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CLASS NOTES 
When advising us of a change of ad­

dress, please confirm your position or title 
and company affiliation, 

1882-1930 
C. C. M A L M S T R O M , '00, has asked to 

have his mailing address changed from 
Sacramento, Calif., to 684- Jones Kd., Yuba 
City, Calif. 

J. M A R V I N K L E F F , '06, has moved 
from Leadville, Colo., to 2670 Yates St., 
Denver 12, Colo. 

Mr. and Mrs. T H O M A S S. HARRI­
SON, '08, observed their 50th wedding 
anniversary Feb. 21 at an open house in 
their home, 2S4 Tigertail Rd., Los A n ­
geles, Calif. 

A L L A N H . G R A H A M , 'IS, has moved 
from Falmouth Heights, Mass., to River 
View Rd., Gates Miles, Ohio. 

G E O R G E M . K I N T Z , '20, district 
health and safety supervisor, U. S. Bu­
reau of Mines, Dallas, Texas, visited the 
Alumni office. He is interested in obtain­
ing a graduating senior in petroleum en­
gineering to work as his assistant. While 
in Golden, he discussed the matter with 
Dean William Burger, who now handles 
placement activities. After leaving Den­
ver, Kintz will visit Mexico, Puerto Rico, 
and Canada on an extended inspection 
trip devoted largely to recent develop­
ments in safety practices in both produc­
tion and refining of petroleum. 

J U A N E N R I Q U E SERRANO, '20, is 
vice president o£ Nitrato de Chil'C, Socie-
dad Argentina, with mailing address 
Callao 2024, Buenos Aires, Argentina. 

E T H E L B E R T D O W D E N , '20, has left 
Lima, Peru, for Casilla 390, Antofagasta, 
Chile. 

J A M E S A . C L A R K , '21, has retired as 
president and director of Esso Standard 
{Libya) Inc. His mailing address is stiil 
555 Park Avt., New York 21, N. Y . 

W A L T E R M A Y E R , '22, senior engi­
neer for Cook County Highway Depart­
ment, recently returned from a South 
American cruise, His home address is 
7820 Linder Ave., Morton Grove, 111. 

H . P. W A L M S L E Y , x-'23, has changed 
his maiHng address from St. Louis, Mo., 
to 308 Waddington Rd., Birmingham, 
Mich, 

G L E N L. R I T T E R , '24, is vice presi­
dent of American Bitumids & Asphait Co. 
with mailing address P. O. Box 3495, San 
Francisco 20, Calif. 

C H A R L E S E . S T O T T , '25, general 
manager of Tsumeb Corp., Ltd., Tsumeb, 
Southwest Africa, writes that his com­
pany is involved in an addition to and 
expansion of metallurgical plants and is 
bringing in a new mine some distance 
from Tsumeb. Two new plants are 
planned, one designed to recover Ger-
mannim by a roast, leach and distillation 
process, while the other will be a copper 
smelter. 

F R E D A . M A T T E I , '30, has moved 
from Littleton, Colo., to 6410 W . 3rd Ave., 
Lakewood 26, Colo, 

1931-'40 
A R T H U R B. B E N N E T T , '32, is vice 

president and general manager of Chrys­
ler Subsidiary Corp. with mailing ad­
dress U S A F T A A P O 336, New York, 
N. Y. 

L T . COL. W A L T E R H . Z W I C K , '32, 
is living at 3540 N.E. Couch St., Portland, 
Ore. 

(Continned on page 37) 
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KERMAC SOLVES AMBROSIO LAKE SLIMES 
WITH TELLURIDE TYPE CARS 

— 1 . 

1̂ 

T H E T O U G H O N E S C O M E T O 

Kermac Nuclear Fuels Corporation is operating four major wet mines 

in the Ambrosio Lake area of New Mexico. Slop-forming shale lenses 

interbedded in the ore heip form a watery muck that flows easily when 

handled but sticks tightly to machinery, pockets and car bodies when 

allowed to settle. To solve this tough problem, Card furnished a string 

of 40 special "Telluride Type" cars that feature a solid body for side 

dumping and intense shaking. The cars range from 77 cu. ft. to 110 

cu. ft. capacity. 

Following successful introduction of the first lot of those heavy 

duty Card cars, Kermac Nuclear has placed additional orders which will 

provide them a complement of 82 cars of this type. No haulage troubles 

have been encountered with these cars, and resulting haulage costs are 

satisfyingiy low. 

Solve your haulage with an economical 

Card design. Our engineers can supply 

an efficient car to meet your most dif­

ficult specifications. 

CS.Ca 
2501 W E S T Uih A V E . 

D E N V E R . C O L O R A D O 
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Floa t ing start, r ide and stop 
fo r b i g mi l l s 

N e w Lubri tro l s y s t e m p r o v i d e s c o n s t a n t 

l u b r i c a t i o n for t runnion b e a r i n g s 

V o l u m e producers throughout the metal l ic m i n i n g indus t ry are taking 
advantage of the cost-cutting, space-saving advantages of big grind­
i n g mi l l s . W h e n you modernize w i t h a bigger m i l l insist on A l l i s -
Cha lmers — the on ly m i l l that gives y o u the posit ive protect ion a n d 
maintenance economy of Lubritrol constant lubr ica t ion . These new 
a n d bigger mi l l s ac tua l ly float on oil. No bearing-wearing starts. Less 
wasted horsepower. A l l funct ions of the Lubritrol system are auto­
mat ic . . . control led by foolproof pressure gages and switches. 

There 's an expert i n you r nearby A - C office ready and w i l l i n g to he lp . 
O r drop a l ine to Al l i s -Cha lmer s , Indus t r ia l Equ ipment D i v i s i o n , 
M i l w a u k e e 1, Wiscons in . I n Canada , wri te Canad ian A l l i s - C h a l m e r s 
L t d . , B o x 37, M o n t r e a l , Quebec. 

lubritrol is on Allis-Chalmers trademark. A L L I S - C H A L M E R S 
A-5934 
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Make your mine openings self-supporting with 

C F & I Rock Bolts reduce the need for costly and clumsy mine 
timbering. Mine openings may be smaller or the space saved 
w i l l allow freer, more efficient movement of machinery. Ven ­
tilation is improved, too. 

But most important, C F & I Rock Bolts with the Pattin Shell 
provide safe and sure support for walls and roofs. The double 
expansion of the Pattin Shells makes continuous contact 
along the entire length of the shell. Y o u get maximum an­
chorage in any type of rock. The Pattin design also provides 

O T H E R C F & I S T E E L P R O D U C T S 

C P & I G r i n d i n g B a l l s * CF&I G r i n d i n g R o d s * CF&I M i n e Ra i l a n d A c c e s s o r i e s • 

maximum resistance to load with minimum displacement 
of the shell. Mine records have shown that the use of C F & I 
Rock Bolts with lagging of Realock MetaUic Fabric results 
in cost savings of about 35% over timbering. Fo r complete 
information on threads, diameters, lengths, price and de­
livery, contact your local C F & I sales office. 

C F & I also makes a complete line of 1" Wedge Type Rock 
Bolts, as well as Va" expansion type slusher pins. 

F O R T H E M I N I N G I N D U S T R Y 

C F & I - W i c k w i r e Wire R o p e • CF&I Indust r ia l S c r e e n s • CF&I Grarter B l a d e s 

A 20 -miRute R o c k B o l t i n g c o l o r m o v i e " M a k e M i n e S a f e t y " i s a v a i l a b l e fo r s h o w i n g at no c h a r g e , t h r o u g h the C F & i o f f i c e n e a r e s t y o u . 

T H E C O L O R A D O F U E L A N D IRON C O R P O R A T I O N 
STEEI-

;*) Ihe West; THE C O L O R A D O FUEL A N D IRON C O R P O R A T I O N - Albuquerque • Amari l lo 

Kansas City • Lincoln • los Angeles • Oak land • Oklahoma City • Phoenix • Portland ' 

In Ibe Easf! WICKWIRE SPENCER STEEL DIVISION - Atlanta • Boston • Buffolo • 

• Billings • Boise • Butte • Denver • £1 Paso • Ft. Worth • Houston 

Pueblo • Salt Lake City • Son Leandro • Seattle • Spokone ' Wichita 

Chicago • Detroit • N e w Orleans • New York • Phi ladelphia 
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F R O N T C O V E R — 

Surface view of operations, Permafrost Tunnel, located along the south side 
of a valley in frozen glacial fill one mile north of Camp Tuto, Greenland, under 
direction and control of U. S. Army Snow Ice and Permafrost Research Establish­
ment. (See article on page 12.) 
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NEWS of the MINERAL INDUSTRIES! 

•V Charles O, Parker, '23, president of Denver-Golden Corp., recently announced the signing 
of a new five-year contract with Cotter Corp. covering treatment of uraniunn ore from the 
Schwarfzwalder Mine outside of Golden, Colo. 

D e n v e r - G o l d e n , C o t t e r S i g n 
O r e T r e a t m e n t C o n t r a c t 

A five-}^car uranium ore treatment 
contract has been signed by Denver-
Golden Corp . of Denver and the Cot­
ter Corp . of Santa Fe, N . M . Under 
terms of the contract, Denver-Golden 
—^mine operator and 27 per cent 
owner of the Scliwartzwalder M i n e 
near Golden , Colo.-—-will ship a mini ­
mum of 15,000 tons of .70 per cent 
UgOg ore each year to the Cotter 
Corp. 's Front Range U r a n i u m M i l l 
at Canon Ci ty , Colo . These monthly 
shipments of 1250 tons add up to a 
total of 75,000 tons over the 60-
month l i fe of the contract. 

A report to Denver-Golden stock­
holders stated that the new Cotter 
contract w i l l mean a $5 per ton in­
crease in prices to be realized by the 
company. Net cash proceeds to the 
corporation through the contract w i l l 
be a minimum average of $165,000 
per year for the next five years. 

Annual Income Assured 

" T h e assured annual income, guar­
anteed by the Cotter contract, w i l l 
enable longer range planning than has 
been feasible heretofore," said C . O . 
Parker, president of Denver-Golden 
Corp . "Broader possibilities for ac­
quisition of substantial income pro­

ducing properties are now presented 
by a clearly forecastable cash posi­
t ion." 

Denver-Golden Corp . began opera­

tions in June 1955 as Denver Golden 
O i i & U r a n i u m Corp . T h e name was 
shortened in 1959. Besides uranium 
mining, the firm is active in U . S. 
mineral exploration, including base 
and precious metals. 
Cot ter Expands Mil l 

A uranium purchase contract re­
cently signed by Cotter Corp . and the 
Atomic Energy Commission w i l l re­
sult in expansion of Cotter's pilot 
plant f rom a capacity of about 50 
tons a day to 200 tons a day. Con­
struction began the last week of Oc­
tober 1959 and w i l l be completed not 
later than A p r i l 15. 

"Anticipated cost of the expansion/' 
said D a v i d P . Marcot t , executive vice 
president and general manager, "is 
larger than the cost of the pilot plant, 
which is presently treating over 100 
tons per day and cost less than 
$900,000. T h e disparity between the 
cost of construction phases is due to 
the inclusion of a sizeable tonnage of 
bentonitic ore which w i l l require spe­
cial handling and treatment." 
Over 90 Per Cenf Recovery 

M r , Marco t t said that pilot plant 
operation has been an unqualified suc­
cess although there were times when 
it seemed destined to be an utter fa i l ­
ure. H e said that recoveries since 
stai-t-up, including several months 

(Cotitinued on page 17) 

D E N V E R 
M I L L 

D E S I G N 
C O M P L E T E 

M I L L D E S I G N 

One Sou'-co—-
Ono Rcsponsi'biiify 

You get ihe advantage of many years of f ield, operating, 
design and laboratory experience. You gain by our first­
hand contact with successful mills al! over fhe world. 
Use D E C O ' s complete service of: (I) testing your ore, 
(2) providing flow sheets, (3) designing mil! layout, 
(4) providing complete mill equipment. Assures you the 
best, most practical and economical way to process your 
ore. Saves you time and money. For assistance In planning, 
designing or expanding your mil l , write, wire or phone. 

%

D E N V E R E Q U I P M E N T C O . 
1400 17th Street * Phone CHerry 4-4466 • Denver 17, Colorado 

New York • Chicago • Toronto • • Vancouver .• Mexico, D.F. • , London • Johannesburg 
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. a h a n d i n th ings to come 

S h a p i n g a n o t h e r s u n 

7000 degrees . . . a n i n f e r n o a p p r o a c h i n g t h a t o f the S L U I ' S su r face 

has been c rea ted b y the sc ien t i s t s o f U n i o n C a r b i d e . T h e energy comes f r o m 

the i n t ense ly h o t c a r b o n arc . T h r o u g h the use o f m i r r o r s , the hea t i s r e f l ec ted 

to f o r m a s ingle b u r n i n g i m a g e o f the e lec t r i c a rc a t a c o n v e n i e n t p o i n t . 

