiles , which is very dif ficult to 
do . In other words , if  he has started fractionating , he has to go back 
again . 

So there are three thoughts ,  I think , which are worth bearing in 
mind in considering these things , and one of the primary ones is cost . 
I f  it costs too much , it will never be funded . 

* * * * * 

SPEAKER : Mr .  Parry , you used the term "dormant . "  I am not familiar with 
that . 

MR .  PARRY :  Missiles l ike the Minuteman are called "active . "  In other 
words , their guidance is turned on , and they are running all the time . 
So , they are ready to go as soon as the button is pushed . It takes 
guidance and things time to warm up . Something like an MX missile would 
require 10 to 15 kilowatts to keep it running . That is a lot of power . 
But there are systems which are not quite here , but on the horizon , 
whereby one could have missiles shut down and get them started up fairly 
quickly , and people are beginning to talk about that as a way to go dor
mant . That is dormant . Partially dormant is where you keep something 
warm and when required get it fully running quickly . 

However ,  in the se underground systems it is going to take you hours to 
get out . So , what is the point of keeping the mi ssile running down be
low? You really have a good opportunity to go truly dormant . In fac t , 
you really have no choice . So it is not a problem ;  it is an opportunity .  

SPEAKER : I did not quite understand the egress problem .  You were going 
to have a shaft in the upper 2 , 000 feet of alluvium? 

MR .  PARRY :  Yes . 
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SPEAKER : Is that shaft going to actually be filled by vermiculite? 

MR. PARRY :  Yes . Vermiculite concrete . 

SPEAKER : And so you have to dri ll through that even if there is no 
destruction? 

MR .  PARRY :  Yes , but that i s  very easy to drill through . In fact , some 

calculations that we did , which I have got here , suggest that you could 

almost push your way through that . It disintegrates ,  especially if you 

put a fairly fine point on the front and push . It will disintegrate and 

powder , and you can push your way through . Now ,  clearly some trade-offs 

have to be done there . How survivable is it? In the nuclear environ

ment how much of it will survive? I did not say there were no problems . 

There are a lot of problems . 

SPEAKER : You have not addressed shock mounting of any of this equipment . 

What is the reliability of thi s equipment sitting out there dormant year 
after year and day after day? 

MR .  PARRY :  It is shock mounted . 

SPEAKER : Everything is shock mounted? 

MR .  PARRY :  Oh , yes . The missile has to be .  It is really fairly fragi le . 

Most of the missiles cannot take more than about 5 g ,  and that is a good 
missile . Shelf life more than anything else is the critical dormancy 
problem . 
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CIVI L ENG I N E E R I NG COST ESTI MATE 
1M1 . 

• FOR lOTH BUOYANCY AND HYDRAULIC RAM CONCEPTS 
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SURFACE PREPARATION 
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41 .1 
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BUOYANCY CONCEPT ESTI MATE 

MECHANICAL CUSS MISSILE AND DIG OUT EOUII'MENTI 

STEEL PENCIL C3000 FT • 121 1N 00 • 1 .2 IN MEAN T, 4.7 • 1o& LB AT 12/LBI U 
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MAJOR MAI NTENANCE MODE 
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System Requirements 

LT. COL . CARL W .  RULE 

B allistic Missile Office (AFSC) 

Norton Air Force Ba se, Ca liforn ia 

SUNHARY: Since the President ' s  announcement on October 2 ,  1981 , the Air Force has 
redirected its efforts toward near-term and long-term basing modes for the MX missile . 
This briefing addresses the deep basing alternatives and preliminary plans being for
mulated at this time . Main topics include details of the President ' s  announcement , 
initial guidance from higher headquarters , various concepts under consideration , is
sues to be resolved , the organization of the Ballistic Missile Office , contractual 
requirements , work in progress , future efforts , and ways in which the u . s .  National 
Committee on Tunneling Technology could help the Air Force . 

Underground complexes are not new or revolutionary ideas . At least a dozen ma
jor studies have been completed since the late 1950s . Various concepts for deep bas
ing have included horizontal tunnels , vertical shafts , and various forms of manned or 
auto.ated eqress .  At this time no single concept is preferred by the Air Force ; care
ful evaluation over the next year wi ll have to be completed before the Air Force will 
have an official recommendation to offer . 

Most of the technology required for a deep basing system exists ; however ,  sev
eral feasibi lity or "proof of concept" tests may have to be performed in areas such 
as eqress through cratered or ruptured zones , COIIIDunications through the earth , power 
generation , and heat dissipation . Another key factor is siting , because site-specific 
geology affects survivability , cost , schedule , and environmental impact . 

The deep basing program is in the early stage of definition . The Air Force is 
very serious about long-term basing programs and knows that extraordinary management 
skill will be required to meet obj ectives in the next year or two . The Air Force is 
evaluating conceptual and location alternatives with the intent of making recommenda
tions to the Secretary of Defense in 1984 or sooner . 

Deep basing is an opportunity for the application of existing , emerging , and new 
tunneling ,  shafting , and mining technology . Knowledge gained will contribute to a 
critical national defense program ; in addition , reapplication of the new technology 
could help civil works throughout the world . 

I feel very honored to be able to participate in today ' s  program . I am 
from the Balli stic Mi ssile Off ice out at San Bernardino , in Cal ifornia . 
As you might be aware , there are many other people here from Cali fornia . 
That i s  the place where houses periodically change z ip codes , and I think 
it may be partially in response to some of Joe LaComb ' s  activity after 
looking at those movies here this morning . 
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The Air Force is really an exc iting career and for me every assign
ment has been interesting . The program that I am now embarked upon , the 
deep bas ing program , is perhaps going to be the most interesting of my 
Air Force career . It is an important j ob .  It has technical challenges 
that indeed are going to be very large . We do recognize that we need 
help in order to achieve these goals , and we hope that you share the 
same enthusiasm that we have and help meet some of the national defense 
needs , as we ll as in the process to reapply some of the technology that 
we come up with to perhaps help c ivil works . 

This presentation has been adverti sed as be ing a systems requirement 
type of briefing . What I intend for it to offer is really an Air Force 
perspective of some of the preliminary planning that we have done with 
the deep basing program ever since the announcement was made by the Pres
ident on the second of October . Figure 1 lists some of the key points 
that I would like to address during this short presentation . Col . Berry 
has already addressed the Pres ident ' s  announcement (Figure 2 ) . Just to 
recapitulate some of the high points , it was back on the second of Octo
ber . Indeed , one of the three long-term options that we are going to 
be concerned with is going to be the deep basing mode , and that has not 
yet been defined very well , as we wi ll find out . 

We will initiate an intensive program so that the Department of De
fense and the Pres ident and Congress can make the decis ion as to which 
of those three bas ing modes--or perhaps a combination of those basing 
modes--is to go into full-scale development in the 1984 time frame (Fig
ure 3 ) . 

The deep bas ing concepts are really nothing new . We see from Figure 
4 that when we go back into time , into the late 1950s , early 1960s , at 
least one dozen of the se di fferent concepts have been looked at . 

For one reason or another , due to cost uncertainty or evolution o f  
the threat o r  one o r  more of these reasons , these have not really been 
deployed , save for the control centers that we might have at the Cheyenne 
Mountain complex , or the command and control centers that we have back 
here on the East Coast . But due to the threat evolution and due to tech
nology that has come about in the past years with the increased yield o f  
Soviet weapons , a s  well a s  the accuracy that they are now going to expe
r ience or are proj ected to experience , deep basing is being looked at in 
a new light and has indeed very much promise to provide us a very surviv
able intercontinental bal listic missile ( ICBM ) force . 

Also in the figure is a conceptual depiction of what that under
ground complex might look like . It need not neces sarily be vertical be
cause we have not made that dec ision at thi s time . 

Some of the things fol lowing the Presidential announcement : we have 
received some guidance (Figure 5 ) , none of which has been written up to 
thi s point , but we are taking this as basic assumptions for the program , 
that we wi l l  initiate a concept validation program for 50 to 100 MXs or 
the equivalent . That means that we will be doing parametric studies for 
different size mi ss iles for a deep basing system . Postattack endurance 
of at least a year wi ll certainly present some challenges .  Other systems 
have started out with a goal to have survivabil ity of at least a year and 
have reduced that goal because it was very difficult to achieve . We 
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mentioned the rapid egress be fore ; there is no firm requirement that has 
been specif ied as of thi s point . Rapid egress is very desirable , but 
right now we don ' t have a quantitative requirement against which to mea
sure that . 

