
(tofif- -W'c^> '-^ 

UCRl-98468 
PREPRINT 

PACER Revisited 

Ralph W. Moir 

«WJBf 
This paper was prepared for submittal to 

8th Topical Meeting on Technology of Fusion Energy, 
Salt Lake City, Utah |?_«J».; 
October 9-13, 1988 • : ' •- '--

O c t o b e r 4 , 1988 
f ' i l ,' nas 

This is a preprint of a paper intended for publication in a journal or proceedings. Since 
changes may be made before publication, this preprint is made available with the 
undemanding that it will not be cited or reproduced without the permission of the 
author. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United Stales 
Government. Neither ihe United Stales Government nor any agency thereof, ngr any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi­
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents thai its use would not infringe privately owned rights. Refer­
ence herein to any sp"-:ific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise docs not necessarily constitute or imply its endorsement, recom­
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United Slates Government or any agency thereof 

3ISic" i ' - - . | - •• •!•" 



PACER REVISITED' UCRL--38468 

Ralph w.Moir D E 8 9 001723 
Lawrence l.ivtrmore National Laboratory 

University of California 
Livcrmore. CA 945^0 

(415) 422-9806 

A B S T R A C T 

This paper discusses a modified version of the PACER 
concept for power and nuclear material production, which 
changes the working fluid in the cavity from si cam to the 
molten salt. LiF - BeF 5 In the PACER concept, a 20-ki 
peaceful nuclear explosion is contained in a cavity about 200 
m in diameter, filled with 200 aim of 500'C steam Energy 
from li.-e explosion is used 10 produce power, and the neutrons 
are used to produce materials such as I 3 3 U , Pu, "Co , and T. 
The present idea is lo modify the PACER concept in Ihree 
ways, u. improve the practicality, predictability, and safety 
of power production from this technology and thus improve 
publ:c ;v.ceptance of this power source Thcst; improvements 
are (1) line the cavity with steel; (2) replace the steam with 
molten salt: and (3) reduce the explosive yield to about 2 
kt Tlub concept is the only fusion power concept where the 
underlying technology is proven and ir, hand today. 

I N T R O D U C T I O N 

!*'i*er can be produced with Known technology by repet-
nivr nuclear explosions (called peaceful nuclear explosions) 
remained in an underground engineered cavity In the 
PACER concept |1 . the steam in ihe cavity is passed through 
;i '.urbiiif. producing 3000 MWe for an explosion every 7 hr 
Thv SKSUU. which is filtered of debris and useful materials, 
dampens the shock wave so the pressure against the cavity 
wall rises from 20 MPa before the explosion to 2* MPa right 
after the explosion-

The modified PACER concept and the thermodynamics 
leading to the cavity pressure after the explosion art- discussed 
in Ref 2 This paper discusses several aspects of a modified 
version of ihe PACER concept. including cavity design and 
fire!.iaIJ pressure dynamics. 

The PACER concept is modified in three ways (I) the 
cavity is lined with steel. (2j the steam is replaced with 
pollen sail, and (3) the explosive yield is reduced to ahout 

" H i * work was performed under the auspices tiflhr L'.S Depart rrM« 
..( Energy by Uwrcncr Livermore National Laboratory under Contract 
W-74'jri-Kag -IB 

2 kt ' Lining the cavity with steel makes it engineer able and 
predictable, and prevents contamination of the working fluid. 
The steam working fluid is replaced with molten : J t , LiF •* 
BeFj (FLiBe) in the form of droplets, to absorb energy and 
suppress shocks 2 This change results in an ambient pres­
sure below 1 atm soon after the explosion and allows much 
of the energy to go into evaporation, thus reducing the pres­
sure in the cavity right after the explosion to about 3 MPa. 
Also, because tritium is insoluble in the molten salt, it can 
he removed almost completely, thus reducing the tritium in­
ventory by a factor of JOD.OOO -from - 10* Ci I'sing steam 
to - 100 Ci using FLiBe. Then when the explosive yield is 
reduced to 2 kl, the cavity volume is reduced by a factor of 
50. which reduces the peak pressure in the cavity by a factor 
of 9 

In the modified concept, the cavity is tall and 
cylindrical—rather than spherical-with a smaller radius of 
curvature and a hemispherical roof (Fi£. 1). As such, the 
cavity should be much more durable. 

A comprehensive test ban would exclude all peaceful nu­
clear explosions to test such concepts, however, a threshold 
test ban that limited tests to 15 kt or even 2 kt would per­
mit testing such a concept. The low ambient pressure (< 1 
atm), low tritium inventory, and low fissile inventories all con­
tribute toward public acceptability of Ihe concept. The close 
connection with nuclear weapons technology is problematic; 
hewevee, interest in a reusable underground test chamber ;4l 
may help develop this type of power source. 

