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The Pacer Plan 

The Research News article by William 
D. Metz (11 Apr., p. 136) about the Pacer 
concept for fusion power can lead one to 
conclude that the use of thermonuclear ex- 
plosions to produce power is an old, un- 
sound idea that keeps being revived for no 
good reason and discarded. This impres- 
sion should be corrected. 

It is true that the idea is old, having been 
introduced at the first Plowshare sympo- 
sium in 1957 by William Brobeck. After 
investigation, it was discarded at that time 
for what were thought to be sound techni- 
cal arguments concerning the feasibility of 
constructing large underground cavities 
that would be stable under the influence of 
repeated explosions. However, the only 
resurrection of the idea that we are aware 
of is the proposal by R & D Associates in 
1972. The principal omission in the Sci- 
ence article is in not explaining why the 
idea was revived in view of its earlier rejec- 
tion. 

The reason for the revival is that in the 

years between 1957 and 1972 a better un- 
derstanding was gained of the response of 
large underground cavities to the environ- 
ment produced by nuclear explosions. In 
connection with nuclear test ban consid- 
erations, it was shown by theoretical argu- 
ments (1) that the seismic signal from an 

explosion would be reduced (decoupled) by 
a factor of about 200 if the explosion was 
conducted in a cavity whose walls re- 
sponded only in the elastic range. To 
achieve elastic response in an underground 
medium of low tensile strength, the essen- 
tial condition is that the cavity must be 
large enough and buried deeply enough so 
that the walls are always under compres- 
sive loading from the overlying earth, even 
during reflection of the shock wave. This 

"prestressing" prevents tensile forces from 
developing and cracks or spalls from oc- 
curring, and it decouples the seismic signal. 
The use of salt deposits as a pure, semi- 
plastic, self-sealing medium is also an im- 
portant aspect. Together these two factors 
make for a containment that is inherently 
leakproof and has no known failure modes. 
In contrast, these factors were not under- 
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stood when the earlier concept was pro- 
posed in 1957. 

The Cowboy series of high-explosive ex- 
periments conducted in the Winfield Salt 
Mine during 1960 verified the essential 
concepts of decoupling, and subsequently, 
a nuclear test series-Salmon and Ster- 
ling-verified the concept for nuclear ex- 
plosions. These tests also provided strong 
experimental support for the feasibility of 
the Pacer concept. The first test explosion 
took place in a salt dome without a sur- 
rounding cavity. It created an almost 
spherical standing cavity in the salt, which 
did not leak or collapse, although it had 
been formed by violent motion. This same 
cavity was then used for containment of a 
second explosion, which produced no ad- 
verse effect on the walls and demonstrated 
the decoupling and containment concept. 

Another important contribution to 
Pacer was the 1970 Payette engineering 
study (2) sponsored by the Defense Ad- 
vanced Research Projects Agency. This 
study concluded that cavities of the size 
needed for the Pacer program could be 
constructed economically and would be 
stable. Finally, we find that the petroleum 
industry routinely uses large cavities in salt 
for storage of oil and natural gas. Hun- 
dreds of such cavities are in daily use; one 
of the largest-at Brazoria, Texas-is con- 
siderably larger than a proposed Pacer 
cavity and has been in service for 17 years. 
Thus, several important advances of 
knowledge led to the proposal in 1972 by 
R & D Associates and to the association 
with Los Alamos Scientific Laboratory for 
further investigation of the Pacer concept. 

H. W. HUBBARD 
E. A. MARTINELLI 

R. P. HAMMOND 
R & D Associates, 
Post Office Box 3580, 
Santa Monica, California 90403 
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The Science article noted that R& D 
Associates (RDA) revived the Pacer idea, 
that Albert Latter, president of RDA, was 
responsible for work that led to the proof 
of decoupling in large underground cavities, 
and that the firm was familiar with the 
feasibility of building such cavities. Al- 
though no damage may have been done to 
the walls of the cavity formed in the Salm- 
on-Sterling experiments, there was some 
deterioration of the roof, attributed by 
Pacer Investigators to the particular 
methods of the test.-W.D.M. 