"Milestone I I , "  for those who might not be fami liar with the acqui
sition process in the Department of Defense , is the decision point where 
key leaders within the Department review the program , the cost , the sched
ule , and the performance risk to see if it is worthy to go into full-scale 
development . Thi s i s  now scheduled to be in fi scal year 1984 , and of 
course that depends on the funding leve ls that we do obtain . Of course ,  
1984 being an election year , we sense that we would like to have that fis
cal year 1984 date moved forward , and thi s was indeed brought out by the 
Pre s ident himself in the announcement . 

The Initial Operational Capability ( IOC )  has not been defined . Tra
ditionally we , for ICBM systems , define roc as having 10 mi ssiles on alert 
or having that capabi lity . For the deep basing we have not defined that . 
It could very well be one . It could be j ust the completion of the command 
and control center , or it will be perhaps a dif ferent definition than that . 
A detai led program plan is due to the Department of Defense in January 
1982 , and at this time we are busily preparing that . 

The purpose of Figure 6 i s  to show that we are concerned not only 
with the underground complex but also with all the various other elements 
of a deep bas ing system . Here we see the underground complex which has 
been represented . This is very much like the one Jim Wooster presented 
--Mesa concept--but we also want to keep aware of the transportation net
work , the road network , as well as the main operating base . As we found 
in the MX multiple protected shelters (MP S )  system , the main operating 
base was , indeed , the thing that caused the most environmental impact . 

We have already looked a little bit at the deep basing history (Fig
ure 7 ) . I won ' t  belabor thi s--Or . Sevin went through that this morning-
but it goes back to the Br imstone concept , back in the 1970 time frame , 
and the Strat-X deep tunnel in the 19 7 2  time frame , and we did have a 
briefing by Mr .  Parry on the Sand Silo and , of course , the Boeing pre
sentation on the Mesa . 

None of these has been adopted of ficially as the system concept per 

se. We are reviewing all the concepts that have been pre sented and try
ing to be obj ective in a system definition . 

Jim Wooster earlier de scribed the "Mesa" base concept , with a perim
eter tunnel going all the way around the me sa , horizontal tunnels spaced 
approximately 10 miles apart , and predug egress portals that approach a 
steep s lope ideally , and are approximately 4 , 000 feet apart . Again , the 
entire system , as I recall , was approximate ly 2 , 600 feet beneath the sur
face . 

F igure 8 is a cross section of that , and as Jim corrected us this 
morning , thi s is not pure ly a horizontal system , but it is a nearly hori
zontal system . Here you can see the egress portals that are spaced every 
mile or so apart , again 2 , 600 feet beneath the surface . These egress 
portals come very close to the surface , but you still have some distance 
to tunnel in order to egress when the time comes to launch . Of course , 
you have a place in the back to handle all the muck when it comes time 
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to egress , and on the right hand side we show there are some vertical 
shafts for communication antennas . 

Tunnel boring machines conceivably would be used fpr the initial 
construction of the proj ect . We understand that these take about 1 , 000 
horsepower--perhaps 4 , 600 volts nominally--and the world record rate of 
tunneling , I recal l ,  is about 400 feet in a day , but we do exper ience , 
I guess , in practical appl ication such as Metro or in Chicago , rates 
much lower than that--perhaps 30 to maybe 70 feet per day--and this is 
one of the big areas of concern . 

The cost of being able to construct these tunnels is an uncertainty . 
Before , at one of the previous subpanel meetings , we heard that depending 
on geology we could have tunneling costs from on the order of $200 a foot 
all the way up to maybe as much as $ 2 , 500 a foot . With that band of un
certainty it certainly has to be one of the key points of our val idation 
program to find out what those costs indeed would be . The purpose of 
Figure 9 is to il lustrate the fact that we are not locked into any form 
of egress or tunnel configuration . These are some of the ideas that are 
available and the ones that we are evaluating at thi s particular time . 
In fact , it can be a combination of horizontal , as wel l  as vertical , or 
we can even have systems , as Mr .  Parry had mentioned , like the Penci l  
Pusher concept (Figure 10 ) , being completely vertical . 

Now , going deep down in order to achieve survivability , one might 
say , " How deep do you have to go? " Our understanding of this particular 
problem is the fact that it depends very much on the medium that you are 
located in , whether it is igneous rock such as granite or perhaps l ime
stone or unsaturated porous rock (Figure 11 ) . Of course , in the latter 
case--on the right-hand side--this does have better shock attenuating 
features .  

Depending on the hardne ss that we are able to achieve , we have al
ready seen concepts be fore in tests that were conducted with tunnels to 
the half-kilobar level . We also heard of some that were to the 1-ki lobar 
level , but it shows on Figure 11 here these are not exactly the proj ected 
threats . What was done is to take the theoretical data that exists and , 
assuming that it was j ust going to be a one-time surface burst ,  for in
stance , the 240-megaton case could be really a combination of 2 4  !O-mega
ton weapons that go off simultaneous ly . 

We have done a rough calculation , and the concepts that we have 
looked at really fall in the range between 2 , 000 feet and , in the case 
of the Pencil Pusher concept , about 5 , 000 feet , and we can see the func
tion of how deep do we really have to go . The real point is that geology 
is very , very important to how hard these actual tunnels are going to be , 
and if we can make them � kilobar is a very big question or if we can 
make them 1 ki lobar in granite . Do they have to be l ined? What type of 
backing material is needed? These are questions that are very pertinent . 

From the existing literature we were able to review in the past cou
ple of weeks , we located a number of sites that appear to be reasonable 
for the types of concepts that were discus sed this morning (Figure 12 ) . 
I would caution you to not take thi s as be ing an Air Force position that 
we have narrowed in and that the se are the only candidates .  That is not 
the case at all . What we are doing right now is trying to establish a 
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set of criteria that we can apply to the entire United States , including 
Alaska , Hawaii , and the possessions , so as not to overlook any reasonable 
alternative . We have to consider such things as underground railroads . 
I think that we should also consider the fact that there may be abandoned 
mines on the East Coast that may be equally suitable . But for right now , 
using geotechnical criteria that have been established so far , these ap
pear to be some of the reasonable areas . 

Figure 1 3  was explained also by Dr . Sevin this morning . I did change 
one particular word , and that is in the title . We say that most of the 
required technology exists . I think that in each one of the areas we 
have demonstrated some form of the technology that would be applicable 
to the deep bas ing system . However , there are other things that have to 
be tailored very carefully for application to the configuration that we 
come up with . 

Some of the things on Figures 14 and 15 are very much on our minds . 
They are not li sted in any particular order of priority , but of course 
we have seen various underground configurations this morning . 

We , the Air Force , will have to go ahead and consider all these con
figurations and come up with a concept or perhaps several concepts for 
addi tional testing and for environmental analysis and costing . 

Hardness and Vulnerabi lity is , indeed , a very important question as 
to the existing simulations ; are they adequate ? We are working very care
fully with the Defense Nuclear Agency (DNA } , as we ll as the Air Force 
Weapons Laboratory , to find out how hard we can actually make these tun
nels and whether they can withstand the current threat as well as respon
sive threats . 

Egress . Once you have a buried system that has hardened , how do 
you get out? In fact , once you are down in the depths , if it does take 
you a long time to get out , as you approach the surface you may , indeed , 
become very vulnerable . That is why preservation of location uncertain
ty ( PLU )  was so very important in the MPS system . It may be very impor
tant , in fact , if we have long egress times for the deep bas ing system . 
With quick egres s  the PLU problem tends to be dimini shed , but until we 
can demonstrate that , we have to be very careful with the signatures that 
we would be giving off as we egress so that we don ' t  make ourselves vul
nerable to a second-wave attack . 

Power . We would have to look at the potential use of nuclear reac
tors and fuel cells . What type of power are we going to be us ing for at 
least one year ' s  endurance ? How are we go ing to power those particular 
machines when it comes time to egress--perhaps the entire force--in a 
very short span of time ? 

Crew endurance . Again , we have many problems there , with medical 
and simple l i fe- support systems . 

