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A. UNIVERSAL MICROSCOPE 
The most universal system for all 
microscope techniques in transmit­
ted and reflected light, including 
polarized light, fluorescence, UV 
microscopy 
B. INVERTED CAMERA MICRO­
SCOPE ICM 405. Fully automatic, 
inverted camera microscope for 
transmitted and reflected iight with 
integrated 35mm and 4x5" cam­
eras. Ultra-stable. 
C. AXiOMAT The ultimate in micro­
scope design: unparalleled stability, 
image resolution and brilliance. Two 
integrated camera systems and/or 
photometer 
D. MICROSCOPE PHOTOMETER 
MPM 03, Rapid and convenient 

determination of mineral composi­
tion in ores by reflection or fluores­
cence measurements, 
E. MOP-DIGITAL IMAGE ANALY­
SIS SYSTEM. Determines many 
geometric dimensions simulta­
neously on various image media. 
Statistical evaluation. Data storage 
in 20 channels, 
F. SPECIMEN-SAVING TRANSMIS­
SION ELECTRON MICROSCOPE 
EM 109. New high-performance 
(3.44 A) EM, always instantly ready 
for use. Three unique innovations: 
Outside-the-vacuum Camera Sys­
tem, Specimen-saving Rocusing 
System, Ultra-ciean Vacuum 
System. 
Nationwide service. 

T h e g r e a t n a m e i n o p t i c s 

West Germany 
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Continuing Education 
Joan Barwin, A A D F 
Jayne Bowman, Records Supervisor 
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Debbie Canter, Placement Secretary 
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Betty Myers , Records 
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George W. Mitchell, Jr . , Publisher 
Patricia C . Petty, Editor 
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(303) 2 7 9 - 0 3 0 0 , ext. 2 2 9 3 

alumni events calendar 
Feb. 8—CSMAA Luncheon at CMA Con­

vention, DAC, 11:30 a.m. 
Feb. 9—Alumni Day College, Green 

Center, CSM Campus—"More For Your 
Management Dollar". Contact CSMAA 
office. 

Feb. 9—FOUNDER'S DAY BANQUET, Holi­
day Inn West, 6;30 p.m. 

Feb. 26-28—Cont. Ed. "Maintenance Man­
agement for the Mining industry," Denver, 
CO. For further information contact K. M. 
Barbour, CSMAA. 

Feb. 27—CSM Breakfast at AIME National 
Meeting, Las Vegas Hilton, Las Vegas, 
7:30 a.m. 

March 11-13—Cont. Ed. "Coal Industry 
Review". Denver, CO. For further informa­
tion contact K. M. Barbour, CSMAA. 

March 18-20—Cont. Ed. "Maintenance 
Management for the Mining Industry," 
Denver, CO. For further information con­
tact K. M- Barbour, CSMAA. 

April 8-10—Cont. Ed. "Maintenance Man­
agement for the Mining Industry," Key­
stone, CO. For further information contact 
K. M. Barbour, CSMAA. 

April 11-12—E-Day 
May 8-10—COMMENCEMENT PROGRAM 

8— Reunions for 1925, 30, 35, 40, 
45, 50 8 55 

9— Commencement Banquet, Green 
Center, 6:30 p.m. 

10—COMMENCEMENT 
June 3-5—Cont- Ed. "Maintenance Man­

agement Seminar for the Mining Industry," 
Keystone, CO. For further information con­
tact K. M. Barbour, CSMAA. 

July 29-31—Cont. Ed. "Coal Industry Re­
view", Denver, CO. For further infor­
mation contact K. M. Barber, CSMAA. 
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Texas Instruments is viewed by 
many people as a technological 
leader in only one area. 

To the electronics industry,; 
we're producers of semiconduc­
tor materials and components. 

To the oil industry, we're seismic 
data gatherers and processors 
who help them find petroleum^ 
bearing formations. 

To growing mill ions of con - ; 
sumers, we'rethe people who : 
make calculators and digital : 
watches. 

To manufacturers of automo­
biles, TV yoke coils, battery cables : 
and electromagnets, we are pro­
ducers of clad metals. 

The list of our major product 
and service areas is a long one. 
We've included it below. 

The point is, al) this diversity 
means extraordinary breadth of 
opportunity for you. Not just Ini­
tially, but for as long as you're with 
Tl. We've got a move-up environ­
ment that also lets you move 
laterally when you want to. 

Find out how open-ended your 

opportunities can be. And how Tl 
has created an environment where: 
you can prove your potential fast. 

See what we're doing in: 
• Microcomputers and micro­

processors 
• Semiconductor memories 
• Linear semiconductor devices 
• Microelectronic digital watches 
• Calculators 
• Minicomputers: hardware, soft­

ware and systems featuring 
software co m pati bi I ity with 
microprocessors 

• Distributed computing systems 
for business and industry 

• Electronic data terminals 
• Programmable contro! systems 
• Data exchange systems 
• Advanced Scientif ic Computers 

• Displays 
• Digital seismic data systems 
• Air traffic control radar and 

DiscreteAddress Beacon Systems 
• Microwave landing systems 
• Radar and infrared systems 
• Guidance and controls for tacti­

cal missiles 
• Worldwide geophysical services 
• Clad metals for automotive trim, 

thermostats and electrical 
contacts 

• Interconnection products for 
electronic telephone switching 
systems 

• Temperature-sensitive controls 
for automobiles and appliances 

• Keyboards for calculators and 
for many other products. 

Send for the 
34-page picture 
story of Tl people, 
places, and 
opportunities. And 
send us your resume ; 
in conf idenceto 

George Berryman, r ~ l o 
P . O . B o x 225474, 
Dept. CH2, MS 67, 
Dal las, TX 75265. 

T e x a s I n s t r u m f n t s 
I N C O R P O F ^ A T E D 

c o m m e i i t s 

by Marshall C . Crouch 1)1, ' 67 

A s the Alumni Assoc ia t i on en ters a 
n e w year , it 's t ime to r e c o g n i z e those 
w/tiose work s a w your Assoc ia t i on 
through 1 9 7 9 . Y o u r Assoc ia t ion is 
d e s i g n e d to be a volunteer organlzal ton 
wh ich has a paid staff to coord inate the 
volunteer ef for ts and to run the day to 
day operat ion of the outfit. T h e m e m ­
b e r s of the Assoc ia t i on are rep resen ted 
by an e lec ted Board of D i rec tors wh ich 
inc luded last year : Rober t B r a c e , ' 4 9 , 
Pres iden t ; Marshal l C r o u c h , ' 6 7 , V i c e -
p r e s i d e n t ; T h o m a s S m a g a i a , ' 7 4 , 
T r e a s u r e r ; R i c h a r d D a n i e i e , ' 6 0 , 
Sec re ta r y ; and Board M e m b e r s : J o h n 
B e e r s , ' 5 3 ; N i les G rosveno r , ' 5 0 ; J o h n 
Lock r i dge , ' 5 2 ; Rober t R e e d e r , ' 4 9 ; 
and S t e v e M o o n e y , ' 5 6 . D i rec tors of the 
C S M Foundat ion , Inc. we re Art M e y e r , 
' 5 0 ; and Donald C r a i g , ' 4 8 . J a m e s Link, 
' 5 9 sat on the severa l Foundat ion 
commi t tees . 

The Board met at least monthly and 
of ten more f requent ly from February 
through J u n e and Augus t through J a n ­
uary. T h e regular Board meet ings , wh ich 
are o p e n to all a lumni, are held on an 
even ing in the s e c o n d or third w e e k of 
the month in G u g g e n h e i m Hal l . Exac t 
t ime, date and a g e n d a may be obta ined 
f rom the Assoc ia t i on of f ice or any Board 
member . All are w e l c o m e to attend and 
part ic ipate in you r Assoc ia t i on bus iness . 

T h e Assoc ia t i on f in ished the year with 
an operat ing l oss of $ 6 1 0 0 . Operat ing 
i ncome w a s $ 2 1 3 , 3 0 0 against ex­
p e n s e s of $ 2 1 9 , 4 0 0 . N o n operat ing 
i ncome w a s $ 9 1 0 0 and c o n s i s t e d of 
donat ions f rom alumni to the A s s o ­
c iat ion 's Loan , Opera t ing and Trust 
F u n d s . The Finance Committee, wh ich 
w a s made up of T h o m a s Smaga ia , ' 7 4 , 
Cha i rman; R icha rd Danie le , ' 6 0 ; R icha rd 
Angere r , ' 5 9 ; David S c r i v e n , ' 7 0 ; 
S tewar t Squ i res , ' 7 4 ; and Dunn Krah i , 
' 5 4 , r ev i ewed the Assoc ia t i on budget , 
moni tored actual i ncome and e x p e n s e s 
and made Trust F u n d investment r e c o m ­
mendat ions . A more comp le te f inancial 
s tatement will b e m a d e to y o u in the 
MINES Magazine by the Treasurer after 
the annual audit has b e e n c o m p l e t e d . 

M o r e alumni paid d u e s to the A s s o c i ­
ation in 1 9 7 9 than eve r be fore . Out of 
8 7 0 0 k n o w n , living alumni, 3 9 5 9 or 
4 5 . 5 % w e r e m e m b e r s . T h e inc rease 
over 1 9 7 8 of 3 6 4 n e w m e m b e r s w a s 

reg is tered by the hard work ing Mem-
bership Committee w h i c h had as c o -
chai rmen Ga ry N y d e g g e r , ' 7 4 , and 
S tewa rd S q u i r e s , ' 7 4 , and as m e m b e r s 
Bet ty D e c k e r , H o n , ' 7 8 ; Paul Dorr, ' 7 4 ; 
A n d r e w Pfaff, ' 7 4 ; C l a u d e Fer t ig , ' 2 7 ; 
J a m e s O g g , ' 5 2 ; B u d V a s e e n , ' 3 9 ; and 
J o h n L indemann , ' 6 4 . 

Approx imate ly 3 0 loans totaling over 
$ 2 5 , 0 0 0 w e r e made to n e e d y s tudents 
by the Loan Committee c o m p o s e d of 
J o h n Wr igh t , ' 6 9 , C h a i r m a n , a n d 
m e m b e r s W . R ichard M o o r e , ' 6 6 and 
War ren M a s o n , ' 4 3 . Y o u r donat ions to 
this valuable Alumni activity will insure 
con t inued f inancial suppor t for s tuden ts 
w h o might not be able to graduate with­
out an Alumni Assoc ia t i on loan. 

The MINES Magazine w a s pub l ished 
monthly e x c e p t dur ing the months of 
Ju ly and Augus t , and the Directory w a s 
mai led to all of y o u In Augus t . Ar t ic les to 
the magaz ine w e r e cont r ibu ted by a 
large number of peop le including alumni: 
Rober t B r a c e , ' 4 9 ; C lark Davenpor t , 
' 6 4 ; Phil l ip Ehr , ' 5 9 ; T h o m a s Ise, ' 5 5 ; 
Gera ld J e r g e n s e n , ' 6 5 ; Rober t K a n e , 
' 5 4 ; Harry Ken t , ' 5 2 ' G u y M c B r i d e , 
H o n , ' 7 2 ; C h a r l e s McNIe i , ' 7 1 ; Terry 
M c N u l t y , ' 6 7 ; Alber t S c h l e c h t e n , H o n . 
' 6 7 ; S t e v e S c h w o c l o w , ' 7 0 ; B u d 
V a s e e n , ' 3 9 ; and G e o r g e V r a n e s h , ' 5 1 . 
G e o r g e Mi tche l l , ' 5 3 , Pub l i sher , and 
Pat r ic ia Pet ty , Edi tor , cont r ibu ted more 
than their fair sha re . W e are espec ia l l y 
grateful to Leanne G i b s o n , C S M Pub l ic 
Information Of f icer , for her numerous , 
t imely and interest ing ar t ic les about 
s c h o o l and c a m p u s act iv ies. To all w h o 
cont r ibu ted to the MiNES Magazine last 
yea r a hearty thanks. Out of 4 , 0 0 0 
m e m b e r s of the Assoc ia t i on , there must 
b e more budd ing authors. H o w about an 
art icle this year ! Pat r ic ia Pet ty w a s ad­
v i sed by a Publications Committee of 
G e o r g e V r a n e s h , ' 5 1 ; R icha rd Doran, 
' 6 4 ; and G e n e W o o l s e y , A s s o c . ' 7 9 . 

T h e Magazine & Directory wou ld be 
imposs ib le without the f inancial back ing 
of the adver t isers . M a n y alumni suppor t 
the Assoc ia t i on by ei ther buy ing ads 
t h e m s e l v e s or by having their f irms ad ­
ver t i se . Thanks for you r suppor t last 
year and in yea rs past . Without your ad­
v e r t i s e m e n t s , t h e Magazine a n d 
Directory wou ld b e a s h a d o w of the 
p resen t publ icat ions. 

E a c h yea r three or more individuals 
have b e e n r e c o g n i z e d by their fe l lows 
for their outs tanding s e r v i c e to alumni 
and the s c h o o l by an Honorary M e m b e r ­
sh ip in the Alumni Assoc ia t i on . T h o s e s o 
honored last year w e r e Lindy Barker , 
' 3 1 ; David C o l e , ' 5 2 ; Edw in C rab t ree , 
' 2 7 ; and C h a r l e s Fogar ty , ' 4 2 , The i r 
nominat ions w e r e made by the Honorary 
Membership Committee cons is t ing of 
F ranc i s Smi ley , ' 4 0 , Cha i rman ; E d 
Brook , ' 2 3 ; Wil l iam L e c k l e , ' 7 3 ; Wal ter 
Dumke , ' 2 9 ; and the late Nea l Harr, ' 5 4 . 

A n e w commi t tee of the Assoc ia t i on 
has b e e n c h a r g e d with the responsibi l i ty 
of work ing with the Local Sections. J o h n 
L indemann , ' 6 4 , past pres ident of the 
Denve r S e c t i o n is Cha i rman and R o d 
E ich le r , ' 7 1 , past p res ident of the 
Hous ton S e c t i o n , is help ing out. 

T h e annual e lec t ion for Assoc ia t i on 
o f f i cers w h i c h w a s just c o n c l u d e d had a 
f ine slate of cand ida tes s e l e c t e d by the 
Nominating Committee of Dona ld C ra ig , 
' 4 8 ; J a m e s Link, ' 5 9 ; and Art M e y e r , 
' 5 0 , T h e task of count ing over 2 , 0 0 0 
bal lots fell to the Teller Committee of 
Wal ter Dumke , ' 2 9 and Franc is Smi ley , 
• 4 0 . 

E a c h of us w h o a t tended a meet ing 
s p o n s o r e d by a Loca l S e c t i o n last yea r 
is grateful to t h o s e Loca l S e c t i o n 
o f f i ce rs and vo lun teers w h o g a v e f reely 
of their t ime s o w e cou ld enjoy a M i n e s 
ge t together . 

T h e list of those w h o he lped the 
Assoc ia t i on dur ing 1 9 7 9 will b e c o m ­
plete with recogni t ion of the di l igent 
Assoc ia t i on Staff, A l though the b u c k 
s t o p s on G e o r g e Mi tche l l ' s ( '53) d e s k , 
he rel ied heavi ly last yea r on Bet ty 
D e c k e r , H o n . ' 7 8 , w h o handled Loca l 
S e c t i o n suppor t , membersh ip , s tudent 
p rograms, meet ings and reun ions ; o n 
Pat r ic ia Pet ty , Director of Pub l i ca t ions ; 
on Ka thy Barbour , Cont inu ing Educa t ion 
C o u r s e Coord ina tor ; and on Shar iet 
B e r e n s t e n , P l a c e m e n t Director . J a y n e 
B o w m a n s a w that alumni r e c o r d s w e r e 
kept straight, whi le J o a n Barwin labored 
with the A A D F program. S u e S t rode 
hand led var ious and sundry a s p e c t s of 
the publ icat ions b u s i n e s s . 

A lot of peop le made the Assoc ia t i on 
wo rk last year . Thank y o u alii 

—mm— 
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by Dr. George V. Keller 

At tialf a d o z e n p l a c e s around ttie 
wo r l d , s team p r o d u c e d from ho les 
dri l led d e e p into the earth is u s e d to sp in 
turb ines that genera te e lec t r ic power . At 
Lardare l lo , in the T u s c a n y Hills of Italy, 
e lec t r ic p o w e r has b e e n genera ted f rom 
geo therma l s team for a half century , and 
at p resen t , plants in the vicinity of 
Lardarel lo and M o n t e Amiato have a 
capac i ty of about 5 0 0 megawat ts . Near 
lake Taupo , on the North Island of N e w 
Zea land , geothermal s team has b e e n 
u s e d for nearly 2 0 yea rs to supp ly a 
genera tor stat ion with a capac i t y of 
about 1 9 0 megawat ts . In 1 9 7 3 , the 
Repub l i c of M e x i c o brought on line a 
modern geothermal generat ing plant 
with the capac i t y of 6 0 megawat ts , 
l oca ted near an insignif icant vo lcano 
n a m e d C e r r o Pr ie to . At half a d o z e n 
other locat ions a round the wor ld , heat 
e n e r g y f rom the earth is be ing u s e d to 
prov ide inexpens ive elGctr icai power for 
local communi t ies . 

T h e geothermal industry has a lso had 
a relatively long history in the Un i ted 
S ta tes , with the first p roduct ion of 
e lectr ic i ty having b e e n under taken at 
the G e y s e r s Reso r t , north of San Fran­
c i s c o in the M y a c m a s Mounta ins , in the 
1 9 2 0 ' s . Th is ear ly generat ion w a s fed 
with s team p r o d u c e d from shal low bore­
ho les and amoun ted to only a few kilo­
wat ts of capac i t y , but in the last d e c a d e , 
it has b e e n rea l ized that this G e y s e r s 
geo therma l f ield may b e the wor ld ' s 
largest . T h e generat ing capac i ty of 
operat ing plants at the G e y s e r s is about 
5 0 0 megawat ts , with o ther plants under 
cons t ruc t ion or in des ign to doub le the 
capac i t y within a few yea rs . T o p lace the 
s c a l e of geothermal ene rgy in p roper 
pe rspec t i ve , o n e must compa re the 
p ro jec ted capac i ty of the G e y s e r s f ie ld, 
w h i c h will be about 1 0 0 0 megawat ts , 
wi th the nat ion-wide d e m a n d for e lec ­
tr icity, w h i c h is current ly more than 
4 0 0 , 0 0 0 m e g a w a t t s . G e o t h e r m a l 
s o u r c e s current ly prov ide l e s s than a 
quarter of o n e pe rcen t of our generat ing 
capac i t y . 

Whi le the G e y s e r s f ield is the only 
operat ing geothermal f ield in the Uni ted 
S ta tes , explorat ion over the past few 
yea rs has b e e n s u c c e s s f u l in del ineat ing 
severa l o ther f ie lds w h i c h are capab le of 
be ing d e v e l o p e d for the generat ion of 
e lec t r ic power at compet i t i ve p r i ces . In 
the past two yea rs , s o m e 3 0 d e e p test 
we l l s—wi ldca ts—have b e e n dri l led in the 
wes te rn Un i ted S ta tes in the s e a r c h for 
n e w , prev ious ly u n r e c o g n i z e d g e o ­
thermal reservo i rs . S o m e of t hese , s u c h 
as the test we l ls dri l led at Chand le r , 
A r i zona , at B rady ' s Hot Sp r i ngs in 
Nevada , at Mounta in H o m e and in the 
Raft River Val ley in Idaho, and at Eas t 
M e s a in sou thern Cal i forn ia, have en­
coun te red high tempera tures at shal low 
e n o u g h dep th to indicate s o m e potential 
for deve lopment , but definit ion of the 
s i ze of the potential has not yet b e e n 
made . E v e n more prel iminary work, c o n ­
sist ing of geo log ica l and geophys i ca l 
s tud ies , has b e e n carr ied out over 
severa l hund red potential p r o s p e c t s . 

A m o n g its a d v o c a t e s , the p romise for 
rapid expans ion of geothermal p o w e r 
genera t ion is bright, but for o thers , it Is 
difficult to s e e h o w an industry wh ich is 
s o small at p resen t can expand rapidly 
e n o u g h to have a signif icant Impact on 
the p o w e r industry within t ime to c o n ­
tribute to the solut ion of our current 
p r o b l e m s in e n e r g y de l i very . Th is 
d i cho tomy of v iewpoint has led to a 
number of conf l ic t ing pro ject ions of the 
s i ze of the geothermal industry at the 
e n d of this cen tu ry , ranging f rom the 
most pess imis t i c , wh ich s e e s no real 
i n c r e a s e in p r e s e n t g e o t h e r m a l 
generat ing capac i ty , s o that the g e o ­
thermal sha re of the market will actual ly 
dec l ine to l ess than 0 . 1 % , to the most 
opt imist ic, wh ich fo recas ts a growth to 
3 9 5 , 0 0 0 megawat ts of geothermal 
generat ing capac i t y by 1 9 9 9 , or about 
4 0 % of the e lec t r ic power market in the 
Un i ted S ta tes at that t ime. 