C a l l e d the a rc - image f u r n a c e , i t ex tends the l i m i t s o f h i g h - t e m p e r a t u r e 

research o n n e w m a t e r i a l s f o r the space age. 

F o r years , m a m m o t h c a r b o n a n d g raph i t e e lect rodes h a v e fired 

b l a z i n g e lec t r i c f u r n a c e s t o c ap tu r e m a n y o f t o d a y ' s m e t a l s f r o m the i r ores 

a n d t o p r o d u c e the finest steels. B u t , i n a d d i t i o n to ex t reme heat , the c a r b o n 

a rc p roduces a d a z z l i n g l i g h t t h a t r i v a l s the sun . I n m o t i o n p i c t u r e p ro j ec to r s , 

i t s b r i l l i a n t b e a m floods p a n o r a m i c m o v i e screens w i t h e v e r y v i v i d d e t a i l 

f r o m a film no la rger t h a n a postage s t a m p . 

T h e c a r b o n a r c is o n i y one o f m a n y u s e f u l t h i n g s m a d e f r o m 

the bas ic e lement , c a r b o n . T h e people o f U n i o n C a r b i d e w i l l c a r r y o n the i r 

research to d e v e l o p e v e n be t t e r w a y s f o r c a r b o n to serve eve ryone . 
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Learn about the exciting work 

going on now in carbons, chem­

icals, gases, metals, plastics, and 

nuclear energy. Write for "Prod­

ucts and Processes" Booklet I , 

Union Carbide Corporation, 30 

E. 42nd St., New York 17, N. Y. 

In Canada, Union Carbide 

Canada Limited, Toronto. 

. . . a l i a n d 

i n t h i n g s t o c o m e 



PROFESSIONAL D I R E C T O R Y 
E. L Anders, Jr., M.S., "50 

Consulting Petroleum Engineer 

327 First N a t i o n a l Bank Bu i ld ing 

A b i l e n e T'S^as 

BALL ASSOCiATES 
Douglas Ball, '43 

Peter G . Burnett, '43 
Richard Fulton, '50 

Werner F. Schneeberger 
Alan M. Bieber 

O i l and G a s Consu l tan ts 

1025 Vermont A v e . C . A . Johnson Bldg . 
Washington 5, D. C . Denver 2, C o l o r a d o 

STerRng 3-1929 A L p i n e 5-4878 

B R O W N & R O O T , I N C . 
Engineers - Constructers 

P. O . Box 3 Houston, Tex. 
G E O R S E R. B R O W N , '22 

Mining and Metal lurgical Division 
Ono Wal l St. New York. N . Y . 

D O M I N G O M O R E N O . '22 

W. W. Cline. Ex-'29 
The Sun Drilling Company 

Sun Marine Drilling Corp. 

2975 W i l s h i r e Bou levard 

Los A n g e l e s 5, C a H f . 

James Colasan+i, '35 
Metal Treating & Research Co. 

C o m m e r c i a l C o n s u l t i n g 

H e a t Treaters M e t a i l u r g i c a i Engineers 

4110 Fox St. GE 3-4843 
Denver 16, Colorado 

A. W. Cullen, '36 
and 

K. C . Forcade, '36 
Consulting Geologists 

420 C . A . Johnson Bldg. 

Keystone 4-5385 Denver. Colorado 

Eugene E. Dawson, '38 
American Independent Oil Co. 

Kuwait, Persian Gulf 

Ronald K. DeFord, "21 

Graduate Adviser 

Department of Geology 

The University of Texas 

Austin 12, Texas 

Earlougher Engineering 
Petroleum Consultants — Core Analysis 

3316 E. 2 i s t St . P. O . Box 4096 

Tulsa 5, O k l a . 

R. C. Earlougher,'36, Registered Engineer 

GRAY-COCHRANE CORP. 
John N . Gray. '37 E. R. Haymaker, '4! 

W . H . Cochrane 

Petroleum Consulting and 

Oi l Field Management 

203 C . A . Johnson Buiiding 

Denver 2, C o l o . A C 2-1269 

Albert C . Harding. '37 

Partner and General Manager 

Black H i l l s Bentonite Company 

M o o r c r o f t W y o m i n g 

HEINRICHS 

GEOEXPLORATION C O . 
Mining, O i l & Water Consultants & Contractors 

Geophysics, Geo logy & Geochemistry 

Examlnation-lnterprelation-Evalualion 

M O B I L E M A G N E T O M E T E R SURVEYS 

Walter E. Heinrichs, Jr . , '40 

Box 547! Tucson, A r l i . 

Phone: MAin 2-4202 

Paul M. Hopkins 
Registered Professional Engineer and 

Land Surveyor 

Mining Geologist and Engineer 

2222 Arapahoe Street P. O . Box 403 

Crestview 9-2313 G o l d e n , C o l o r a d o 

Howard E. iHen. '41 
President 

Empire Geophysical Inc. 

6000 Camp Bowie Blvd. Ft. Worth, Texas 

William Crowe Kellogg, '43 
Kellogg Exploration Company 

Geologists—Geophysicists 

3301 N. Marengo Altadena. California 

Sycamore 4-1973 

George A. Kiersch, '42 
Engineering Geology 

Groundwater Nonmetallics 

1010 G r o s v e n o r Place O a k l a n d , C a l i f . 

John F. Mann, Jr.. '43 
and Associates 

Consu l t i ng G r o u n d w a t e r G e o l o g i s t s 

945 R e p o s a d o Dr ive La H a b r a , C a i i f . 

Charles O. Parker & Co. 
2114 Cu r t i s S t r e e i M A i n 3-1852 

Denver , C o l o r a d o 

ASSAYERS—CHEMISTS and 
ENGINEERS 

Price List on Request . 

Prompt Service—Accurate Results 

" F r o m S p u d Through F l o o d " 

TWH 
Drilling & Development Co. 

HA 4-7493 
Jim Taylor , '50 3865 Ailison St . 

Pres ident W h e a t R i d g e , C o l o . 

George D. Volk, '35 
Geologist and Petroleum Engineer 

Denver 

i l 3 5 Pet ro leum C l u b B l d g . C H . 4-7431 

4600 E. 17th A v e . FR . 7-2550 

The Walbridge Company 
Cecil R. Walbridge. "29 

Represen t ing 

PENNSYLVANIA PUMP & 
COMPRESSOR C O . 

Air or gas compressors and 
centrifugal pumps 

929 Equitable Bldg. Denver 2, Colo. 
ALpine 5-3824 

Elmer R. Wiifiey. '14 

Wiifiey Centrifugal Pumpi 

Denver, Colo, 

John H. Wilson. '23 
1201 S inc la i r Bu i ld ing 

Ft. W o r t h , Texas 

Harry J . Wolf, '03 
Mining end Consulting Engineer 

3 Glenwood Street Little Neck 63, N.Y. 
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TECHNICAL SOCIETIES and ASSOCIATIONS 

D e n v e r S e c t i o n S c h e d u l e s 
M i n e s D inner , A p r i l 21 

Denver Section, C S M A l u m n i 
Association, w i l l hold its annual 
Colorado M i n i n g Convention 
dinner on Thursday, A p r i i 21, 
at 6 p.m. at the Denver Press 
C lub , 1330 Glenarm PI. 

N a t i o n a l W e s t e r n M i n i n g 
C o n f e r e n c e A p r i l 21-23 

Denver's luxurious new H i l t o n 
H o t e l w i l l be the scene A p r i l 21-23 
of one of the nation's most impor­
tant mining conventions — the N a ­
tional Western M i n i n g Conference. 
T h e convention w i l l offer an oppor­
tunity to several thousand Western 
mining people to air the many prob­
lems of the industry and to attend 
three luncheons, the elaborate and 
formal G o l d and Silver Banquet, and 
the world-famous Sowbelly Dinner . 

Colorado School of Mines faculty 
members who are preparing papers 
for the convention are D r . M i c h a e l 
Klugman , "Exp lo ra t i on" ; H i ld r e th 
Frost, "Setting U p and Equipping a 
Meta l lu rg ica l Laboratory"; H a r o l d 
Bloom, "Geo-Chemistrj^ and W h a t 
the Russians A r e D o i n g " ; John 
Jones, " M i n i n g Educa t ion" ; D r . Os­
car H . Lentz , "Economics of M i n -
ing ." 

Highl ights of the technical sessions 
are: 

Uranium: N o t only is the conven­
tion committee planning on an over­
all coverage of uranium in a l i of its 
technical phases, but also is bringing 
to the convention men who are in a 
position to help the industry in pro­
viding additional markets for the 
product of our mines. Technical pa­
pers include: " N e w Methods of D r i v ­
ing an Upraiser" by J . Borcherdt of 
Anaconda; "Large Diameter Rotary 
D r i l l i n g of Ver t ica l Shafts" by S. C . 
Berube and W i l l i a m I . W o h i f e l d ; 
"Gamma-Only Assaying for Disequi-

PROFESSIONAL 
DIRECTORY 

Ben F. Zwick, '29 
Manager, Oil and Gas Dept. 

CHEMICAL BANK NEW YORK 
TRUST C O . 

!65 Broadway New York, N. Y. 

l ibr ium Corrections" by Ph i l ip H . 
D o d d and James H . Scott; "Al t e ra ­
tion at Ambrosia L a k e " by S. Ralph 
A u s t i n ; " T h e Completion of the C i r ­
cular Concrete Shaft at the R i o de 
O r o U r a n i u m M i n e s " by Ray 
Schultze; "Trends in U r a n i u m Proc­
essing" by A . E . Ruehle ; "Standard 
U r a n i u m Corp.'s Developments in 
San Juan County" by Russell L . 
W o o d ; "Waste Deposit Practices at 
U r a n u i m Processing M i l l s " by M a r ­
l ing J . Ankeny, director of U . S. B u ­
reau of Mines . 

Atomic Energy: Henry C . Ander ­
son of the Atomic Power Equipment 
Department of General Electr ic w i l l 
participate, as w i l l Patr ick J . Selak, 
manager of the Nuclear Engineering 
Development Department, Kaiser E n ­
gineers of Oakland, Ca l i f . Jackson 
E . O ' C o n n e l w i l l speak on "Cooper­
ation Between Industry and the 
Atomic Energy Commission." D r . 
L . M . Currie , vice president of Bab­
cock & W i l c o x , w i l l travel f rom N e w 
Y o r k to give one of the major ad­
dresses. D r . Pau l F . Genachte, di­
rector of the Atomic Energy Divis ion , 
Chase Manhat tan Bank, w i l l address 
miners on "Economic Trends in the 
Development of Atomic Energj ' . " 

Radio Isotopes: Several papers w i l l 
be presented on the subject of radio 
isotopes and their importance to do­
mestic l i fe . The)'' include "Sodium 

Chlorate and U r a n i u m R e f i n i n g " by 
Robert Rice, " T h e Powderhorn Car -
bonatite" by D r . Robert M . Grogan, 
and "Advances in the Potash Indus­
try" as seen by the American Potash 
& Chemical Corp. 

Gold: L . L . Huelsdonk of Best 
M i n e s Co. , Inc., Downievi l le , Ca l i f . , 
is preparing a special paper for the 
convention, as is one of the top o f f i ­
cials of the International Monetary 
F u n d . Oscar L . A l t m a n of Wash ing­
ton, D . C , w i l l address one of the 
important luncheons at the new H i l ­
ton. A paper on "Pr inc ipa l G o l d De ­
posits of the U . S." w i l l be presented 
by D r . A . H . Koschmann. 

Silver: A complete review of the 
principal silver deposits of the U . S. 
w i l l be given by E . T . M c K n i g h t , 
and H . B . Johnson, manager, Sun­
shine M i n e , Kel logg, Idaho, w i l l 
speak on the subject of silver. 

Lead and Zinc: M i l e s Romney, 
chairman of the Emergency Commit­
tee, D r . Schrade F . Radtke, research 
director of the American Institute and 
the Lead Industries Association of 
N e w Y o r k , and E d Snyder, Combined 
Meta l s Reduction Co. , w i l l provide 
the fire for this Section. 

Beryllium: D . H . Hershberger of 
Brush Beryl l ium Co . w i l l again come 
f rom Cleveland to address the con­
ference. Charles Hawley w i l l discuss 
the Lake George Bery l Deposits, as 
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w i l l D o n Peaker of the Boomer M i n e , 
James D . W i l l i a m s of the M t . Whee­
ler Mines , Inc., of Salt Lake Ci ty , 
w i l l explain beryl developments in 
Nevada. A f ie ld instrument for 
quantitative determination of beryl­
l ium w i l l be displayed and demon­
strated. 