For launch control and communications , how do we communicate with 
the system that is located 2 , 600 feet beneath the surface ? That , we 
think , is solvable , but it has yet to be demonstrated . Some work has 
been done as far as emergency rescue mis s ions with mining operations over 
the years , but we think that we will need something particularly adapt
able , so that we can communicate with the complex down within the moun
tain to the external world . 
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Heat dissipation becomes very important with heat gradients that 
increase as you go beneath the surface , conceivably 10 or 15 degree s 
higher below the surface than at sea leve l and during the button-up con
dition--during that one-year time frame--we could have considerable prob
lems , particularly during egress when a lot of heat would be generated . 

Security , of course . 
The operational concepts--how do you logistically support thi s? 
Manned versus automated types of features , particularly in the 

egress area . 
Among the other is sue s that we have is siting (Figure 15 ) . . I think 

that this is very , very important to determine where we want to conduct 
our tests . Does it have to be in the type of geology that is actually 
going to be in the deployment area , or can we j ust use representative 
ground? Where , in fact , do we want to deploy the system? ·I will come 
back to this on the next chart . 

Constructibility . By that we mean what types of scenarios ; how many 
men are required to do thi s ; how much do we expect thi s to cost ; how long 
would it take ? Those types of considerations . 

We know that there are going to be some feasibility demonstrations . 
The two most l ikely , of course , would be egre ss and the attendant prob
lems with egress . Communications comes a very close second there . Power 
and heat di ssipation are also possibilities . 

The cost is very uncertain , as I mentioned , due to the wide range 
of poss ibi lities in constructing this system . 

The environmental impact analysis process . We are currently going 
through a process to narrow down all the concepts into one that we con
sider to be a baseline and , also , to come down and look at the possible 
locations for the system , look at these alternatives . Those two in com
bination we would be able to use for e�vironmental impact analys is , as 
wel l  as the technical feasibility and cost estimates . We have a base 
comprehens ive plan that would be closely related to the environmental 
impact work . That would be related to the external support facil ity . 
Those are very time-consuming efforts , and a little later I wi ll show 
you the time l ines . 

On siting (Figure 16 ) , I promi sed that I would come back to this . 
This is one of the critical factors because the geology does determine 
how survivable the system may be . The type of geology affects the cost 
of construction , affects how fast it can be done , and affects what type 
of environmental impact we experience . Some of these important consider
ations might be considered by the Siting Work Group ; we heard about hav
ing steep escarpments as being desirable . We already know that porous , 
unsaturated rock is desirable . We would like to have water to support 
the people . However ,  water could be detrimental as far as construction 
is concerned . The temperature gradient I mentioned before , as I did the 
other items , which I think are pretty self-evident . 

Now for the people that are doing this (Figure 1 7 ) . I mentioned 
before that the Ballistic Missile Office does have charge of the deep 
bas ing team , and that at Norton we have both the Ballistic Mi ss ile Of
fice and the Air Force Regional Civil Engineer . Colone l Berry is locat
ed in the top command section . Beneath him we have Colonel Carl Case , 
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who recently became the Director of Advanced Strategic Missile systems 
(ASMS ) . This would be me (pointing to Deputy Director for Deep Basing ) , 
and then of course we have the entire BMO organization and the Air Force 
Regional Civi l Engineer (AFRCE ) associated with the Corps of Engineers 
to support us with construction plans , costs , the environmental impact 
analysis process , the siting work and the base comprehens ive plans . 

In order to address the issues that I mentioned before , these are 
the types of contracts (Figure 18 ) that we are considering very , very 
strongly for fiscal years 1982 through 1984 . System support would deal 
with the integration of all the technology , such as the power , the life 
support , the heat sink , the communications , and egress . · But egress we 
broke out as a separate item of that system support that is especially 
important . We think that a system definition as we ll as a demonstration 
will be called for . Construction val idation is principal ly an effort to 
go ahead and identify the cost in the scenarios , as I mentioned . The 
site screening is a narrowing process to , again , do a literature survey 
followed up by a site characterization study that would actually go out 
and do core borings to find out if Mother Nature is exactly as predicted 
in the literature . Of course , the environmental impact and base compre
hensive plans would , also , be under contract . 

This is how it looks when you put it together (Figure �9 ) . We have 
got our direction . We are currently undergoing a concept screening , 
looking at all the viable concepts , trying to take the best features of 
all of those . We are deve loping the program plan that is due to the 
Secretary of Defense . We are developing our screening criteria , with 
TRW doing an awful lot of that work . We plan to have a contract that 
would start later , possibly next spring to summer , on the site character
ization . We have recently put out Commerce Business Dail y (CBD ) announce
ments for sources sought in each of three critical areas : system support , 
egress , and construction validation . About 4 7  different agencies or com
panies have re sponded , inc luding 30 in the system support . We have 30 
companies in egres s ,  and we have 19 in construction validation . With re
spect to survivability , we are working with the Air Force Weapons Lab
oratory , as well as the Defense Nuclear Agency . Of course , we have to 
have all of our cost data before the Defense Systems Acquis ition Review 
Council (DSARC ) II meeting that I mentioned , which would be toward the 
end of 1984 . Once we have the concept evaluated and we have the tenta
tive locations , those two items combined go into a description of the 
proposed action and the alternatives . That is the real kickoff point or 
a key item in the environmental analys is proce ss . That process takes 18 
to 2 0  months , and the final environmental impact statement (FEI S )  is re
quired by law to be prepared before a decis ion is made . 

Figure 20 lists the work in progress . This inc ludes looking at the 
organization . we are also very bus ily engaged in program acquisition , 
mostly contract work , getting our strategy approved , getting our state
ments of work written , and preparing to review those particular proposals 
when they come back and to award those contracts . The POM , or Program 
Obj ective Memorandum , is an Air Force programming document that we have 
to use to j ustify the outyear funding . As for the public affairs pack
age , on the second of November you may have seen the Aviation Week article 
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by Clarence Robinson , which has an awful lot on deep basing . Of course , 
we expect to receive an awful lot of input and questions from the public , 
and therefore we have to have a public affairs package . We are working 
very carefully with DNA and AFWL for the survivability program , working 
on that program management draft ( PMD )  with Headquarters USAF and the 
program plan . 

Figure 2 1  li sts some of the upcoming events that we see . Of course , 
f irst on the list is our meeting here today . Next week we expect to have 
a briefing at Norton Air Force Base for potential bidders , those that 
responded to the Commerce Business Da il y (CBD ) , as well as other invited 
contractors .  We expect to have our strategy briefed to our Headquarters 
on the 17th , and if they approve that strategy , our plans would cal l for 
release of the request for proposal ( RFP )  at the end of this month . We 
have some survivability management steering groups ( SMSG ) that are planned 
here . I think they are in error . Right now these dates are now going to 
be toward the end of the month . Our program plan for the Office of the 
Secretary of Defense (OSD ) is another thing that we cannot forget . The 
contract awards , if our strategy is approved ,  would be in the springtime , 
April or (hopefully ) sooner . Of course , you know that , with the govern
ment procurement proces s ,  normally that takes about 10 months to do . We 
are working very di ligently to reduce that and take as little time as 
possible . 

As Figure 22 says , we are in the very early stage of development of 
this proj ect . The Air Force is , indeed , as serious as can be about this 
particular program . Our schedule is very , very compressed . We are look
ing at various concepts , as we saw today , and location alternatives . This 
we view as a very golden opportunity for the application of the existing 
technologies as wel l  as those that are emerging and new . 

Figure 2 3  is to say that your help , I think , is not only helpful ; 
I think that it is going to be essential . Any feedback that we can get 
on our preliminary program plans to see if we have emphasized the right 

things or if we have neglected some things would be very , very useful . 
Your thoughts on contract approaches ,  as to how the industry as well as 
government can share the risk , would be useful , and I know that there 
are some thoughts within the community regarding this matter . Cost esti
mating is also very much on our mind . We have to have a good handle on 
that before we get to DSARC I I . 

The siting criteria , again , is in my j udgment one of the most im
portant of all . In that regard I mentioned the fact that we would like 
to look at the use of existing underground spaces , to see if they would 
be applicable to our purposes .  Egress keeps coming up on everybody ' s  
list of things that have to be done ; the mechanized mining , whether we 
have machines that can deal not only with construction but with egress 
through rubble . The construction validation . 