What is the future, then, for g e o ­
thermal e n e r g y , and h o w will its deve l ­
opment relate to the deve lopment of 

other d ivers i f ied ene rgy s o u r c e s , s u c h 
as nuc lear , solar and sol id foss i l fuel 
ene rgy s o u r c e s ? 

What is Geothermal Energy? 

Geothe rma l ene rgy is the heat energy 
conta ined within the sol id earth and 
f lowing cont inuous ly from it. Many mea­
su remen ts m a d e around the earth have 
s h o w n that the average heat f low is 1,5 
mic roca lo r ies per square cent imeter per 
s e c o n d . Th is quantity of heat is quite 
smal l , l e s s than 1 percen t of the heat 
r ece i ved at the sur face of the earth f rom 
the s u n . It is not insignif icant, howeve r , 
i nasmuch as the electr ical equivalent of 
this heat f low rate amounts to 1 2 0 
ki lowatts per square mile. With a popu­
lation dens i ty of 6 0 peop le per square 
mile, this m e a n s that the geothermal 
heat f low amounts to 2 ki lowatts per 
p e r s o n in the Uni ted S ta tes , wh i ch , by a 
striking c o i n c i d e n c e , is p rec ise ly the 
d e m a n d for e lect r ic p o w e r in the Uni ted 
S ta tes today. 

Phys ica l l y , it is- quite impract ical to 
co l lec t all of the natural heat f low from 
the earth and conver t it to electr ic i ty with 
1 0 0 pe rcen t e f f i c iency . It is c lear then, 
that natural heat f low from the interior of 
the earth is not a signif icant ene rgy 
s o u r c e . B e c a u s e the earth is an 
ex t remely poor co n d u c to r of heat, much 
heat is s to red within its dep ths . Let us 
cons ide r the potential for us ing s to red 
heat as an ene rgy s o u r c e . Tempera tu re 
genera l ly i nc reases with dep th in the 
earth. T h e ave rage rate of i nc rease in 
the Uni ted S ta tes is 1 . 6 ° F per hundred 
feet of dep th , or 2 7 " C per ki lometer. 
R o c k w h i c h l ies at a dep th of 2 to 3 
mi les be low the su r face , dep ths wh ich 
c a n be r e a c h e d by the drill bit quite 
readi ly, have an average temperature 
at t hese dep ths of 2 8 0 ° F ( 1 3 7 " C ) . The 
heat capac i t y of rock—its capac i t y for 
s tor ing energy—is a lmost exact ly 1 
ca lor ie per c u b i c cent imeter , for e a c h 
d e g r e e Cen t ig rade of temperature . If w e 
remove the heat f rom a c u b i c mile of 
rock, s o that its temperature is r e d u c e d 
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from 2 8 0 °F to 1 0 0 ° F , ttie amount of 
heat obta ined is very great, amount ing 
to 4 . 4 X 1 0 " ca lo r i es / cub i c mile. 

T h e laws of t he rmodynamics make it 
imposs ib le to conver t all this heat 
e n e r g y to e lectr ical ene rgy . If a mach ine 
w e r e made to opera te with 1 0 0 % 
mechan ica l e f f i c iency , still only 3 2 
pe rcen t of this heat cou ld be conver ted 
to e lectr ic i ty . A s s u m i n g that a genera tor 
has s o m e mechan ica l inef f ic ienc ies, w e 
wou ld probably b e able to conver t on ly 
about 2 0 percen t of the heat ene rgy to 
usefu l e lectr ical ene rgy . T h e amount of 
e lectr ical ene rgy obta ined f rom e a c h 
c u b i c mile wou ld be 1 ,02 x 1 O^'* watt 
hrs . At our p resen t rate of usage of 
e lect r ic p o w e r — 4 0 0 , 0 0 0 megawat ts , 
this e n e r g y wou ld last for 11 days . C o n ­
s ider ing the entire land a rea o t the 
Uni ted S ta tes , there is suff ic ient ene rgy 
r e c o v e r a b l e f rom r o c k s at d e p t h s 
b e t w e e n two and three mi les to meet 
our present e lect r ica l d e m a n d s for a 
per iod of 1 0 9 , 0 0 0 yea rs . 

T h i s c a l c u l a t i o n is p r o b a b l y a s 
unreal ist ic in detai l as w a s the one c o n ­
c e r n i n g s t e a d y s t a t e hea t f l o w . 
H o w e v e r , it ind icates that the r esou rce 
base—that is, the total amount of s to red 
heat ene rgy on wh ich w e may draw—is 
dramatical ly large c o m p a r e d to anything 
wG may actual ly do . In this c a s e , it is 
phys ica l ly poss ib le to r ecove r the 
amount of ene rgy ind icated, but w e may 
be unwil l ing to pay the pr ice. 

At the p resen t t ime, w e cannot 
p roduce electr ic i ty f rom geothermal 
heat compet i t ive ly with other ene rgy 
s o u r c e s un less w e have a very high-
grade concent ra t ion of ene rgy , in a form 
c o m m o n l y c a l l e d a " g e o t h e r m a l 
reservo i r . " The character is t ics of these 
geothermal reservo i rs are rather poor ly 
k n o w n , and this is the primary c a u s e for 
the uncerta inty about the potential for 
the o c c u r r e n c e of economica l l y v iable 
geothermal s y s t e m s . 

W o r k e r s in the field specu la te that 
there are four essent ia l ly di f ferent t y p e s 
of high grade geothermal reservo i rs that 
may b e explo i table; the hyper thermal 
s y t e m s , the g e o p r e s s u r e d s y s t e m s , the 
mol ten rock s y s t e m s , and the high heat 
f low or hot, dry rock s y s t e m s . 

Hyperthermal Systems 

The geothermal s y s t e m s w h i c h are 
be ing u s e d around the wor ld today have 
ex t remely high tempera tures . In the 
range from 5 0 0 ° to 6 0 0 °F , at relatively 
sha l low dep ths , and are ca l led hyper ­
thermal s y s t e m s . All o c c u r in r o c k s with 
a high water con ten t , from 1 0 to 3 0 per­
cen t by vo lume. This water s e r v e s a s a 
heat e x c h a n g e med ium wh ich f lows 
f reely into bo reho les and car r ies the 
heat to- the su r face and to turb ines with 
f e w techn ica l dif f icult ies. T h e p r e s s u r e 
of the over ly ing r o c k s and water k e e p s 
the water in the reservo i r in the liquid 

s ta te , e v e n w h e n the temperature is far 
above the a tmospher i c boil ing point. 
T h e wa te rs may boil in the reservoi r , 
howeve r , and enter the boreho le as 
s team under p r e s s u r e , as o c c u r s a l the 
G e y s e r s and Lardarel lo, or it may enter 
the bo reho le a s a boil ing mixture of 
water and s t e a m , a s at Wairaki in N e w 
Zea land and at C e r r o Pr ie to , in M e x i c o . 
In the latter c a s e , the water must be 
sepa ra ted from the s team at the sur face 
and d i sposa l a r ranged. 

M o s t r e s e a r c h e r s ' be l ieve that heat 
s o u r c e for a hyper thermal s y s t e m is 
mol ten rock wh ich has b e e n intruded to 
sha l low dep ths In the earth 's c rus t . 
M a n y of the k n o w n hyper therma l 
s y s t e m s o c c u r a long bel ts of vo lcan ic 
activity, as in N e w Zea land , the Phll l i-
p ines , J a p a n , E l Sa lvador , and Ch i l e . 
O ther major f ie lds, s u c h as the G e y s e r s 
and Lardare l lo , do not o c c u r in this c l o s e 
assoc ia t i on . It might by hypo thes i zed 
that t hese f ie lds lie o v e r major reservo i rs 
of mol ten rock in the ear th 's crust , but 
e v i d e n c e is weak . Another possibi l i ty in 
t hese a reas Is that water - laden rocks , 
s u c h a s sha le , have b e e n thrust d e e p 
into the earth by faulting and fo ld ing, and 
that heat has dr iven water or s team b a c k 
to su r face r o c k s a long pe rmeab le 
channe ls . In ei ther c a s e , large quant i t ies 
of heat have b e e n t ranspor ted to 
sha l low dep ths by m a s s transport . T h u s 
b y p a s s i n g the thermal ly insulat ing 
proper t ies of r o c k s in genera l . 

Geopressured Systems 

Another t ype of geothermal reservo i r 
may o c c u r in a reas w h e r e sed imen ts are 
be ing d e p o s i t e d rapidly, as a long the 
Gulf C o a s t of the U . S . Normal ly in a reas 
of l e s s than rapid sed imenta t ion , r o c k s 
b e c o m e lithified and suppor t the weight 
of over ly ing sed imen ts without undue 
c o m p a c t i o n . In s u c h a s e q u e n c e , one 
may measu re the p ressu re of the f luids 
in pore s p a c e s of the rock and find that it 
is the s a m e as though one had an o p e n 
co lumn of water ; that is, the p ressu re on 
the water in the r o c k s is only hydro­
stat ic. In rapidly sed iment ing s y s t e m s , 
the rock may not b e c o m e lithified rapidly 
e n o u g h to suppor t the p r e s s u r e f rom 
above . T h e rock at dep th is then c o m ­
p r e s s e d , at the e x p e n s e of pore s p a c e . 
In o rder to r e d u c e po re s p a c e , water 
must b e f o r c e d out of the rock, and this 
resu l ts in a pore p r e s s u r e greater than 
hydrosta t ic . In e x t r e m e s , the p ressu re 
o n the po re water at dep th rep resen ts 
the weight of both the over ly ing water 
and so l ids , s o that the p r e s s u r e amounts 
to 2 , 0 to 2 . 2 t imes the hydrostat ic 
p r e s s u r e . S u c h r o c k s are sa id to b e 
" g e o p r e s s u r e d , " If a hole is dri l led into a 
permeab le z o n e in a g e o p r e s s u r e d 
sec t i on , great v o l umes of water will f low 
to the su r face . This is o f ten ca tas t roph ic 
w h e n an oil wel l Is dri l led into a g e o ­
p r e s s u r e d z o n e unexpec ted l y . 

A g e o p r e s s u r e d z o n e c a n be c o n s i d ­
e r e d a geothermal s y s t e m if it l ies at 
1 5 , 0 0 0 to 2 0 , 0 0 0 feet dep th , w h e r e 
the temperature is 3 0 0 ° to 4 0 0 ° F e v e n 
without abnormal ly high heat f low be ing 
p r e s e n t . E l e c t r i c p o w e r c a n b e 
gene ra ted both by letting s o m e of the 
water f lash to s team to opera te a tur­
bine, and by us ing the e x c e s s p r e s s u r e 
of the f lowing water to turn a water 
w h e e l . T h e c o s t of drilling to d e v e l o p 
g e o p r e s s u r e d s y s t e m s s e e m s to b e the 
only h indrance to deve lop ing s u c h 
s y s t e m s . 

Molten Rock Systems 

S o m e r e s e a r c h e r s fee l that mol ten 
rock wou ld b e the ideal s o u r c e of g e o ­
thermal e n e r g y , in v iew of its high heat 
con ten t and high temperature . Coo l i ng a 
m a s s of mol ten rock from a temperature 
of severa l t housand d e g r e e s F to 
1 0 0 ° F wou ld p r o d u c e about ten t imes 
the heat ca lcu la ted for normal heat 
f low, and b e c a u s e of the higher temper­
ature, the e f f i c iency of conver t ing heat 
to e l e c t r i c i t y c o u l d b e i m p r o v e d 
signif icant ly. A cub i c mile of mol ten rock 
cou ld supp ly e lect r ica l e n e r g y to the 
entire Un i ted Us ta tes for a per iod of 
about 2 0 0 days . T h e extent of our 
r e s o u r c e s of mol ten rock is poor ly 
k n o w n , with the lava lakes at K i l auea 
V o l c a n o In Hawai i the only known o c c u r ­
r e n c e s of mol ten rock in the Un i ted 
S ta tes . Vo l cano log i s t s est imate that the 
annual p roduc t ion of new ly mol ten rock 
in the crust over the who le earth is on ly 
two c u b i c mi les, w h i c h is not an Im­
p ress i ve quanti ty in te rms of e lect r ica l 
p o w e r p roduc t ion . T h e techno logy re­
quired for handl ing mo iden rock may not 
be eas i ly avai lable, and it a p p e a r s un­
likely that mol ten rock is a signi f icant 
s o u r c e of geothermal ene rgy for the 
near future. 

Hot, Dry Rock Systems 

T h e ave rage temperature gradient in 
the Un i ted S ta tes is 1 , 6 ° F per hundred 
feet . The gradient is l e s s in s o m e a reas 
and more In other a reas . T h e s e va lues 
of gradient might b e thought of a s 
represen t ing s o m e stat ist ical distr ibut ion 
with a median value and a s tandard 
dev iat ion. Tempera tu re m e a s u r e m e n t s 
comp i l ed for hund r eds of t housands of 
oil we l l s s u g g e s t the s tandard deviat ion 
is ± 3 0 % of the median va lue. Th is 
wou ld mean that o v e r one-third of the 
a rea of the Un i ted S ta tes , the temper­
ature gradient is more than 2,1 ° F per 
1 0 0 feet, over 8 pe rcen t of the count ry , 
the gradient Is greater than 2.7°F pe r 
1 0 0 feet , over 2 pe rcen t of the count ry 
the gradient is greater than 3.5°F pe r 
1 0 0 feet , and over 1 % of the count ry , 
the gradient is more than 4 , 6 ° F per 
1 0 0 feet . This last one pe rcen t of a rea , 
w h i c h amoun ts to 3 6 , 0 0 0 square mi les , 
cou ld b e c o n s i d e r e d to b e a hot, dry 
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r ock r esou rce , in that the temperature at 
1 0 , 0 0 0 feet depth wou ld be above 
5 3 0 °F . T h e recove rab le heat and e l e c ­
tricity that cou ld be obta ined wou ld be 3 
to 4 t imes greater than in the c a s e of 
ave rage heat f low, and the cos t per unit 
wou ld be lower by the s a m e factor. 

O n e app roach to recove ry of heat 
f rom s u c h r o c k s wou ld be to drill two 
ho les , and c i rculate a heat e x c h a n g e 
fluid from one wel l to the other to extract 
the heat. In order to have eff ic ient heat 
e x c h a n g e b e t w e e n the rock and the 
f luid, a large contact a rea must be pro­
v ided . R e s e a r c h is current ly be ing 
carr ied on by the L o s A lamos Scient i f ic 
Laboratory to deve lop techn iques for 
creat ing a large planar f racture, pe rhaps 
a mile In diameter, through wh ich the 
heat e x c h a n g e fluid c a n be c i rcu lated 
be fo re it en te rs the product ion we l l . 

Deve lopment of geothermal ene rgy 
d e p e n d s on the d i scove ry of a number 
of high grade hyper thermal s y s t e m s , 
wh ich can b e d e v e l o p e d in today 's 
e n e r g y market at a profit. In a few year ' s 
t ime, as other ene rgy s o u r c e s b e c o m e 
more e x p e n s i v e , and as geothermal 
t echno logy b e c o m e s more cred ib le and 
c o s t e f fec t ive , the more e x p e n s i v e but 
more abundant g e o p r e s s u r e d and hot 
dry rock s y s t e m s cou ld b e c o m e e c o ­
nomical iy compet i t i ve . In this scenar io , it 
is quite poss ib le that the rate of g e o ­
thermal power product ion cou ld reach 
4 0 0 , 0 0 0 megawat ts in three or four 
d e c a d e s . H o w e v e r , if f ew hyper thermal 
s y s t e m s are found , the credibi l i ty of 
geo the rma l e n e r g y may neve r be 
es tab l i shed , and the more expens i ve 
fo rms may never get b e y o n d the 
exper imenta l s tage. In this c a s e , total 
product ion may never e x c e e d 1 0 0 0 
megawat ts capac i t y . The vital ques t ion 
is whe the r w e c a n inventory our hyper­
thermal s y s t e m s reliability and eff ic ient ly 
in the next few yea rs . 

How To Inventory Hyperthermal 
Resources 

A n inventory of hyper thermal g e o ­
thermal reservo i rs c a n be a c c o m p l i s h e d 
only through a program of g e o c h e m i c a l , 
geo log ica l , and geophys i ca l explorat ion, 
ver i f ied by dri l l ing. Var ious spec ia l i zed 
explorat ion techn iques may be e f fec t ive 
In locat ing geothermal reservo i rs . 

Geochemical Indicators 

Direct e v i d e n c e of anomalous heat 
f low is des i rab le in locat ing hyper thermal 
reservo i rs . This is prov ided dramatical ly 
by g e y s e r s , boi l ing spr ings , and fuma-
roles'; l ess dramatical ly by warm spr ings 
or sl ightly e levated tempera tures in 
water we l ls . S u c h ev idence can b e 
r e d u c e d to a more quantitative bas is by 
making use of g e o c h e m i c a l geother-
mome te rs . Fo r examp le , the amount of 
s i l ica in s u s p e n s i o n in spr ing water can 
of ten be u s e d to tell the temperatures of 

the reservo i r f rom wh ich tbat water 
c a m e . T h e ratios of var ious alkali ions in 
solut ion can b e u s e d in the s a m e way. 
T h e t echn iques are b a s e d on the fact 
that the water in equi l ibr ium with rock in 
a reservo i r will take up character is t ic 
amoun ts of spec i f i c e lemen ts . If t hese 
waters then migrate rapidly to a su r face 
spr ing , the ions may not have a c h a n c e 
to re-equi l ibrate under the n e w temper­
ature cond i t ions , and be character is t ic 
of the reservoi r temperature . Dilution 
with su r face waters or rapid react ions 
with the r o c k s through w h i c h the 
e rup t i ng w a t e r s p a s s c a n c a u s e 
prob lems. H o w e v e r , favorable geo­
chemica l data is s t rongly encourag ing in 
p rospec t ing for a hyper thermal s y s t e m . 

Electrical Resistivity Surveys 

T h e mos t d iagnost ic property of a 
g e o t h e r m a l r ese rvo i r that c a n b e 
de tec ted remote ly is the electr ical 
resistivity. This c o m e s about b e c a u s e a 
r ise in temperature c a u s e s the e lect ro­
lytic so lut ions w h i c h carry electr ic i ty 
through a rock to b e c o m e more c o n ­
duct ive. In a c a s e w h e r e the temper­
ature is i nc reased from a normal value of 
6 0 to 1 0 0 ° F to a geothermal temper­
ature of 5 0 0 to 5 0 0 °F, the resistivity is 
d e c r e a s e d dramatical ly by a factor of 
s e v e n . In v iew of the large s ize of g e o ­
thermal reservo i rs , wh ich Is typical ly 
severa l c u b i c mi les, and this large c o n ­
trast in resist ivi ty, a geothermal s y s t e m 
should not be difficult to de tec t . E l e c -
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tricai resist ivity s u r v e y s have tong been 
u s e d on a smali s c a l e in eng ineer ing , 
mining or g roundwater explorat ion pro­
grams, but rarely on the sca le n e e d e d to 
de tec t geothermal s y s t e m s . The deve l ­
opment of la rge-sca le , or " d e e p , " 
resistivity s u r v e y s for geothermal appli­
cat ions has c rea ted a signif icant n e w 
subdiv is ion for the geophys i ca l explor­
ation industry. 

Elect r ica l resist ivity s u r v e y s have 
b e c o m e the primary tool u s e d in g e o ­
thermal explorat ion, but they do not 
a lways prov ide definit ive resul ts . Whi le 
geothermal reservo i rs have anomalous ly 
low resist iv i t ies, severa l o ther rock 
t y p e s , s u c h a s h a l e m a s e s , o r 
s e q u e n c e s of rock saturated with sal ine 
water , do a lso . 

Seismicify Studies 

Another novel explorat ion techn ique 
wh ich is f inding w ide appl icat ion in g e o ­
thermal s u r v e y s is the locat ion of earth­
quake ep icen te rs . In a survey , an array 
of sens i t ive se i smog raphs is se t out 
over a p rospec t area, at intervals of 3 to 
6 mi les. T h e s e reco rd the o c c u r r e n c e of 
smal l , local ear thquakes , as wel l as the 
more distant o n e s s e e n with c o n v e n ­
tional se i smog raphs . T h e c o n c e p t is that 
local microear thquake activity can b e 
u s e d to locate and identify faults along 
wh ich geothermal f luids migrate. The 

e x c e s s po re p r e s s u r e c a u s e d by 
heating of the rock may give r ise to a 
high level of microse ismic i ty within the 
geothermal reservoi r . 