Special Sections: Speakers w i l l i n ­
clude F r i t z M c G o n i g l e of H o w e 
Sound on "Manganese," T . E . T i e t z 
of Lockheed A i r c r a f t on '^Tungsten 
Requirements"; T . W . M e r r i l l , d i ­
rector of product research for Vana ­
dium Corp . of America, on " V a n a ­
dium," and W a r d W . M i n k l e r of 
T i t a n i u m Meta l s Corp . of Amer ica 
w i l l discuss " T i t a n i u m . " 

Oil Shale: D r . Charles H . Pr ien , 
head of the Chemical Div i s ion of 
Denver Research Institute, is plan­
ning this section of the convention. 

Industrial Minerals: T w o men— 
T o m Evans and W . C . Peters—have 
arranged an all-inclusive p r o g r a m 
f rom phosphate developments in the 
Rocky Moun ta in Region to industrial 
minerals. Bernard J . 0 ' ' N e i l l of Stan­
ford Research Institute w i l l come to 
Denver to appear on this important 
section. Papers presented w i l l in ­
clude those on cement raw materials, 
beneficiation of coal, coking use, as­
bestos and ceramic mineral materials 
and a host of others. 

Miscellaneous: Publ ic Lands Sec­
tion promises to be the best in years. 
Workmen ' s Compensation w i l l be re­
viewed by Frank V a n PortfHet. J . 
Roy Price, assistant director for Re­
sources and Production, Of f i c e of 
C i v i l and Defense Mobi l i za t ion , w i l l 
discuss the problems of the mining in­
dustry wi th the Executive Branches 
of our government. T h e T a x Section 
is being arranged by Frank Cava­
naugh. George O . A r g a l l , J r . , editor 
of Mining World and a 1935 grad­
uate of M ines , w i l l again present his 
awards at the G o l d and Silver Ban­
quet. 

F a c u l t y S t u d e n t s R e p r e s e n t e d 
A t A I M E M e e t ; D r . V a n d e r w i l t 
G i v e s W e l c o m i n g A d d r e s s 

Eight members of the Colorado 
School of M i n e s faculty and six stu­
dents ( f ive of whom represented the 
M i n e s A I M E Student Chapter) at­
tended A I M E ' s annual meeting Feb. 
14-18 in N e w Y o r k C i ty . _ 

Faculty members attending were: 
D r . John W Vanderwi l t , who gave 
the welcoming address at the open­
ing A I M E luncheon; Dean T r u m a n 
H . K u h n , chairman of the Society of 
M i n i n g Engineers' Education Com­
mittee and secretary of A I M E ' s 
Counci l on Educat ion; Prof . Ni les E . 
Grosvenor, who presented a paper. 

" A Method for Determining the T r u e 
Tensile Strength of R o c k " ; Profes­
sors Lute J . Parkinson, H . Gordon 
Poole and Robert H . Carpenter, who 
acted as chairmen of committees or 
of technical sessions; P rof . Charles 
M . Shul l , J r . , of the chemistry de­
partment, and M r . H a r o l d Bloom, 
special lecturer in the geology depart­
ment. 

Students attending were: M e l E r ­
skine, Bob Green, D o n Longnecker, 
B i l l M c C l a i n , John Selters, and Jo-
han Sikkar, who received a prize for 
submitting the best metallurgy paper 
in the A I M E Student W r i t i n g Con­
test. 

A shortage of mineral engineering 
graduates was forecast by D r . V a n ­
derwilt who told delegates it is in ­
dustry's responsibility to promote en­
gineering enrollments. 

"Enrol lment figures show that 
available new graduates w i l l be about 
the same in 1960, decreasing a small 
amount in 1961, decreasing substan­
t ial ly in 1962 and in 1963," D r . V a n ­
derwilt said. "Thus , a shortage in 
the supply of new mineral engineer­
ing graduates is indicated particularly 
in 1962 and 1963. A f t e r 1963, the 
shortage w i l l continue as long as en­
gineering freshman enrollment re­
mains low each succeeding year. 
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"Therefore, it becomes important 
to consider what can be done to en­
courage more young men to enter min­
eral engineering. T h i s is pr imari ly 
the responsibility of industry." 

D r . Vanderwi l t said industry pro­
motion programs solved earlier, sim­
ilar threats in electrical, chemical and 
aviation engineering fields. 

"The ultimate distribution of en­
gineering manpower," D r . Vander­
wi l t asserted, " w i l l favor those indus­
tries which are most successful in mak-
fng known what their respective 
fields have to offer in salaries, job 
advancement opportunities and satis­
fying l i fe careers. 

" T h e mineral industries, which in-
•'deed offer a wide variety of career 
opportunities, have a good story to 
tell in the competition for additional 
mineral engineering manpower re­
sources. T h e y must tell it more often 
and more emphatically in the future 
if they are to meet the needs that lie 
ahead." 

In support of his belief that demand 
for engineers exceeds supply. D r . 
Vanderwi l t pointed to the record of 
placement for the Colorado School of 
M i n e s graduates during 1959 and 
1960. In a group of 40 graduating 
geological engineers, several had more 
than one job offer, while on the other 
extreme, two were without job offers 
unt i l the close of the school year, 
when they did accept positions. In 
the class of 32 graduating metallurgi­
cal engineers, one man had eight job 
offers and two men had none unt i l 
late in the school year. A l l of the 
graduates who did not either enter 
the mil i tary service or continue into 
graduate work, were placed. 

"Thus far this year," D r . Vander­
wi l t said, "inquiries f rom interviews 
and prospective employers support the 
feeling that the outlook this year for 
our graduates w i l l be as good, if not 
better, than the past year. F rom the 
information that I have been able to 
obtain, our experience has been little 
different than that of other colleges 
of mineral engineering." 

N u c l e a r P h y s i c i s t A p p o i n t e d 
T o B a t t e l l e B o a r d o f T r u s t e e s 

D r . John A . Wheeler , noted nu­
clear physicist and a professor at 
Princeton University, has accepted an 
appointment to the Board of Trustees 
of Battelle M e m o r i a l Institute, D r . 
B . D . Thomas, president of the Co­
lumbus, Ohio , research center, an­
nounced recently. 

A member of the Princeton faculty 
since 1938, D r . Wheele r has often 
served as a consultant to government 
defense agencies. D u r i n g W o r l d W a r 
I I , his research on nuclear fission took 

him f rom Princeton to the Universi ty 
of Chicago, and f inal ly the H a n f o r d 
Project. H e headed up the group of 
scientists in Project Mat te rhorn at 
the James Forrestal Research Center 
which produced the theoretical work 
essential to the development of the 
hydrogen bomb. 

D r . Wheeler 's studies have covered 
such areas as the mechanism of nu­
clear fission, electromagnetic action at 
a distance, theory of radiation, struc­
ture and transformations of atomic 
nuclei and elementary particles. H i s 
work in mathematics resulted in recog­
nition of the "geon." 

O i l a n d G a s C o r r o s i o n 
P r o b l e m s S c h e d u l e d 

Corrosion in the o i l and gas pro­
duction industry is the subject of five 
technical papers to be given in a spe­
cial symposium M a r c h 15 during the 
16th A n n u a l Conference, Nat iona l 
Association of Corrosion Engineers. 
Seven other papers of direct interest 
to corrosion engineers in oil and gas 
production w i l l be presented in other 
symposia. T h e conference w i l l be held 
M a r c h 14-18, in Dal las , concurrently 
w i t h the 1960 Corrosion Show. 

T i t l e s and Authors of papers in the 
O i l and Gas Production symposium 

(Continued on page 45) 

Technical Men Wanted 
Those interested in any of the posi­

tions listed should direct inquiries to 
W . B . Hutchinson, Employment and 
T r a i n i n g Manager , T h e Pure O i l 
Co. , 35 East Wacke r Dr ive , Chicago 
1, Il l inois. 

MATHEMATICAL STATISTICIAN—Masters or 
Ph.D. Degree, major in mathematics or mathe­
matical statistics. Experience in applied mathe­
matics aod computer appUcatioDs desirable. To 
perform opea'ationa research work and to analyze 
experimental data arising from economic Bludiea 
and laboratory research. 

jrATUEMATIOIAN—Knowledfi-e of linear pro-
eramminK and model construction methods. Com­
puter programminff experience desirable but not 
essential. To work with central analysis and 
planning Ri'oup of maior intoBrated oil company. 
Assignments will embrace mathematical analysis 
and solution of problems in exploration, produc­
tion and refininit of cruiJe oil, and distribution 
of petroleum Tn'ocKicts. 

MATHEMATICIAN—l>h.D. in Matliematics. To 
provide matiieniaLical consultation and assistance 
in the solution of bushiess, operatinpr iind re­
search problems. UtiliKin.!;: medium ami large 
scale computers. I'reFer some practical business 
e.vperieiLCe in this Meld. 

AUDITOR—IJegi'ee with major in accomit-
inff or its equivalent in formal educ;itioii in ac­
counting aud business e,\pprieuce. To assist in 
the execution of audit ar^ignments in ail phases 
of the company's operiitions. Breadth of as-
signmerLt will depend on cxpeiience. Will consider 
applicant with no e.'iperienee or up lo three years 
in an accounting or audiling capacity with an 
industrial oraainKalion or publie accounting (irm. 
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Permafros t m i n i n g tcchniquevS described i n this 
report were developed dm'ing the 1959 Green land 
summer season. T h e operat ion was conducted as pa r t 
of the U . S. A r m y , C o r p s of Engineers , Green land R e ­
search and Deve lopment , C o l d Regions Research 
P r o g r a m under the d i rec t ion a n d control of the U . S. 
A i ' m y Snow Ice and Pe rmaf ros t Research Es t ab l i sh ­
ment ( U S A S I P R E ) . 

T h i s report was prepared b y J o h n P . A b e l , J r . , 
m i n i n g engineer, A p p l i e d Research B r a n c h , U S A 
S I P R E , under the supei-vision of W . K . B o y d , Ch ie f , 
A p p l i e d Research B r a n c h , U S A S I P R E . 

Purposes of the U S A S I P R E permafros t tunne l ing 
inves t iga t ion have been t o : (1) determine the feas ib i l i ty 
of excavat ing sub-surface openings i n f rozen glacia l 
t i l l , (2) develop efficient methods of excavat ing this 
mate r ia l , a n d (3) to determine the characteristics of 
the g lac ia l t i l l a t depth . 

• Figure I. 6eogr«phical location of Camp Tuto, Greenland, 
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T H E A U T H O R 

John F. Abel, Jr., who received his P.E. degree in 1956 
and his M.Sc. degree in 1959 from the Colorado School 
of Mines, has been with the JJ. S. Army Corps of Engi­
neers, Snow, Ice and Permafrost Research Establishment 
for over two years. He has spent four summers in Green­
land—the last two as project leader for the ice tunnels and 
the permafrost tunnel. His master's thesis at Mines loas 
based upon his research in Gi'cenland. 

Mr. Abel writes that Mines msn have gained a reputa­
tion as hard workers—each of the Greenland project crews 
having accomplished more than the planned amount of 
work. {See article in October 1959 issue for a listing of 
Mines men employed o?i the Greenland project.) 

T h e exper imental t unne l was d r iven into the side 
of a g lac ia l t i l l h i l l s ide approximate ly one niUe nor th 
of C a m p T u t o , Green land . C a m p T u t o is a Corps of 
Engineers camp operated b y the U . S. A r m y P o l a r 
Research and Deve lopment Center ( U S A P R D C ) i n 
support of the C E C o l d Regions Research P r o g r a m . 
T h e loca t ion of C a m p T u t o , 16 m i . i n l a n d f r o m T h i d e 
A i r Porce Base, is shown i n Figure 1. 

A site fo r the tunne l was selected i n 1958 aleng the 
south side of a v a l l e y i n f rozen glacia l t i l l one mi le 
nor th of C a m p T u t o . I t was possible, b y d r i v i n g into 
the hiUside, to ob ta in 100 f t . of cover fo r the sub-surface 
opening w i thou t s ink ing a shaf t or d r i v i n g an inc l ined 
tunnel , b o t h of w h i c h w o u l d have presented more 
d i f f i cu l t m i n i n g problems. 

I t was decided tha t a t u n n e l approx imate ly 300 f t . 
long hav ing a cross section 10 f t . wide b y 9 f t . h igh 
wou ld be a t tempted i n 1959 us ing convent ional hard-rock 
m i n i n g equipment and methods. T h e p lan was to d r ive 
the tunne l us ing the s tandard dr i l l -b las t -muck cycle 
of operations a n d to experiment i n the process w i t h 
d r i l l i ng equipment , b las t ing patterns, explosive types, 
roof support methods, and ven t i l a t i on refr igera t ion 
equipment . 