Reply to a Critical Dog 

Shades of Aesop and Uncle Remus! 
Miller, Andresen, and I (Letters, 1 Nov. 
1974, p. 394) are being hounded by a 
speaking dog (Letters, 17 Jan., p. 113) for 
barking up the wrong tree and bitching. 
We are accused of hatred of his species and 
failure to present facts. We do not hate 
dogs. What we object to is the person who 
takes no responsibility for the dogs in his 
menage. 

So far as facts are concerned, our 
critic--introduced as an avid reader of Sci- 
ence-says nothing about the very con- 
vincing guest editorial by Feldman (13 
Sept. 1974, p. 903) that started the whole 
discussion. As to whether facts are absent 
from our letters, I am content to refer 
readers to the letters themselves. 

But there may be times when facts, as 
Disraeli said of flattery, must be laid on 
with a trowel. An article in Ohio Farmer 
(1) identifies ponies, steers, pigs, sheep, 
poultry, and people as victims of dog 
packs. It also reports that the sheep popu- 
lation in eight Ohio counties dropped from 
760,000 in 1940 to 131,000 in 1970, and in- 
come from sheep during the same period 
dropped from $7.5 million to $2.75 million. 
The article cites dog damage as a major 
reason and includes a photograph from the 
Newark Advocate showing the bodies of 
177 sheep and two dogs caught flagrante 
delicto. 

At a recent meeting here in Taos 
County, New Mexico, two farmers told of 
being forced out of the sheep business by 
their neighbors' dogs; another reported 
that dogs burrowed under the fence of his 
sheepfold to make a kill. 

Yet emphasis on the coyote as the chief 
culprit persists. In three recent reports on 

predation (2-4) the dog is mentioned twice, 
but otherwise ignored. This may be due 
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Yet emphasis on the coyote as the chief 
culprit persists. In three recent reports on 

predation (2-4) the dog is mentioned twice, 
but otherwise ignored. This may be due 
to the fact that the studies were made 
in range country rather than in suburban 
environments, where surplus dogs are nu- 
merous. Coyotes may well prefer lamb to 
their usual diet of rodents, insects, and 
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fruits. To what extent they kill more than 
they eat, as dogs do, is less clear. Lorenzo 
(3) reports that 53 of 116 lamb deaths ex- 

RECIRCULATING WATER COOLERS amined on a large ranch in New Mexico 
were due to predators, with coyotes caus- -c- 

ing three-fourths of the predator deaths  
He found no evidence of dog predation, 

Corners report (4) and the Ohio Farmer 
but comparison of photographs in the Four 

PO W   sight is growing. Often this merely maims 
article (1) shows that injury from the two 

The ONLY way to dissipate large heat loads, sources can be quite similar. 
The practice of shooting stray dogs on 

ModeIRWC100 (il( 4 
Fealures: ri 9 the animal and is certainly an injustice to Fig. 1. Television camera (Sony DVC-2400), 

it I with attached plastic housing containing battery 
ii I dogs that are not killers. Tighter regu- pack (12 VDC battery from Sony AV-3400 

lations, strictly enforced, and the spaying Videocorder). Connection of battery leads (A) 

I of female dogs not used for breeding pur- to camera cable (B) is made through plastic 
c-c- - poses, are imperative. So is more accurate housing, where one of the leads is provided with 

c-A-c-'A- a switch (arrow). A light-emitting diode above 
5lc- knowledge than is available at the present switch gives on-off indication. Optional con- 

time. nection to external monitor is possible through 
Both dog and sheep are virtual sym- plug (C). 