M ic roear thquake su rveys over known 
geothermal reservo i rs have s h o w n that 
all are charac te r i zed by locally high 
leve ls of activi ty. It is poss ib le that undis­
c o v e r e d s y s t e m s may not necessar i l y 
s h o w the s a m e p h e n o m e n o n . It is wel l 
known that many nongeothermal a reas 
do exhibit high levels of se i sm ic activity. 
Desp i te these p rob lems, the co in­
c i d e n c e of anmalous ly low resist iv i t ies 
with high microear thquake activity is 
taken to be favorable ev idence for the 
e x i s t e n c e of a geothermal s y s t e m . 

Conven t iona l explorat ion techn iques 
are a lso be ing u s e d in geothermal pros­
p e c t i n g , primarily a i rborne infra-red 
s u r v e y s , mul t i -spect ra l pho tog raphy , 
gravity and magnet ic s u r v e y s . In a reas 
w i t h w e l l e s t a b l i s h e d g e o t h e r m a l 
s y s t e m s , all t hese techn iques can be 
s h o w n to g ive posi t ive indicat ions of the 
s y s t e m . In more virgin p r o s p e c t s , the 
utility of these methods is some t imes 
less obv ious . 

I have s t r e s s e d the impor tance of es ­
tabl ishing the s i ze and quality of the 
geothermal r esou rce base as the first 
and fundamental p rob lem in the deve l ­
opment of geothermal industry. The 
main p rob lem a r e a s in p roduc t ion 

revolve around e f f ic iency fo e lectr ical 
generat ion and environmental e f fec ts . 

The Problem of Efficiency 

T h e limiting e f f ic iency for der iv ing 
e lect r ic power f rom heat ene rgy is g iven 
by a law of the rmodynamics : 

T|n " T"Oul 
Max imum Ef f i c iency = z — 

T|n 

w h e r e Tj^^ is the temperature be fo re 

energy removal , and T q u i is the temper­

ature of condensa t ion of the vapor 

driving the turbine, in the c a s e of e lec t r ic 

power genera t ion . Water vapor c o n ­

d e n s e s at a relatively high temperature, 

and s o , use of geothermal s team, ob­

tained originally a l temperatures only 

moderate ly above the condensa t ion 

point, limits the e f f ic iency of s u c h 

s y s t e m s to very low numbers , ranging 

f rom 1 2 to 2 0 % . E f f i c iency may be im­

proved by using binary s y s t e m s , In 

wh ich a low boil ing point fluid is c o n ­

ver ted to vapor by the geothermal fluid 

in a heat exchange r . Deve lopment of 

binary s y s t e m s using f reon a s the 

work ing gas is present ly wel l a long. 

Environmental Problems 

G e o t h e r m a l e n e r g y i s o f t e n 
c o n s i d e r e d to be relatively f ree of prob-
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l ems in envi ronmental Impact. Pe rhaps 
the most difficult p rob lem is d i sposa l of 
was te water , part icularly in s y s t e m s 
w h e r e a mixture of water and s team is 
p r o d u c e d from wel ls . O f ten the water is 
too sal ine for any const ruc t ive u s e , and 
conta ins undesi rab le e lemen ts s u c h as 
bo ron and m e r c u r y at potent ia l ly 
hazardous levels . It appea rs that there is 
no solut ion other than reinject ion of the 
w a s t e water into the s a m e reservoi r 
f rom wh ich it w a s p r o d u c e d . 

Legal and Institutional Problems 

The legal s ta tus of g roundwater , oil 
and g a s , and convent iona l minerals has 
b e e n es tab l i shed and def ined to a high 
d e g r e e of p rec is ion over the yea rs . 
Geo therma l ene rgy is all of these and 
none of these at the s a m e t ime. T h e lack 
of c lear legal d ist inct ions b e t w e e n g e o ­
thermal ene rgy rights and other proper ty 
r ights is a s e v e r e impediment to the 
order ly deve lopment of a geothermal in­
dustry . 

Will geothermal ene rgy prov ide a s ig ­
nificant part of the solut ion to our prob­
lem of obtaining ene rgy su f f i c iency in 
the Uni ted S ta tes? I be l ieve it will, but 
on ly t ime, in the form of five to ten yea rs 
of s t renuous explorat ion and deve lop ­
ment, will tel l . 
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You can tackle 
ones at Stearns-Roger. 

Some people approach Ufe 
only one way. And that's "all 
out." Fortunately, most of the 
people who work at Stearns-
Roger fit this description, and 
they are justifiably proud of what 
they accomplish. Their mental 
toughness, ingenuity and total 
dedication to the job has enabled 
us to complete the many de­
manding and challenging assign­
ments that have been awarded to 
us for the past 94 years. 

We design and build pô  
plants, petroleum and pet 
chemical facilities, as well as n 
ing and fuel processing plar 
For other industries, we've 
veloped many unique or 
"one of a kind" projects 
where bold, innovative 
engineering was the re­
quirement to success. 
We know what it is to be 
successful and we know 
that competent people 
are the key to this suc­
cess. That's why a career 
at Stearns- Roger can 
provide you with exciting 
opportunities to test your 
talents on important and 
imaginative projects. We 
believe you get the most out of a 
job when the job gets the most 
out of you. 

So, if you're ready to go "all 
out", then we invite and wel­
come your inquiry concerning 
details of our engineering ac­
tivities and positions at Stearns-
Roger for which you may qualify. 
Call our Personnel Department, 
TOLL FREE 1-800-525-8043, or 
send your resume including sal­
ary history in confidence to 
STEARNS-ROGER, RO. Box 
5888, Denver, Colorado 80217. 
We are an Equal Opportunity 
Employer M/F. 

You've heard about us. 
Now we'd like to hear 
about you. 

Stearns-Ro 

CSM 

T h e fol lowing s ta tement w a s made by 
a proponent of oil sha le deve lopment at 
Co lo rado S c h o o l of M i n e s : 

" C a n oi! we l ls p roduce enough petro­
leum to meet the eno rmous demand 
now exist ing for oil and its p roduc ts? 
T h e answe r is doubtful . Will new oil 
f ie lds b e d i s c o v e r e d to meet the in­
c r e a s e d d e m a n d In the future? T h e 
answe r is ext remely doubt fu l . 

Y e t this is the age of oi l . Oi l w e must 
have. The supp ly must c o m e from our 
great depos i t s of oil sha le . If oil is the 
'k ing, ' then oil sha le is the 'heir 
apparent ' . " 

With the deve lopment of the coun t ry ' s 
vast shale r e s e r v e s still c o n s i d e r e d one 
of the long-term solut ions to the 
count ry ' s ene rgy supp ly p rob lems, the 
statement cou ld have b e e n made in 
1 9 8 0 . 

It wasn ' t . It w a s made more than 6 0 
yea rs ago by V ic to r G , A lde rson , then 
pres ident of Co lo rado S c h o o l of M i n e s , 
in the O c t o b e r 1 9 1 9 i ssue of the C S M 
Quarter ly . It w a s a time w h e n fore­
c a s t e r s w e r e w o r r i e d a b o u t the 
count ry ' s 6 million veh i c les us ing more 
than 3 . 5 billion gal lons of gaso l ine . 

A l d e r s o n c i ted a Bureau of M i n e s 
warning that fore ign gove rnmen ts w e r e 
assuming polit ical and e c o n o m i c contro l 
of the potential supp l ies of c rude out­
s ide the Uni ted S ta tes , and that c o n ­
servat ion m e a s u r e s w e r e n e c e s s a r y lo 
r e d u c e w a s t e and ensure supp ly , 

' •Petro leum and natural gas are not be­
ing rep laced by nature, and o n c e gone 
c a n n o t b e r e p l a c e d e x c e p t f rom 
s o u r c e s involving greater c o s t s , " A ider-
s o n quo ted the bureau as report ing. 

It's almost too e a s y to draw paral lels 
b e t w e e n the pos t -Wor ld War I e ra and 
the post-oi l embargo e ra of the 1 9 7 0 s 
and 1 9 8 0 s . T h e number of veh ic les in 
the Uni ted S ta tes has inc reased to al­
mos t 1 4 4 mil l ion, a 24- fo ld i nc rease 
f rom the f igures A l d e r s o n u s e d , and 
they use 1 2 0 billion gal lons of gaso l ine 
e a c h year . 

A n d oil sha le , as wel l as other syn the­
tic fuels s u c h a s coa l and l iquids, are 
be ing l ooked to a s a partial means of 
attaining i nc reased ene rgy indepen­
d e n c e for this count ry . 

by Leanne Gibson 

During the last s ix d e c a d e s , C o l o r a d o 
S c h o o l of M i n e s has maintained a c l o s e 
interest in the d e v e l o p m e n i of a syn the­
tic fuels industry. The C S M R e s e a r c h 
Foundat ion opera ted the Bureau of 
M i n e s ' Anvi l Po in ts R e s e a r c h C e n t e r 
near Rif le, C o l o . , f rom 1 9 6 4 to 1 9 6 8 , 
and J a m e s Ga ry , a p ro fesso r in the 
chemica l and pet ro leum refining engi ­
neer ing depar tment s i n c e 1 9 6 0 , began 
organiz ing annual oil sha le s y m p o s i a at 
the s c h o o l 1 6 yea rs ago . 

Interest in the oil sha le industry w a n e d 
in the late 1 9 6 0 s , s o the s y m p o s i u m 
w a s not held for a few yea rs . But with 
Pres iden t Car te r cal l ing for synthet ic 
fue ls to rep lace 2 . 5 million barre ls of 
impor ted fuel a day by 1 9 9 0 , enthus i ­
asm is on the upsw ing again. 

A n d C S M resea rche rs , wi th the help 
of government con t rac ts , are in the thick 
of the act ion. 

B o b Ba ldwin , ass is tant p ro fesso r in 
the chemica i and pet ro leum refining en ­
g ineer ing ( C P R ) depar tment , points out 
that the s c h o o l ' s $1 million In r e s e a r c h 
con t rac ts make it " o n e of the f ive largest 
in the nation in te rms of syn thet ic fue ls 
r e s e a r c h . " 

P r o f e s s o r s In the C P R depar tment , 
w h e r e most of the r e s e a r c h is under­
w a y , are looking at many of the bas i c 
chemica l p r o c e s s e s involved in coa l 
gasi f icat ion and l iquefact ion. In metal­
lurgical eng ineer ing , r e s e a r c h e r s are ex­
amining a we ld ing techn ique that cou ld 
signif icant ly r e d u c e the amount of time 
n e e d e d to we ld the mass i ve v e s s e l s in 
w h i c h commerc ia l - sca le synthet ic fuel 
deve lopment will take p lace . 

The chemis t ry and geochemis t r y de ­
partment has s tud ied t race e lemen ts in 
the oil shale reg ion of wes te rn C o l o r a d o , 
and the s c h o o l ' s Earth M e c h a n i c s Insti­
tute is s tudy ing the ef fect of in situ re­
torting o n oil sha le pil lars. O the r re­
s e a r c h is be ing c o n d u c t e d by the mining 
eng ineer ing and mathemat ics depart­
ments . 

Ba ldwin is one w h o be l ieves that bas i c 
r e s e a r c h is n e e d e d to unders tand the 
p r o c e s s e s involved in the deve lopmen t 
of the sti l l-f ledgling s y n t h e t i c ' fue ls 
Industry. T h e emphas i s of the Depart­
ment of Ene rgy , wh ich Is funding most 

of the C S M pro jects , howeve r , is o n the 
more e x p e n s i v e plants and equ ipment , 
he sa id . 

" T h e hardware has more v iscera l ap­
peal b e c a u s e it is tangible, and thus 
eas ie r to just i fy ," he sa id . "Un ivers i t y 
r e s e a r c h tends to be long range. It may ; 
be 2 0 yea rs , but It will have s o m e im­
pac t . " 

Ga ry a d d e d that a ba lance must be 
s t ruck b e t w e e n hardware and bas i c re­
s e a r c h . " T h e r e is a lot of hes i tancy in 
synthet ic fue ls , b e c a u s e the first plant is 
a lways ineff ic ient, and n o b o d y wants to 
b e the one to bui ld it," he sa id . 

A s for the variety of syn thet ic fue ls 
al ternat ives, he sa id , " W e n e e d to wo rk 
on all of t hem. In the pet ro leum industry, 
for examp le , there will a lways b e the 
n e e d for addit ional bas i c r e s e a r c h , and 
w e have b e e n produc ing for 7 0 y e a r s . " 

Ba ldwin no ted that a coa l l iquefact ion 
r e s e a r c h program in the chemica l and 
pet ro leum refining eng ineer ing depart­
ment star ted out on a very appl ied bas is 
dur ing the early 1 9 7 0 s but is n o w 
s t ress ing a bas i c app roach . " Y o u really 
can ' t make improvements in the appl ied 
a s p e c t s un less y o u unders tand the 
b a s i c s , " he sa id . 

T h e project , n o w in its third s t age , be ­
gan more lhan six yea rs ago with a s tudy 
of remov ing sulfur f rom coa l through so l ­
vent ref ining. Ba ldwin , Gary and R ichard 
Bain are work ing o n the project , w h i c h 
first involved conver t ing the sol id coa l to 
liquid and remov ing sulfur and a s h . 

In the p r o c e s s , the Btu conten t of the 
coa l Increased f rom 1 0 , 0 0 0 or 1 2 , 0 0 0 
to 1 6 , 0 0 0 , sulfur d e c r e a s e d f rom 4 to 1 
percen t , and ash w a s r e d u c e d f rom 1 5 
pe rcen t to z e r o . 

T h e s e c o n d phase of the project 
l ooked at the so lvent refining p r o c e s s on 
a larger s c a l e . T h e r e s e a r c h resu l ted in 
the s c h o o l having the only operat ing 
con t inuous f iow b e n c h sca le coa l l ique­
fact ion s y s t e m in the count ry In a univer­
sity a tmosphe re , acco rd i ng to Ba ldw in . 

H e sa id , " W e w e r e the only universi ty 
that a t tempted to do exper imen ts on a 
s c a l e comparab le to that u s e d in indus­
t ry . " 

T h e third s tage of the project is taking 
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T H A T ' S ONE O F THE RISKS O F 
THE ENERGY BUSINESS! 

Let us help take the risk out of your 
job hunt. 

Companies working with us need 
your qualifications and experience. 

We welcome questions from appli­
cants and employers. Please call: 
(303) 279-0300, ext. 2295. 
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the resea rche rs to what Baldwin te rmed 
"mo re traditional chemica i engineer ing 
w o r k , " a s tudy of the k inet ics involved in 
the p r o c e s s . " W e hope to make s o m e 
f u n d a m e n t a l c o n t r i b u t i o n s to t he 
s c i e n c e of c o a l , " he sa id . 

V i c Y e s a v a g e , an assoc ia te p ro fessor 
in the depar tment , spent three years 
with depar tment head Philip D ickson 
s tudy ing whether sha le oi! wou ld be an 
appropr iate chemica l f eeds tock . Putt ing 
two dif ferent shale oils through a distilla­
tion p r o c e s s , they de te rmined that even 
the w e a k oils p r o d u c e d more ethy lene 
than is normally p r o d u c e d . 

Y e s a v a g e sa id the resea rch has long-
term impl icat ions and is " three yea rs 
ahead of its t ime." H e sa id , " S h a l e oil will 
be around for a very long t ime. In 1 0 0 or 
2 0 0 yea rs , it will be the only fossi l fuel 
available for pe t rochemica ls . W e can 
c o m e up with all so r ts of al ternatives for 
other ene rgy u s e s , but chemica l c o m ­
pan ies are gett ing worr ied about future 
supp l ies of s t o c k . " 

Y e s a v a g e and Art K idnay, a p ro fessor 
In the depar tment , are work ing on 
another project to predict the enthalpy, 
o r phys ica l and thermodynamic proper­
t ies, of coa l l iquids. K idnay sa id they 
have d e s i g n e d and built the equ ipment 
and measu red the data b a s e . 

T h e next s tep is to deve lop a final 
eng ineer ing correlat ion s o that measure ­
ments won' t have to be made on e a c h 
samp le of coa l l iquid. 

M ichae l G r a b o w s k i , an assistant pro­
f e s s o r in the depar tment , has f in ished a 
project on m ic rowave pyro lys is of coa l , 
wh ich examined whether the p r o c e s s in­
c r e a s e d y ie lds over convent iona l t ech ­
n iques . H e is work ing now to adapt the 
p r o c e s s for b l omass gasi f icat ion, wh ich 
he sa id is e x p e c t e d to p r o d u c e more 
favorable resul ts than it did for coa l . 

H e and E. Dendy S l o a n , an assoc ia te 
p ro fessor , have d e v e l o p e d an instru­
ment to measure the thermal c o n d u c ­
tivity of synthet ic fue ls with the idea that 
t h e r m a l c o n d u c t i v i t y is a b a s i c 
parameter for heat transfer. 

In another project , S loan Is s tudy ing a 
n e w p r o c e s s for p roduc ing ca rbon 
monox ide and hyd rogen from ca rbon , in 
the form of coa l , and water. T h e point is 
to try to get the product In the form of 
combust ib le fue ls , sa id S l o a n . 

sf 
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O n a more appl ied level , Anthony 
HInes, an assoc ia te p ro fessor , is work­
ing on two resea rch p ro jec ts—one to 
c lean up retort water f rom In situ oi! 
shale p r o c e s s e s , and the other to use 
the spen t shale from retort ing to 
p roduce l iquids and g a s e s . 

The retort water can be c l e a n e d by a 
hot gas str ipping p r o c e s s , in wh ich the 
water is put into contact with hot g a s e s , 
caus ing the pol lutants to separa te and 
leaving pure water at the end of the 
p r o c e s s . In s e c o n d a r y p r o c e s s i n g , res in 
or act ivat ing ca rbon is u s e d to remove 
organ ic materials that are not r emoved 
with the hot gas str ipping p r o c e s s . 

A l though the chemica l and pet ro leum 
refining eng ineer ing depar tment is lead­
ing the s c h o o l ' s ef forts in s tud ies of 
syn thet ic fue ls , other depar tments a lso 
are do ing work in the a rea . 

In metal lurgical eng ineer ing , depart­
ment resea rch is focus ing on a s tudy of 
e lec t ros lag we ld ing for use in weld ing 
together the 160- foo t cy l inders that will 
be u s e d for coa l l iquefact ion. 

J e r a l d J o n e s , a s s i s t a n t w e l d i n g 
r e s e a r c h p ro fessor , sa id the e lec t ros lag 
p r o c e s s is much less t ime-consuming 
than the traditional arc we ld ing p r o c e s s , 
but that it has a reputation of poor 
f racture res is tance . 

Us ing s tee l with a ratio of 2 'A parts 
c h r o m e to 1 part mo lybdenum (donated 
by S tea rns -Roge r ) , the resea rch is 
examining the travel s p e e d of the we ld 
in the cont inuous e lec t ros lag p r o c e s s , 
as wel l as vol tage and current . A s tudy 
of the Interaction of the three has s h o w n 
there is a minimum and maximum crit ical 
heat Input n e e d e d to prov ide the 
s t ronges t w e l d , sa id J o n e s . 

T h e project is only one of the severa l 
on we ld ing resea rch be ing w o r k e d on in 
the depar tment , wh ich has about $1 
million a yea r in we ld ing resea rch 
funding. 

In other synthet ic fuels r e s e a r c h R o n 
K lusman , a p ro fessor in the chemis t ry 
and g e o c h e m i s t r y depar tment , has 
c o m p l e t e d r e c o n n a i s s a n c e work on 
s t ream sed imen ts , su r face so i ls and 
s e l e c t e d plants a long the C o l o r a d o River 
on the federal C - a and C - b t racts as wel l 
as at the Anvil Po in ts s i te . 

The s tudy , as wel l a s assoc ia te pro­
f e s s o r Tom Wi ldeman 's work on m a s s 
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ba lance s tud ies on oil shale retort ing, 
are part of a larger D O E s tudy being 
d o n e in conjunct ion with the Univers i ty 
of Co lo rado and C o l o r a d o Sta te Univer­
si ty. 

T h e s c h o o l ' s involvement in synthet ic 
fuels ex tends b e y o n d r e s e a r c h . Baldwin 
t e a c h e s a c o u r s e on synthet ic fuel 
p r o c e s s e s . Y e s a v a g e and D i c k s o n 
teach a cont inuing educat ion c o u r s e on 
synthet ic fue ls , and m e m b e r s of the 
depar tment are d i scuss ing the poss i ­
bility of a c l ass gea red toward the 
publ ic. 