Some of these thoughts as to what can be done as far as the future 
involvement . We don ' t  see thi s as be ing the end . We see this as really 
the beginning . We know that there are newsletters that are put out by 
the community . There are magaz ine articles that we can use to help keep 
everybody informed . There is a possibility that this group can serve as 
an advisory group or perhaps it would be better to go with specialized 
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consultants that you may know of . Your thoughts on how the NRC (National 
Research Counc i l )  could be involved in the future would be appreciated . 

* * * * * 

SPEAKER : In terms of construction validation , what are your thoughts in 
that area? 

LT . COL . RULE : Construction validation , I think , is one of the initial 
activitie s that the Air Force Regional Civi l Engineer and the Corps of 
Engineers will be involved in . This would be an opportunity to review 
the scenario as to what type of machines are available ;  how many people 
are required ; what are the types of shift requirements that would be 
needed ; and how much would it cost . The latter is probably the most im
portant thing . It is l ike an independent assessment of cost estimates .  
There may be an option within the contract , if needed , i f  there is con
siderable uncertainty in the costs . we may have to conduct an actual 
construction demonstration , but that at this point appears to be an op
tion . We have made no final decis ion along those lines . 

SPEAKER : You had on your last illustration contract approaches ,  and we 
heard a lot about this technology and the different approaches being con
templated . What do you contemplate on contracting approaches? 

LT . COL . RULE : Do you refer to the type of contract , whether it is cost 
plus incentive fee (CPIF ) or fixed price or--

SPEAKER : That would be an issue , also , if you have systems as opposed 
to breaking out contract approaches . You have the question of whether 
you are going to do things in house or contract them out . You have ques
tions about phasing from concept R&D to construction , and so forth . What 
are your present initial thoughts ? 

LT . COL . RULE : We are going to do a little bit of everything . TRW is 
our systems engineering and technical advice contractor . They will be 
there to he lp in all facets of the program , but there may be opportuni
ties for an extens ion of that staff where we might have to get other 
Systems Engineering-Technical Advisor types of contractors to augment TRW . 

As far as the contract ing is concerned , we would like to make it competi
tive . In fact , that is our goal . We view system support as being a ma
j or type of an effort to coordinate all the technologies that go into 
system definition and for the costing of that particular thing . We are 
looking at , providing that the funding levels are sufficiently high , 
having multiple types of contracts for the key areas , such as system 
support , such as egress--those two in particular . Construction valida
tion is a third example . Those key things have been advertised in Com
merce Busi ness Dai ly . 
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With these. contracts we would env� s�on that there would be opportunities 
--after the first year or two after the system is def ined and we start 
to go into a feasibility demonstration--for option points where the 
multiple contracts might reduce down to j ust one in each of those re
spective areas , but right now we are planning to have a minimum of one 
in each of those key areas . 

As far as being a research and deve lopment and having the uncertainties 
involved with the program , I think that most of the contracts would , in
deed , in the early phases have to be cost plus , but this is a strategy 
that real ly has not been officially approved--that is my own personal 
j udgment . We would have to work that up the line and get approval ,  as 
I mentioned . The 17th of November is when we wi ll get guidance as to 
which contracting method , what will be bas ic and what will be options . 

I am maybe j ust nibbling around your question . 

SPEAKER : What about beyond that point , after you get beyond the R&D 
phase and start talking about constructing the se facilities? 

LT . COL . RULE : That would be another series . You are j umping to con
struction . There would actually be a full-scale development phase . 
That would come after 1984 . 

SPEAKER : Would that involve a prototype tunne l or tunnel s? 

LT . COL . RULE : Those types of things--yes , sir--flight testing j ust as 
we have with the MX . You actually build things to full scale to iron 
out all the bugs that you can during the full- scale development and to 
prepare yourself for construction . 

Construction would conce ivably be in the mid- 1980s , perhaps in the 1984-
85 time frame , but even that schedule has not been defined � The initial 
operational capabi lity date of 1989 will give you some measure as to 
when we have to begin the construction . Some of the se concepts that we 
have looked at take on the order of maybe six or seven years to con
struct , normally . 

SPEAKER : Has the Air Force ruled out the use of Ti tan I I  and Minuteman 
for the first 100 MXs ? 

LT . COL . RULE : In the Pres ident ' s  guideline s we were told that we would 
produce 100 and that they would be placed in exi sting silos , not being 
specific as to whether they would be Minuteman or Titan , but I would 
presume that they would be one or possibly a combination of both . The 
l ikel ihood of actually deploying 100 in silos is real ly not very great . 
It would probably be some lower number , perhaps half that many before we 
eventually deploy the deep basing system or start to deploy it . 

SPEAKER : Deep bas ing would come after that? 
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LT . COL . RULE : · Yes , sir . The interim solution to the strategic problem 
happens to be putting MX missiles into existing silos . The long-term 
solution--for 1989 and beyond--is going to be deep basing , the ballistic 
missi le defense , the continuous-patrol aircraft , or in some mixture . It 
could be one or the other . I don ' t  know what combination . It is un
l ikely that all three would be selected to go into full-scale develop
ment , due to the sheer cost of each of the programs . 

SPEAKER : One thing I think the Air Force needs to look at is the con
tracting procedures of your contract . They j ust don ' t  work out . The 
r isks and liabilities are not shared properly . We have all been look
ing at this � it is something you need to start now because it is going 
to take many years to straighten it out . 

LT . COL . RULE : Yes , sir . 

SPEAKER : And in something l ike this , with the magnitude of tax money 
being spent , I think it is about time we straighten it out . 

LT . COL . RULE : It i s  a golden opportunity , sir , and we would look to 
your thoughts ,  and I know that various members--and I hesitate to point 
anybody out , but I recognize Mr .  A .  A .  Mathews as being one of the fore
most people that has thoughts along the se l ines , and we would be very 
anxious to get those thoughts . 

SPEAKER : I j ust gather that it is implied and it is almost pol icy 
there wil l  be an egress after attack , vertical , horizontal , or sloping , 
but--

LT . COL . RULE : We have to have the capability to egress after an attack . 
Yes , sir . Whether it is actually a requirement that we wi ll do it in 
order to make the system survive has yet to be defined , but once you do 
egress we have problems of how do you button it back up again , you know , 
to protect the equipment and people that are within the complex . But we 
must look at that given the fact that we egress : How do we protect the 
remaining portion of the system and keep it survivable? 
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Summary of Issues from TUCWC Meeting 

JOSHUA L. MERRITT 

Merr itt CASES, Inc. 

R ed land s, Califor nia 

SUMMARY: The meeting of the Tunneling and Underground Construction WOrking Group 
(TUCWG) , which was held on 15 and 16 October at the Defense Nuclear Agency , was a 

precursor to look at some of the more critical problems and issues . Construction 
and siting were the major issues discussed . 

The typical reaction voiced by most members of the group was that if we were re
quired to , we could proceed now with construction of a facility at approximately 2 , 600 
feet in depth in a sandstone , for example . The major considerations confronting us in 
that case would be the following : 

• Schedule 
• Cost 
• Other key issues to be expected and how the may best be resolved by a 

program beginning now . 

A feeling common among the members was that "digout , "  or egress , as it has been 
called , will have to occur at least in concept ; we have to be prepared to egress af
ter an attack . 

The urgent needs and recommendations discussed included the following : 

• Management organization 
• Adequate staffing 
• Definition of promising sites 
• Configuration compatible with chosen site . 

A small group had studied earlier the possibility of using underground space al
ready in existence . The results of that study are included in this presentation . It 
was not an exhaustive study , but j ust a preliminary look at what may be available and 
useful . 

During the meeting of the Siting Subgroup , the issue of digout , or egress , was 
discussed at length . A major outcome of this subgroup meeting was a preliminary ba
sis for applying decision analysis techniques to the siting problem . 

Several siting concept alternatives were discussed : mesas , ridges , and plains . 
Concepts were solicited for generally desirable site characteristics in teras of ver
tical relief , talus slopes , and other conditions . 

Some possible schemes for solving the egress problem are discussed in this pre
sentation , including methods for vertical , horizontal , and inclined egress . 