- bionts with man. One has been his com- 
panion, guardian, servant, and friend; the 
other, a source of food, wool, and a mate- power source directly on a portable video 
rial essential to the music of Kreisler and camera, which can then be used by itself. 
Casals. It is ironic that man has not yet For our purposes we use Sony portable 

- </c-cA-7ccc-A-< A-f been able to reconcile the management of video cameras (models AVC-3400 and 

these two animals. DVC-2400). The batteries (Sony BP2O), 
PAUL B. SEARS together with associated electrical hard- 

Las Milpas. ware, are enclosed in a fabricated box 
Taos, New Mexico 87571 mounted directly on the housing of the 

camera. The resulting self-contained ul- 

For Electrophoresis References traviolet viewer is compact and manage- 
Column Chromatography, Electron Microscopes5 I. R. F. Getz, Ohio Farmer 225,6(1 March 1975). ably light in weight (Fig. I). Resolution on 

tf and a variety of 2. F. H wagner, Coyotes and Sheep (Utah State the camera's monitor decreases with the Ultracenrsuges Univ. Press, Logan, 1972). 

industrial applicationS. 3. D. Lorenzo, N.M. WildI. 20 (No. 1), 19(1975). uncoupling of the recorder, but image 
4. J. A. Bennett et al., Predator Control Study: Final 

ModI RWC100-A high c4aclty recirciitetiug waler cooler Report to the Four Corners Regional Commission quality is acceptable and full resolution 
1OOGBTU2OOOW (Utah State Univ. Press, Logan, 1973). can be restored if desired (3). Without the 

Foglures: recorder power consumption is markedly 
reduced (a fully charged battery provides 

(1) Large water fill opening. (6) Sonaiert.wateralarm (2) Stainless clean top surface. (7) Renovablepanelfor servicing. 
(3) Rear panel circuit breaker. (8) rilleson each end for Ultraviolet Viewer upward of 2 hours of viewing) (4). 
(4) On-Off switch..aircirculation DANIEL J. ANESHANSLEY 
(5).Thernnostat - (9) lnlet.Onff..ports Our recent reports on ultraviolet pat- School of Electrical Engineering 

and Section of Neurobiology and 
.models re of compact, modern desi ith terns on flowers and butterflies (1, 2) have Behavior, Cornell University, 

Two generated frequent inquiries about the Ithaca, New York 14853 
noexposedoperatingcomponents.COmpleteWith - techniques that we use for rendering these THOMAS EIsNER 
1,4 and I H.P. compresso.- ordinarily invisible patterns visible to hu- Section of Neurobiology and 
circulating.pu.mps, tubing end.- mans. As previously described (2), a televi- Behavior, Cornell University 
wiringalIwithina solid steel .sion camera equipped with an ultraviolet 
cabinet. Completely mobile >cic- transmitting lens and filter can serve for di- References and Notes 

rect examination of these patterns, which 1. T. Eisner, M. Eisner, P. Hyypio, D. Aneshansley, 

Model RWC5OA appear as black and white images on the R. Silberglied, Science 179, 486 (1973); H. Ghira- 
'hII.P.35O08TU:1008Wails della, D. Aneshansley, T. Eisner, R. Silberglied, H. 

monitor of the camera. Conventional por- Hinton, ibid. 178, 1214 (1972); W. R. Thompson, 
J. Meinwald, D. Aneshansley, T. Eisner, ibid. 177, Compressorfeaturesuietcirculatiog table video systems, suitable for field use, 528 (1972). 

pllnp, no exposed operati olllPo 
tents and completely mobile. - include both camera and tape recorder. 2. .T. Eisner, R. E. Silberglied, 0. Aneshansley, J. E. 