C A V I T Y D E S I G N 

As proposed, the cavity will be constructed underground 
in high-integrity rock material so the unsupported roof and 
sides of the cavity will not collapse under cyclic stresses The 
suggested cavity shape is a (all cylinder with a hemispherical 
dome, i.e.. in the shape of -i farmyard silo This shape will 
maximize volume and minimize the radius of the domed roof 

'Nuclear explosive yield tiadaiucally is ciuietacd in u«« S t t l 
pound*) of TNT Mjuivsle. i, whki, it •) : a t > lb* J and i.-. si..* ;;»pri 
it abbreviated as kl o( yield energy 

1 An alternate shock >u,.utrssH>i] bvsirm using upringt. and shock ab-
i . .rbrn behind plate* i* diwru.sed in Rcf 3 



Fig ) Schematic of the fusion power sisli'tn using peaceful nuclear ex pic .stuns contained in an underground 
cavity Mullen sail technology is used lo remove heat mid absorb the explosive energy 

«ill In- up to 0.1 
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The cavity *i!l be lined with stool and secured tt. the rock 
with rock bulls or tendons regularly spaced The steel skin 
will lie convex, as shown in Fig 2, to keep » tightly stretched 
agjuiist the rock Then when the pressure pulses arrive, ihc 
skin ran transmit the pressure into the mck without a "slap­
ping" pJTect and thus will prevent the rock from rebounding 
ir'.. the cavity. i,r spalling. 

The stiiiic inward pressure ,,n the skin 
MI'MI st m) if air infill rat o n he rock The 
cavity muii be pumped free -.f u-att-r hi-cau-
pressure (S, 1 aim) would cllap^e the skill If this region is 
pumped below 1 aim. the stress in the rock hulls could bi-
r.-duced whiir Mill ensuring that sp.-Uled material is retained 
and the rock is reinforced 

rial with r,,ck boll-
of themultensai: »•• 



The steel skin is designed to overcome .in inward pressure 
of n 1 MPa However, if the pressure belund the skin is <£ (i I 
MPa. then no inward load between pulses is on the skm other 
than that made by the rock bolts During the pulse, the 
only added inward load will be caused b> rebound, which is 
minimized by the droplet shock suppression system. 

A convex skin resembling a tufted seat cusluon. which 
was studied for another application [5', may be useful for 
the cavity-lined skin design shown in Fig. 2 Design param­
eters for one cast- used the scaling relation Prj/cl - U-8fi 
for r j / r a - 0.36. Two examples of parameters are shown in 
Table 1. 

Since the excavated cavity will not conform to the desired 
skin shape, grout will be injected to fill the gap. A grout ma­
terial must be chosen carefully so it has low vapor pressure at 
> 500DC Ideally, the vapor should be low in oxygen, niti> 
gen, silicon, and other materials that would contaminate the 
molten salt if an inward leak occurred. Such contamination 
would cause difficulties when the molten sail is professed to 
remove fissile materials. 

Table I Example parameters of cavity liner shown iflj-"ig 2. 
Parameter Case 1 Case 2 

_ _ . - .__ .._ 
r, (m) 0.36 I) 12 
t (mm) 1 2 
Number of 3-cm-diam bolts 

to hold vacuum load at 
[4(1 MPa stress in the bolts 1 4 

Holes drilled for (In* rock bolts will form a culler:ion sys­
tem for pumping gaseous material in the region behind the 
skin to maintain the low gas-phase pressure (<£ ] aim). In 
effect, the local hydrostatic pressure would be low. A sys­
tem of lubes attached to the baik of the skin connects each 
apex and can be used to check leaks in the skin, especially 
around the apex fixture plales This system a]* ran Je used 
it- keep the pressure well below 1 atm behind the skin How­
ever, preventing grout from plugging the collection system 
may present a design problem To make the job of pumping 
easy, the rock fc-mai;oii should be fairly ga* tight, and the 
material should have lew outgassmr" properties at elevated 
temperatures Concrete has fairly low outgo-sing at room 
temperature t> , NO some cracks could he fdled with high-
pressure pumped concrete gmi;t However, at mentioned, 
oxygen should be avoided for example, in the form of H-fO 

Maint ainiiig a low gas pressure in the ravit i makes pump­
ing iriliuin gas e;e,v 

CAVITY S H A P E 

The three cavity shapes considered in llus report are 
shown in 1'ig 3. all with the s a w loluiue and hetice the 
same equilibrium piessure The spherical i.-ivnv shape pro­
vides the greatest distance from the explosive, winch mini­
mizes the pressure pulse over that of the equilibrium pressure 
However, its large dome must be supported The horizontal 
cylindrical tnnii'l can be as long as rier->*.siirt because each 

end is independent Tin* roof is sup|KTied a* a simple arch 
The vertical cylinder or shaft has u dome that is more self-
supporting than a simple arch, however the vertical walls of 
the shaft must be supported against inward collapse Never­
theless, w ith this shape the droplets will drain belter 