Field Operations 

T h e permafros t t u n n e l project operated on a two 
sh i f t basis s ix days a week. E a c h sh i f t was 11 houi-s i n 
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length, w i i h t r ave l t ime to and f r o m the tunne l and 
thc l u n c h per iod reducing the wor ldng per iod to 10 
hours per day. T h e shif ts were each made up of two c i ­
v i l i ans and five enl is ted m i l i t a r y personnel. 

T h e c iv i l i ans served as sh i f t boss and miner on each 
crew. T h e y were fu rn i shed to the project by D e n v e r 
Research Inst i tute ( D R I ) th rough a conti 'act w i t h 
U S A S I P R E . J . F. Su lzbach , '56, a n d D . K . W a l k e r , 
'57 were the sh i f t bosses, a n d the miners were two 
students at the Colorado School of M i n e s , R . W . 
Jennings, J r . , and W . E . B r o w n . 

T h e enlisted m i l i t a r y personnel were furn ished to 
the project b3'- the suppor t ing m i h t a r y uni t , the U . S. 
A r m y Engineer Research and Deve lopment D e t a c h ­
ment ( U S A E R D D ) . T h e y sei'ved as t imber ing and 
raining assistants and as generator and compressor 
operators. 

I n add i t ion to the sh i f t personnel, the U S A S I P R E 
project leader supervised the project operations and 
research efforts. 

Before m i n i n g could be started, i t was necessary to 
construct an access road to the tunne l area, construct 
a l eve l bench o n the hi l ls ide fo r the surface equipment, 
erect a shop bu i ld ing , move the m i n i n g equipment to 
the tunne l site, and prepare the equipment fo r opera­
t ion . Figure 2 shows the smface insta l la t ions erected'. 

T h e p re l iminary phase of the operat ion was started 
M a y 30 and suff ic ient ly completed to a l low m i n i n g 
operations to start on June 8, 1959. T h e erection of 
shop b u i l d i n g was completed June 15, 1959. 

A basic h a r d rock m i n i n g me thod was used dur ing 
a l l m i n i n g operations inc lud ing por ta l , tunnel , and 
room excavat ion. T h e different un i t opei'ations i n v o l v e d 
i n the method inc luded d r i l l i n g out the blast holes, 
loading the blast holes, b las t ing the d r i l l round, ven t i ­
l a t ing the tunne l to remove the fumes f r o m blast ing, 
m u c k i n g (loading) out the broken mater ia l , extending 
the r a i l to the face, a n d p lac ing protect ive arches where 
required. 

T h e m i n i n g operations carried o n b y the tunne l ing 
project were separated in to two phases b y the type 
of mater ia l . T h e first pkase, const ruct ion of the por ta l , 
presented the most d i f f i cu l t m i n i n g problem because 
of the presence of the thawed a n d unconsol idated ac t ive 
zone w h i c h required support to prevent caving . T h c 
second phase of the m i n i n g operat ion was the s traight-
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ooprroUR eitsktil ; lo r* ŝ l̂e ! i i>i. • i-.o rt 

• Figure 3. Permafrost Tunnel, plan and side views. 

fo rwa rd m i n i n g of the m a j o r por t ion of the tunne l once 
the por ta l h a d been completed, and dr iven into c o m ­
petent permanent ly f rozen ground. N o roof suppor t 
was requil-ed du r ing the second phase. A f t e r comple t ion 
of the tunne l d r iv ing , an exper imental r oom was ex­
cavated along the tunne l axis. T h e room dimensions 
were 20 f t . wide by 25 f t . long . Pro tec t ive steel arches 
were erected i n this area of the m a i n t u n n e l when the 
roof of the room began to sound " d i i u n m y " (hollow), 
when sounded w i t h a bar . 

T h e to ta l vo lume of ma te r i a l excavated f r o m the 
permafros t t unne l was 1,080 cubic yards , 334 cubic 
yards of w h i c h were excavated dur ing the po r t a l con­
s t ruct ion, 666 cubic 3'ards dur ing the tunne l excavat ion , 
a n d 80 cubic 3'"ards dur ing the exper imental i-oom 
excavat ion . Figure 3 is a p lan a n d side v i ew of the 
permafros t t unne l excavations completed i n 1959. 

Portal Construction 

T h e const ruct ion of the por ta l , wh ich is shown in 
Figure 4, was compl ica ted b y the presence of the u n -

•r Figure 4. Tunnel porfal construction, showing sfeel arches and 
Mmber lagging around funnel. 
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f rozen act ive layer , about 2 f t . i n thickness o n the 
hi l l s ide . T h i s act ive l ayer h a d l i t t l e , i f any, inherent 
s trength. W h e n the t u n n e l was advanced in to the 
hi l ls ide , the ac t ive zone was unable to support i tself 
over the tunne l w i d t h and caved in to the t u n n e l as the 
suppor t ing f rozen mate r i a l was removed. 

I n order to develop a ve r t i ca l face, in to w h i c h a tunne l 
r o u n d cou ld be dr i l led , i t was first necessary to dr ive 
a slot in to the hiUside. T h i s slot was excavated b y 
blas t ing a series of successively deeper shces f r o m the 
face of the slot. Seven slices were blasted du r ing the 
slot excavat ion before the face was suf f ic ient ly h igh , 
l i f t . , so a f u l l height t u n n e l r o u n d could be dr i l led i n 
the face. 

T h e first three tunne l rounds, blas ted i n the face of 
the slot, broke to the surface of the hi l ls ide , f a i l i ng to 
break out the permafros t as an underground tunne l 
round . Ca re h a d to be exercised to protect the men 
f r o m rock f a l l i ng in to the slot du r ing d r i l l ing , loading , 
a n d m u c k i n g . T h e m e n were protected b y overhead 
t imber lagging (covering), carr ied i n contact w i t h the 
face. I t was necessary to remove this protect ive lagging 
dur ing blas t ing, since there was no w a y to h o l d i t 
d o w n dur ing a blast . Once the tunne l went below the 
surface i t was possible to wedge the t imber lagging 
against the back of the tunne l to h o l d i t i n pos i t ion 
du r ing blas t ing. 

T h e face height was approx imate ly 15 f t . when the 
first successful underground tunne l ing round was 
blasted. Since the tunne l height was on l y 9 f t . , the 
brow at the tunne l por ta l was then 6 f t . , made up of 
4 f t . of load bear ing f rozen ga lc ia l t i l l and 2 f t . of the 
unconsol idated act ive layer . T h e first t unne l r o u n d 
was excavated o n June 20, 1959. 

I t was necessary to place steel arches w i t h protect ive 
lagging complete ly around the tunne l i n the po r t a l 
area. T h i s protect ive po r t a l s t ructure was needed to 
prevent loose ma te r i a l f r o m over the po r t a l and loosened 
mate r i a l wh ich mel ted out of the tunne l roof f r o m fa l l i ng 
into the tunne l a n d endangering workers . T h e use of 
protect ive arches was necessary fo r the first 78 f t . of 
the tunne l . T h e lagging of the entire set was required 
fo r the i n i t i a l 54 f t . of the tunne l and on l y top lagging 
was required fo r the r emain ing 24 f t . of the po r t a l 
sect ion. Figure 5 shows the last group of p o r t a l arches 

•V Figure 5. Tunnei portal construction, showing protective top 
tagging. 
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•w Figure 6. Unsupported tunnel section. 

w i t h the protect ive top lagging. B e y o n d the last pro­
tect ive arch the roof was suf f ic ient ly s t rong to s tand 
safely wi thou t support . T h i s was possible because the 
temperature of the permafros t was l o w enough to 
avo id mel t ing i n the roof as the result of the na tu ra l 
ven t i l a t i on (circulat ion) . 

T h e por ta l eonstruction was completed o n J u l y 1, 
when the last protect ive a rch was erected. D u r i n g the 
por ta l const ruct ion per iod, 44 shif ts were employed 
i n the d r i v i n g of 78 f t . of tunne l and 60 f t . of access 
slot. Fou r t een protect ive arches were erected. Average 
advance du r ing the po r t a l const ruct ion per iod was 
2 f t . per sh i f t . 

Tunnel Excavafion 

Once the po r t a l cons t ruc t ion was completed, the 
t u n n e l was d r iven b y convent ional hard-rock m i n i n g 
methods, w i thou t the roof support or protect ion re­
qui red i n the po r t a l por t ion of the tunne l . Be tween 
J u l y 1 a n d A u g u s t 10, 1959, 222 f t . of 10 f t . wide b y 
9 f t . h igh tunne l was d r iven . T h e average tunne l ad­
vance per sh i f t dur ing the tunne l excavat ion per iod 
was S-ii f t . per sh i f t . Figure 6 shows the unsuppor ted 
permafros t tunne l . 

D u r i n g the tunne l excavat ion, exper imentat ion w i t h 
d r i l l i n g equipment , d r i l l - round patterns, and explosives 
was conducted. T h e results of th is exper imentat ion 
w i l l be presented la ter i n this report . 

Room Excavation 

F o l l o w i n g the comple t ion of the p lanned 300 f t . of 
tunne l excavat ion, an exper imenta l r oom was exca­
va ted . E i g h t y cubic yards of ma te r i a l were removed 
enlarging the tunne l to a w i d t h of 20 f t . between the 
165 a n d 200 f t . t unne l points . T h e excavat ion of this 
r o o m was u t i l i z e d for slab round exper imentat ion. 

A f t e r the exper imental r oom h a d been constructed, 
protect ive arches and roof support were placed through 
the m a i n tunne l par t of the r o o m as a safety measure 
i n case of fu tu re roof fa i lu re i n the wide span area. T h i s 
safety measure was cUctated b y the ho l low sound of 
the roof i n port ions of the exper imental room. 

Description of Permafrost 

I n order to evaluate the i n f o r m a t i o n obta ined f r o m 
the permafros t t u n n e l research program, a descript ion 
of the permafros t ma te r i a l is presented. 
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• Figure 7. Permafrost gradation curves. 

A part ic le size gradat ion curve fo r a mine car size 
sainple, 16 ft.^ of the g lac ia l t i l l is shown i n Figure 7. 
T h i s t i l l wou ld be classified as a poor ly graded gravel 
( G P ) under the uni f ied soi l c lassif icat ion sys tem of the 
Corps of Engineers . T h e t i l l w o u l d be considered free 
d ra in ing and non-frost susceptible i f thawed, i n tha t 
no vo lume change wou ld take place upon f reez ing a n d 
thawing . N o r m a l l y no ice segregation or lensing wou ld 
be l i k e l y to occur i n this gravel . Observable free ice was 
f o u n d as a surface film o n the bo t tom of two boulders 
and i n ten t h i n tabular inclusions. N o n e of these was 
greater i n thickness than i n . 

T h e car size sample was t aken 250 f t . inside the 
tunnel . I t can be considered to be representative since 
there were no v is ib le differences i n composi t ion through­
out the entire tunnel , once the act ive zone l ayer at the 
por ta l was passed. T h e par t ic le size gradat ion was 
determined by d ry ing , desegregating, and s ieving the 
entire sample. 

M o i s t u r e samples t aken of the mate r i a l indicate a 
moisture content of approximate ly 7 per cent b y weight . 

T h e m a j o r por t ion , approx imate ly 95 per cent b y 
weight , of the rock mate r i a l encountered i n the perma­
f ros t t i m n e l was a granite gneiss. R a n d o m fragments 
composed w h o l l y of the minerals , hematite, epidote, 
or ohvene were encountered. A few specimens of a 
competent s i l ic i f ied p i n k sandstone were also f o u n d . 

Tempera ture data per ta in ing to the tunne l are 
presented be low: 

L o c a t i o n 
(F t . f r o m Por ta l ) 

300 f t . (1 f t . i n wal l ) 
250 f t . (at wal l ) 
200 f t . (at wal l ) 
100 f t . (15 f t . i n waU) 

Tempera tu re 

— 1 0 . 8 ° C 
— 9 .5°C 
— 6 .0°C 
~ 9 .6°C 

T h e indicat ions of these data are a decreasing temper­
ature w i t h increasing overburden and a n a r t i f i ca l ly 
elevated waLL temperature i n the tunne l caused b y the 
na tu ra l cu 'culat ion a n d the forced ven t i l a t i on w i t h the 
w a r m ambient outside air . T h e temperatures recorded 
i n the permafros t t unne l were i n the same range of 
teraperatm'es as recorded i n the ice tunne l about 2 
miles away o n the ice cap; — 5 . 0 ° C to —'10.5°C. 