Ga ry , the former v ice pres ident for 
a c a d e m i c affairs and dean of the faculty, 
is chai rman of an Of f i ce of T e c h n o l o g y 
A s s e s s m e n t subcommi t t ee on oil sha le . 
The g roup has a d v i s e d the O T A on a 
major oil shale s tudy for C o n g r e s s that 
examines the techno logy , e c o n o m i c s , 
r i sks , and pol icy al ternat ives for oi! shale 
deve lopment in the Uni ted S ta tes . 

A n d D i ckson is writing a chap te r on oil 
sha le for the third edit ion of the E n c y c l o ­
ped ia of C h e m i c a l T e c h n o l o g y . 

T h e s c h o o l ' s relat ionship with oil shale 
and other synthet ic fuels deve lopment 
has b e e n a lasting one , and one that 
p romises to g row as the coun t ry ' s c o n ­
ce rn with unrel iable s o u r c e s of foreign 
oil mounts . 

The resea rch go ing on at the s c h o o l 
s h o w s that the deve lopment of a s y n ­
thetic fuels industry is comp lex , m u c h 
more s o than real ized by early pro­
ponen ts s u c h as the late C S M Pres iden t 
A l d e r s o n , 

In 1 9 1 9 he wro te , "In the minds of 
those men w h o are best in formed on the 
techn ica l and b u s i n e s s p h a s e s of the oil 
shale industry, it has p a s s e d the exper i ­
mental s tage ahd 'has a r r i ved ' . " 

S i x d e c a d e s later, Gary s a y s of the 
industry, " W e n e e d to get s tar ted s o m e ­
t ime. H o w feasib le synthet ic fuels de­
ve lopment will b e will d e p e n d on the 
compet i t ive p r i ces of fuels at the t ime. 
It's not that far off, w h e n y o u talk about 
c lean f ue l s . " 

Leanne Gibson is the former Public Informa­
tion officer at CSM. She has recently re­
signed from this position to pursue a 
Master's degree in Mineral Economics at the 
School. Ms. Gibson is a graduate of Colorado 
University. 

- n n n i — 
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by Rod Geer 

Transportation in this country con­
sumes 10 million barrels of oil per day. 
This represents about 26 percent of all 
energy used in the U.S. daily and more 
than half the oil. The private automobile, 
in turn, consumes more than half of the 
transport sector's energy. The energy 
crisis is. In large part, an inability to 
supply form domestic resources the 
crude oil necessary to fuel the transport 
sector. 

While it is difficult to conceive of syn­
thetic liquid hydrocarbon fuels produced 
from oil shale and coal as replacing a 
major portion of imported crude oil, the 
successful development of economi­
cally viable oil shale retorting and coal 
liquefaction processes could make a 
significant contribution to reducing U.S, 
dependence on foreign crude oil 
resources. 

Private industry will develop these 
processes. Sandia laboratories is con­
ducting supportive research and 
development projects to assist industry 
in better understanding critical phe­
nomena and, hence, in improving 
process efficiency. These projects are 
sponsored by DOE's Division of Fossil 
Fuel Extraction and Fossil Fuel Con­
version, 

Oil Shale 

Efforts to recover hydrocarbons from 
the nation's vast deposits of oil shale 
have, until recent years, been focused 
on surface processing methods. Such 
methods require the shale to be mined, 
transported to a processing site, 
crushed and screened, and then heated 
in a retort vessel to convert the solid 
organic constituent (kerogen) In the 
rock to recoverable liquid and gaseous 
hydrocarbons, Whiie the technology for 
surface processing is proven, applica­
tion on a scale broad enough to sig­
nificantly impact the nation's demands 
for petroleum products may not occur 
because of concern about surface 
damage, water requirements, and spent 
shale disposal. Additionally, economic 
constraints will restrict use of these 
methods only to oil shale seams which 
satisfy certain richness, thickness, and 
accessibility criteria. The prognosis for 
the Green River Oil Shale Formation in 
Colorado, Utah, and Wyoming is that 

about two-thirds of the estimated two-
trillion barrels of oil in place cannot be 
recovered by surface processing 
methods. 

To improve the efficiency of resource 
utilization, as well as to mitigate adverse 
environmental Impacts, efforts are 
underway by the DOE and private 
industry to develop methods to process 
oil shale underground. These in situ 
methods fall in to two general cate­
gories—true and modified. In either 
case, an underground retort bed Is 
formed, typically by explosively frac­
turing and fragmenting the rock. Subse­
quent processing occurs, in most in­
stances, by using heat generated by 
burning a carbon residue left in the shale 
after the hydrocarbons have been freed. 
By definition, true in situ methods in­
volve no rock mass removal during bed 
preparation, except for that produced In 
drilling wellbores to gain access to the 
underground formation. With modified In 
situ concepts, access can be gained 
through mine shafts or tunnels and rock 
mass removal is a basic feature, A 
typical modified in situ bed preparation 
operation includes creation of a mined 
cavity Into which rock from the sur­

rounding formation is blasted to form a 
rubble, or retort, bed with a void fraction 
of 20 to 30 percent. Except in shallow 
formations, where overburden lift can be 
achieved with explosives, true in situ 
retort beds are characterized by much 
lower void fractions. The void fraction 
difference implies that fluid-flow proper­
ties also differ; the result is that modified 
in situ processing methods offer a 
greater chance for near-term success 
than do true in situ methods. As a result, 
the bulk of DOE's oil shale research 
effort is currently directed toward 
developing viable modified in situ proc­
essing methods. 

Sandla's oil shale projects are multi-
faceted , focusing in large part on 
modified in situ processing, but also 
bearing on true in situ processing and 
surface processing. Activities include 
laboratory and field experimentation and 
theoretical analyses, rock fracture and 
fragmentation, rock mass and rubble pile 
stability, process chemistry, and instru­
mentation tehcnology. 

Field programs are conducted at 
various sites throughout the country to 
monitor and evaluate explosive frac­
turing and retorting operations. The 

DOWNHOLE TRACER SYSTEM 
SAMPLE TRACER OAT* 

RAWTBACEB DATA 
filunvli^ elfMl of Htw In 

HEDOCED mtCta DATA 

showing IkHf enlry pDinEs 

"mACER SYSTEM is used lo study Ikiw through coal and 

oil shale seams in situ. A pulse ol Kr«sis introduced a\ Uie 

iniection weU at the top o! the seam, and the arrival of that 

pulse in the recovery well is measured al lour or more 

locations. Data can provide infwitiation on the number of 

llow paths and their locatton, sue. and character (fracture, 

rubtde. etc) as well as a flow H« ol Ihe recovwy well. 
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work is done in conjunction with the 
Laramie Energy Technology Center, In­
strumentation systems are used to 
monitor the dynamic events that occur 
during a blasting operation, to evaluate 
the physical stale of the formation both 
before and after a blast, to monitor and 
control retorting operations continu­
ously, and to provide information about 
the stability and integrity of a rubble bed 
and the surrounding rock mass before, 
during and after a retort. 

Laboratory studies and theoretical 
analyses support the field activities in 
various ways. For example, study of the 
static and dynamic mechanical proper­
ties of oil shale has led to the formulation 
of computer models to quantitatively 
describe explosive fracturing events. 
The immediate payoff of these studies Is 
that instrumentation systems for field 
exper iments can be effect ively 
designed and operated. Ultimately, 
however, the laboratory, field, and 
theoretical work will lead to the ability to 
confidently prepare rubble beds for 
processing. Work in rock mechannics 
also is being used io study the strength 
and creep of materials at ambient and 
elevated temperatures to provide infor­
mation on subsidence or collapse of 
underground rubble beds or sur­
rounding rock masses. 

Evaluation of the physical state of a 
rubble bed (fragment dimensions, void 
ratio, fluid-flow properties, etc.) is 
addressed through development of 
remote sensing devices and instruments 
used directly In the rubble. Particularly 
noteworthy is a flow evaluation system 
which, by means of time-resolved 
measurements of the transit of tracer 
elements between pairs of wellbores, is 
capable of providing spatially resolved 
information not only about flow, but also 
about the void volume of the flow path. 
Methods to enter a rubble bed non-
destructively for direct examination 
(core extraction, TV, etc.) or for instru­
ment emplacement are also under in-

vestigaton, Remote sensing devices 
(acoustic, electro-magnetic, resistive, 
etc) are being developed for use when 
intrusion Into a rubble bed is not 
feasible. 

Many of the techniques applicable in 
rubble bed evaluation can be used In 
monitoring retorting activities. Remote 
sensing devices or instruments in the 
bed are needed to provide continuous 
information about temperature profiles, 
input and output gas compositions, 
product status, etc. Computerized 
methods to handle the data acquisition 
and analysis aspects of these tasks 
have been developed in basic form and 
are being refined and modified for new 
applications. Theoretical descriptions of 
process chemistry have also been de­
veloped. The non-uniform flow (channel 
flow) characteristics expected in in situ 
retorts have been emphasized, as op­
posed to the uniform or packed-bed 
flow characteristics that can be 
achieved in a surface retort. 

The preceding article is reprinted from 
Geo Energy Technology, publication of 
Sandia Laboratories. Permission 
granted by Rod Geer, Public Informa­
tion, Sandia Laboratories, Albuquerque, 
NM. 
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In a recent experiment scientists at the General Motors 
Research Laboratories studied changes in chemical bonding 
during the dissociation of oxygen molecules on platinum. 
Preliminary surface work has explored an interesting 
new phenomenon: the mechanism of oxygen dissociation 
over a wide range of temperatures. 

Oxygen o n P l a t i n u m 0 + 0 

200kJ/mol / . 

6 

111)111 
Atomic 

Adsorption 

0 - 0 

T T h r n 
Molecular 

Adsorption 

A simplified schematic illustrating Ike reaction 
potential energy surface for oxygen-adsorption on 
a close-paclied platinum surface. 

An electron diffraction pattern wliich shows 
diffraction patterns from an oxygen-covered hex-
agonally close-paclted platinum surface at 0° C. 

/NDER what conditions will 
oxygen molecules dissociate into sin­
gle atoms on a platinum surface? 
What is the meclianism for oxygen 
dissociation? Those are the kinds 
of questions that Dr. John Gland 
and his colleagues at the General 
Motors Research Laboratories are 
investigating to get a better under­
standing of the chemistry behind 
catalysis. 

Their work has valuable prac­
tical implications for the automotive 
field, where catalysis is used to re­
move harmful emissions from auto­
mobile exhaust. Most cars built in the 
U.S. use catalytic converters filled 
with beads containing platinum to 
chemically transform carbon mon­
oxide and unburned hydrocarbons 
into harmless CO2 and water. 

While it has long been known 
that catalysts are an effective way to 

convert these gases, little is known 
about precisely why and in what 
order the basic atomic reactions 
occur. 

In seeking answers to these 
questions, surface chemists study 
the elemental composition and geo­
metric arrangement of atoms in the 
first few atomic layers of the surface 
and the means by which atoms and 
molecules from the gas phase bond to 
the surface. 

In his most recent work, Dr. 
Gland has been studying the adsorp­
tion and desorption of oxygen on 
platinum single-crystal surfaces. 
This is important because oxygen is 
the agent that must be adsorbed on 
the surface to react with carbon 
monoxide and hydrocarbons to con­
vert them to CO2. 

The experiments were con­
ducted in a stainless steel ultrahigh 
vacuum system equipped with an 
electron energy analyzer and a mass 
spectrometer. The electron energy 
analyzer allows one to measure the 
concentration and character of the 
oxygen adsorbed on the platinum 
surface. The mass spectrometer is 
used to measure the desorption of Og 
as the platinum surface is heated. 
Mathematical analysis of the desorp­
tion process allows one to character­
ize the chemical bond between the 
oxygen and the platinum surface. 

In these experiments, the plati­
num surface is covered with oxygen 
at the extremely low temperature of 
—179°C {almost the temperature of 
liquid nitrogen) by exposing it to 
gaseous O2 molecules. The oxygen 
remaining in the gas phase is 
pumped away, and then the desorp­

tion of oxygen from the surface is 
observed as the platinum crystal is 
gradually heated to 1000°C. 

The oxygen was found to de-
sorb from the surface in two 
distinctly different temperature 
regimes—part at —125°C and the 
rest at about 425°C. By using the 
oxygen-18 isotope, it was estab­
lished that the low temperature de­
sorption represents oxygen that was 
adsorbed on the surface in a molecu­
lar form while the higher tempera­
ture desorption corresponds to 
oxygen adsorbed in the atomic form. 
From an analysis of the desorption 
process, it was possible to establish 
the complete energetics. Oxygen 
molecules from the gas phase strike 
the surface and are weakly bound (37 
kJ/mol).The adsorbed oxygen mole­
cule can either desorb into the gas 
phase (37 kj/mol) or dissociate into 
atoms (33 kJ/mol). The atoms are 
bonded very strongly (200 kj/mo!) to 
the surface. 

. ROM the desorption analysis, 
it was also possible to deduce the 
mechanism for the dissociation proc­
ess. The interesting conclusion that 
results is that the formation of O 
atoms on platinum is a two-step proc­
ess—oxygen is adsorbed in a molecu­
lar state and then dissociates to form 
atoms. 

The GM scientists were most 
interested in learning how this ad­
sorbed molecular species is bonded 
to the platinum surface. Fortunately, 
another technique was available to 
determine the bonding. The tech­

nique is called electron energy-loss 
spectroscopy and is quite new—there 
are only six or seven such instru­
ments in the world. The measure­
ments not only confirmed the 
existence of the adsorbed molecular 
oxygen but showed that it was bound 
by the transfer of two electrons 
from the platinum surface into the 
antibonding iTg orbitals of oxygen. 
"This was most exciting" said Dr. 
Gland, "because this is the first time 
that this type of oxygen bond has 
been observed on a metal surface. 

"We're getting closer and 
closer to a more specific understand­
ing of catalysis," says Dr. Gland. 
"The more we learn about simple 
chemical systems, the better we'll be 
able to control more complicated sys­
tems. That has excellent implica­
tions for protecting the environ­
ment." 

MAIV years old, is a 
i T T ^ r r i v T T - k Senior Research Sci-
iSiljrllJNL) entist in surface 
THE chemistry at the 
AX/ORK̂  General Motors Re-
"^^••^ search Laboratories. 
He heads a group of 7 investigators, 4 
with Ph.D.s, all involved in work re­
lating to the basic surface chemistry 
of catalysis. 

A graduate of Whittenberg 
University in Ohio, Dr. Gland re­
ceived his Ph.D. in physical chemis­

try at the Univer­
sity of California, 
Berkeley, in 1973 
and joined the 
General Motors 
staff that year. 

Dr. Gland 
comments: "I 
came to GM Labs 
because I wanted 
to get in on the 
ground floor of 
an exciting new 
field. The atmo­
sphere here is very open, with lots of 
cross-pollination among depart­
ments. With several hundred people 
with Ph.D.s here, we've got a lot of 
human resources to draw on in all 
the basic sciences. 

"Typically, management de­
fines a broad problem, then we're free 
to tackle the solution in any way we 
choose. They give us the freedom, 
equipment and support to get the job 
done correctly." 

In addition to his research, Dn 
Gland enjoys backpacking in 
Wyoming and in the Sierra Nevada 
Mountains in California. 



W a v e P o w e r f o r B r i t a i n ? 

by Peter Rodgers 

Mr. R o d g e r s be l i eves that as an 
alternate e n e r g y s o u r c e , w a v e p o w e r 
d e v e l o p m e n t d e s e r v e s g o v e r n m e n t 
funding on a l imited s c a l e , but that s o m e 
of its advoca tes take their enthus­
iasm to unw ise ex t remes , their argu­
ments echo ing those wh ich led Britain 
into s u c h commerc ia l l y d isas t rous tech­
nolog ica l ventures as a d v a n c e d gas-
c o o l e d reac tors and C o n c o r d e . A recen t 
book on w a v e ene rgy , Energy from tfie 
Waves, P e r g a m o n P r e s s , cal ls for 
mass i ve spend ing and says it shou ld be 
regarded a lmost as a publ ic w o r k s 
p rog ramme, a imed at deve lop ing the 
techno logy wha teve r the cos t . Mr . 
R o d g e r s maintains there is no c a s e for 
s u c h an abandonment of e c o n o m i c and 
industrial c o m m o n s e n s e . 

The re are pe rhaps 1 5 0 peop le in what 
has c o m e to b e known as the 'wave 
ene rgy communi ty ' , the g roups of 
sc ien t is ts and eng ineers at univers i t ies, 
government laborator ies and In industry 
who are deve lop ing d e v i c e s for ex­
tracting e lect r ic power f rom the s e a . It 
took bound less en thus iasm for them to 
get w h e r e they are today, by struggl ing 
uphill against a government bu reauc racy 
w h i c h s e e s spend ing on renewab le 
ene rgy s o u r c e s mere ly as an insurance 
pol icy in c a s e someth ing dreadfu l hap­
pens to oi l , coa l or nuc lear p o w e r 
supp l ies . 

But this admirable kind of tech ­
nological en thus iasm can s o m e t i m e s 
have its darker s ide , re f lec ted at its 
wors t , over the last two d e c a d e s in the 
nuc lear power and aviation industr ies. 
Emot ional batt les have b e e n fought over 
vast p ro jec ts for and against a d v a n c e d 
g a s - c o o l e d reac tors or Amer i can pres­
su r i sed water reac to rs , for and against 
C o n c o r d e — o n g rounds wh ich have little 
to do with e c o n o m i c s , c o m m o n s e n s e 
and e f f i c iency , and a lot more to do with 
a kind of techno log ica l chauv in ism, 
a lmost j ingo ism—we will s h o w those 
rotten fo re igners that w e can build the 
best in the wo r l d , and never mind the 
c o s t or the markets . 

Intertwined with this has b e e n a naive 
belief that s o m e great techno log ica l leap 
cou ld win back a p lace in wor ld markets 
a l ready lost through inef f ic iency in 
sel l ing run-of-the-mill th ings. S o in tele­
phone e x c h a n g e s Brit ish c o m p a n i e s un­
s u c c e s s f u l l y try and jump seve ra l 
gene ra t i ons a h e a d with the great 
S y s t e m X , and in s u p e r s o n i c t ransport 
C o n c o r d e is p r o d u c e d as the a n s w e r to 

f a i l u r e s in m a r k e t i n g o r d i n a r y , 
ung lamorous air l iners. The re is a very 
similar s t rand in the U K Atomic Ene rgy 
Author i ty 's argument for leaping ahead 
to the fast b r e e d e r reac ter at a t ime 
w h e n the more convent iona l Brit ish 
nuc lear industry is in a dreadful l m e s s . 

It wou ld be most unfair to a c c u s e the 
f ledgl ing w a v e e n e r g y communi ty of the 
s t r e s s e s of the huge nuc lear and 
aviation Industries. Af ter all the hard 
work , the government has s o far on ly 
a l l o c a t e d £ 5 ' 4 m for r e s e a r c h a n d 
deve lopmen t , a tenth of the cos t of one 
b ig -semi -submers ib le drili ing and fire-
fighting v e s s e l recent ly o rde red for the 
North S e a . The re are doub t l ess very 
s t rong a rguments for depend ing more 
on w a v e ene rgy over the next few 
yea rs . Y e t here and there, e c h o e s of 
t h o s e o t h e r m o r e i n s i d i o u s a n d 
potential ly damaging a rguments beg in to 
s e e p in, and they n e e d watch ing , if 
Britain is not to suf fer another A G R or 
C o n c o r d e f iasco . T h e y are re f lec ted in 
the book by David R o s s wh ich is bi l led 
as the f i rst-ever book on a revolut ion in 
t echno logy . 

Act as if at war 

Mr . R o s s s u g g e s t s that in cons ide r ing 
w a v e p o w e r the S e c r e t a r y for Ene rgy 
shou ld act a s though there w a s a war 
o n . H e shou ld imagine what act ion he 
wou ld be taking today, if for ins tance, 
the M idd le Eas t w a s suf fer ing a nuc lear 
at tack, the C o m m o n Marke t count r ies 
w e r e demand ing a sha re of our oil and 
c o a l , and the e n e r g y famine, wh ich is 
certa in to c o m e s o o n e r or later, had 
a l ready arr ived. H e d raws paral lels 
b e t w e e n wave power and the aircraft 
indust ry 's priority status in the last war 
and s a y s : 'Le t them say what they want 
and it wou ld b e p r o d u c e d ' . M o n e y 
wou ld b e less valuable than time. A 
government wave ene rgy p rogramme 
c o s t i n g £ 2 0 0 m to f , 2 5 0 m ' cou ld 
t ransform the ene rgy s c e n e in a w a y 
that c o u l d not be d o n e by invest ing that 
amount in any al ternat ive—either c o n ­
vent ional , or nuc lear or o ther ben ign 
s o u r c e s ' . 