CAVITY SKIN OR LINING DESIGN 

The thermal design of the skin i> important If salt is 
sprayed on the walls before each shot, the salt-carrying debris 
from the nuclear device and its surrounding material will not 
be frozen directly onto the wall. Instead, it will flow to the 
pool at the bottom of the cavity or freeze onto the existing 
fro/en salt layer. Plowing fresh molten salt can clear or remelt 
this layer Therefore, the steel skin wilt remain at an ambient 
temperature much below the melting point of the molten salt 
(3li3cC). except for a short time (.£ 1 hr} between each shot 
(typic;uly 1 hr) The frown *,»lt Layer can Iheti T<-durt tbe 
thermal stress on ihe wall 

The steel skin als*.. must be corrosion resistant For ex­
ample, alloy; high in nickel art* good. Haslelloyn would be 
excellent; and type316 stainless steel may Inadequate Pipes 
used to carry the molten salt to the droplet spray system of 
nozzle* and to spray the walls will be made of the same mate­
rial as the skin. The system or pipes to carry the molten salt 
from the rnvity to the pumps and primary heat exchanger is 
conventional, except the pipes must withstand pressures to 
about 3 MPa at a pulse rale of aboui J/hr The canty, its 
liner, and the piping system must withstand about 200,000 
shots over a 30-yT period 

The walls of the tower part of the covir: will be cooled 
acirelysc. 'hat a reasonable temperature I- 6,>0CC) is main­
tained during the intershol lime of M r„- while the heat is 
removed by circulating the molten salt To keep the temper­
ature rise of the salt pool reasonable, a bed of balls in the salt 
pool is assumed to store much of the beat. The balls could 
be made of nickel-coaled iron. 

F I R E B A L L P R E S S U R E D Y N A M I C S 

The fireball composed predominantly of vaporized salt 
with a minority constituent of nuclear explosive debris ts as­
sumed to condense quickly onto the cold droplets One lim­
iting process is heal conduction from the surface of a droplet 
to us interior. Ihe time is characteristic of the thermal diffu-
sivity k/pc, which for FLiBe is 1 7 > 11} T m'/s, where it, the 
thenna! conductivity, is OS W-m K, p. the density, is 2(150 
kg jr.1. and r. lhr- heat rapanli. is 2350 J k g ' K " ' The 
thermal dlffusmty time for a droplet of radius r is per1'/it 
Pur a spherical cavity, substantial heal can be absorbed in 
onefenth cf the thermal diffusiviiy time For a droplet 1 
mm in diameter, this time is 1-ln nis The vapor rushing 
passed the droplets from the expanding fireball will distort 
and break up droplets and cause internal circulation or vur 
tex irioiiim. This vortex motion can enhance heat transfer 
by up it. a factor of 2 7 7 After the heat is distributed over 
2 ki of -.rdr in liquid form for each J kt of nuclear energy 
vield. the pressure in the cavity will drop below 1 aim If the 
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l ;ig 3 T • :• candidate c 
preferred choice. 

emrgy jn ihe fireball can hi* transferred to theliquid droplets 
in a time U*ss than the ex |i.in si on lime of the cavity (n;il nrwJ 
frequency of vibration). I lien the stress in the steel liner rwi 
be MibMnnuiiUy reduced. By the end of this brier interval. 
thi chemical lomposiuon of ihc sail is assumed tr. reium !•-

CHEMICAL PROCESSING DYNAMICS 

During (he exclusion and shortly afterrartl ( « I s(, (he 
salt and i-ther material wili break n.U, at.;ins and Le ionized 
flie events in this short intcrv-J are Jpfi P-r ;i future |ia(>er 11a 
nr< Ihc droplcl s,)ra\ ivslem arid rav:iv i.wrjiressiire 

The -.alt <;u! IK- kept it, a reduced statr b\ o.ntiiui.iish 
reacting n »i<h iwialb'. beryllium then the inhum Mill r-xjs: 
as I; g;i> and fa; he re;n. .ved by jiii.'.ip<n(; I hi- .iraiuiiri: also 
i Jii: be reui.-M-c! t,\- rciitliiip v,tlii bt-rvlhiuu Miii separa",el\ 
ri-it;ovin(; the iira.-i.uii. !>>•:•] iiervllr.im b\ fiir-man ,n o: tin 

L.-iit.aJh -I r..filn 

'b,9 where safety 

C O N C L U S I O N S 

J'owrr ran be produced with known technology In repel 
Hive midcar explosions (riJIed jieaerhil nuclear explcAions) 
contained in an underground enginem-d cavity Thjs paper 
disrusscs a modified version of the concept known as 1'AC't-R 
bait-d on mohpji sail as the working fluid rather than steam 
Tiic modifications discussed in this paper should improve the 
practicality, predictability and safely of paver production 
from this iechn-il'-^ and thus should improve public accep 
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