Blasting Investigation 

T w o types of tunne l b las t ing rounds were used to 
excavate the permafrost tunnel , a bm'n cu t and a V - c u t 
round . These were selected because of their ease of 
d r i f f ing w i t h the airleg dr i l l s employed. A l ) blast holes 

i n a l l rounds were d r i l l ed w i t h 1-5^ i n . diameter bi ts . 
T w e n t y - s i x b u r n cut rounds were blasted dur ing the 

excavat ion of 118 f t . of the tunne l . T h i s inc luded two 
8-ft. rounds, five 6-ft. rounds, and eighteen 4-f t . rounds. 
T h e d r i l l i n g required for the burn cut rounds averaged 
31.1 f t . of hole per foo t of advance, or 9.9 f t . of hole 
per cubic y a r d of inplace permafros t removed. T h e 
d r i l l i ng t ime fo r the tunne l using the burn cut was 
0.9 m a n hours per foot of advance. 

F o r t y V - c u t rounds were blasted dur ing the exca­
v a t i o n of 176 f t . of tunne l . T h i s inc luded two 8-ft. 
rounds, f o u r 6-ft, rounds, and th i r ty - four 4-f t . rounds. 
T h e d r i lhng required for the V - c u t rounds averaged 
34.2 f t . of hole per foo t of tunne l advance, or 10.1 f t . 
of hole per cubic y a r d of inplace permafrost removed. 
T h e d r i lhng t ime fo r the tunnel us ing the V - c u t round 
was 1.1 m a n hom's per foo t of advance. 

Accura t e records of powder consumpt ion were kept 
f o r a l l blast ing. H o w ev e r , the basic phi losophy behind 
the use of powder was tha t "Powder is the cheapest 
rnan o n the j o b . " Whenever i t was possible to save 
t ime thi 'ough the use of addi t iona i explosives, i t was 
used. A d d i t i o n a l explosives, w i l l to a l i m i t e d degree, 
reduce the number of blast holes required. T h i s i n t u r n 
reduces the m a n hours required to d r i l l ou t the round 
a n d complete a d r i l l -b las t -muck cycle. 

T h e cost of explosives consumed dur ing the tunne l 
excavat ion was approx imate ly $1,300, or ^1.20 per 
y a r d of permafros t blasted, or $4.00 per foo t of tunne l 
advance. B l a s t i n g cap costs were SI,170, or S1.08 per 
y a r d , or S3.60 per foo t of tunne l advance. 

T h e exper imenta l b las t ing record is presented b y 
Tahle 2. I t can be read i ly seen tha t the i n i t i a l b las t ing 
experiments were a t tempts to find a workable d r i l l 
r ound . T h e object of each set of experiments was to 
develop a d r i l l pa t te rn fo r each of the explosive types 
employed. F o u r types of explosives were used du r ing 
the b las t ing exper imentat ion. T h e y were the Hercules 
P o w d e r C o . explosives described i n Tahle 1. 

Table I. Explosives Used 

Percent 
Strength N a m e 

De tona t ion 
Veloc i ty 

St ie l i 
C o u n t 

( l M x 8 i n . 
Cartridges) 

3 0 % 
6 0 % 
5 0 % 
6 5 % 

Ge la t in E x t r a 8,500 f t / sec 90 
Ge la t in E x t r a 8,500 f t / see 98 
Ni t rog lyce r in D y n a m i t e 17,400 f t / sec 108 
Gelami te 1-X 11,500 f t / sec 112 

T h e determinat ion of a sa t is factory r o u n d was based 
o n whether or not secondary b las t ing was required . I f 
any secondary b las t ing was required, the r o u n d was 
considered unsat isfactory. Secondary b las t ing was re­
qui red i f the round fa i l ed to break out the ma te r i a l 
d r i l l ed or i f f ragments were dislodged too large to be 
loaded b y the 4 - ^ cubic foot capac i ty mine car loader 
used. 

W h i l e no quant i ta t ive data are ava i lab le about 
f r agmenta t ion sizes, observations indicate tha t m u c h 
finer f r agmenta t ion was obta ined w i t h the high-det­
onat ion-veloci ty explosives. Whenever b las t ing f r a g ­
ments larger i n size t h a n 2 cubic f t . were encountered 
i n the m u c k pile, secondary b las t ing was required. 
Since reblast ing is v e r y tune consuming, i t cannot be 
tolerated i n an efficient m i n i n g operat ion. T h e low-
detonat ion-veloci ty explosives tended to push the 
mater ia l w i thou t brealdng i t in to f ragments . I n one 
case a large boulder was penetrated b y thi'ee blast 
holes bu t the boulder was not b roken b y the subsequent 
blast w i t h 30 per cent powder. T h e finer port ions of the 
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permafros t apparent ly absorbed the force of thc ex­
plosions and the boulder was dislodged wi thout be ing 
broken. T h e high-detonat ion-veloci ty explosives ap­
parent ly broke the boulders before the softer port ions 
of the permafros t could absorb the shock of the blast . 
T b e superior f r agmen ta t i on obta ined w i t h the higher-
detonat ion-veloci ty explosives is shown b y the con­
sistency of the sa t i s fac tor i ly f r agmented ch i l l rounds 
obtained w i t h them. T h i s can be seen i n Tahle 2. 

Table 2. Experimental Blasting Record 
Frag —fragmentation 
S —Satisfactory (no î econdary blasting required) 
U —Unsatisfactory (secondary blasting rcnnii-ed) 

Table 3. Satisfactory Drill Rounds 
V - C u t B u r n C u t 

V-Cut Bum Cut 

Ex- Depth 
pio- Round 

Date sivo Ft 
No. Frag. 

Holes S-U 

Powder Depth 
Factor Itound 
lb/yd 

No, Kras. 
Powder 
Factor 

Fl, Holes S-U lb/yd 

8 18 U l.li 
4 25 U 1.9 
4 25 U 2.0 
4 24 U 2.2 
4 28 U l.fi 

.Tune 
13 30% 
Ifj 30% 
19 30% 
19 30% 
20 30% 
22 60% 
24 30% 
26 30% 
28 30% 
29 30% 
29 30% 
30 30% 
30 30% 

Juiy 
1 30% 
2 30% 
3 30% 
3 30% 
4 30% 
e 30% 
7 30% 
5 30% 
9 30% 

10 30% 
11 30% 
12 60% 
13 60% 
14 60% 
15 60% 
15 60% 
16 60% 
16 60% 
17 60% 
18 60% 
19 60% 
20 1-X 
20 60% 
21 60% 
22 1-X 
22 60% 
22 60% 
23 50% 
24 60% 
26 50% 
27 50% 
27 50% 
28 .'i0% 
28 50% 
29 50% 
20 50% 
.30 .'jO% 
31 50% 

Aug. 
1 1-X 
3 1-X 
3 1-X 
4 1-X 
4 1-X 
5 1-X 
5 1-X 
6 1-X 
6 1-X 
7 1-X 
8 1-X 
9 1-X 

10 1-X 
11 1-X 

Several sa t is factory d r i l l rounds were developed. 
T h e load ing i n f o r m a t i o n fo r these rounds is presented 
i n Tahle 3. T h e d r i l l rounds w h i c h used the lower 
veloci ty , 30 and 60 per cent explosives w o u l d not be 
recommended because of tho poorer f r agmen ta t ion 
obta ined w i t h these explosives. T h e d r i l l rounds w h i c h 
required more t h a n 36 holes w o u l d not be recommended 
because of the increased d r i l l i ng required b y these 
rounds. 

T h e d r i l l r o u n d w h i c h gave the best results, used a 
5-hole b u r n cut (4 loaded, 1 not loaded), a t o t a l of 35 
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6 30 U 3.5 
4 31 U 3.0 
6 29 u 2.3 
4 39 u 3.4 
4 30 u 3.3 
4 42 s 3.8 
4 31 u 3.5 
4 33 u 4.8 

4 47 s 4.4 
8 35 u 4.5 
4 32 u 4.2 
4 34 u 4.5 
4 33 u 4,3 
4 36 s 4.7 
4 36 s 4.7 

4 36 u ,5,0 
4 36 u 4.7 

G 36 u 5.3 

6 35 s 5..') 
8 36 s 4.2 

4 36 u 4.8 
4 36 s 4.9 
4 30 s 4,9 

4 36 s 6.9 
4 36 s 6.9 

4 36 s 6.5 
4 36 s 6.5 
4 36 s 4,9 
4 36 s 6,4 

4 36 s 6.4 

4 " 36 s 6.4 

4 36 s 6.6 

4 36 s 6.7 
4 36 s 5.7 

4 36 s 6.2 

4 36 s 6.2 

4 36 s 6.2 
4 36 s 6.2 

4 36 s 6.4 

4 36 s 6.2 

4 44 S 7.5 

6 46 S 5.6 
6 37 tJ 4.4 

6 37 U 5.2 
6 40 U 5.4 

G 38 U 5.8 

4 45 S 7,0 

4 34 S 0.2 

4 31 S 3.9 

4 31 S 4.4 

4 35 S 6.0 

4 34 S 5.8 

4 34 S 6.2 

4 38 S 5,7 

4 34 S 7.4 
4 35 s 6.3 

4 35 S 6.7 
4 37 s 7.3 
4 38 s 7.2 

S 38 s 7.9 

D e p t i i Powder Powder 
Explos ive R o u n d N u m b e r Fac to r N u m b e r Fac to r 

T y p e (ft) Holes ( lb /yd) Holes ( lb /yd) 

3 0 % 4 42 3.8 44 7.5 
3 0 % 6 46 5.6 
6 0 % 4 36 6.5 
6 0 % 6 36 5.5 
6 0 % 8 36 4.5 
5 0 % 4 36 6.5 34 *6.0 

1-X (65%) 4 36 6.5 35 7.0 
1-X (65%) 8 38 7.9 

*-reGommcnded drill rnund 

holes, and 50 per cent n i t roglycer ine dynami te . T h e 
d r i l l pa t te rn for this round is shown i n Figure Sh. T h i s 
pat tern can be used to blast rounds f r o m 4 to 8 f t . deep. 

Drilling Investigation 

B l a s t hole d r i l l i ng w i t h air leg mounted percussion 
dr i l l s and d i amond dr i l l s was carried o n as par t of the 
Pe rmaf ros t T u n n e l project . 

D u r i n g the p lanning of the permafros t t u n n e l i t was 
not k n o w n i f useable blast holes could be produced w i t h 
percussion rock dr i l l s ; therefore the d i amond dri l ls 
were purchased so tha t another method of d r i l l i n g blast 
holes wou ld be avai lable . 

T h e percussion dri l ls p roved sa t is factory i n operat ion 
a n d the d i amond d r i l l equipment was not tested u n t i l 
after the complet ion of the tunne l excavat ion when the 
penetrat ion rate obtained w i t h the d i a m o n d equipment 
proved too slow to compete w i t h the percussion dr i l l s . 

D r i l l i n g rate records were ma in ta ined dur ing the 
tunne l d r i v ing . T h e d r i l l i n g equipment used consisted 
of two Chicago Pneumat i c C o . ah ieg rock dr i l l s . M o d e l 
C P I S L 459W, 4 and 8-ft. Ga rdne r D e n v e r d r i l l steel, 

Figure 8a. Recommended 'V'-cut drill pattern. 

•V Figure 8b. Recommended burn cut drill pattern. 
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Table 4. Test Bit Data 

- _ wing typical wear pattern. A — 
new Î a in. diameter, tungsten-carbide one-use drill bit. B—through 
— E , stages of wear to destruction. 

and Wes te rn H o c k B i t M f g . C o . , 1 - ^ i n . tungsten 
carbide th rowaway bits , a l l of w h i c h h a d been pur­
chased o n low b id . T h e d r i l l i n g t ime required to d r i l l 
the reported 9,911 f t . of 1 - ^ i n . d r i l l hole was 9,815 
minutes , f o r an average d r i l hng rate of 1.01 f t . per 
minu te . T h i s overa l l d r i l hng rate inc luded the t ime 
required to prepare the d r i l l p l a t f o r m fo r d r i l l i n g , to 
d r i l l out the round, and to tear down and remove the 
d r i l l p l a t f o r m f r o m the tunnel . T h i s figure does not 
represent the penetrat ion rate of the d r i l l s , steel and 
bi ts . 

T h e penetrat ion rate of the d r i l l i n g equipment was 
determined after the tunne l had been finished b y d r i l l ­
i n g a series of t i m e d holes. A to ta l of 159 f t . of hole 
was dr i l led at an average rate of 2.38 f t . per minute . A 
penetrat ion rate test of an A t l a s Copco A B rock d r i l l . 
M o d e l B B D 4 1 W K , was made at the same t ime. T h i s 
test was r u n to compare the two dr i l l s , w h i c h have 
percussion rates of approx imate ly 2,000 blows per 
minu te fo r the C P I S L 4 5 9 W and 3,000 blows per 
minu te for the B B D 4 1 W K . T h e B B D 4 1 W K dr i l l ed 
142.5 f t . of blast hole at the rate of 1.33 f t . per minu te . 
T h i s test ind ica ted tha t a more r ap id percussion rate 
does not speed the d r i l l i n g rate i n permafrost . 