T h e n , s a y s Mr . R o s s , if the gove rn ­
ment found Itself fac ing an immediate 
e n e r g y c r is is 'It cou ld without fear think 
in terms of a £ 1 , 0 0 0 m investment in 
w a v e e n e r g y , knowing that e v e n if the 
ca lcu la t i ons . , - shou ld all p rove to be 
opt imist ic , and e v e n if w e obta ined less 
p o w e r that fo recas t , w e shou ld still be 

certa in of making s o m e contr ibut ion to 
our n e e d s and the wor ld ' s , by absorb ing 
the p o w e r of the w a v e s ' . 

H e a lso s u g g e s t that: 'The initial c o s t 
of cons t ruc t ion c a n be and , in my 
op in ion , shou ld be rega rded as an 
e lement in a publ ic w o r k s p rog ramme, 
provid ing usefu l emp loyment in a s lump. 
Af ter that the cos t of ma in tenance , 
c o m p a r e d with the c o s t running and 
maintaining a coa l mine, will be smal l ' . 

But C o n c o r d e w a s someth ing of a 
pub l ic w o r k s p rog ramme, and is hardly a 
mode ! to aim for. T h e entire deve lop ­
ment and pro to type has b e e n borne by 
the taxpayer , and wri t ten off, leaving the 
marginal ext ra c o s t of p roduct ion of 
e a c h se r i es mode i to be paid by those 
unfortunate air l ines w h i c h opera te it {still 
at a heavy loss ) . 

In t he s a m e v e i n , of s t i r r i ng 
e x h o r t a t i o n s to a c t i o n , M r . R o s s 
s u g g e s t s ' W e shal l not know for certa in 
until the genera to rs are on s i te . It may 
then wel l b e that t hose of us on the 
s h o r e , w h o s e i n n o c e n c e is ma tched 
only by Instinct, may wel l b e more right 
than the exper ts in urging a swift leap 
a h e a d ' , Mr . R o s s s a y s that o ld mar iners ' 
s to r ies about the s i ze of w a v e s have 
b e e n p roved right by modern reco rds of 
giant w a v e s , up to 3 4 met res high, 
' Inst incts, ' he s a y s , 'are not a lways 
w rong ' . H o w e v e r , they have rarely b e e n 
u s e d as fundamental just i f icat ions of 
bill ion pound inves tments . 

Mr . R o s s c o m m e n d s the J a p a n e s e for 
spend ing m u c h more on w a v e e n e r g y 
than Britain, and is crit ical of the w a y 
Bri t ish eng inee rs are c reep ing ahead 
s lowly , test by test. H e s a y s that It is in 
' the repea ted tes ts and the s tage by 
s tage upsca l ing , and the feed ing of in­
format ion into the compu te r be fo re ven ­
turing too far, w h i c h is w h e r e w e dif fer 
f rom the J a p a n e s e ' . 

Later , he a d d s that 'The ques t i on , 
w h i c h is a polit ical one , is whether it is 
bet ter to de lay in o rder to f ind the bes t 
s y s t e m , or revert to the old Brit ish habit, 
w h i c h the J a p a n e s e have n o w acqu i red , 
of a pragmatic a p p r o a c h . . . . It wou ld 
be sad n o w to have to wa tch the 
J a p a n e s e charg ing ahead in the bes t 
Brit ish manner whi le w e caut ious ly pur­
s u e a sc ient i f ic app roach ' . 

In answe r to that point it Is wor th 
recal l ing the e n d l e s s sou l sea rch ing in 
the Bri t ish nuc lear industry as the ad ­
v a n c e d g a s - c o o l e d reactor p rog ramme 
co l l apsed Into c h a o s in the late 1 9 6 0 s 
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and early 1 9 7 0 s . T h e c o n s e n s u s w a s 
that the fundamenta l mis take w a s to leap 
f rom a smal l 3 0 megawat t p ro to type at 
W indsca le to a full s c a l e p o w e r stat ion, a 
techn ica l jump wh ich w a s far too rapid to 
c o p e wi th. 

Cavalier about costs 

Mr . R o s s is a lso caval ier about c o s t s . 
H e s a y s 'If w e have to pay more for 
w a v e e lectr ic i ty , then w e must r e c o g ­
n ize the fact; the alternative is to burn up 
the poss ib l y c h e a p e r , limited foss i l s 
knowing that o n e day the joy r ide will 
lurch to a s top ' 

Exhor ta t ions s u c h as t hese , wh ich are 
u s e d to justify qui te a few ene rgy 
r e s e a r c h pro jec ts , really boi l d o w n to 
say ing that there is s o m e value In wave 
ene rgy that ord inary e c o n o m i c and 
industr ial j u d g e m e n t s have m i s s e d , 
s o m e spec ia l benef i t b e c a u s e it is a 
renewab le r e s o u r c e , (It is anyway not 
ent irely true that it is r enewab le , In the 
s e n s e that a vast amount of mach inery is 
n e e d e d to extract it. Th is n e e d s large 
quanti t ies of non - renewab le ene rgy to 
manufacture , and it eventual ly w e a r s out 
and has to be th rown away,) 

T h e impl icat ions of a rguments like 
those of Mr . R o s s is that it d o e s not 
matter if a pro ject cannot be made to 
pay on p a p e r — g o ahead anyway , to 
s a v e fossi l fue ls . Th is is s imply not g o o d 
e n o u g h . It is an arguable point that c o n ­
ven t iona l w i s d o m u n d e r s t a t e s the 
scarc i t y of foss i l fue ls and the s p e e d 
with wh ich p r i ces will r ise. But it ce r ­
tainly d o e s not make s e n s e to say that 
Britain shou ld pay over the o d d s , on a 
risk venture, merely to s a v e oil and c o a l , 
wi thout regard ing to what the actual 
p r i ces are likely to be . Mr . R o s s c o m e s 
c l o s e to say ing this. 

But e v e n if w a v e e n e r g y d o e s look like 
b e c o m i n g compet i t i ve b e c a u s e of r ising 
ene rgy p r i ces , is that e n o u g h ? Might 
there still be other pro jec ts wh ich shou ld 
take priority, pe rhaps less technical ly 
r isky o n e s ? With the A G R f iasco in mind, 
is the c a s e for w a v e p o w e r s o over­
whe lm ing that w e shou ld take the real 
r isk, w h i c h a lways a c c o m p a n i e s an ear ly 
start o n large s c a l e investment , of 
c h o o s i n g the w r o n g sor t of w a v e p o w e r 
t echno logy? 

Bri t ish industry has of ten m i s s e d the 
boat on n e w p roduc ts not, as of ten 
s u p p o s e d , by be ing too late, but by 
be ing too ear ly. This has led to too much 
expend i tu re In the deve iopment s tage , 
be fo re It has b e e n poss ib le to s e e 
c lear ly how the market will c rys ta l l i se , 
thereby gett ing f rozen Into the wrong 
batch of a t echno logy . S o m e b o d y e l se 
with better timing invariably c o m e s a long 
later and m a k e s a real b u s i n e s s out of it. 

T h e industrial and commerc ia l a s p e c t s 
are important, b e c a u s e they c rea te new 
b u s i n e s s jobs and Investment wh ich can 
be mult ipl ied by expor ts of d e s i g n s and 

mach inery . It is a lso shor ts igh ted to 
d e v e l o p n e w d e v i c e s only for the home 
market , but it k e e p s happen ing , and is' 
another result of start ing too early, 
part icularly w h e r e nat ional ized industr ies 
are c u s t o m e r s . T h e V C 1 0 , d e v e l o p e d 
partly for Brit ish O v e r s e a s A i rways C o r ­
porat ion 's spec ia l requ i rements , but a 
sa les f lop o v e r s e a s , is a c l ass i c c a s e . 
S o are Bri tain's a lmost unexpor tab le 
t e l e p h o n e e x c h a n g e s , d e v e l o p e d 
spec ia l l y for the P o s t O f f i ce , and the 
A G R nuclear p o w e r s ta t ions. 

Mr . R o s s comp l imen ts the J a p a n e s e , 
wel l known for gett ing their timing right 
and s w e e p i n g wor ld markets before 
them, for leaping into w a v e p o w e r on a 
cons ide rab ly b igger s c a l e than Britain, 
wi th a £ 2 2 m p rogramme. It cou ld be 
a r g u e d that th is r e f l e c t s J a p a n ' s 
d a n g e r o u s l y h igh d e p e n d e n c e on 
e n e r g y imports, a vulnerabil i ty wh ich 
Britain d o e s not share . 

Se l f su f f i c iency in ene rgy is of ten 
vaunted as a des i rab le e n d , p e r se, with 
the implication that Bri tain, like J a p a n , 
must use every means available to 
Increase supp ly , almost regard less of 
cos t . Similar a rguments have b e e n u s e d 
in o ther a reas to get government m o n e y 
l o deve lop compie te ly Brit ish tech ­
no logy , w h e n c h e a p al ternat ives exist 
a b r o a d , on the unques t ioned a s s u m p -

Edward J . Johnson, '49 
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3740 N.W. 63rd Street 

946-8816, oifice; 721-5353, Home 

Oklahoma City, Okia, 73116 

Consulting Engineers 

l A M E S & M O O R E 

Energy and Mineral 
Economics Planning 

Geotechnicai Engineering 

Mineral Resource Development 

Marine Services 

Water Resources Development 

Environmental Studies 

Class of '59 
Gary E. Melickian, Partner 

1626 Cole Boulevard 
Golden, Coiorado 80401 

Offices ill frincipai Cities Tlirougliout tlie Worid 

I The Sign of Success 

Golden 279-5555 

Westminster 426-5555 

Fort Col l ins 221-5555 

" P r i d e i n P e r f o r m a n c e ' ' 

Joseph Naporano '63 
Ronald Weiszmann '64 

Each Red Carpet ofiice is individualiy owned and operated 

the mines magazine •february 1980 19 



Get the drop on any rock job 
with one of these percuss ion 
rock drills from 
Gardner-Denver. They're 
Gardner -Denver reliable for 
shift after shift performance, 
Gardner -Denver fast for more 
hole per dollar, and 
Gardner -Denver backed . 

Valveless Rock Drills. Large 
reversible piston hammer for 
power and direct air flow 
provides faster penetration. 
Integra! muffler for quieter 
operation. Full hole s ize 
drilling range. 

Independent Power Rotation 
Drills. T h e s e tunnel and 
surface long hole or single pass 
drills include separate contro! of 
impact and rotation. 

Rifle Bar Drifter Drills. T h e s e 
mining favorites make lots of 
hole with just a little air. -

To match a Gardner -Denver 
percussion drill to your rock, 
contact your Gardner -Denver 
Representat ive. Or write us at 
P .O . Box 1020, Denver, 
Co lorado 80201. 
G a r d n e r - D e n v e r — T h e 
measure of performance. 

Wi nTlfli 

t ion, w h i c h is quite w r o n g , that Britain 
ought to be sel f -suf f ic ient in ideas . 

Britain's favourable position 

T h e just i f icat ion for ene rgy self-
su f f i c iency as an e n d in itself, whatever 
the cos t , is particularly hard to f ind, 
g iven Bri tain's ene rgy pos i t ion. What 
matters most is that this coutnry is rela­
tively be l te r off lhan a lmost all her 
industrial compet i to rs and is likely to 
remain s o b e y o n d the e n d of the 
century , e v e n after the dec l ine in oil pro­
duct ion se t s in. A contr ibut ion to national 
s e l f - s u f f i c i e n c y s h o u l d n e v e r b e 
a c c e p t e d as an overr id ing argument for 
an ene rgy project , be It keep ing o p e n a 
high c o s t coa l mine or invest ing in w a v e 
p o w e r . The re is no reason , in Britain, for 
putting w a v e power on the supra -
e c o n o m i c war foo l ing wh ich Mr , R o s s 
r e c o m m e n d s . Indeed, even if this 
e m e r g e n c y a p p r o a c h p r o v e d 
n e c e s s a r y , o ther investments—par t icu­
larly in conserva t ion—shou ld have a far 
higher priority, as c rash p rog rammes, 
than w a v e power , b e c a u s e the r isks are 
l e s s and the rewards greater. 

Th is is not meant lo be a t irade against 
w a v e power , but rather a c a s e for c o n ­
tinuing to use ordinary e c o n o m i c and in­
dustr ial c o m m o n s e n s e about its merits, 
for refusing lo jump the gun . It is not just 
the gee -wh i z techno log ies wh ich risk 
do ing this. T h e sh ipping industry has 
leapt into the liquid natural gas bus iness 
a d e c a d e l o ear ly , b e c a u s e f o recas t s of 

BART DE LAAT CONSULTANTS 
Petroleum 8 Naluial Gas 

Bart De U a t , P.E. 1930 

Reserves . Appraisals, Financial Studies 

Operations. Soe cial Problems 

2 0 1 5 C S I Building 

Houston, Tex 7 7 0 0 2 (7 1 3 | 6 5 9 - 7 0 9 2 

Jerry R. Bergeson & Assoc. 

Petroleum Consultants 

Completions, Evaluations, 
Log Analysis, Reservoir Studies 

1301 Arapahoe, Ste. 105 

Golden, CO 80401 

303: 279-6908 

Engineering and 

Equipment Service 

for Mines—Mills—Industrial Plants 
Engineering Consultants—Piant Layout 

Equipment Consultants—Design 

Pol lut ion Con t ro l Equ ipment 
and P u m p s , C r a n e s , F a n s 

Centr i fugal Exhaus te rs 

PATTEN ENGINEERING CO. 
1740 W. t3th Ave. Denver 80204 

573-5333 

booming trade p roved too opt imist ic. A 
similar real ism s e e m s to have s t ruck the 
w a v e power communi ty in Britain at least 
a yea r a g o , be fo re Mr . R o s s ' s book w a s 
pub l i shed , 

A c o n f e r e n c e on w a v e ene rgy in Lon ­
don in N o v e m b e r 1 9 7 8 , the first of its 
k ind, made it c lear that the p rob lems are 
looming larger than the so lu t ions. Th is 
w a s the result of eng ineer ing evalu­
at ions of four di f ferent s y s t e m s , car r ied 
out by the consul t ing eng inee rs Rende l l , 
Pa lmer and Tri t ton, in assoc ia t ion with 
K e n n e d y and Donk in . W a v e electr ic i ty 
w a s es t imated to c o s t f rom 2 0 to 5 0 p a 
kilowatt hour at a capital c o s t of £ . 5 , 0 0 0 
to £ 9 , 0 0 0 an instai ied kilowatt. T h e s e 
are ten to twenty l imes p resen t e lec ­
tricity c o s t s . 

T h e r easons are the high c o s t of large 
s l e e l and c o n c r e t e s t ruc tures , a sca l ing 
d o w n of v i ews of h o w m u c h power is 
avai lable f rom the w a v e s t hemse l ves , 
and high main tenance c o s t s . 

The re is a lso the very difficult p rob­
lem, w h i c h the book ska tes over , of 
match ing w a v e ene rgy to the electr ic i ty 
gr id. This invo lves large investment In 
p u m p e d s to rage s c h e m e s , or poss ib l y 
air s to rage . Whi le w a v e power is 
greates t in winter, w h e n Glecthc l ty 
d e m a n d is at a peak, it is still sub jec t to 
w ide variat ions and s to rms will not arrive 
conven ien t ly at e a c h even ing peak of 
d e m a n d . 

A d o s e of real ism may concen t ra te the 
minds of eng inee rs , and out of it cou ld 
c o m e a techn ica l b reakthrough, w h o 
k n o w s ? Until then, beware enthus ias ts 
bear ing reques ts of large s u m s of 
money . 

R e p r i n t e d f rom: C o a l and E n e r g y 
Q u a r t e r l y , N C B P u b l i c R e l a t i o n s , 
Nat ional C o a l B o a r d , L o n d o n , Eng land , 
N u m b e r 2 2 , Au tumn, 1 9 7 9 , 

—mm— 
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115 North Debellet 
•• Weatherford, Texas 76086 (817) 599-7263 

Colorado Mineral Rroî ers 

R o y K i r k m a n 
Geol.E. 1966. MSc. Min.Econ. 1976 
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Dr. Michael Nyikos, Dr. Guy T. McBride, Jr., and Dr. V. \' the awarding of 
diplomas during the Mid-Year Commencement ceremonies. 

C o m m e n c e m e n t has b e c o m e a twice-
a-year event at C S M , with the growing 
number of g raduates who obtain de­
g r e e s in the D e c e m b e r graduat ion ce re ­
mon ies . The change has b e e n brought 
about for many reasons ; including the 
fact that s o m e s tudents now leave 
s c h o o l for a s e m e s t e r ' s coopera t ive 
educa t i on p rog ram, that enro l lment 
con t inues to r ise , and to the fact that 
d e m a n d for mineral eng ineers con t inues 
to acce le ra te . Fo r graduate s tudents , on 
more f lexible s c h e d u l e s than under­
graduates, the D e c e m b e r date has 
a lways been important, but this year the 
graduate group w a s greatly outnum­
be red by the undergraduate d e g r e e 
rec ip ients . 1 3 4 undergraduates and 81 
graduate deg ree cand ida tes rece ived 
d ip lomas on Fr iday, D e c e m b e r 2 1 . 

Dr, Albert W . S c h l e c h t e n , a member 
of the faculty s i nce 1 9 6 3 , and d i rector 
of the W. J . Krol l Instifute for Extract ive 
Metal lurgy, w a s c h o s e n by the faculty 
commi t tee to add ress the graduates. Dr. 
S c h l e c h t e n ' s s p e e c h , " W h o G e t s 
A h e a d ? " , w a s we l l - rece ived by the 
graduates and a s s e m b l e d famil ies and 
f r iends. 

D e g r e e s we re p resen ted by Dr, 
M c B r i d e , the Board of T rus tees and 
heads of var ious depar tments . 

T h e traditional recep t ion , h o s t e s s e d 
by the Facu l ty W i v e s ' C lub , rounded off 
graduat ion day for the new eng ineers , 
masters and doc to rs . 

The C S M Alumni Assoc ia t i on partici­
pa ted in the mid-year fest ivi t ies by 

holding the first banquet for this event . 
O v e r one hundred and fifty alumni, 
g raduates , parents and fr iends ga thered 
in Fr iedhoff Hall on D e c e m b e r 2 0 , to 
w e l c o m e the new graduates into the 
alumni g roup, to enjoy an even ing of 
renewing o ld f r iendships and forging 
new, and to l isten to leaders of the 
Alumni Assoc ia t i on and S c h o o l , who 
gave brief s p e e c h e s . Pres iden t of the 
C S M A A , B o b B r a c e , w e l c o m e d the 
graduates into the Alumni Assoc ia t i on , 
G e o r g e Mi tche l l , Director of the C S M A A 
ac ted as M C , and a d d e d his hearty 
w e l c o m e to the group, and the Alumni 
Board p resen ted David C o l e , E . M , ' 5 2 , 
with an honorary membersh ip in the 
Assoc ia t i on , 

Dr. Will iam Muel ler , M S c . Met . E, ' 5 2 , 
P h D . Me t , E, and Medal is t , s p o k e on the 
relat ionship of the S c h o o l and the 
Alumni Assoc ia t i on , point ing out the 
mutual advantages of the interact ion. 

S o m e very pert inent and interest ing 
information on the S c h o o l w a s the 
sub jec t of a brief a d d r e s s by Dr. G u y T, 
M c B r i d e , J r , , {see box}, who congratu­
lated the famil ies of the graduat ing stu­
den ts on the attainment of their family 
m e m b e r s . 

The enthusiast ic r e s p o n s e of the 
graduates , alumni and families m a k e s for 
an a lmost posi t ive repeat schedu l ing for 
nex t -year 's Mid- term C o m m e n c e m e n t 
banquet . 

M a n y ques t ions are a s k e d about the state of eng ineer ing s c h o o l s in genera l , 
and , from our alumni and f r iends, the state of M i n e s in particular. Answer i ng 
s o m e of the ques t ions deal ing with s tuden ts and their interest in eng ineer ing to­
day, a brief s tudy of M i n e s c l a s s e s has b e e n d o n e by the Reg is t rar 's o f f i ce , 
under the d i rect ion of Dr. Harold Cheuvron t , Regis t rar . A di rect r e s p o n s e to 
ques t ions p o s e d by the T rus tees of C S M , the s tudy had s o m e illuminating points. 

Sampl ing of f reshmen c l a s s e s for the yea rs 1 9 6 9 - 7 5 w e r e under taken, to 
determine the pe rcen tage of s tudent graduat ion/retent ion, minority s tudent 
retent ion, and the rate of female comple t ion of s tud ies . C o m p a r i s o n f igures we re 
obta ined from the National C e n t e r for Educat iona l Stat is t ics . The cut-off date of 
1 9 7 5 w a s u s e d , s i n c e the c l ass of 1 9 7 6 wou ld not have fully m o v e d through the 
four-year program. 