In summary , it is important to point out that the problem of egress is not by 
any means solved . Inputs in this area are urgently needed . 

1 2 2  

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .

Des ign  and  Cons t ruc t i on  o f  Deep  Unde rg round  Bas ing  Fac i l i t i es  f o r  S t ra teg i c  M iss i l es :  Repo r t  o f  a  Workshop  Conduc ted  by  t he  U .S .  Na t i ona l  Commi t t ee  on  Tunne l i ng  Techno logy ,  Commiss ion  on  Eng inee r i ng  and  Techn i ca l  Sys tems ,  Na t i ona l  Resea rch  Counc i l .
h t t p : / /www.nap .edu /ca ta log .php? reco rd_ id=18562

http://www.nap.edu/catalog.php?record_id=18562


1 2 3  

We have given to your chairman , Dr . Cording , about 2 0  copies of the re
ports that were received as a result of the meeting on October 15 and 16 . 
They will be avai lable to you for consideration in your further delibera
tions . 

The meeting on October 15 and 16 was merely a precursor to begin to 
look at some of the more critical problems and issues , and I would em
phasize at the outset that it was only a two-day meeting . The first 
three-quarters of the first day was spent on construction . The rest of 
that day and the following day were spent on s iting issues . Obvious ly , 
it has been a very brief consideration and certainly deserves a lot more 
consideration . 

I should f inally emphasize that the reports that you will receive , 
the 2 0  copies or so that we have , are listed as draft reports of the in
dividual members of the working groups . Please look at them as drafts . 
Again , an awful lot of work needs yet to be done . I would emphasize , 
again , that this meeting is unclassified . Our meeting on October 15 and 
16 was also unclas sified , so that there is no c lassified information in 
any of those reports which will be available for your perusal . 

Figure 1 li sts the group that convened on October 15 . The working 
group members are listed at the top , and there were a number of other 
attendees . The meeting was he ld at the Defense Nuclear Agency . 

Figure 2 l ists some of the meeting ' s  conclusions . Perhaps I was a 
little too strong in calling this a " consensus . "  There are perhaps some 
items of consensus here . There are probably some items that might be 
further debated ; I apologize for using the word " consensus . "  I think , 
however , it is  important to note the typical reaction . I merely quoted 
Al Mathews in the typical reaction , but thi s reaction was also voiced by 
the other members that have provided a report . The reaction is that i f  
we were required t o  proceed with the construction of a facil ity at , let 
us say , 2 , 600 feet in depth in ( for example ) a sandstone , there is no 
question that we could go do it . As Colonel Rule has indicated , the big 
issues are how quickly can it be done , what is the cost of doing it , and 
what are some of the other issues that might be resolved in the process? 

Another item that was common among all of the written reports is 
that digout , or egress as it has been called here several times today , 
is something that needs to have a great deal of work , and as one of the 
persons on the committee has indicated , egress , as a matter of policy , 
will have to occur at least in concept . We have to be prepared to egress 
after an attack . 

Some of the "urgent needs and recommendations " (Figure 3 )  are my 
paraphrases of the various reports that were received following the three
quarter day meeting . We touched on one of the questions that has been 
raised before , and that is the management organization and the adequate 
staffing of this very important program of tremendous magnitude . Other 
questions are also shown in the figure , and the final one is to define 
the properties of promising sites and then configure , or optimize a con
figuration , to be compatible with that site . 

In response to a request of the Under Secretary of Defense for Re
search and Development back in ear ly August ,  we convened a small group 
to look at what underground space existed and what the possible use of 
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that space might be . Figure 4 shows some of the highlights of the con
c lusion . Some 80 mineral mines were identified from a preliminary inven
tory , and 35 of them had overburdens greater than 1 , 500 ft . Of that 35 , 
26 are currently operating , and there might be a problem of acquisition 
or perhaps , instead of acquisition , parallel use of the space . The four 
operating mines with vertical egress are indicated . The " 8 ' x 10 "' not
ed in the figure is the typical size of the opening ; the 1 , 600 or 3 , 160 
feet is the depth . Of the remaining nine existing openings , seven non
operating mines are flooded , and the actual conditions of the underground 
space there are unknown . Two nonoperating mines are dry , as indicated . 

The group looking at this problem--over a brief per iod of only two 
or three days--identified the fact that , of course , several other govern
ment agencies (one highlighted in the figure , the Nuclear Regulatory Com
mission )  have investigated existing space for possible use for nuclear 
waste disposal . A third item from that particular study was that there 
are abandoned rai lroad tunnels that have the characteristics indicated ; 
four in particular might be attractive in that they are in government
controlled public areas . 

The final area that was identi fied was l imestone mines . There was 
no effort to look at natural l imestone caves within this very abbreviated 
study , but there are limestone mines in existence . There are a large num
ber with numerous sizes of openings and naturally dry conditions . They 
may be weak , due to the room-and-pillar excavation that was used in these 
limestone and dolomite areas . 

The recommended additional work to develop these data is indicated . 
I would emphasize again that this was primarily three people working for 
two to three days ; it is certainly not an exhaustive study by any means . 
It was merely the first cut at what might be available and what might be 
useful . There is a potential for a lot more consideration in that area . 

The Siting Subgroup of the Tunneling and Underground Construction 
Working Group (Figure 5 )  met on Thursday afternoon and then continued on 
Friday , October 16 . The subgroup members are as indicated , and the other 
attendees of the October 16 meeting are listed at the bottom . 

Obviously I lost my courage in calling the material in Figure 6 a 
consensus at this point . Again , the items of digout were of paramount 
concern , and the figure l ists some of the things that Ron Heuer had to 
say about digout . I would emphasize that he indicates that obviously 
i f  we can go through soi l or alluvium we certainly simplify one of the 
problems ; there are machine s that might go through that . At the same 
time , of course , because we would have to carry along continuous support 
for such a medium , we do not solve the entire problem by going through 
alluvium . 

Jim Gould had an important item for consideration , particularly in 
view of the so-called " SUMS " involving the placing of missiles on small 
submarines which came up as part of the multiple protective shelter (MPS ) 
considerations (Figure 7 ) . He indicated that we might want to look at 
some of the Continental Shelf areas (possibly the United States terri
tories under the Great Lakes could be looked at as potential siting areas 
as well ) . Although at the same time I must note that penetrating devices 
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can more �eadily go into water than they can into rock , there may be some 
other advantages of locating off the Continental Shelf or under the Great 
Lakes . 

F inally , from the Siting Subgroup (Figure 8 ) , I am remiss in not 
identifying the source of this information : it was suggested by Gene . 
Waggoner as a potential means of siting decision analysis techniques in 
a simplified way . In his report he gives a more complete decision analy
sis approach to looking at siting . He noted in his letter transmitting 
this material that Item 2 may immediately throw out a site if it is  de
termined that the particular characteristics of that site make its abil
ity to survive attack very doubtful . Even though one might go through a 
weighing of important parameters , one might single out an item , such as 
survivability . Since survivability is the name of the game regardless 
of how the site turns out otherwise , obviously if it cannot survive it 
would be eliminated from further consideration . 

Now , to move to a different subj ect . The one perhaps that we are 
here for is to look at siting concept alternatives . I had the staff put 
together a complicated cartoon of things that you might wish to consider . 
We have heard a lot about mesas because mesas provide horizontal egress 
into the area both for construction as well as possibly for mining out 
after an attack . Figure 9 is intended merely to flag the fact that there 
are mesas . One example is Grand Mesa , Colorado . We have indicated in 
the figure that we wish to stand off somewhere between 2 , 000 and 3 , 500 
feet , depending upon the type of rock that we might be in as well as the 
trade-offs of hardnes s  with depth . We recognize that there may be sev
eral levels of talus slopes that might exist against the mesa , not only 
at different geographical locations , but even at the same mesa . 

Configuration was intentionally left as a blob in Figure 9 because 
it could be vertical , it could be horizontal , or it could be a hybrid of 
horizontal and vertical . It could also involve a situation where we 
might have certain as sets at a greater depth than other assets . Depend
ing on the criticality and required hardness of those assets , we might 
want to put them at a greater depth and thereby provide them greater 
survivability .  