Several of the percussion d r i l l b i ts used are shown 
i n Figure 9. T h e t yp i ca l percussion b i t wear pat tern 
resulted i n destruct ion of the tungsten carbide inserted 
bi t th rough loss of the inserts. T h e inserts were lost 
because of the wearing away of tha t por t ion of the b i t 
body ho ld ing the inserts. T h i s wear of the b i t body is 
apparent ly caused b y the deep penetrat ion of the bit , 
w i t h each blow, into thc finer port ions of the t i l l . T h c 
deep penetrat ion apparent ly dislodged large f ragments 
of the fine mater ia ls w h i c h were forced back thi-ough 
the water channels o n the bi ts and ground-up b y the 
ro ta t ion of the bi t . T h e result was abrasive r u b b i n g 
of the softer steel body por t ion of the b i t i n an augering 
act ion. T h e h igh propor t ion of quar tz i n the t i l l con­
t r ibu ted to the rate of wear of the b i t body. 

D r i l l i n g records were kept for nine d r i l l bi ts , w h i c h 
were dr i l led to des tmct ion , i . e., the inserts were lost 
or destroyed. T h e data fo r these bi ts are presented i n 
Tahle Ii-. T h e average b i t h fe for these bi ts was 212 f t . 
per b i t . T h e resul t ing b i t cost per foot of hole was 2 .7 / . 

B i t Feet 
N u m h e r D r i l l e d 

1 230 
2 212 
3 100 
4 108 
5 294 
6 288 
7 460 
8 114 
9 98 

A V E R A G E B I T F O O T A ( ^ E — 2 1 2 f t 

A to ta l of 15 d r i l l b i ts was destroyed, and 70 add i ­
t i ona l bi ts were used and worn, but not destroyed, i n 
the course of d r i l l i ng 11, 146 f t . of blast hole. I f i t is 
assumed tha t half the l i f e was l e f t i n the 70 worn bits , 
the effective consumpt ion of bits was 50. T h i s wou ld 
give an es t imated b i t footage of 223 f t . , w h i c h checks 
closely the measured footage for the nine test bi ts . 

T h e d r i l l steel consmnpt ion du r ing the excavat ion 
of the permafros t t unne l amounted to 35 pieces of d r i l l 
steel, five each of the 8-ft. d r i l l steels and 30 each of 
the 4-f t . steels. Of the d r i l l steel used, 15 pieces were 
broken a n d 20 pieces were rendered useless b y plugging 
of the water hole w i t h permafrost . T h e steel cost aver­
aged 3.20' per f t . of hole. 

T h e average d r i l l r ound employed 36 blast holes. T h e 
est imated d r i l l b i t and steel cost per foo t of tunnel 
advance was 12.12. 

Conclusions and Recommendations 

T h e excavat ion of f rozen glacia l t i l l is feasible b}'" 
convent ional hardrock m i n i n g methods, s l igh t ly m o d i ­
fied to a l low for the below freezing temperature. 

C o m m e r c i a l percussion d r i l l i ng of blast holes is 
recommended i n con junc t ion w i t h a non-freezing an t i ­
freeze-water d r i l l fluid. D i a m o n d d r i l l i n g w i t h cooled 
diesel f u e l is recommended for d r i l l i n g of clean wal led 
holes i n the f rozen g lac ia l t i l l . 

H i g h detonat ion ve loc i ty explosives are recommended 
fo r b las t ing in order to achieve proper f ragmenta t ion . 
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N E W S — I N D U S T R I E S 

(Co?itinued from page 6) 
where the recoveries ran less than 85 
per cent, are now in excess of 90 per 
cent w i th through-put averaging bet­
ter than 100 tons per working day 
and average grade in excess of six-
tenths of one per cent contained 
U a O , . 

A l l experimental work was done 
by the Colorado School of M i n e s Re­

search Foundation, while Western-
Knapp Engineering C o . of San F ran ­
cisco—which had done such an ex­
cellent job in constructing the pilot 
plant—was awarded the contract for 
the design, engineering and construc­
tion of the m i l l addition. 

Cotter Corp . is authorized to buy 
ore f rom seven producers and w i l l 
purchase ore f rom other producers 
when requested to do so by the A E C . 

C a l i f o r n i a M i n e r a l P r o d u c t i o n 

D o w n 4.5 P e r C e n t in 1959 

According to preliminary estimates 
submitted by individual producers to 
the Bureau of Mines , the total value 
of C a l i f o r n i a mineral production 
dropped 4.5 per cent f rom the 1958 
figure, to the lowest level since 1954, 
T l i e $67 mil l ion decline was attrib-

(Cofitinued on page 26) 
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;!̂ owder 
Metallurgy Research 

By 

DR. C H O H - Y I A N G , '43 & "47 

DR. CHOH-YI A N G 

infroducfion 

i n modern powder mctal lm-gy wc do not have the 
s i tua t ion of the art or pract ice antedat ing pure re­
search. I n fact , i n the last 20 or 30 years, basic research 
i n physics of metals and i n so l id state physics has ad­
vanced f a r ahead of the ar t of powder meta l lu rgy . I t 
is t rue tha t du r ing the past decade, some strides have 
been made i n the a t tempt to app ly pr inciples a n d 
techniques developed f r o m s tudy ing the physics of 
metals to the inves t iga t ion of basic phenomena associa­
ted w i t h var ious powder meta l lu rg ica l processes. H o w ­
ever, there has been l i t t l e sound appl ied research, and 
the gap between pure research and prac t ica l engineering 
i n th is b ranch of me ta l lu rgy has not been closed. T h e 
l a ck of evidence of sound appl ied research i n powder 
meta l lu rgy is p robab ly due to l a ck of unders tanding 
of the researchers a n d the process engineers i n each 
other 's f i e ld of ac t iv i t ies . 

W h e n powder meta l lu rgy is mi s t aken fo r a science, 
or for a too l to do basic research, the researcher w i l l 
be i n t rouble . O n l y w i t h luck , a n d under l i m i t e d con­
di t ions, can the researcher find his powder meta l lu rg ica l 
experiments approx imat ing the theories i n results. I f 
one a t tempts to estabhsh new principles or theorems 
on the basis of his powder meta l lu rg ica l exper imenta­
t i on , he w i U soon discover tha t his findings are worthless 
fo r general appl ica t ion , and m a y even be mis leading 
for l i m i t e d appl ica t ion . T h e s i tua t ion is worse when 
the appl ied I'esearcher has h a d l i t t l e or no t r a in ing i n 
p rac t ica l powder me ta l lu rgy and does not realize tha t 
any one of the mu l t i t ude of var iables i n mater ia ls a n d 
processes, i f no t proper ly control led, w i l l render v e r y 
d i f f icu l t the correct in terpre ta t ion of his exper imenta l 
results. 

T h e prac t ica l powder metal lurgis ts or process engi­
neers, o n the other hand , shou ld reahze tha t the p r in -

* A portion ot tliis paper was presented at the Notre Dame conference on 
Sintering^ and Related Phenomena in June, 1959. Acknowledement is due 
P. R. ilallory & Co., Inc. for permission to publish this paper in the 
Mines Magazine. 
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ciples governing the phenomena w h i c h occur i n a l l 
stages of powder meta l processing are to be f o u n d i n the 
s tudy of the physics and chemis t ry of solids, hquids and 
gases, and their interrelationships under var ious con­
dit ions. T h e professional powder metallm-gists should 
t r a i n themselves to unders tand the language and 
findings of basic research. 

I t was not too long ago when the physicis ts "d i s ­
covered" the impor tance of the const i tu t ional diagrams 
of a l loy systems, and the ferrous and nonferrous me ta l ­
lurgists began der iv ing benefits f r o m the basic studies 
on the a tomic structures of metals and the mechanisms 
of a t o m movements . T h e present status of powder 
meta l lu rgy is not ve ry m u c h different f r o m tha t of 
smel t ing and ref in ing of metals or s tee lmaking a f ew 
decades age. Perhaps another reason for the l ack of 
r a p i d progress i n closing the gap between basic research 
and prac t ica l powder meta l lu rgy is the fac t tha t this 
branch of metals technology is s t i l l l i m i t e d i n scope 
(even w i t h the s t imu l i p rov ided b y the newly bo rn 
nuclear meta l lu rgy and space technology), and has not 
produced enough h igh ly t ra ined technicians. 

There are m a n y facets i n powder meta l lu rgy ; but, to 
serve as examples for discussion, one m a y select some 
impor t an t topics such as powder characterist ics, press­
ing , s in ter ing and in f i l t r a t ion . B y b r ing ing out the 
basic pr inciples governing some of the phenomena 
i n v o l v e d , discussing some of the loopholes i n the re­
ported exper imental procedures and suggesting cer ta in 
avenues of approach for appl ied research, i t is hoped 
tha t the closing of the gap between basic research a n d 
prac t ica l powder meta l lu rgy w i l l be accelerated. 

Powder Characteristics 

W h i l e i t is generally recognized tha t the sinter-
ab i l i t y or s inter ing a c t i v i t y . A , is a f u n c t i o n of the 
par t ic le size i n the fo l lowing manner : 

A ' 1/dS 

where d is the diameter of the pai ' t icle, basic research 
can ha rd ly be conducted us ing commerc ia l powders 
because of the l a ck of u n i f o r m i t y i n size, shape a n d 
size d i s t r ibu t ion of the powder particles. Fur the rmore , 
an accurate method of size measurement has not ye t 
been developed. T h e influence of par t ic le size, shape 
and d i s t r ibu t ion o n the b u l k density, pressing character­
ist ics, and s inter ing behavior has been p roven to be of 
paramount importance. N o w a d a y s , one sees more a n d 
more powder specifications use the t e rm ' 'average 
par t ic le s ize" (usually i n microns) instead of or i n 
add i t ion to screen analysis . U n f o r t u n a t e l y , i t w i l l be 
qui te some t ime before the powder manufacturers can 
cont ro l par t ic le size a n d size d i s t r ibu t ion sc ient i f ica l ly 
a n d accurately. 

T h e present day powder metal lurgis ts must , there­
fore, t u r n to the theoret ical findings f r o m the s tudy 
of micromer i t ics for guidance. F o r example, o n the basis 
of geometric considerations, one knows tha t i n a sys tem 
w i t h u n i f o r m l y sized spheres, poros i ty m a y v a r y be­
tween 25.75 per cent to 47.64 per cent, depending o n 
the manner of pack ing w h i c h produces pores of such 
shapes as rhombohedra l , o r thorhombic , cubic, etc. I t 
can also be shown mathemat ica l ly tha t the decrease 
i n poros i ty is not ve ry m a r k e d w i t h the add i t ion of fine 
particles, unless they are sma l l enough to fill the sma l l ­
est interstices. 

Since the degree of pack ing d i rec t ly affects the b u l k 
or apparent densi ty of powder, w h i c h i n t u r n influences 
pressing a n d s inter ing characterist ics, i t is therefore 
obvious tha t the size d i s t r ibu t ion ( in the subsieve 

range) of powder is an impor tan t fac tor i n powder 
meta l lu rgy . D e p e n d i n g o n the type and composi t ion 
of powder a n d on the mode of s inter ing (hquid phase 
or so l id state), one m a y find tha t no rma l or near-normal 
size d i s t r ibu t ion is desirable i n one instance, whereas, 
a hyperbo l i c d i s t r ibu t ion is beneficial i n another. I t 
should be poin ted out tha t the ya rds t i ck one uses to 
describe the size d i s t r ibu t ion of a powder is dependent 
u p o n the accuracy of his me thod of size measurement 
a n d par t ic le count ing. I f an accurate me thod of size 
measurement were avai lable , i t wou ld not be surpr is ing 
f o r one to find tha t a l l mechanica l ly comminu ted 
powders show a f requency d i s t r ibu t ion approaching 
tha t of subdiv i s ion of mat ter i n nature—a combina t ion 
of a skew-probabi l i ty curve and a hyperbol ic curve 
tha t goes th rough a m a x i m u m and drops as par t ic le 
s ize fu r the r decreases (See Figure 1). 

T h e shape of the powder particles is another i m p o r ­
t an t fac tor to b o t h the p rac t i ca l powder metal lurgis ts 
a n d the researchers. F o r good green strength a n d h igh 
s in te rab i l i ty , one finds spongy or i r regula r ly shaped 
part icles are desirable. F o r good compac t ib i l i ty , p a r t i ­
cles w h i c h are near ly spherical i n shape are better. I n 
s l ip cast ing of me ta l powders, one m a y aga in find tha t 
spherical part icles give o p t i m u m results. T o the re­
searchers who are concerned w i t h the mechanisms of 
s inter ing, the in te r lock ing effect of i r regula r ly shaped 
part icles m a y upset the theories fo rmula t ed f r o m 
exper imental results deal ing w i t h spher ical part icles 
or w i t h wires. 