T h e national pe rcen tage rate compar i son for all s tudents remaining in s c h o o l 
and comple t ing a program, in all institutions of h igher learning, is 5 1 . 1 % , M i n e s 
s tuden ts comple t ing their c h o s e n eng ineer ing program ave raged 5 7 % overal l . 

Sampl ing of minority s tudents s h o w e d , f rom 1 9 7 5 - 1 9 7 7 , that of a total of 8 3 , 
5 7 s tudents graduated or are still In s c h o o l , with a retent ion pe rcen tage rate of 
6 8 . 7 % , 

The rate for female s tuden ts samp led w a s sl ightly lower than the institutional 
rate. 3 1 9 w o m e n s tudents en te red and 1 7 8 graduated, or are still in s c h o o l , for a 
retent ion rate of 5 5 . 8 % . 

C S M appears to be above the national level in retaining students, and has 
had above average success in the areas of minority and women students 
completing study programs. 

the mines magazine • february 1980 21 



HELP BUILD A BETTER TOMORROW BY BUILDING 
YOUR CAREER WITH THE 

T H E C O R P S O F E N G I N E E R S 

A C H A L L E N G E 

Inftoday^^ complex technological 

wjetj;ild, it; t a k e k e x c e p t i o n a l p l ann ing 

, |d;;^f •g ineer ing to bijii ld qual i ty Into to -

rnorrclw. '^pk pf E r i ^ i ned rs p ro fess iona l s • -

e;nglnVers, b i o l o g i s t i . e c o n o m i s t s , l a n d s c a p e 

r^hitecjt^ planters Wnd env i ronmen ta l i s t s • 

krfe^ork ing to preserve a n d pro tec t the qual i ty 

' ^ j J ^ f t f ^ t ^ u g h ihe p l ann ing , d e s i g n , c o n s t r u c t i o n a n d 

% water r esou rce pro jec ts , hosp i ta l s , h o u s i n g , 

>iJ ;f' ^ J § t ^ W i ; i e l d s , a n d ene tgy .^e r ie ra t ing fac i l i t ies. T h e 

^ ^ > - i d e ^ ^ t | ^ p ^ c / f the pro jec t^ for^ b 'etter t o m o r r o w m u s t 

b e c a i ; ^ ^ ^ p b i a n c e ' d w i t h t he preserva t ion of ou r natura l 

• env i ronm # J ^# jba | anc fe is p reca r ious , the cha l l enge ext reme! 

- V / a q iv i l ian e m p ^ ^ J ^ i t h the C o r p s of E n g i n e e r s , y o u c a n he lp us m e e t 

\ t h f i ^ h a l l e n g e . Ask i ^ > n d we ' l l tel l y o u m o r e abou t ca ree r oppor tun i t i es . 

• '•• / 

C o r p s -of E h g m ^ ^ J § e p a r t m | M of the Anr i y W a s h i n g t o n , 'D.C. 20314 

A n Af f imia t ive A c t i o n E q u a l O p p o r t u n i t y E m p l o y e r 

letters 
Dear George: 

I am sending in a contribution to the AADF 
because I agree with you that "a strong, 
highly regarded Colorado School of f̂ înes is 
important to each one of us" and to our 
Nation, It therefore also grieves me more 
than words can express that the Mines 
Magazine represents the Schooi and the 
alumni so poorly. Never a class act, the 
Mines Magazine depicts a lassitude that is 
totally unbecoming to the school. The 
magazine needs some technical credibility, 
and the easiest way to accomplish this is to 
present in each issue short but well-written 
features and notes on current research pro­
grams being done by faculty, graduate stu­
dents and others associated with the school. 
If this cannot be done, CSMAA should con­
sider getting a nev/ editor who can evaluate 
the technical image of the school. 

Sincerely, 

Norman E. Goldstein 
Geol-Eng '57 

Dear Norm: 

Thanks very much for your November 20th 
letter concerning Mines Magazine. 

I appreciate your comments because i! 
gives us a different viewpoint than we 
generally receive. The usual response during 
the last 3-4 years has been that the Maga­
zine has improved greatly. I've enclosed a 
memo to our editor which outlines the 
general direction for her to take. This was a 
result of a considerable discussion within the 
School, the Aiumni group and others in 
industry. The consensus was that we should 
not try to be a technical publication. The pro­
fessional and technical society's publications 
have developed their capabilities as technical 
publications and have largely usurped our 
market. As a result we've tried to move in 
some new directions. 

I think Pat's done well, given the rather 
limited space she has available. We have 
found that it is very difficult to obtain short, 
well written features and notes on current 
research here at the School or elsewhere. 

That's not to say that we don't use tech­
nical materials, but I do think we have to have 
it presented in a way that can have more 
broad appeal than a relatively narrow, highly 
specialized presentation with extensive tech­
nical content. 

Again my thanks to you for your thought-
fulness in writing. Thanks very much for your 
continued support of and concern for the 
Association. 

Cordially, 

George W. Mitchell, Jr,, 
E.M. '53 
Executive Director. CSMAA 

(. Nick Teets, Me t . '67 
V i c e President 

John N, Teets, M i n , '15 
M , Wi lk inson , Met . '13 

PRECIOUS 
METALS 

T h e W I L K I N S O N C o m p a n y 
31011 Agoura R d . , Wesl lake V i l lage , CA 91J16 

(213)889-0050 

Dear George, 

I was pleased with the general look of the 
recent issue of the Mines Magazine 
(December 1979). The story entitled "Edgar 
Mine Put to New Use" was exactly what I had 
in mind as a short note on a current research 
program at Mines. As we have found here at 
LBL, these stories are better written by a pro­
fessional writer rather than the principal in­
vestigator, i was also happy to see authors' 
biographies added at the end of the articies. 

I read your letter concerning policies and 
directions of CSMAA publications and I have 
no criticism of your editorial concepts for the 
Mines Magazine. I would suggest, however, 
one further addition that you might wish to 
make to the content of the magazine. That is, 
to include reviews of books written by Mines 

faculty and alumni or books of special 
interest to the readership. 

I look forward !o receiving future issues of 
the Mines Magazine. 

Sincerely, 

Norman E. Goldstein 

January 3, 1960 

Dear Norm, 

Thanks very much for your thoughtful input 
on this question. I've passed on your 
suggestions, which I think are good, to Pat 
Petty for use in the magazine in the future. 

Best regards. 

George Mitchell, Jr. 

P H O E N I X 

P E D I - M I X 

C O M P A N Y 

I N C 

T H O M A S M, V A L E N T E 
president 
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To CSM Alumni Association, 

I note that you have a space on the infor­
mation questionnaire for our nicl<names. 

My nickname was "Moon" when I entered 
the Colorado School of Mines in '26, the 
same later, at the University of Oklahoma- In 
Ihe early '30's, the nickname persisted in the 
oil fields and in the mines. My first job 
requiring a business card was in '39. I felt 
pretty fancy and dropped the nickname. The 
trade told me to put "Moon" on the card, or 
they would not let me on the property—they 
did not recognize me without it. So be it, to 
this day. It has served me on every con­
tinent In fact, I retired three years ago, have 
a surplus of cards on hand—will include one, 
to prove the point. 

In looking through the Directory, I did not 
recognize a good friend—listed as R. B. 
Downing. He was always cailed "Ike." I am 
much in favor of the use of nicknames— 
where the person agrees. 

I have been listed as retired from Atlas 
Chemical Industries, Inc. This firm no longer 
exists. It was bought by ICI, whose name in 
this country is iCi Americas Inc. The word 
RETIRED is quite sufficient. 

R, L. "Moon" Muilen 

Dear Ms. Petty, 

I certainly enjoyed your article "Beyond 
Stridency" in the November issue of MINES 
Magazine. The general theme of the article 

applies to many other businesses and espec­
ially to the nuclear business, that I am in. You 
could easily replace the words mining 
industry in your article with nuclear industry. I 
am very concerned that many of our busi­
ness leaders continue to ignore ihe need to 
educate the public and to operate their busi­
ness in the manner that avoids concern 
about their credibility and business ethics. 

I hope that you will continue to enlighten 
business management. Our free enterprise 
system is in serious trouble if our business 
managers don't wake up soon. 

Very truly yours, 

Charles J. Baroch '54. 

Editor's note: 

Many tiianks to Mr- Baroch for his support 
and interest! An upcoming issue of MINES 
Magazine will focus on the nueiear 
industry. I would be most interested in 
receiving commments Irom our readers on 
the advantages and disadvantages ol nuclear 
power and its management in the U.S. and 
the world today. If you have an article of 
significance for the industry, please submit It. 
typed double-spaced, to us for consider­
ation. We are eager to assist in public under­
standing of this and other extractive 
industries today. 

Patricia Curtis Petty. 
Editor 

NEW YORK 

The N o v e m b e r meet ing of the N e w 
Y o r k w a s the o c c a s i o n for a visit by C , 
W . " B u d " L e e d s , of the C S M F o u n d a ­
t ion, w h o gave the group an upda ted 
report o n the p rog ress and plans of the 
R e s o u r c e F u n d program. T h o s e at­
tending w e r e : Bill B reed ing , ' 3 9 ; Norm 
Dona ld , ' 3 9 ; He rb G o o d m a n , ' 4 8 ; N e d 
W o o d , ' 4 8 ; Char l ie Irish, ' 5 0 and his 
w i fe J o a n ; J a y Sp l cke lm le r ; A l len 
S c h e d l b a u e r , ' 6 4 ; Bally P r i c e , ' 2 3 ; 
Newe l l Orr , ' 5 4 . 

This g roup of polit ically in terested 
a lumns carr ied out their s t raw poll vot ing 
on the national cand ida tes . T o be tes ted 
against the reali t ies of the conven t ions in 
1 9 8 0 are the fol lowing resul ts : 6 6 % 
feel that a Repub l i can cand ida te will w in . 
5 0 % sa id Conna l l y wou ld be the R e ­
publ ican candidate with B u s h , R e a g a n 
and B a k e r m e n t i o n e d . Ca r te r and 
K e n n e d y had a 5 0 - 5 0 split on the nom­
ination for Democra t i c cand ida te . It will 
b e interest ing to s e e how pe rsp i cac ious 
these polit ical pundi ts are ! 
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Registered Professional Colorado Engineer 8 8 3 8 
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' 3 5 Norman J. Christie, Geol.E, has re­
cently retired from Teledyne Exploration, 
Ltd. George W. Reed, E.M., Is vice President 
of Well Stimulators, Inc, He is also occupied 
in activities in Exavier Custom Homes, Inc. 

.4, 

Stephen Hui 

' 4 0 Stephen S.F. Hui, Geol.E. and E.M., 
Chairman and Director of the Van Hing Min­
ing Company, Ltd. and Chow Hing invest­
ment Co., Ltd., will be honored in March by 
the conferring of an honorary degree of 
Doctor of Laws from the University of Hong 
Kong. Mr, Hui has been extremely active in 
the affairs of the University and of great 
assistance to them. A new building on the 
campus of the University is named in honor 
of Mr. Hui's father. He has also been instru­
mental in expanding the knowledge of the 
people of Hong Kong in the geological 
sciences by donating excellent collections to 
the Hong Kong Museum of History and the 
University. 

'41 Ocean Minerals Co., which develops 
technology and hardware to mine and 
process deep ocean minerals, has an­
nounced that Glen H. Lancaster, P.E., has 
been named president of the firm, effective in 
early November. He has been production 
manager of the African and Middle East re­
gion, AMOCO International, and held a 
number of engineering and management 
positions prior to this. 

' 4 7 Bengt Georg Fagerberg, E.M., has 
been promoted from his post as director, 
R&D, lo that of Vice-president of Lnossa-
vaara-Kiiranavaaro AB, Lidingo, Sweden, 

' 4 9 Hazen Research, widely known Golden 
firm, has announced the appointment of 
Robert B. Coleman, Met.E., as Vice-
president. Mr, Coleman, with the firm since 
1970, has been project manager and senior 
process engineer. He has been responsible 
for process engineering and design and 
many other areas, Charles R. Fitch, E.M., is 
President of the Charles Ringer Company, 
specializing in mortgages, real estate and 
insurance in Chicago, Illinois. 

'SO Melih I. Genca, P.R.E., is assistant 
General Manager, Turkiye Petrolleri, A.O. 
Gulf Mineral Resources' new Manager of 
Uranium Exploration is James S. Hastings, 
Geol.E. Hastings will be based in the Denver 
office and responsible for Western activities 
of fhe firm, Bernard A. Maas, Jr., P.R.E., has 
moved from manager. Merchandising Ser­
vice, Standard Oil Co., to the post of man­
ager, Petroleum Production for AMOCO Oil 
Co. 

'51 Robert L. Menk, P.R.E. and Medalist, 
1973, has been elected chairman and chief 
executive officer of the New Mexico and 
Arizona Land Co. effective January 1. The 
company owns two uranium mines and 
mineral rights to 1.3 million acres in the 
Southwest, according to the Wall Street 
Journal, Mr. Menk is a consultant special­
izing in energy operations. 

' 5 2 James Massey, E.M., is general super­
intendent of the Union Carbide uranium mine 
and mill, based in Grand Junction, CO. 
Massey, who underwent open heart surgery 
early in 1979, has recovered well from the 
procedure and is enjoying his new responsi­
bilities. Edgar Hunter, E.M., had major sur­
gery in November in Denver, Ed, who is em­
ployed by the Quinn Coal Company, subsidi­
ary of Texasgulf, is recuperating well and 
back to work. The Hunters make their home 
in Cedaredge, CO. 

' 5 3 G. H. "Gerry' Bryant, E.M., and his 
family were recently able to combine busi­
ness and pleasure when Gerry attended a 
uranium symposium in Australia. The meeting 
was held in the Northern Territory of Austra­
lia, where a large share of the world's known 
uranium reserves are located. Secretary-
Treasurer of the Wyoming Mining Associa­
tion is Edward F. Ziolkowski, E.M., senior 
vice president of Energy Development Com­
pany. 

' 54 James Mulryan, E.M., recently under­
went a double arterial bypass, corrective 
heart surgery in Los Angeles, California. The 
operation has been successful and he will 
soon be returning to part-time execution of 
his duties as Director, Safety and Land De­
velopment for Cyprus Mines in Montana. 
Paul V. "Ron" Bethurum, P.E., is vice 
president of soda ash production for Texas-
gulf Chemical Co., Granger, Wyoming. In 
addition to his professional duties, Ron is 
active in the Wyoming Mining Association, 
serving as a director, 

' 55 Roland G. Hessell, P.R.E., is now man­
ager. Asphalt Sales, East and South for 
AMOCO Oi! Co,, headquartered in Marietta, 
Georgia. 

' 5 8 Newly promoted from manager. Hard 
Rock Minerals to Vice President of General 
Crude Oil Co. is William C. Bagby, BSc. 
Pet. David L. Waring has been appointed 
manager of North American ore sales for The 
Hanna Mining Co., which he joined in 1 964. 
He was most recently senior ore sales repre­
sentative. 

' 5 9 Gordon L. Steele, Geol.E., is new 
operations manager of the Candelaria Silver 
Operations, OxyMin. Hawthorne, Nevada. 
The facility is planned to start mining 
operations late next summer. Prior to joining 

Serving Ihe Mining Industry Worldwide 

Mineral Exploration • Feasibility Studies 
Metallurgical P rocess Development • Plant Design 

Engineering • Turnkey Construction 

mountain states mineral enterprises inc. 

Box 1 7 9 6 0 , Tucson , Afiz. 8 5 7 3 1 6 0 2 ; 7 9 2 - 2 8 0 0 

OxyMin, Steele was mining superintendent 
for Homestake Mining Co. in Gunnison, 
Colorado. 

'61 Howard P. Christiansen, Met.E., has 
been appointed superintendent of rail acces­
sories, mining and cutting edge mills for CFSI 
Steel Corp. He has been with the pioneer 
steel firm since 1964, when he joined the 
company as a technical supervisor in the re­
search department, and has held a number of 
supervisory posts in the organization. 

Thomas LaFehr 

' 6 2 Richard Richards, Geol.E., is now 
President of Fugro Rocky Ml. Inc., head­
quartered in Denver. The firm specializes in 
services to the mining industry. Dr, Thomas 
LaFehr, Geol.E., and Robert W. Hawkinson, 
Belden Corp. president, have announced the 
sale of Exploration Data Consultants of 
Lakewood. Dr, LaFehr, chairman of Edcon. 
says the firm will operate as a wholly owned 
subsidiary of Belden, continuing its specialty 
of downhole exploration electronic and 
computer locations. 

' 63 James W. Gustafson, E.M., is now with 
International Salt Company, Mine Superinten­
dent of the Belle Ayr mine, AMAX Coal 
Company, is Harold Bailey, E.M. He moved 
to Belle Ayr in early 1 979 after a stint as 
operations manager for Cordero mine. 
Ronald W. Clifton, Geol.E., is now Super­
visory Civil Engineer, Water and Power Re­
source Service, U.S. Government, based in 
Lake Havasu City, Arizona. 

1̂ 

John Lindemann 

' 64 Bruce Hersey, Met.E., is now metallur­
gical lab supervisor at Ethicon, Inc. in 
Somerville, N.J. John W. Lindemann, 
Geol.E., associated with the Barringer group 
of companies, has been promoted to Chie! 
Staff Geologist, Denver office. Lindemann, 
who has had extensive experience in many 
areas of the world, and has planned aiid 
executed major exploration programs, will 
continue to be based in Colorado. He is 
active in the CSMAA Denver Section 
activities. 
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'65 Raymond D. Zook, MSc. Met.E is 
Works Metallurgist for the A R M C O Inc. in­
stallation in Kansas City, MO. 

'66 Daniel Witkowsky, Met.E., is now in 
Denver, where he is metallurgical engineer in 
the Intermountain Field Operations Center, 
U.S, Bureau of Mines, Michael A. Rogalski, 
Met.E., has been promoted from Sr. Engi­
neer to Technical Manager, Engineering 
Services, major projects for Shell Oil, in 
Benicia, C A . 

'67 David Bolin, Geol.E., now occupies the 
position of specialists engineer with the 
Golden, C O office of Colder and Associates. 
His responsibil i t ies include world-wide 
exploration activities coordinated from this 
office. 

'68 David T. Berlin, P.E., is located in 
Odessa, TX, where he is District Manager of 
Engineering for Gulf Oil E&P Co. 

'70 Fred E. Staible, BSc. CPR, who was 
formerly precommissioning service head for 
El Paso LNG Service Co . , is now piant engi­
neering service head for the same firm. Gail 
Batman, CPR, is now with Sigmor Refining 
Co. , where he is employed as a process en­
gineer in Three Rivers, TX. 

'72 Oscar B. Nair, MSc. Math, is now asso­
ciated with Golder S Associates in the 
Golden, C O office. Steven Emerson, BSc. 
Met., is technical superintendent of the 
Stauffer Chemical Co , , assuming the post 
September 1 in Wyoming, 

'73 Mark Mathews, Ph.D. Geop., is now 
assistant group leader, geological applica­
tions group, at (he Los Alamos Scientific 
Laboratory, Los Alamos, N.M. Donna R. 
Messer, BSc. Geol., has recently changed 
jobs and is now employed by Texas Gas Ex­
ploration Corp., where she is a geologist. 

'75 John E. Joseph, BSc. Geol., formerly 
with Tenneco, is now production manager for 
Fremont Energy Corporation. The new assis­
tant superintendcent at the Emery Coal Mine, 
Emery. Utah, is Steve M. Jaccaud, BSc, 
Min. 

'76 Steven M. Montagne, BSc. Met., is wire 
division metallurgist with Leggett & Piatt. He 
lives in Carthage, MO, Rene R. Si. Pierre, 
BSc. Pet., is a new member of the engineer­
ing staff of Champlin Petroleum in Rock 
Springs, WY. 

'78 Patricia M. Smith, BSc. Min., was 
married in June to Ceci l Farnsworth. She has 
been promoted from junior engineer to mine 
engineer for the Orchard Valley Mine, West­
moreland Coal Co . , Paonia, C O . Judy.L. 
Anderson, BSc. CPR, is with Ashland Syn­
thetic Fuels, Inc., where she works as a 
chemical engineer, in Huntington, WV. 

'79 Sonia S. Knapp, BSc. Geol., is now in 
Corpus Christi, TX, where she is a geologist 
with the U.S-G-S. Office of Marine Geology, 
Michael N. Norred, BSC. Min., who is em­
ployed by Fluor Mining and Metals, San 
Mateo, C A , was promoted in October to 
mining engineer/analyst. 

Emeritus Professor 
Paui Bartuneic 

Dr. Paul F. Bartunek, professor emeritus of 
physics at Coiorado School of Mines, died 
Thursday, Dec. 27 at the Georgian House in 
Lakewood after a long illness. He was 76. 

A memorial service will be held at a future 
date. 