Figure 9 gives one example of a ridge site : either side of Forty
Mile Canyon in Nevada . There is a fairly significant vertical relief 
there . There are many others throughout the country that might be pos
sibi lities ; again , a blob is indicated for the configuration . We might 
have to go deeper into a ridge to make sure that we get our 2 , 000 to 
3 , 500 feet of standoff distance between the nearest point on the surface 
and the facility , so that it may actually be , say , 4 , 000 feet below the 
local ridgeline . Dotted l ines are used to indicate the possibility of 
various levels of talus slopes and alluvial fans adj acent to such a ridge . 

The third pos sibility , of course , i s  to go into a plain , such as the 
basalt at the Columbia River Basin . We have indicated Washington near 
Fairchi ld Air Force Base , but , of course , the basalt extends further . As 
shown in Colonel Rule ' s  earlier chart , it is also in Oregon . If located 
under a plain , we would have to have vertical egress systems as we ll as 
vertical shafts in order to mount the construction . Finally , we solicit 
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your idea� or your concepts for what is a desirable site in terms of ver
tical relief , talus slopes , and other conditions . 

Finally , I have a very complicated chart (Figure 10 ) that was put 
together j ust as we were rushing out . I should start with the punch line 
of " your concept " :  we really want your concept and ideas ; what we are 
merely trying to highlight here are some off-the-top-of-the-head kinds of 
things that one might consider , and certainly by no means is it exhaustive . 
It suggests some thoughts that one might want to consider as you go into 
your deliberations on possible schemes for solving the egress problem . 

First , we started with vertical egress , where we assumed that we 
mine out after an attack us ing a raise climber and us ing the main tunnel 
for muck disposal . The main tunnel for muck disposal may not be the most 
attractive thing , but that perhaps is a point of departure . 

I should have mentioned the dashed line on the figure . The dashed 
line is to indicate that in this particular case , of course , we could be 
under a plain where we do not have any maj or vertical relief and would 
have to go into a vertical egress system . 

The missile would have to carry with it everything that is required 
to take it out of the hole , assemble itself ,  get its initial alignment , 
arid take off . There would have to be some sort of a chamber back into 
the plain or out into the plain that allows you to make the transition 
of that 70- to 100-foot mi ssile . 

As Figure 10 shows , in cartoon form , we could partially or complete
ly predig the tunnel and backfill it wi th several alternative materials . 
The plug at the top would probably have to be significantly deeper than 
shown . As Dr . Linger has po inted out , if they actually knew the location 
of the egress point (we certainly must assume that they would know) , it 
would then become a target . Consequently , the crater would come to per
haps a 300-foot depth and the plug shown might have to be more than 300 
feet deep to ensure that it avoided the crater . With some of the mate
rials with which one might backfill a predug egres s  way , you would still 
have to use a raise climber or a raise borer in order to get rid of the 
material . 

Another possibil ity would be to use preset charges , not only to 
break up the plug at the top and possibly the bottom , but also the back
fill , to break up the natural arches that are going to form as we try to 
have 2 , 000 feet of muck fall through the shaft ; in this case , of course , 
we would not need a raise climber . I would hasten to add , however , due 
to electromagnetic pulse (EMP) effects---equivalent to the worst lightning 
storm you could imagine increased manyfold---protecting the charges from 
that sort of electrical transient may be difficult , but certainly it is 
something that could be investigated . 

Also , there i s  the possibility of having a predug muck pocket at the 
base ; in that case , of course , one could eliminate any need for providing 
conveying systems to get rid of the muck as it falls . 

Finally , of course , is a possibi lity of using an offset vertical 
egress system . 

Another consideration for egress is proli feration . Proliferation , 
however , is not very attractive because , as indicated this morning , we 
are talking about thousands of potential warheads to attack the triad ; 
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thus we would need thousands of such openings , which is not cost-effec
tive . Additionally , we could have a defense overlay to protect some 
openings . 

Now , let me very quickly walk through the same sort of thing for 
inclined egress (Figure 11) . Inclined egress would require a slope , of 
course , that would depend on the talus configuration . It does not appear 
as attractive to go out on the incline if you have to go all the way to 
the upper surface . The angle is a variable depending on the site , as 
we ll as perhaps some of the mechanization . Recogniz ing thi s , we can dis
cuss the same sorts of possibilities as we did for vertical egress . I 
shall not comment further except to point out that one needs , of course ,  
some sort of a door to assure that the muck goes into the muck pocket 
and then drop the door in order to get access to take the mi ssile out . 

For incl ined egress , I would emphasize another possibility . If we 
can prove that we can get preset charges to survive EMP and other near 
surface effects , we could have preset charges on the slope providing 
there was no maj or talus slope . Preset charges could remove the top of 
the slope and other charges could remove the final plug such that we 
would get acces s  passively to the surface . 

Finally , Figure 12 shows horizontal or nearly horizontal egress . 
The cross-hatching which now appears on the talus slope indicates that 
the final opening would have to come out on a clean surface , not through 
the talus , although one could certainly come up with a scheme with a 
shield and full l ining to go through the talus . We shall merely walk 
through the several possibi lities for near horizontal egress . 

In this case , blast doors might be an attractive addition , and I 
would mention that the Defense Nuclear Agency for years has used first 
a structure called a tunnel and pipe seal (TAPS ) at the Nevada Test Site , 
which is des igned for rather impres sive overpressures and temperatures . 
More recently , they have used DACS (DNA Auxiliary Closure System) and 
variations of the DACS , which is a very rapidly clos ing blast door that 
can take very high temperatures and pressures . For near horizontal 
egress ,  we would excavate probably with a tunnel boring machine (TBM) or 
some variant of a TBM . 

In summary , I would come back to my initial point : the three com
plicated figures (Figures 10 , 1 1 , and 12 ) merely lead up to the fact 
that the problem has not been solved by any means . We need your inputs 
very urgently in thi s area . 
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C�SENSUS 
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C�STRUCT I� WORK I NG GROUP 
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TYP I CAL REAC T ION (QUOTE FROM A, A, MATHEWS ) : 

EX I ST I NG TECHNOLOGY I S  ADEQUATE TO ASSURE THE SAT I SFACTORY COMPLET I ON OF 
ALL UNDERGROUND CONSTRUCT I ON NECESSARY _FOR THE C�J SS I ON I NG OF AN ACCEPTABLE 
DEEP BAS I NG SYSTE" I N  A S U I TABLE GEOLOG I C  SETT I NG ,  

H I GHLY PROM I S I NG AREAS FOR I "'ROVE"ENT Of TECHNOLOGY (QUOTE FRO" A ,  A o  MATHEWS ) :  

CONT I NUOUS CONCRETE L I N I NG PLAC EMENT BEH I ND TIM 
AUTOMAT I C  APPL I CAT I ON OF SHOTCAETE 
VERY H I GH SPEED RA I L  HAULAGE 
H I GH PRESSURE, PRE-COOLED VENT I LAT I ON A I R  
FRANG I BLE BAC K I NG FOR SUPPORT ELEME NTS 

D I G-OUT , E SPEC I ALLY THROUGH RUBBLE , NE EDS DEVELOPME NT/DEMONSTRAT I ON ,  CONS I DER AS EXAMPLES 
( QUOTE FROM A ,  E ,  HEUE R ) : 

D I G  OU T THROUGH C RATER RUBBLE AT RATE S OF 100 FTIDAY KAY BE POS S I BLE I F :  

I ,  DONE AT SLOPE S O F  L E S S  THAN 20% 
1 1 ,  CRATER RUBBLE I S  SO I L  OR LOW STRENGTH ROC K 

I l l ,  CRATER RUBBLE I S  ABOVE THE WATER TABLE 

CURRENTLY AVA I LABLE TUNNEL BOR I NG MACH I NE S  ( SUC H AS THE LOVAT MACH I NE ,  FULL 

SH I ELDED W I TH DRAG B I T  C UTTE R S )  AND TUNNEL L I N I NG S Y STE"S (PRECAST CONCRETE OR 
STEEL R I BS W I TH WOOD LAGG I NG )  ARE L I KELY TO PROVE ADEQUATE FOR THESE COND I T I ONS , 