Other powder characteristics such as adsorbed gas 
films, dissolved interst i t ia ls , amount of co ld w o r k a n d 
assoeiated la t t ice strains, degree of a l loy ing or pre-
a l loy ing , s to ichiometry , etc., a l l p l a y i m p o r t a n t par ts 
i n powder meta l lu rgy . M a n y prac t ica l powder m e t a l ­
lurgis ts k n o w this bu t seldom find use fu l guidance f r o m 
basic researches. Y e t , when the in f luen t i a l factors are 
phys ica l and chemical i n nature, they are mos t sui ted 
for f u n d a m e n t a l research, because the pr inciples estab­
l ished should be appl icable to a l l mater ia ls a n d proc­
esses. 

Pressing 

I n the past decade m u c h w o r k has been done o n the 
mechanisms for s inter ing but w i t h o n l y passing c o m -
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ments o n the possible effects of pressing. There have 
been a few at tempts at s t udy ing the s inter ing behavior 
of powder particles under pressure (warm or hot press­
ing) , bu t this is one aspect of powder meta l lu rgy where 
basic research mus t be s t r i c t ly f u n d a m e n t a l i n character 
a n d apphed research w i l l have o n l y l i m i t e d significance. 

T o the prac t ica l powder metal lurgis ts , the pressing 
operat ion is one single impor t an t step i n the process, 
w i thou t w h i c h there w i l l no t be any finished parts . 
R a w materials can be changed or reworked ; fu r the r 
densif icat ion can be achieved usua l ly b y us ing higher 
temperatures plus longer t imes, or b y repeated re­
pressing and resinter ing; but , i f compacts w i t h good 
green strength a n d free f r o m pressure l amina t ions 
cannot be made to specif ied dimensions and configur­
ations, there is then no process of f ab r i ca t ing the 
produc t b y convent ional powder meta l lu rgy . 

T h e behavior of powder part icles under pressure a n d 
the stress d i s t r ibu t ion i n a compact du r ing compac t ion 
and eject ion are wor thwhi le f u n d a m e n t a l invest igat ions 
for the stress analysts . F r o m the observat ion of a 
s i m i l a r i t y between the behavior of powder i n a die and 
tha t of a rope a round a pul ley , Ba l lhausen (1) der ived 
a die f r i c t i o n equat ion w h i c h relates the var iables , 
ra t io of top and b o t t o m pressure (P t /Pb ) , height to 
diameter ra t io ( H / D ) , coefficient of f r i c t i o n between 
powder and die w a l l (u) a n d the angle between the 
pressure vectors (a), as f o l l o w s : 

P t / P b == e 4 ( H / D ) u t a n a 

A f t e r conduct ing var ious pressing experiments us ing 
mater ia ls such as copper and i ron powders, steel bal ls , 
rubber, etc., Ba l lhausen fu r the r reduced his equat ion 
to an empi r i ca l f o r m , 

P t / P b = C H / D 
i n w h i c h C is a constant, between 1.4 a n d 2, w h i c h 
mus t be determined exper imenta l ly f o r the powder 
a n d die mate r i a l used. A c t u a l l y the theoret ical findings 
even wi thou t the a id of exper imenta l evidence w i U give 
considerable help to the prac t ica l powder metal lurgis ts 
i n the raw mate r i a l prepara t ion a n d too l ing . 

T o conduct research experiments i n this area, i t is 
preferable to employ techniques a n d mater ia ls w h i c h 
arc controllable, a l though they m a y seemingly bear 
no d i rect re lat ionship to powder meta l lu rgy . F o r 
example, i t m a y be possible to use the three-dimensional 
photoelas t ic i ty techniques w i t h ins t ruments such as 
the photoelastic dynamometer to uncover the behavior 
of particles a n d the va r i a t i on of stress d i s t r i bu t ion i n 
a compact dur ing pressing a n d eject ion. A n y sound 
principles tha t can be established f r o m basic studies 
should help reduce to m i n i m u m the engineer's effort 
in cut -and- t ry powder preparat ion and i n too l rede­
s igning. 

Ano the r aspect of powder compac t ing is the use of 
lubr icants to reduce f r i c t i o n and of binders to increase 
green strength. T h i s practice of doping the powder to 
improve compa t ib i l i t y is almost as o l d as the develop­
ment of automat ic presses. Y e t , as the requirement f o r 
h igh densi ty powder metals w i t h o p t i m u m phys i ca l 
properties becomes more and more apparent, one begins 
to wonder wha t effects the var ious addi t ives m a y have 
on the s inter ing or i n f i l t r a t i on operat ion, w h i c h w i l l 
even tua l ly show up i n the properties of the finished 
products . H e r e is a n area where basic a n d appl ied 
research m a y be conducted under control led condit ions, 
w i t h no apologies needed for the l a ck of cont ro l of 
var iables associated w i t h powder meta l lu rg ica l proc­
esses. 

Sintering 

I t is now f a i r l y we l l established tha t d i f fu s ion (vol­
ume, surface or gra in boundary) is the most in f luen t ia l 
me thod of ma te r i a l t ransport i n the densif icat ion 
process. I t is also t rue tha t there are s t i l l m a n y con­
flicting evidences and m a n y exper imenta l results w h i c h 
do not quite con f i rm the theories. F o r example, a cer ta in 
invest igator m a y find the ac t iva t ion energy for s inter ing 
copper differs f r o m tha t i n copper self d i f fu s ion b y 20 
per cent, or his rate of densif icat ion fol lows a t ime to 
the 1/3,5 power curve instead of t ime to the 1/3 power 
as his theory indicates. B u t , one mus t remember tha t 
whatever powder meta l lurg ica l experiments conducted 
i n the a t tempt to support a theory, the invest igator 
is deal ing w i t h m a n y uncontrol lable variables , any of 
w h i c h w i l l influence the rate of densif icat ion to a certain 
degree. Some of the more in f luen t ia l var iables or factors 
are (1) powder characteristics before and after com­
pact ion w h i c h w i l l determine the amount , size, shape 
and d i s t r ibu t ion of pores tha t are to be changed or 
e l iminated b y sintering, (2) degree of cold work (amount 
of dislocations and stored s t ra in energy) f r o m pressing 
w h i c h m a y affect the d i f fus ion coefficient or even the 
ac t iva t ion energy for the densif icat ion process, (3) 
surface properties of powder part icles w h i c h m a y either 
promote or re tard d i f fus ion , and (4) other factors such 
as the condi t ion of the compact (presence of pressure 
laminat ions , effect of smeared per ipheral surfaces, etc.), 
lubr ican t or b inder used, s in ter ing atmosphere and i ts 
va r i a t ion , a n d ac tua l l eng th of t ime at the s inter ing 
temperature. 

I f the prac t ica l powder meta l lurgis t is convinced 
tha t d i f fus ion is the m a j o r mechanism i n densif icat ion, 
he m a y derive m u c h use fu l i n fo rma t ion f r o m s tudy ing 
the Arrhe t i ius expression, 

r = To e - E / R T 
where, r is the rate of the process; ro, the rate coefficient; 
B , the ac t iva t ion energy i n calories per m o l ; R , the gas 
constant; T , the absolute temperature i n ' ' K , a n d ej 
the base of na tu ra l l oga r i t hm. 

One var iab le i n the above equat ion, the temperature 
T , m a y appear to be the easiest to change, b u t to a 
process engineer, i t involves m a n y prac t ica l a n d eco­
nomic l imi ta t ions . W h i l e higher s in ter ing temperatm-e 
obv ious ly accelerates densif icat ion, the mat ter of shape 
distort ions a n d ava i l ab i l i t y a n d maintenance of h igh 
temperature p roduc t ion furnaces mus t be t aken into 
consideration. 

T h e t e rm is not rea l ly a constant; i n fac t , i t has 
the un i t of length squared per un i t t ime (same as r ) . 
T h e value fo r this t e r m is usua l ly determined experi­
menta l ly , bu t i t can also be der ived fo r cer ta in d i f fus ion 
systems a n d can be shown to be dependent o n la t t ice 
configurat ion, a tomic v i b r a t i o n f requency a n d the 
ent ropy of ac t iva t ion fo r the system. A n y means to 
increase the va lue of r ^ such as b y v a r i a t i o n of s toichio­
me t r y of a n intermetaUic compound, w i l l hasten the 
d i f fus ion process. 

T h e ac t iva t ion energy, E , represents a w a l l b lock ing 
the p a t h of a m o v i n g a tom or vacancy . A low value for 
E means faster d i f fu s ion a n d easier densif icat ion. H o w ­
ever, to change the va lue of E i n a g iven sys tem wi thou t 
changing the chemica l composi t ion is something on ly 
fundamen ta l research can help the p rac t i ca l powder 
metal lurgis ts . Perhaps the in t roduc t ion of a large 
amount of vacancies and dislocations could change the 
ac t iva t ion energy requi red f o r the process. B y - m a n i p ­
u l a t i ng the processing cycle , i t m i g h t be possible to 
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v a r y the predominant mode of d i f fus ion (e. g., f r o m 
vo lume to gra in boundary or to surface d i f fus ion) , 
resul t ing i r i a change i n ac t iva t ion energy. I f an a l loy 
system permits , i t migh t also be possible to increase 
the rate of densif icat ion b y the repeated occurrence 
dur ing s inter ing of any one of such phenomena as (1) 
phase t ransformat ion , (2) order-disorder change, (3) 
solut ion and precipi ta t ion , (4) crossing of a C u r i e 
point , a n d (5) the upset t ing of e q u i l i b r i u m condi t ions . 

Several observations made b y basic researchers 
regarding d i f fus ion should be noted b y the prac t ica l 
powder metal lurgis ts who are engaged i n produc t or 
process development, or i n conduct ing appl ied re­
search programs. These observations concerning two-
component d i f fu s ion phenomena are (1) the d i f fus ion 
coefficient of a g iven element is usua l ly smaller the 
higher the me l t ing point of the solvent, (2) the d i f -
f u s i v i t y is inverse ly propor t iona l to the soMd so lub i l i ty 
of the components, (3) the di rec t ion of r a p i d d i f fus ion 
is t o w a r d the element w h i c h has the greater in te ra tomic 
distance, a n d (4) the ac t iva t ion energy fo r the d i f fus ion 
of the solute is a lways less t h a n tha t for se l f -d i f fus ion 
i n the solvent, especially when the two elements are 
ve ry m u c h diss imilar . 

Some years ago, i n his study on se l f -d i f fus ion i n so l id 
sod ium, N a c h t r i e b (2) discovered a v e r y interes t ing 
relat ionship between the ac t iva t ion energies f o r self-
d i f fus ion i n cubic metals (e. g. , A u , A g , C u , C o , Fe and 
N a ) and their- la tent heats of fu s ion . T h i s re la t ionship 
m a y be wr i t t en as 

E = 16.5 
which was established f r o m exper imenta l data a n d the 
appHcat ion of the C laus iu s -C lapey ron equat ion. A c ­
cording to Nach t r i eb , this re la t ionship m a y also be 
derived f r o m the considerat ion of the amount of relaxed 
la t t ice vacancies created or in t roduced at the ins tant 
of mel t ing . F u n d a m e n t a l research of t l i i s t ype i n the 
area of chemis t ry and physics of metals is also the 
f u n d a m e n t a l research for powder meta l lu rgy . 

Infiltration 

I n convent ional powder meta l lu rgy , i n f i l t r a t i o n is 
also an impor tan t step i n the process of m a k i n g h igh 
densi ty products w h i c h possess special properties. 
M a n y F e - C u s t ruc tu ra l powder a l loys, cer ta in carbide 
too l t ips , a n d a v a r i e t y of electr ical contact mater ia ls 
are produced b y th is process. Fur the rmore , not o n l y 
m a n y phenomena or pr inciples i n v o l v e d i n in f i l t r a t i on 
are associated w i t h or appl icable to l iquid-phase sinter­
i n g (also i n some degree to so l id state sintering), the 
process itself is i n t ima te ly related to s inter ing, pressing 
a n d powder preparat ion. 

T h i s subject of i n f i l t r a t i on offers a lucra t ive field 
for f undamen ta l research. There have been some fine 
basic researches done i n the past years, bu t not enough 
apphed research to fill the gap between research a n d 
prac t ica l technology. T o d a y ' s process engineers are 
s t i l l using cut-and- t ry methods to solve p roduc t ion 
problems, and the produc t development powder m e t a l ­
lurgists have ye t to have the oppor tun i ty to a p p l y 
research findings to thei r field of endeavor. W i t h respect 
to appl ied research o n in f i l t r a t i on , i t is again ve ry i m ­
por tant f o r the invest igators to realize tha t no laws or 
principles can be estabfished f r o m the results of ex­
periments us ing commerc ia l powders. 
"* T o serve as an example of wha t research areas related 
to the problems of in f i l t r a t i on tha t w i l l y i e l d use fu l 
results to the prac t ica l powder metal lurgis ts , a n d wha t 
possible research f indings tha t the la t te r can app ly to 

thei r da i l y problems, one m a y examine the re la t ionship 
between the contact angle, ( e ) a n d the surface tension 
or energy of the sol id , l i q u i d and so l id -hquid in terface , 
as shown b y Figure 2 and the fo l lowing equat ion. 