Bartunek joined Ehe C S M faculty in 1950 
and retired in 1969 . A native of Nebraska, he 
earned his bachelor's and master's degrees 
from the University of Nebraska and his 
Ph.D. in physics in 1935 from the University 
of Michigan. 

Before moving lo Golden, he taught at 
Massachusetts Institute of Technology, the 
University of Michigan, Rensselaer Poly­
technic Institute, Lehigh University and the 
University of Maryland. 

He was a member of a number of pro­
fessional societies and served during the 
early 1960s as regional counselor in 
Coiorado with the American Association of 
Physics Teachers and the American Institute 
of Physics. Bartunek worked to improve the 
quality of high school physics teaching in 
Colorado, 

He and his wife Rachel were active in the 
Golden community, where he served for 1 2 
years as treasurer of the Golden Civic Or­
chestra Association. Mrs. Bartunek died in 
1969 . 

His body was cremated. 

• ^ . 1 

Danforth Barney 

Danforth Barney E .M. 1942 , died June 
13, 1 979 of cancer in Vancouver, Washing­
ton. He had made his home in Vancouver 
since retiring in 1968 from the Alcoa 
company. 

Born in Ft. Schyler, N.Y. in 1905 , Barney 
moved when young to Denver, where he 
graduated from East High School . 

After working in various places in the U,S,, 
Danforth Barney ended his career in 
Australia, where he spent over five years 
with Alcoa, He was a quality assurance 
manager for Alcoa at the Geelong, Victoria 
installation of that company. 

While at Mines, he was a member of Tau 
Beta Pi and Sigma Alpha Epsilon. A life-long 
interest, amateur radio, led him to member­
ship in the Quarter Century Wireless 
Association, in which he held a fifty-year 
membership. 

Surviving are his wife, Helen H. Barney, a 
son. Dr. John S. Barney, two stepsons, 
Thoms W. Sylvester E .M. 1 969 and Scott M. 
Sylvester, his sister Mrs, William Warren and 
one grandson. 

Edward W. Luthy 

Edward Luthy E.M. 1950, was deceased 
in 1976 , according to information lately 
received at C S M A A , At the time of his death, 
his home was in Ft. Myers, Florida, 

Luthy heid a degree in civil engineering ob­
tained from Tulane University prior to his 
attendance at Mines. He worked variously as 
a mining engineer and civil engineer following 
graduation. 

Alton F. Conrad, Jr. 

Alton Conrad E .M. 1932 , died recently in 
Trout Lake, Michigan, where he made his 
home after retirement, 

Conrad, born in Ohio in 1906, attended 
Case School of Applied Science before 
entering Mines. He worked for a time for the 
City of Cleveland after graduation, then as a 
construction engineer for a number of com­
panies and the U.S. Government. 

Mr. Conrad is survived by his wife and two 
children. 

Karl H. Schmidt 

Karl Schmidt GeoL E. 1936 , died on 
November 4, 1979 in San Antonio, Texas. 
Mr. Schmidt was a consultant in the petro­
leum industry at the time of his death. 

Following graduation, Schmidt worked for 
several petroleum companies and the U.S. 
Bureau of Mines in Wyoming. He later 
became an independent consultant. 

He was married and the father of two 
children. 
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under the ' 'M" 

Amoco Foundation Teaching Awards 
PURPOSE 

T o recogn i ze super io r teach ing at the undergraduate level and to provide 
e n c o u r a g e m e n t and incent ive for teach ing ach ievement , 

AWARDS 

E a c h year three (3) teach ing awards of $ 1 , 0 0 0 e a c h are made avai lable to C S M 
from the A m o c o Produc t i on C o m p a n y . 

CRITERIA FOR AWARD 

1. Is the p ro fesso r chal lenging to the s tudents and d o e s he install interest in his 
c o u r s e s ? D o e s he e x p r e s s interest as wel l a s install it? 

2 . D o e s the p ro fesso r mot ivate the student to think for h imsel f? 

3 . D o e s the instructor es tab l i sh rapport with the s tudent? 

4 . Is his techn ica l ability and know ledge re f lec ted in the c o u r s e ? 

5 . Has he ability to present an interest ing and informative lec ture? 

6 . D o e s he instill a s e n s e of p ro fess iona l i sm, integrity and responsibi l i ty into the 
s tuden ts? 

7 . W h y do y o u think he is an outstanding teacher? 

8 . In compar i son with your o lher t e a c h e r s , why is he outstanding and the others 
not? 

9 . What is his availability to s tuden ts? 

ELIGIBILITY 

All full-time p r o f e s s o r s at M i n e s with primary emphas i s on undergraduate teach ing. 
Rec ip ien t s w h o r e c e i v e d this award in the p r e c e e d i n g three (3) yea rs are not eligible 
and inc lude: 

1976- 77 

G e o r g e T, Bator , Mining Eng ineer ing 
( D e c e a s e d ) 

O d e d R u d a w s k y , M inera ! E c o n o m i c s 

Rober t D. Wi t ters, Chemis t r y & 

G e o c h e m i s t r y 

1977- 78 

S a m u e l B, R o m b e r g e r , G e o l o g y 

E. D e n d y S l o a n , J r . , C h e m i c a l and 

Pet ro leum-Ref in ing Eng ineer ing 

1978-79 

S t e p h e n R. Danie l , Chemis t r y 8 

G e o c h e m i s t r y 

David K. Mat lock , Metal lurgical 
Eng ineer ing 

Nominating Letters 

Nominat ions are e n c o u r a g e d from undergraduate and graduate s tuden ts , alumni, 
and faculty m e m b e r s . Adequa te detail is u rged In the letter to prov ide suff ic ient 
information for the judging of cand ida tes . O n e s e n t e n c e conce rn ing the p e r s o n s 
teach ing ability is not e n o u g h . Let ters for judging are to be submi t ted to Dr. W m . 
Muel ler , V . P . for A c a d e m i c Affairs by M a r c h 1, 1 9 8 0 . 

JACK E. EBEL '71 
STEPHEN A. GRATTON 

ATTORNEYS AT LAW 
PATENTS • TRADEMARKS • COPYRIGHTS 

1401 Sau lsburySt , ( 3 0 3 ) 2 3 2 - 1 1 3 0 
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S m a l l - S c a l e Cons t ruc t i on 

Dr. R.W. McAllister 

Evergreen, CO 674-5159 

P o l A K l s O l A M f & EouipMLINT Co. 

DALE L. PINKERTON, '57 
PRESIDENT 

3445 Dahlia, P.O. Box 328 
Commerce City, Colo. 80037 

OFFICE (303) 571 -0321 HOm (303) 841-4371 

Scientific Computer Application, inc. 
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RICHARD BANKS '53 

2 0 5 Thurston Bldg, (918) 584 -6197 
Tulsa, Oklahoma 7 4 1 0 3 

If eng inee rs had ra ised pract ical ques ­
t ions w h e n first wa rned about the 
impending ene rgy cr is is 2 3 yea rs a g o , 
instead of relying on " techno log ica l 
habi t , " a C o l o r a d o S c h o o l of M i n e s pro­
f e s s o r wr i tes , the nat ion's present 
ene rgy shor tage cou ld have b e e n 
avo ided . 

Dr, P e t e r Hart ley, a cultural eco log is t 
in the humani t ies and soc ia l s c i e n c e s 
depar tment at M i n e s , examines the 
n e c e s s i t y for eng inee rs to c o n s i d e r 
soc ia l e f f ec t s of techno logy in the 
current Mineral & E n e r g y R e s o u r c e s , 
formerly Mineral Industries Bulletin (Vol . 
2 2 N o . 4) 

" W e had warn ings over 2 3 yea rs ago 
and cou ld eas i ly have s t re tched our 
domes t i c oil supp l i es enough s o that w e 
c o u l d have h a d a l ternat ive t e c h ­
no log ies , " Hart ley no tes . E ng inee rs 
ignored the fo recas t , he sa id , b e c a u s e 
they w e r e not able to even imagine the 
"faint poss ib i l i ty " of another di f ferent 
techn ica l so lut ion. 

In the art ic le, " Interdiscipl inary E d u c a ­
tion and E n g i n e e r i n g , " Hart ley says that 
a super io r genera l educat ion for engi ­
nee rs is essent ia l g iven the profound 
e f fec t that techno logy has on soc ie ty . 

In s c h o o l s s u c h as M i n e s , wh ich 
require a very r igorous eng ineer ing cur­
r icu lum, Hart ley s a y s that l iberal ar ts 
s tud ies shou ld g ive a bas i c k n o w l e d g e 
for con t inued s tudy after graduat ion. 

Interdiscipl inary educat ion for eng i ­
n e e r s has b e e n the sub jec t of con t inued 
s tudy at M i n e s a s the s c h o o l tr ies to 
def ine and prepare a program to 
educa te the "eng inee r of the future." 

C o p i e s of the bullet in, pub l ished bi­
month ly by Co lo rado S c h o o l of M i n e s 
P r e s s , are avai lable for $ 2 , 5 0 e a c h . 
Ful l -year subscr ip t ions are $ 1 0 . S e n d 
c h e c k s to Co lo rado S c h o o l of M i n e s , 
Pub l ica t ions Depar tment , G o l d e n , C o l o ­
rado 8 0 4 0 1 or call ( 303 ) 2 7 9 - 0 3 0 0 
Ext , 2 6 0 7 for more information. 
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Janice Hepworth. ieft, project director, and Chucl< l\Aorris, CSt^ director of public relations, 
show off the Gold Pick Award for public service. 

W A AIME Scholarship Applications Peter I. Bediz, '41, '42 
Bediz Exploration Consultants LTD 

Geophys i ca l — Geo log ica l 
P lan , Oos ign and Manage E ip lo ra l ton Programs 

3 1 5 - 6 0 8 7th Street S . W . Phone ( 4 0 3 1 2 6 2 - 2 8 2 8 
Calgary, Alta. C a n . T 2 P 121 Telex: 0 3 8 - 2 2 7 1 2 
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G O D S E Y - E A R L O U G H E R 
D IV IS ION O F 

Williams Brofliers Engineering Co . 

6 6 0 0 S Ya ieAv i^ T u k a . O K 74 i : i 6 

19181 496 502(1 Telex 49-7493 W B E C - T U L 

R.C. Earlougher '36 

Studen ts work ing for d e g r e e s in 
eng ineer ing s c i e n c e within the minerals 
f ie ld (min ing, g e o l o g y , meta l lu rgy , 
pe t ro leum, mineral s c i e n c e , materials 
s c i e n c e , mining e c o n o m i c s ) w h o can 
s h o w f inancial n e e d , are eligible to apply 
for up to $ 1 , 0 0 0 f rom the Scho la rsh ip 
Loan Fund of the W o m a n ' s Auxi l iary to 
the A m e r i c a n Institute of M i n i n g , 
Metal lurg ical , and Pe t ro leum Eng inee rs . 
T h e scho la rsh ip is 5 0 % grant and 5 0 % 
loan, the loan port ion to be repaid within 
ten yea rs of graduat ion. 

Both graduate and undergraduate stu­
den ts are invited to apply now for 
awards for the a c a d e m i c s e m e s t e r 
beg inn ing Fal l , 1 9 8 0 , T h e deadl ine is 
March 1, 1980. 

App l ican ts may te lephone M r s . B r u c e 
(Monica) P e e r s , 9 8 6 - 0 8 5 1 , or may 
write to her at 9 4 8 S . Alkire St reet , 

J o h n R e a d B e e r s , '53 

L i le . Hea l th , G roup 
( i H j i nsu rance , Annu i t ies , 
IISi'M Pens ion P lana 

New York Life insurance C o . 
1623 Washington Avenue 

Goiden, Colorado 80401—278-0462 
Residence: 570 Estes St., Lakewood, 

Colo, 80226; Phone 234-1613 

T h e s e c o n d ene rgy field institute, a 
program s p o n s o r e d by the Co lo rado 
S c h o o l of M i n e s to g ive Cong ress i ona l 
and execu t i ve a ides a f i rsthand look at 
W e s t e r n ene rgy , w a s a w a r d e d a G o l d 
P i ck A w a r d f rom the Co lo rado Chap te r 
of the Pub l ic Rela t ions S o c i e t y of 
A m e r i c a . T h e award w a s g iven for the 
most outs tanding publ ic relat ions wo rk 
in the f ield of non-profit publ ic affairs for 
1 9 7 9 . 

J a n i c e H e p w o r t h , pro ject d i rector , 
and C h u c k Morr is , C S M publ ic relat ions 
d i rector , a c c e p t e d the award D e c . 11 at 
a recept ion at the Denve r P r e s s C l u b . 

M e m b e r s of the s o c i e t y ' s N e w 
M e x i c o chapter judged the program 
nominat ions en l is ted f rom the Co lo rado 
chap te r for the annual con tes t . 

The institute w a s c i ted for Its use of 
publ ic relat ions t echn iques in planning 
and conduc t i ng the annual tour of 
ene rgy s i tes in C o l o r a d o , W y o m i n g and 
Mon tana . This past summer 3 6 a ides 
w h o work as energy spec ia l i s ts for C o n ­
gress iona l commi t tees , execu t i ve de­
partments and federa l a g e n c i e s took 
part in the week - l ong program. Loca l 
med ia in the three-state tour c o v e r e d 
the institute part ic ipants a s they v i ewed 
coa l , uranium, oil and gas , and oil sha le 
opera t ions . 

L a k e w o o d , C O 8 0 2 2 8 . P e r s o n s 
apply ing must have first con tac ted their 
s c h o o l ' s f inancial aid o f f i ce . For under­
graduates , p re fe rence is g iven sen io rs , 
juniors, s o p h o m o r e s , in that order . 

S tuden ts apply ing for the W A A I M E 
scho la rsh ips wil! b e Interviewed by the 
Denve r commi t tee wh ich inc ludes , in 
addit ion to M r s . P e e r s , the cha i rman, 
m e s d a m e s Donald Donner , Dale Kit tel , 
Wil lard Puffett , and J o s e p h Whi te , J r , 
Thei r recotri men dation s and suppor t ing 
papers must be prov ided to the national 
o f f ice by M a r c h 5 , 1 9 8 0 . 

JAMESM. PHILLIPS,'41 

PHILREC, INC. 
Energy Serv ices 

Coal Mine Consul l ing 

Fuel Studies and Sa les 

Phone 3 0 5 8 7 0 - 1 8 7 8 or 4 Montrose Circ le 

2 0 5 871 0 5 8 6 Birmingham. Ala 3 5 2 1 3 

Roger R. Nelson, Met. E. '50 
Project and Process Feasibilities 

P . E , - A Z & N . M , Meta ls -Sa l ines 

4 1 2 5 E- 6th St., Tucson, AZ 8 5 7 1 1 . 
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T w o m e m b e r s of C o l o r a d o S c h o o l of 
M i n e s ' 6 -4 footbal l team w e r e named 
first team A l l -Rocky Mounta in Athlet ic 
C o n f e r e n c e ( R M A C ) and first team Al l-
NAIA District 7 in balloting a n n o u n c e d 
recent ly . 

In addi t ion, four O r e d i g g e r s w e r e 
s e l e c t e d for s e c o n d team R M A C honors 
and eight more rece i ved honorab le 
ment ion. T h e p layers w e r e honored at 
the team's footbal l banquet Thursday , 
D e c e m b e r 6 . 

T igh t e n d T o m N e t z e l , a 6 - 3 
2 0 0 - p o u n d junior from Longmont , and 
de fens ive l ineman M i k e M c K e n t y , a 6 - 3 
2 4 4 - p o u n d de fens ive l ineman from 
Dearborn He igh ts , M i c h , , w e r e named 
first team A l l -Con fe rence and All-Distr ict 
7 . 

Ne tze l , w h o rece i ved s e c o n d team 
R M A C honors last year , caught 4 2 

p a s s e s this yea r for 5 3 6 ya rds and two 
t o u c h d o w n s . H e ave raged 5 4 ya rds a 
game and a lmost 1 3 ya rds a ca t ch . 

M c K e n t y , a repeate r f rom last yea r ' s 

first tam, w a s c red i ted this year with 5 9 

tack les , 31 ass i s t s , 5 p a s s de f lec t ions , 

5 quar terback s a c k s and 2 fumble 

recove r i es . 

N a m e d to the s e c o n d team this yea r 
w e r e quar te rback C h u c k VanA l len , full­
b a c k J o h n C l a u s s e n , de fens ive back 
and return s p e c i a l i s t R o n P o w e l l 
( se lec ted in both pos i t ions) , and free 
safety Dennis J e l d e n , 

VanA l l en , a 6 - 2 , 1 9 0 - p o u n d sen io r 
f rom L o m p o c , Cal i f , , led the R M A C in 
pass ing this year with a 1 55-yard -per -
game ave rage , and he a d d e d another 
21 ya rds a g a m e rushing for a total 
o f fens ive effort of 1 7 7 ya rds a g a m e . 

H e w a s repons lb le for 1 , 7 6 6 total ya rds 

on the s e a s o n . 

C l a u s e n , a 6 - 2 , 2 2 0 - p o u n d sen io r 
from S teamboa t Sp r ings , rushed 6 2 
t imes this yea r for 2 3 5 ya rds , an output 
of 3 . 8 ya rds per carry , P o w e l l , a 5 - 1 0 , 
1 8 2 - p o u n d sen io r f rom G o l d e n , re­
turned 1 8 punts this yea r for 1 6 9 ya rds , 
a 9 , 4 yard ave rage , and he re turned 1 3 
k icko f fs for 2 9 0 ya rds , an average of 
2 2 . 3 ya rds . 

A s a de fens i ve back , h e w a s r e s p o n ­
s ib le for 3 9 tack les , 2 7 ass i s t s , 3 inter­
cep t i ons , 1 2 pass de f lec t ions and 2 
fumble recove r i es . 

J e l d e n , the team's leading tackier and 
k icker . Is a 6 - 4 , 1 9 3 - p o i u n d sen ior f rom 
G r e e l e y . H e w a s repons lb le for 6 6 
tack les , 3 8 ass i s t s , 2 in tercept ions and 
7 p a s s de f lec t ions . 

C S M quar te rback C h u c k VanAl len and 
f ree sa fe ty -k icker Denn is J e l d e n w e r e 
vo ted co-cap ta ins of the 1 9 7 9 football 
team by their fe l low p layers , The 
honors , b a s e d on leadersh ip qual i t ies 
demons t ra ted throughout the s e a s o n , 
we re a n n o u n c e d Thursday , D e c . 6 at 
the team's annual banquet . 

VanA l len w a s a lso named most valu­
able p layer and outstanding o f fens ive 
p layer, whi ie J e l d e n rece i ved the Tom 
M e a d Spiri t A w a r d . L ineman M i k e 
M c K e n t y w a s named outstanding de­
f e n s i v e p laye r , and c e n t e r K e v i n 
Hammer ly r ece i ved the outstanding 
f reshman honor, 

VanA l len f in ished his two-year ca ree r 
at M i n e s by leading the O r e d i g g e r s to a 
6 - 4 s e a s o n , their bes t r eco rd s i n c e 
1 9 7 5 . A s e c o n d - t e a m A l l -Rocky M o u n ­
tain A t h l e t i c C o n f e r e n c e ( R M A C ) 
se lec t i on , the 6 - 2 , 1 9 0 - p o u n d L o m p o c , 
Cal i f . , sen ior led the c o n f e r e n c e In 
p a s s i n g with a 1 5 5 - y a r d - p e r - g a m e 
ave rage . 

H is 1 0 - g a m e total o f fens ive effort w a s 

1 , 7 6 6 yards . H e p a s s e d for 11 touch­
d o w n s and ran for 3 more dur ing the 
year . 

J e l d e n , the team's leading tackier , 
w a s c red i ted with 6 6 tack les , 3 8 
ass i s t s , 2 in tercept ions and 7 pass 
de f lec t ions on the year . In addi t ion, the 
6 - 4 , 1 9 3 - p o u n d sen io r f rom G r e e l e y 
k i cked 4 f ield goa ls dur ing the year and 
conve r ted on 1 8 of 2 3 points-after-
t o u c h d o w n . 

M c K e n t y , a first team A l l - R M A C 
se lec t i on , w a s c red i ted this yea r with 5 9 
tack les , 31 ass i s t s , 5 p a s s de f lec t ions , 
5 quar te rback s a c k s and 2 fumble re­
c o v e r i e s . T h e 6 - 3 , 2 4 4 - p o u n d 
Dearborn He igh ts , M i c h . , sen io r re­
c e i v e d the outstanding de fens i ve p layer 
award for the s e c o n d year , 

Hamer ly , a 6 - 0 , 2 5 0 - p o u n d f reshman 
f rom E d g e w a t e r , r ece i ved honorab le 
ment ion in R M A C balloting this year . 