Carrel, H. C. Howland, ibid. 166, 1172(1969). 
- For investigators interested merely in 3. The camera's vertical and horizontal deflection cir- 

Don't waste.wr down the draon'Recirculate end the images, rather than in record- cuits use free-running oscillators locked into fixed- 
control temperature at the same time Witte for viewing phase relationship hy synchronization pulses from ing them, the recorder constitutes an un- the recorder that effect a scanning system having 
.detaIled. instrument literature #WC 1 2:1 interlace. Without this synchronization each necessary burden. It is heavy, consumes scan is independent, and the vertical resolution is 

battery power, and is useful only as it pro- half that of the interlaced frame. Interlace can he 
restored with an oscillator and appropriate divider 

vides a housing for the batteries. We have circuits, which can he mounted with the hattery QavantInstrMmentS,IflC 
found that a convenient ultraviolet viewer pack on the camera housing. 

- 221 Park Ave., Hicksville, MY 11001 5I893 #774 4. Our Sony equipment was hought hefore the 
can be made simply by mounting a battery "Save the Whales" hoycott went into effect. 

Circle No. 409 on Readers' Service Cord 
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(1) Large water fill opening. (6) Sonaiert.wateralarm (2) Stainless clean top surface. (7) Renovablepanelfor servicing. 
(3) Rear panel circuit breaker. (8) rilleson each end for Ultraviolet Viewer upward of 2 hours of viewing) (4). 
(4) On-Off switch..aircirculation DANIEL J. ANESHANSLEY 
(5).Thernnostat - (9) lnlet.Onff..ports Our recent reports on ultraviolet pat- School of Electrical Engineering 

and Section of Neurobiology and 
.models re of compact, modern desi ith terns on flowers and butterflies (1, 2) have Behavior, Cornell University, 

Two generated frequent inquiries about the Ithaca, New York 14853 
noexposedoperatingcomponents.COmpleteWith - techniques that we use for rendering these THOMAS EIsNER 
1,4 and I H.P. compresso.- ordinarily invisible patterns visible to hu- Section of Neurobiology and 
circulating.pu.mps, tubing end.- mans. As previously described (2), a televi- Behavior, Cornell University 
wiringalIwithina solid steel .sion camera equipped with an ultraviolet 
cabinet. Completely mobile >cic- transmitting lens and filter can serve for di- References and Notes 

rect examination of these patterns, which 1. T. Eisner, M. Eisner, P. Hyypio, D. Aneshansley, 

Model RWC5OA appear as black and white images on the R. Silberglied, Science 179, 486 (1973); H. Ghira- 
'hII.P.35O08TU:1008Wails della, D. Aneshansley, T. Eisner, R. Silberglied, H. 

monitor of the camera. Conventional por- Hinton, ibid. 178, 1214 (1972); W. R. Thompson, 
J. Meinwald, D. Aneshansley, T. Eisner, ibid. 177, Compressorfeaturesuietcirculatiog table video systems, suitable for field use, 528 (1972). 

pllnp, no exposed operati olllPo 
tents and completely mobile. - include both camera and tape recorder. 2. .T. Eisner, R. E. Silberglied, 0. Aneshansley, J. E. 

Carrel, H. C. Howland, ibid. 166, 1172(1969). 
- For investigators interested merely in 3. The camera's vertical and horizontal deflection cir- 

Don't waste.wr down the draon'Recirculate end the images, rather than in record- cuits use free-running oscillators locked into fixed- 
control temperature at the same time Witte for viewing phase relationship hy synchronization pulses from ing them, the recorder constitutes an un- the recorder that effect a scanning system having 
.detaIled. instrument literature #WC 1 2:1 interlace. Without this synchronization each necessary burden. It is heavy, consumes scan is independent, and the vertical resolution is 

battery power, and is useful only as it pro- half that of the interlaced frame. Interlace can he 
restored with an oscillator and appropriate divider 

vides a housing for the batteries. We have circuits, which can he mounted with the hattery QavantInstrMmentS,IflC 
found that a convenient ultraviolet viewer pack on the camera housing. 

- 221 Park Ave., Hicksville, MY 11001 5I893 #774 4. Our Sony equipment was hought hefore the 
can be made simply by mounting a battery "Save the Whales" hoycott went into effect. 
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