F I GURE 2 

URGENT NEEDS/RECOMMENDAT I ONS 

F I RST �ET ING Of TUNNE L I NG AND UNDERGROUND 

CONSTRUCT ION WRK I NG GROUP 

15 OCTIJlER 1981 

PROCE ED W I TH H I GHLY PRO" I S I NG AR EAS FOR I "PAOVE"E NTS IN TECHNOLOGY 

ESTABL I SH A MANAGEMENT ORGAN I ZA T I ON AND PROV I DE ADEQUATE STAFF NOW 

STRUC TURE I NNOVAT I VE APPROACHE S TO DEF I N I T I ON OF WOR K AR EAS AND CONTRAC T I NG 

DEF I NE PROPERT I E S  OF PRO" I S I NG S I TE S  AND CONF I GUR E (OPT I " I ZE )  A SPEC I F I C 
F AC I L I TY FOR S I T E 

F I GURE 3 
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EX I ST I NG UNDERGROUND SPACE 
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ABANDONED RA I LROAD TUNNELS : 

HOR I ZONJAL ACCESS  

EX I ST I NG TUNNEL SUPPORT 

� LOCATED W I TH I N  GOVERNMENT CONTROLLED PUB L I C  AREAS : 

CASCADE TUNNE L (WASH I NGTON) 

ALP I NE TUNNEL ( COLORADO) 

HAGERMAN TUNNEL (COLORADO) 

AT LANT I C -PAC I F I C TUNNE L ( COLORADO) 

L I MESTONE MI NES : 

LARGE NUMBER AND NUMEROUS S I ZE S  OF OPEN I NG S  W I TH NATURALLY DRY COND I T I ONS 

WEAK DUE TO ROOM AND P I LLAR TYPE EXCAVAT I ON METHODS 

RECOMMENDED ADD I T I ONAL WOR K TO DEVELOP THESE DATA FURTHER : 

EVALUATE HARDNE SS  OF OPEN I NGS 

I NVEST I GATE ABANDONED RA I LROAD TUNNELS 

I NVE ST I GATE WOR K DONE BY OTHER AGENC I ES 

F I GURE 4 
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1 3 2  

QUOTE FROH R ,  HEUER 

D I G  OUT , 

SELECT S I TE SO THAT POTENT I AL C RATER RUBBLE TO BE PENETRATED DUR I NG D I G  OUT I S :  
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General Discussion of Egress Issues 

SPEAKER : Is  it a given here that in considering the egress alternatives 
we wi ll have knowledge of what has happened on the surface , in other 
words the extent and depth of craters? 

DR . LINGER : That is one of the things that has been proposed . There 
are a number of rubble zones and craters at the Nevada Test Site . We 
could go out , pre sumably within the next six weeks , two months , five 
months , or whatever i s  required , and view remote detection schemes for 
finding out j ust where is a rubble zone and what is its extent . 

SPEAKER : We wi ll as sume that we will know where when we are planning 
direction of egress? 

DR . LINGER : Not neces sari ly , because we could only assume that if what 
I j ust outlined proved to be a viable technique , that i s  i f  we could 
reliably predict where the crater was and--

SPEAKER : I am address ing myself to something else . After the attack 
wil l  you know where the--

DR . LINGER : I think what you are saying i s  which egress to come out 
because of what happened on the outside , and I don ' t  think that you 
can really as sume that you wi ll know . I don ' t  know . 

SPEAKER : Can we assume that you can talk to the outside and they can 
talk back? 

DR . LINGER : That is right . I think that is something that you can 
assume . 

SPEAKER : This 70-foot long missile is--

DR . LINGER : It is 100 feet long . Diameter is what you--
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SPEAKER : �t any rate you lay it down horizontally , and then does it 
f ire off or do you walk it out to the end of the mountain and then it 
fires off? 

DR . LINGER : It will come out and erect and fire itself or it would 
come out and fire . I don ' t  think it would fire in the tunnel . It 
would have to come to the end . 

SPEAKER : How do you walk it out? Are you going to lay a rail in this 
tunnel? 

DR . LINGER : Therein lies a problem . How does one get it out? I don ' t  
really know . I am not sure that anybody does . Carl will lend some 
light to this . 

LT .  COL . RULE : With the multiple protective shelter system the means 
of launches is kind of like in submarines . We have a cani ster--a metal
lic canister or some form of hard structure in which the mi ssile is in 
place . That , in the old concept , would move outside of the shelter 
area and erect up to a vertical position , and then there would be a gas 
that would form�either steam or a hot gas--to e j ect the missile from 
the cani ster . The mi ss ile would ignite once it was clear of the canis
ter , but we would have to worry about putting that cani ster on wheels 
or transport of some type in its underground complex , to get through 
the egress , to break the ground , and then to be able to get to a kind 
of near-vertical attitude and launch . 

SPEAKER : Doe s that have a firm foundation ? When you get it out , you 
have to tip it up , and it has got to not tilt? 

LT . COL . RULE : You would like to have it stable , yes , sir . 

SPEAKER : So all the supports and everything you erect have to be out
side the l imits of that canister and still be capable of supporting the 
weight of the canister? 

LT . COL . RULE : That is correct . You have a tremendous moment arm , you 
know , getting from the horizontal to the vertical , but that has been 
worked up . It is an engineering problem that has been worked out for 
the multiple protective shelter system . 

SPEAKER : That would have to be done in the rubble zone ? 

LT . COL . RULE : You have to get through the rubble zone and then be 
able to erect it after you have egres sed . 

SPEAKER : Before the Russians spot you on the ground . 

SPEAKER : Jay , can it then guide itself from either side of the mountain? 
If you go out either way it takes it from there ; you j ust get it up in 
the air? 
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DR . MERRITT : Conceivably , of course , i f  one went through the rubble 
zone with some sort of aligning system the canister could be anchored 
within that lining system . It would not have to actually expose itself 
on the surface and erect itself from the rubble zone . It  could be di
rected from the lining and e j ected by steam or otherwi se . 

One other point . This is not my field , but I have been told by those 
in miss ile design that the interstages and the pres sure s impl ied by hot 
launch within a tunne l are such that you don ' t  want to try to tackle 
that problem . You have to canisterize the missile such that it is a 
cold launch up to some point and then hot launch outside of that envi
ronment . 

DR . LINGER : Good question . As Colonel Rule said , the MX is des i9ned 
to come out , erect itself , cold launch , and then fire . 

SPEAKER : I had a que stion on the Mesa concept . You know everything 
seems to be the attenuation of the tunnels of the central control system 
for all of thi s underground , based on numbers we wi ll use like one di
rect hit . But i f  you have a Mesa system with five or six tunnels then 
thi s whole thing has to be able to withstand--what?--half a dozen direct 
or indirect hits over a two-day period? 

DR . LINGER : I would go back to Dr . Sevin ' s  chart which showed the depth 
to which you had to go to survive , was it half a ki lobar or one ki lobar? 
Did you see at the bottom what he had for the threat? Did he have 800 
megatons which would have to be delivered? You would have to deliver 
those in packages and have them all go off at the same time . 

SPEAKER : Is there any return , either repeatedly hitting the same place? 

DR . LINGER : The Colonel j ust mentioned that , and i t  may apply to what 
you are asking : whether or not somebody would keep repeatedly hitting 
the rubble zone to try to dig you out and� 

SPEAKER : No , that is not my question . We saw the experiments of half 
a kilobar from one side , and what I am thinking of is that those tun
nels may have to withstand one or two blasts from different directions 
over a period of time ? 

DR . LINGER: Yes , and a rather large weapon yield altogether . 

SPEAKER : It seems that the chamber to tilt this thing down or turn it 
around is going to be crucial . You would have to build that with 
skilled miners before the shooting starts because you are j ust going to 
have soldiers in there to do the rest of it . 

DR . LINGER : This would be complete in itself . That is , this system 
would be complete with the necessary radius and size to maneuver the 
missile for each of the egress and each of the maintenance and operation 
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locations . As each section i s  completed , it would be complete in it
self . 

SPEAKER : A variation of Wayne ' s  question this morning about what are 
the Rus sians doing . On the basis of a feat being better than a theory , 
the Swiss and the Swedish have long been involved in the psychology of 
burying everything and going deeper . Do we have knowledge or is that 
not even worth looking at or is that none of our bus iness at all? 