In compi l ing their bes t r eco rd in four 
y e a r s , the O r e d i g g e r s ranked third in the 
c o n f e r e n c e with a 5 - 3 R M A C reco rd at 
s e a s o n ' s e n d . T h e team w a s third in 

sco r i ng d e f e n s e ( 1 4 . 6 points a game) , 
first In pass ing d e f e n s e ( 1 0 8 , 6 ya rds a 
game) , s e c o n d in pass ing o f f ense 
( 1 7 3 . 6 ya rds a game) and third in total 
o f f ense ( 3 2 4 ya rds a game) . 

In addi t ion to the award w inne rs , 
s o p h o m o r e Dan Murphy ranked third in 
rece iv ing with a 5 5 - y a r d g a m e ave rage 
a n d s e n i o r re tu rn s p e c i a l i s t J i m 
M a h o n e y ranked first in punt returns 
with a 1 2 . 8 yard ave rage . 

O r e d i g g e r s named to the honorable 
ment ion team w e r e : 

• Dan M u r p h y , s o p h o m o r e w ide 
rece iver , 

• S t e v e K e a r n e y , s o p h o m o r e 
o f fens ive l ineman. 

• Kev in Hammer ly , f reshman cen te r . 

• M i t ch K n a p t o n , junior tai lback, 

• R ick J a m e s , sen io r l inebacker . 

• J im M a h o n e y , sen ior de fens i ve 
b a c k and punt returner. 

• Kev in Pa t te rson , sen ior de fens ive 
l ineman, 

• F o s t e r Becke t t , junior de fens i ve 
l ineman. 

L. to R.: Jelden, Claussen,_ Powell. Hammerly. VanAllen, Netzel and McKenty. 
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by Jeff Freed 

The O f f i ce of R e s o u r c e Educa t ion 
(ORE) w a s c rea ted in 1 9 7 8 by the Dean 
of the Graduate S c h o o i of Co io rado 
S c h o o l of M i n e s to help inform w o m e n , 
minority g roups , and o thers of the 
c a r e e r o p p o r t u n i t i e s a v a i l a b l e to 
Co lo rado S c h o o l of M i n e s graduates in 
the mineral eng ineer ing f ield. N o w , 
under the a u s p i c e s of the Of f i ce of A d ­
miss ions , O R E s e r v e s as a l iason 
b e t w e e n the techn ica l exper t i se of 
M i n e s , the educat ional communi ty , and 
the communi ty at large, 

O R E is act ive in many areas to 
ach ieve the goal of publ ic iz ing mineral 
eng ineer ing ca ree rs . O n e of the focal 
points is publ ic s c h o o l s . It Is Important to 
reach chi ldren in the early g rades in 
o rde r to fos ter interest in the s c i e n c e s . 
O R E has rece i ved many a c c o l a d e s for 
its work with the publ ic s c h o o l s y s t e m . 
Fo r examp le , one administrator wr i tes 
" E x p e r i e n c e throughout the country has 
indicated that e x p o s u r e to eng ineer ing 
n e e d s to be integrated into the schoo l 
cur r icu lum, and that careful ly d e s i g n e d 
p rograms of ca ree r explorat ion need to 
be u s e d to interest young peop le in the 
s tudy of eng ineer ing . The O R E program 
at the Co lo rado S c h o o l of M i n e s is the 
on l y p r o g r a m in C o l o r a d o w h i c h 
at tempts to explain mineral engineer ing 
and s c i e n c e to schoo l - age ch i ldren. 
O R E is providing a valuable se rv i ce by 
s t r e n g t h e n i n g e a r t h s c i e n c e a n d 
energy- re la ted s c i e n c e curr icu la in the 
s c h o o l s . " 

T h e Of f i ce of R e s o u r c e Educa t ion 
a lso part ic ipates in var ious s c h o o l ca ree r 
d a y s by provid ing informational materials 

w h i c h point out the many advantages of 
pursu ing a s c i e n c e or iented ca reer . In 
addi t ion, O R E pilot tes ts who le s c i e n c e 
teach ing units for use in the K-1 2 schoo l 
cu r r i cu lum. Pub l i c s c h o o l t e a c h e r s 
benefi t f rom in-serv ice c o u r s e s s p o n ­
s o r e d by the O f f i ce of R e s o u r c e E d u c a ­
tion to upgrade their s c i e n c e edu ­
cat ional me thods . A s C a s s Sange r , 
District S c i e n c e Spec ia l is t for A d a m s 
C o u n t y S c h o o l s , s a y s of one of the P re -
C o l l e g e T e a c h e r Deve lopment c o u r s e s 
s p o n s p o r e d by O R E " W e particularly 
n e e d e d and benef i ted from the N S F 
P r e - C o l l e g e T e a c h e r D e v e l o p m e n t 
c o u r s e s . They we re most valuable In 
bringing us up to date on the latest 
t rends in s c i e n c e and eng ineer ing . " 

O R E is very act ive on the M i n e s 
c a m p u s in terms of sett ing up work­
s h o p s for M i n e s s tudents , work ing with 
w o m e n and minority g roups on c a m p u s , 
and in aiding the O f f i ce of Adminss lons 
in its recrui tment ef for ts . O n e of the 
unique funct ions of the Of f i ce of 
R e s o u r c e Educa t ion is its ability to fill 
the role of facil itator b e t w e e n C S M stu­
den ts and industry as e v i d e n c e d by the 
ongo ing se r ies of w o r k s h o p s p resen ted 
for s tuden ts by ORE. , the P lacemen t 
O f f i ce , the S tudent Act iv i t ies Of f i ce on 
C a r e e r C h o i c e and Deve lopment , and 
the C S M Alumni o f i ce .These w o r k s h o p s 
have featured s p e a k e r s from industry 
w h o gave pract ical adv ice to the 
s tuden ts on job s e e k i n g and ca ree r 
management . S tuden t s at M i n e s are 
f a c e d with a bewi lder ing array of ca ree r 
possib i l i t ies and dec i s i ons particularly in 
th is t ime of t r e m e n d o u s e n e r g y 

deve lopment . T h e y n e e d the help of 
p rograms like these w o r k s h o p s to aid 
them in making these dec i s i ons and 
b e c o m i n g better and more sat isf ied 
e m p l o y e e s . Industry will benefi t as wel l 
from having these C S M graduate em­
p l o y e e s w h o have begun eariy on to 
think of ca ree r management . In addi t ion, 
the O f f i ce of R e s o u r c e Educa t i on , in 
coopera t ion with Dr. Bet ty C a n n o n ' s 
Techn ica l Writ ing c l a s s , has d e s i g n e d a 
se r ies of pamphlets for Dr. C a n n o n ' s 
s tudents to write for mineral eng ineer ing 
recrui tment p u r p o s e s . T h e s e writ ing 
pro jects inc lude s u c h sub jec ts as " H o w 
to C h o o s e an Engineer ing S c h o o l " and 
"P repar ing for a Plant V is i t " , T h e s e 
repor ts will be ex t remely valuable to stu­
dents cons ider ing M i n e s and a lso to 
C S M s tudents prepar ing to enter the 
work ing wor ld , 

O R E ass i s t s the Of f i ce of Adm iss ions 
by revis ing and updat ing the C S M Bul le­
tin and by des ign ing counse lo r learning 
packe t s for d isseminat ion to s c h o o l 
counse lo r s . T h e s e packe t s e n c o u r a g e 
s tuden ts to f o c u s their thinking on 
p o s s i b l e e n t r y in to s c i e n c e o r 
eng ineer ing ca ree rs . 

The Of f i ce of R e s o u r c e Educa t ion 
also w o r k s as a consul tant for private 
industry. It has d e s i g n e d and may sel l a 
un ique h a n d s - o n s c i e n c e learn ing 
project for use in the s c h o o l s ca l led 
" W h a t ' s Happen ing with Ene rgy in Y o u r 
H o m e . " The project is d e s i g n e d to teach 
s tuden ts about electr ic i ty and ene rgy 
conserva t ion , J im Donl in, Educat iona l 
Spec ia l is t for Pub l ic S e r v i c e C o m p a n y , 
wh ich will distr ibute the project , sa id of 
O R E , " T h e Of f i ce of R e s o u r c e E d u c a ­
tion is in the bes t poss ib le posi t ion to 
ass is t high s c h o o l s tudents In tbe c h o i c e 
of ca ree rs in the var ious f ie lds of 
eng ineer ing . Pub l ic S e r v i c e C o m p a n y of 
C o l o r a d o fee ls the con t inued suppor t for 
the O R E cri t ical, if e n o u g h eng ineer ing 
s tuden ts are to b e graduated to meet 
the techno log ica l n e e d s of the next 
d e c a d e . " 

T h e O f f i ce of R e s o u r c e Educa t ion c o ­
ord inates r esou rce peop le within the 
M i n e s communi ty and the Denve r metro 
area as a natural ou tgrowth of its on ­
go ing con tac ts with both the private and 
publ ic s e c t o r s , and t hese con tac ts have 
he lped make O R E an invaluable re­
s o u r c e cen te r for may d ive rse g roups 
s e e k i n g s p e a k e r s and peop le of exper ­
t ise in var ious f ie lds. T h e s e lists of 
con tac ts are , of c o u r s e , o p e n to a n y o n e 
on c a m p u s w h o wou ld w ish to use them. 

O R E w e l c o m e s inquir ies: Ca l l o r wr i te 
R o o m # 4 1 3 / P a u l M e y e r Hal l , C S M , 
3 0 3 / 2 7 9 - 0 3 0 0 , ext , 2 8 9 6 . 
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T h i r t y - s e v e n s t u d e n t s f r om the 
C o l o r a d o S c h o o l of M i n e s have b e e n 
s e l e c t e d to appear In the 1 9 7 9 - 8 0 
edi t ion of " W h o ' s W h o A m o n g S tuden ts 
in Amer i can Univers i t ies and C o l l e g e s " . 

T h e M i n e s s tuden ts w e r e s e l e c t e d by 
c a m p u s nominat ing commi t tees and 
ed i tors of the annual d i rec tory b a s e on 
the s tuden ts ' a c a d e m i c ach ievemen t , 
s e r v i c e to the communi ty , leadersh ip in 
ex t racur r icu lar act iv i t ies a n d future 
potent ial . 

S tuden ts a re s e l e c t e d for listing in the 
edi t ion f rom more than 1 , 2 0 0 c o l l e g e s 
and universi t ies in the U . S , and severa l 
fore ign nat ions. Outs tand ing s tuden ts 
have b e e n hono red in the annual publi­
cat ion s i n c e it w a s first pub l ished in 
1 9 3 4 . 

M i n e s s tuden ts named this year 
inc lude Rave l A m m e r m a n , T imothy 
Ba rba r i , L e o n a r d B r a m m e i e r , Ju l i e 
Bryant , M ichae l C u s i c k , A m y Dal l , Br ian 
Damkroger , F rank D e L u c a and David 
D e S o n i e r . 

A l s o named w e r e Col l in Fay , Ga ry 
G a s s e r , David G l l b ronson , Pau l Gius t i , 
Erik G o o d w i n , David Hol l lgan, Gera ld 
K e l t o n , G r e g o r y L a r r a b e e , J a m e s 
M a h o n e y and Ga ry Ml ls te in . 

A l s o inc luded w e r e T imothy M o w e r , 
K e n n e t h N e u m a n n , J a m e s O l d a n i , 
H e i d e Pa t t ee , R icha rd Pa t tee , R icha rd 
P e t e r s , T imothy P o p p , Rona ld Pratt, 
G e o r g e S h a p r e , Layne Shi l l ing, G a r o n 
Smi th , S t e v e n Smi th , S a n d y S t a s h , 
Ra lph T o l s o n , S t e v e n Whee le r , R ichard 
Wi l l iamson, Mat i lda Wi l son and Jona than 
Wors te l l . 

ADMISSiONS COUNSELOR: 
T h e C o l o r a d o S c h o o l of M i n e s antici­
pa tes an open ing for an Admiss ions 
Counse lo r , Respons ib i l i t ies will in­
c l u d e student recru i tment for a major 
scho la rsh ip p rogram, s tudent c o u n ­
se l ing , and organizat ion of admis­
s ions pro jec ts for a co l l ege of mineral 
eng ineer ing with an enrol lment of 
2 8 5 0 . Appl icant shou ld have a 
bache lo r ' s d e g r e e and e x p e r i e n c e 
with s e c o n d a r y and co l l ege stu­
den ts , A s c i e n c e or eng ineer ing 
b a c k g r o u n d is des i rab le . Pos i t ion 
wou ld start Augus t 1, 1 9 8 0 . S e n d 
r e s u m e no later than M a r c h 1 5 , 
1 9 8 0 , to A . Will iam Y o u n g , Di rector 
of A d m i s s i o n s , C o l o r a d o S c h o o l of 
M i n e s , G o i d e n , Co lo rado 8 0 4 0 1 . A n 
Equa l Opportuni ty /Af f i rmat ive Ac t ion 
Emp loyer . 

Often forgotten in the "optimistically 
erroneous" material on the nation's energy 
crisis are simple mathematical equations that 
point to the danger of exponential growth In 
population and energy consumption, ac­
cording to an article in the most recent 
edition of the Colorado School of Mines 
Mineral and Energy Resources (Vol. 22 No-
5). 

Albert A. Bartlett, professor of physics at 
the University of Colorado in Boulder, com­
pares the problem of exponential demand for 

B o b Rub in , a fo rmer K O A manager of 
opera t ions and radio programming and 
spor ts announcer , has b e e n named di­
rec tor of the R e s o u r c e s Commun ica t i on 
C e n t e r a l the C o l o r a d o S c h o o l of M i n e s . 

Rub in , a Denve r native and 1 9 5 5 
graduate of the Univers i ty of Denver , 
w a s e m p l o y e d at the K O A stat ions for 
8'/? yea rs be fo re com ing to M i n e s . 

In his new posi t ion, Rub in will d i rect 
the product ion of v ideo tape p rograms to 
explain mineral r e s o u r c e s and deve lop ­
ment, particulariy in C o l o r a d o and ttie 
R o c k y Mounta in a rea . 

H e s u c c e e d s Dr. Albert Bu rke , the 
fo rmer d i rec tor of the two-year-o ld R e ­
s o u r c e s Commun ica t i on C e n t e r , w h o 
has res igned . 

J a m e s C o l a s a n t i , ' 3 5 

D o n a l d A . C r a i g , ' 4 8 

Metal Treating & Research Co. 
Commercial Heal Treaters 

Consulting Metallurgical Engineers 
433-8521 

4110 Fox St. Denver, Colo. 80216 

fossil fuels to the rapid reproduction rate of 
bacteria. With the repeated doublings char­
acterized by such growth. Bartlett writes, a 
few such doublings can lead to enormous 
demand in very short time. 

In "Forgotten Fundamentals of the Energy 
Cr is is , " Bartlett urges that the reader be 
aware ol the difference between "authorita­
tive reassuring" statements from the media 
on the energy situation and the results of 
"simple calculations." 

Bet ty C . D e c k e r of the C S M Alumni 
Assoc ia t i on staff has res igned after 1 9 
y e a r s of se rv i ce with the A s s o c i a t i o n . 

M r s . D e c k e r has not indicated her 
plans for the future. S h e will con t inue to 
live at 1 2 2 0 1 7th S t ree t , G o l d e n , in the 
h o u s e near the M i n e s c a m p u s w h i c h 
s h e has ren ted f rom the S c h o o l of M i n e s 
for a number of yea rs . 

We l l known to many M i n e s alumni, 
M r s , D e c k e r has b e e n very act ive in 
c a m p u s and communi ty act iv i t ies. ,Mrs , 
D e c k e r is the B lue K e y adv isor , having 
b e e n the first w o m a n e lec ted to that 
honorary se rv i ce fraternity. S h e is an 
honorary m e m b e r of the C S M Alumni 
Assoc ia t i on , having b e e n e lec ted in 
1 9 7 8 . 

H , K, v a n P O O L L E N , ' 5 0 & ' 5 5 
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I am looking for a name for this column—I 
toyed with the idea of calling it "Behind Bev 
Mason's Filing Cabinets," since that's really 
where my office is located. That seemd to 
lack a bit of dignity, so I thought about such 
things as "Perspect ive." "My View," "From 
My Vinecovered. Pigeon-haunted Window," 
or "Looking Across the Commons." Thus far, 
nothing has caught my fancy, so this will be 
an untitled opus—no. 1. 

The beginning of a semester is always 
exciting—and nerve-racking for the students 
or friends of students who've just gotten their 
grades. I've been encouraged by the number 
of people who've come in to chat with smiles 
instead of frowns and groans. Maybe they're 
working harder, maybe they're caught up in 
the general feeling of urgency in the 
extractive engineering fields—whatever the 
reason, it's nice to see them back and ready 
to take this semester's challenges. Physics, 
strengths and fluids have even been con­
quered by some I know! 

It's also the beginning of a new year for the 
Alumni Association. We will be functioning 
under a new Board of Directors in February, 
and looking forward to a good year in 1 980 . 
I'd like to wish them al! a successful year in 
managing a growing and interesting organi­
zation. 

We're hearing a lot, here in Colorado, 
about the development of oil shale and its 
prospects for taking up some of the slack in 
the darkening import picture. One of the 
facts that may not be fully understood is the 
dearth of good miners. . . not mining engi­
neers, although the supply is not abundant 
here, either, but people willing to work as 
miners. What has happened to the supply of 
people interested in this job? Have our 
increasing emphases on the easier, service-
oriented jobs driven them away, or have they 
perceived the mining industry, because of 
adverse press it too often receives, as being 
an undesirable workplace? Oil shale develop­
ment will not only be the only area affected 
by this—the coal mines are suffering, also. 

President Carter proposed, in his energy 
bill recommendations, that 1.5 to 2.0 million 

P a u l M . H o p k i n s , ' 3 9 
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barrels a day of "new" fuel could be 
generated in oil shale or coal conversion to 
offset the 4.5 million barrels he wished to 
stop importing. We are nearly as far from 
reaching that goal this upcoming spring as 
we were when it was first proposed last 
spring-

One of the reasons has to do with the lack 
of trained people, or people willing to be 
trained. Another reason, with which we are 
all too familiar, is the lack of committment by 
the Federal government (and in some cases. 
State governments), to loosen the untoward 
regulations on the energy industry. If 
workers view the industry as one with little 
future, because of regulatory restraints and 
negative publicity, who is to blame? 

I'm seeing students, soon to be engineers, 
eager, working hard, and struggling with the 
technical aspects of their professions. . .all 
with a view toward going to work. It seems to 
me 1 also see, along with a lot of empty 
rhetoric, a paralysis in governmental policies 
which should be providing these people and 
others with an opportunity to solve our 
problems. 

AL SABITAY, '53 
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Forfurtfier information contact A. R. Wilfley and Sons, Inc., RO. Box 2330, Denver, Colorado 80201. New York OffiGe/122 East 42nd Street, New York, New York 10017. 
Telex 045-543 or call toll free 800/525-9930. With offices world wide. 

Uran ium. A very spec ia l problem. 
Every pumping appl icat ion h a s its unique 

problems. Uran ium is no d i f ferent S a f e l y is a 
major concern every s tep of the w a y . . . f rom 
mining to convers ion, enr ichment, fuel 
fabr icat ion and process ing . 

A n d In no other industry is Wilf ley tech ­
nology s o important. B e c a u s e no mat ter 
what the form of Uran ium, and no mat ter 
wha t the pumping med ium, Wilf ley p u m p s 
Uran ium sa fe ly 

How the Wi i f iey invis ib le sea l 
e l im inates leak ing. 

Mechan i ca l sea l s are expens ive a n d w e a r 
out. W i f l e y acid a n d slurry p u m p s don't have 
mechan ica l sea l s . Wa te r g lands dilute. Wil f ley 
p u m p s don't have water g lands. Stuff ing 
boxes leak. Wiif iey pumps don't have 
stuff ing boxes . 

Wilf ley acid and slurry pumps create their 
own invisible hydraulic sea l through the 
centri fugal force of a unique rotating 
expelier. S o Wilf ley pumps virtually e l iminate 
leaking. 

Tha t m e a n s no dangerous contaminat ion. 
fio t ime consuming and cost ly c lean up. No 
d a m a g e to pump exterior. 
Wil f ley technology. 

Solv ing tough pumping problems has 
been a daily routine at Wiif iey for over half 
a century^ 

V\fiifley eng ineers a re continual ly exploring 
new mater ia ls and techn iques, the manufac­
turing depar tment ts the mos t sophis t icated 
in the industry, a n d our s a l e s and serv ice 
covers the g lobe with a network of nearly 5 0 
of f ices in 2 4 countr ies. 

For Uran ium or any other tough pumping 
problem, con tac t your Wilf ley representat ive 
or cal ! us direct. 

WmJFLIEY 
It's simple. Wilfley builds better pumps. 