DR . LINGER : I don ' t  think we could discuss it at this security level . 
All I can say is Dick Robbins is coming in tomorrow and j ust ask him 
about his two machines which are over there . Five years ago he gave 
them the plans for hi s machine , and they went right back home and built 
one , and they have not got one of their machines to work yet . So , any
way , I don ' t  know what they are doing . All I know is I think they have 
got bigger problems than we do . 

SPEAKER : I think we are all assuming something here that has not been 
said so far , and that is that the people in the tunnel will not be deaf
ened so they wi ll be unable to hear orders and that they won ' t  be in
j ured by the shock . Is that a viable assumption? 

DR . LINGER : Yes , and one thing that Joe LaComb said when he showed his 
movie was that the tunnel survived , but it indicated that it would of 
necessity have to be further protected inside for personne l and equip
ment , and I think he made that statement , and I think that is a very 
good statement . 

SPEAKER : I am concerned about the noise levels as well as the physical 
inj ury . 

DR . LINGER : I am sure that the noise level problem has got to be ad
dre ssed . 

SPEAKER : I have one other question somewhat in that same line . There 
was some discuss ion about heat di ssipation at certain depths after the 
blast , but I heard nothing here about radiation when you remove this 
rubble . What occurs at that point? 

DR . LINGER : I think the radiation problem , because of the automation 
of the missile as it comes out and erects and cold launches , is not a 
problem . I mean it is a solvable problem . I think it is a solved prob
lem . 

SPEAKER : Then those people that remove the rubble are expendable , right? 

DR . LINGER : No . That i s  one reason why I think that all of the discus
sion has focused on TBMs , you know , that it is assumed that egress or 
mining out would be as automated as possible . 
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MR. LA COMB : I don ' t  be lieve the radiation will be a real problem be
cause it would s imply be , even if we had a horizontal surface , it would 
be tied up mostly in blast funnels , which might be two , three , to four 
feet thick that you could handle by shielding it out . I don ' t  think it 
would be a s ignificant problem . 

SPEAKER : You still have to dispose of it . You would be hauling your 
muck or your radiation muck down into the heart of the system . 

DR . LINGER : You mean the egres s ?  You are making an assumption that 
you are going to haul the muck back down and not drop it in a pit . 

SPEAKER : Even if you drop it in the pit , it wi ll go into the pit but 
it is still going down into the mountain . 

DR . LINGER : Yes , but I think that i s  after the attack . 

SPEAKER : The mi ssile wi ll egress , erect , and fire off . You know you 
are going to have to have a hardened slab therefore to do that . Then 
the egre ss takes place , you are going to have a lot of muck lying around 
on that slab ,  too . You may not be able to do it without some actual man
power out there to facilitate actual firing . Once it comes out you have 
some of the radioactive muck that i s  bound to come back inside or fall 
around it . It wil l  get back into the hole it came out of . 

DR . LINGER : As Joe LaComb said , I don ' t  think the activity in that 
material that is going to come back down is going to be that hazardous , 
and I think that that is one of the drivers in trying to get the egress 
out at a s lope where it can fall away on the outside , where you don ' t  
have to dig through what is otherwise deposited broken rubble . One of 
the advantages of the horizontal or near-horizontal egress out through 
a rock slope is the fact that you won ' t  have this rubble lying there to 
worry about handling manually . 

SPEAKER : The problems of egress due to rubble , radiation , and other 
things that have been cited lead me to harbor the idea that the storage 
of a s ingle mi ssile should be in a corkscrew , convoluted type of open
ing where you could have it on rail and of a diameter so that the mis
sile could be lowered to whatever point you want and a multiplicity of 
openings going out so that if one gets rubblized you have got four or 
five others .  

DR . LINGER : That i s  exactly the point of this kind of system , that the 
egres s  can be chosen . You mightn ' t  know exactly what the situation was 
outside at this egres s  point but you would have an opportunity to go out 
through multiple egress points , all of which would be unknown to the en
emy and all of which would be far enough apart so that in fact it would 
be impossible for him to cover that entire area with the kind of rubble 
that we are worried about . 
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SPEAKER : It would seem to me that the military had better make it pol
icy that these guys are constantly digging tunnels , because even with 
trained tunne lmen we cannot always achieve the kinds of rates that the se 
policies are--so they had j ust better dig holes in that mountain all the 
t ime .  

DR . LINGER : Actually what you are saying , and what I am sure all the 
mining contractors like Traylor will reemphasize , is that once you get 
them going you might as wel l  keep them going because that is when you 
get your production . I think that a point that should be made is that 
s tarting with a relatively small system and constantly expanding i s  
ideal for getting the ultimate system you want and absolutely necessary 
for the operational capacity of the machine and men . That is what you 
are saying . You have got to keep them going to keep them tuned to that . 

SPEAKER : They have got to know how to repair that TBM . They have got 
to know all thi s stuff . 

DR . LINGER : That i s  a damn good point , and it is a point that should 
be made because what it says is don ' t  bui ld the whole thing and have 
the machines sitting down there . Keep bui lding it . Those are the kinds 
of points , I think , that are important . 

SPEAKER : I have heard comments about retaining communications , through
rock communications , and so forth . Have any thoughts been given at this 
point to maintaining venti lation? I f  the main tunne l is blasted shut--

DR . LINGER : Yes , you have got a problem . You don ' t  want to mine in the 
wet area and yet on the other hand you are going to have to have water , 
and you are going to have to have some heat dissipation medium . Obvious
ly water would be the be st . So , you are between a rock and a hard spot , 
and the best siting i s  probably that that in fact has perched aquifers 
that do replenish themselves and can be used as heat sinks , and that has 
got to be a driver in the siting . 

SPEAKER : Why i s  it we have to leave so much material between the point 
of egress and where the missile is going to be if we are going to have 
to do some sort of mining ? Isn ' t  it possible to have some sort of me
chanical stopper system so that one of them might be hit and damaged , 
but there would be so many horizontal points of egress that you have 
lots of options to follow? What you are really trying to do i s  prevent 
damage to the entire system by a hit on one of these points of horizon
tal egress , and you have other options open for f iring missiles . 

DR . LINGER : So you have a lot of potential egresses all of which go 
closer to the face than you would go for secured hardness , some of 
which you may get wiped out , and that is an alternative , and that i s  an 
alternative I am sure that will be considered , because it gives you the 
multiple egresses and it gives you a quicker out , than if you are at 
2 , 000 feet to bore out . 
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SPEAKER : It , also , cuts down on a lot of the mining that might be re
quired in circumstances like that . 

DR . LINGER : Ye s , but they cannot go c lose enough so that the Russians 
can identify where they are . 

SPEAKER : But that is a parameter of the system , according to some of 
the people I heard talk , that we have to assume that they know every
thing about the system to start with . 

DR . LINGER : That I think was stated at the onset . Whether they would 
know the exact location of the egress , these blind egresses , I don ' t  
think that was intended to cover that . I am not sure . 

SPEAKER : Could we get clarifi cation of that? It can affect the whole 
concept . 

DR . LINGER : The egress won ' t  go to the surface . They would go some dis
tance from the surface , and in the discussions I have been in on , it is 
assumed that in fact they wi ll not know where those egresses are . They 
may know where the ingress i s , you know , where you are taking things in . 
They will certainly know where you are bringing the muck out because 
there are going to have to be multiple egresses for the muck , but they 
probably would not know . I think you could assume they would not know . 

SPEAKER : I think it is fair to comment that the multiple-aim-point con
cept of digging the tunnels near the surface or all the way out , regard
less if you try to harden them or put blast doors or something to shut 
them up , has been shown to be really not the right way to go because 
for every tunnel we dig all they have to do is add one more MIRV and it 
becomes cheaper for them to add a MIRV than for us to dig a tunnel , and 
that has been the downfall of the current shelter program in the past . 
That i s  why we tried to go to a totally benign environment until we have 
to start showing our hand and at the same time protect ourselves . 

DR . LINGER : And to translate-- "No ,  they won ' t  know where those egresses 
are . " 

SPEAKER : I suggest that one way in which you can pre serve the location
a! uncertainty of the egre s s  stub tunnels , if you don ' t  take them all 
the way to surface , i s  simply to set them in random directions wi thout 
any survey work ever being done . 

DR . LINGER : From some of the tunnel s  I have been in I am not sure even 
if you told them that there was a survey and gave it to them that they 
would know where they were coming out . 
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