O n the basis of the simple re la t ionship described b y 
the above equat ion, i t is obvious tha t the we t t ab i l i t y 
w i l l be f avo red b y a decrease i n contact angle. I t is 
cer ta in ly not um'easonable to speculate on the possi­
bi l i t ies of decreasing e b y us ing addi t ives , changing 
the phys ica l characteristics of the capil lar ies , or app ly ­
i n g special powder treatments to change the values of 
one or two or a l l three terms o n the r ight side of the 
equat ion. 

Concluding Remarks 

P r o b a b l y the best way to speed up the closing of the 
gap between research a n d prac t ica l powder me ta l lu rgy 
is to recognize the fac t tha t powder me ta l lu rgy is bu t a 
technique of metals or mater ia ls f ab r i ca t ion a n d to 
proceed f r o m there. F u n d a m e n t a l research i n powder 
meta l lu rgy means fundamen ta l research i n the chem­
i s t r y and physics of solids, l iqu ids a n d gases, a n d thei r 
interrelat ionships under var ious condi t ions . A p p l i e d 
powder meta l lu rg ica l research should be conducted b y 
technicians who are f a m i l i a r w i t h basic research tech­
niques as w e l l as experienced i n p roduc t ion processes. 
W h e n research i n powder me ta l lu rgy is done i n th is 
manner , i t fo l lows log ica l ly tha t the process engineers 
mus t prepare themselves f o r the task of t rans la t ing 
research findings in to p rac t ica l uses. 

W h i l e o n l y four topics i n the r ea lm of convent ional 
powder meta l lu rgy have been discussed to support the 
theme of th is paper, one can easi ly make s imi la r i n ­
ferences i n the examina t ion of such technique var ia t ions 
as hot pressing, s l ip cast ing, powder extrusion, powder 
ro l l ing a n d explosive compact ing, or such closely re­
la ted fields as cermets, ferri tes, porous powder me ta l ­
l u r g y a n d fiber meta l lu rgy . 
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Controlled Particle 
Movement In 

Counter-Current 
'low Heating 

By 

H A R R Y K . S A V A G E 

HARRY K. SAVAGE 

Research indicates tha t the current me thod of heat­
i n g b roken solids w i t h hot gas b y counter-current f low 
can be made more effect ive. T o design and operate 
equipment fo r the purpose w i l l require a knowledge of 
how broken solids flow. C lose ly associated w i t h flow 
is the feature of agi ta t ing i n some degree a mass of 
b roken solids, using no other force t h a n g rav i ty . 

L i t t l e w o r k has been done o n the flow of b roken 
sohds u n t i l i n recent years (1), (2). T h e f o l l o w i n g data 
are offered as a con t r ibu t ion to a better unders tanding 
of the subject . 

E x p e r i m e n t a l w o r k w i t h crashed grave l was done 
w i t h a container, so bu i l t , t ha t a desired cross-section 
of rock flow could be obsei'ved. T h e floor design of the 
container was an adapta t ion f r o m m i n i n g b y b lock 
cav ing wh ich is i l lus t ra ted b y Figure 1. W i t h such a 
floor design, two types of flow were developed when 
flow in to the container was subs tan t ia l ly equa l to out 
flow: 

1—Mass flow i n w h i c h the i n d i v i d u a l part icles f e l l 
w i t h bu t h t t l e dev ia t ion f r o m the ve r t i ca l . 

Figure I. 
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Although he is a native of Colorado, Harry K. Savage 
received his technical education ai Stanford University 
where in 1907 he received his A.B. degree in civil engi­
neering. From 1920 to 1931 he was a field engineer for 
D. D. Potter & Associates of Denver. 

Early in his career he became interested, in the technical 
problems of oil shale. He discovered that the utilization of 
oil shale will he a close combination of mining and chemical 
engineering. Later he concluded that efficient retorting by 
counter-current flow requires a knowledge of how broken 
solids behave in motion. Since there was little literature on 
the subject, it became necessary for him to undertake re­
search on the flow of broken solids. 

2—Cone flow i n w h i c h the part icles f e l l at different 
rates a n d directions, mos t ly non-ver t ica l . 

M a s s flow was obta ined by opening s imul taneously 
a l l the outlets shown b y Figure 1. T h i s flow is i l lus t ra ted 
b y Figure 2 w h i c h is a cross section, A - A of Figure 1. 
A b o v e B - B of Figure 2, flow d i d not indicate any stress 
except i n the v i c i n i t y of the sidewalls where f r i c t i o n 
caused a v a r i a t i o n i n ve loc i ty . T h i s created shear and 
potent ia l tension i n tha t v i c i n i t y . B e l o w B - B , mass 
flow was gradual ly superseded b y cone flow w i t h i n ­
creased shear a n d tension as the outlets were ap­
proached. 

M a s s flow, because of i ts stabiMty and l ack of inde­
pendent part icle movement , is not conducive to r ap id 
heat ing b y counter-current methods. T e c h n i c a l l i te r ­
ature on the subject , (3), states tha t on ly a por t ion of 
the voids i n b roken solids are avai lable as gas carriers 
because m a n y of t h e m are b locked b y over ly ing pieces 
of so l id ma te r i a l a n d b y in te r lock ing . I t has been esti­
mated tha t on ly about one-fourth, (4), of the surface 
area of the i n d i v i d u a l part icles comes i n contact w i t h 
the gas s tream. A l s o , volumes of gas tend to set up 
convect ion currents, (5), w h i c h result i n channel ing 
a n d slow up fu r the r the heat ing process. G i v e n enough 
t ime, heat ing w i U finally be accompfished b y indirect 
means. 

C a k i n g , w h i c h sometimes occurs, can be m i n i m i z e d 
b y agi ta t ing the part icles at f requent intei-vals or by 
removing cak ing mediums, w h i c h are products of 
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dis t i l la t ion , b y the use of a sufficient amount of scav­
enging gases. M a s s flow i n the m a i n is i n i m i c a l to either 
of these methods. 

O n the other hand , cone flow produces v a r y i n g con­
di t ions of ve loc i ty and direct ion. These induce i n ­
d i v i d u a l par t ic le movement a n d produce stress. T h i s 
tends to break up stat ic features i n a bed of b roken 
solids. T h i s t ype of flow can be induced i n a container 
of b roken sohds b y out le t flow th rough a single orif ice. 
I ts loca t ion i n regard to the sidewalls w i l l determine 
the pat tern of flow. A n orif ice i n the center of the 
b o t t o m w i l l produce a balanced inver ted cone as shown 
b y Figure 3. li i n any other pos i t ion , flow m a y be i n ­
fluenced b y the sidewalls. If so, the flow pat tern w i l l 
be tha t of an imbalanced cone as i l lus t ra ted b y Figures 
4 and 5. 

H e i g h t of the container i n re la t ion to i t s w i d t h is 
another impor t an t fac tor . I f the height is about two 
a n d one-half t imes the w i d t h , flow at tha t poin t and 
above, i f the container is higher, w i l l be s imi la r to mass 
flow shown above B - B b y Figure 2. B e l o w the c r i t i c a l 
height there w i l l be a combina t ion of mass and cone 
flow w i t h the la t ter increasing i n p ropor t ion u n t i l mass 
flow ceases and cone flow takes over completely. A s 
mass flow diminishes shear a n d tension increase. T h e 
cone-flow pa t te rn w i l l be tha t of an inver ted cone 
flowing thi-ough a n up r igh t cone-like figure of s ta t ic 
mater ia l . T h e l ine of contact between the two cones of 
broken rock w i l l be at an angle of 70° f r o m the h o r i ­
zonta l , (Figure 3). D i f f e r e n t mater ia ls have different 
flow angles; catalyst pellets 71", (6): a good grade of 
o i l shale, 7 2 ^ (7). 
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W h e n flow was th rough out le t #1, (Figure 1), the 
pat tern was tha t of a n imbalanced cone, (Figure 4). 
T h e pa t te rn was qui te different f r o m tha t of a b a l ­
anced cone, {Figure 3), one side of the imperfec t cone 
was heavier t h a n the other w i t h the l ighter side being 
between the center of the cone a n d the side wa l l . W h e n 
flow began th rough out le t #1, the i n i t i a l flow i n the 
upper par t of the cone was t oward the side w a l l ra ther 
than t o w a r d the outlet . Soon most of the ma te r i a l 
changed di rec t ion toward the outlet , but par t of i t 
as shown b y markers 2, 3 and 4, cont inued t o w a r d 
thc side w a l l u n t i l near the b o t t o m of the container. 
I t then changed di rec t ion rather ab rup t l y to flow to 
the outlet . T h e peculiari t ies of this type of flow indicates 
greater shear a n d tension t h a n tha t of Figure 3. 

_ W h e n outlet #1 was closed a n d outlet #2 opened a 
different type of imbalanced cone flowed as i l lus t ra ted 
b y Figure 6. I t was more near ly i n balance t h a n the 
cone i l lus t ra ted b y Figure 4-

D r a w thi-ough outlets 1, 4, 13 and 16 w i l l produce 
imba lanced cones w i t h s imi la r patterns. D r a w th rough 
outlets 2, 3, 5, 8, 9, 12, 14 and 15 w i f l produce i m b a l ­
anced cones w i t h patterns s imi la r to Figure 6. D r a w 
th rough outlets 6, 7, 10, 11 m a y produce balanced 
cones s imi la r to Figure 3. If a l l the cones were d rawn 

Figure 2. 
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Figure 4. 

simultaneouBly the flow d o w n w a r d w o u l d be u n i f o r m 
except i n the v i c i n i t y of the side walls where f r i c t i o n 
w o u l d cause a d i f fe ren t ia l i n ve loc i ty . A t a distance 
above the floor, depending u p o n the distance between 
outlets a n d the specific g r a v i t y of the mater ia l , the 
flow w o u l d become t rue cones w h i c h w o u l d be tangent 
to each other as i l lus t ra ted b y Figure 6. P r o b a b l y there 
w o u l d be a t rans i t iona l area above the cones, equal 
to thei r height, i n w h i c h mass flow gradua l ly changed 
to cone flow. {See Figure 2.) 

I f the cones were di 'awn sequential ly, beginning w i t h 
out le t #1, there w o u l d be over lapping as i l lus t ra ted 
b y Figure 7. I f d raw th rough out le t #2 fo l l owed draw 
th rough outlet #1, a po r t i on of #2 cone w o u l d be c o m ­
posed of par t of wha t h a d been #1 cone. W i t h a change 
i n cone, most of the part icles changed ve loc i ty , w h i c h 
depended on thei r posit ions i n the cone. If a par t ic le 
was i n the center of i t s cone i t wou ld move at m a x i m u m 
speed. If i n the change i t f o u n d a pos i t ion near the 
perimeter of the new cone i ts ve loc i ty w o u l d be great ly 
decreased. 

W i t h a change i n cone a f l the part icles changed 
di rec t ion . T h i s resulted i n a zigzag downward com-se 
as shown b y Figure 8. 

Figure 8 does not show b y any means a l l the changes 
tha t took place i n sequential flow. I t merely shows the 
course of cer ta in i n d i v i d u a l pieces used as markers . 
A t each change of outlet new markers took the same 
i n i t i a l pos i t ion tha t the fo rmer mar]cers_ h a d occupied 
bu t thei r i n i t i a l flow f r o m d a t u m was different , w h i c h 
resulted i n add i t iona l pat terns of flow as i l lus t ra ted 
b y Figure 9. M a r k e r -ia at d a t u m flowed to pos i t ion 
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Figure 5, 

4 a - l when out le t #1 was opened fo r un i t t ime . M a r k e r 
4b replaced 4a at d a t u m . W h e n out le t #2 was opened 
fo r u n i t t ime 4a proceeded f r o m 4 a - l to 4a-2; 4b to 
pos i t ion 4 b - l a n d so o n as the di f ferent outlets were 
opened. T h e pa t t e rn of 4c, i f shown, w o u l d be s imi la r 
to 4b bu t not iden t i ca l . 

T h e t ime-quan t i t y f ac to r of sequential flow is i m -

16 
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IB 
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V Figure 5. 
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•V Figure 8, 

portant to secure the most desirable results. T h e i n ­
crement mus t be sma l l . T h i s causes the part icles to 
move downward fo r composite periods of draw_at a 

« - i , j 1 „ 3 , ' „ ^ < 

^ Figure 9. 

f a i r l y u n i f o r m rate as i l lus t ra ted b y Figure 8. T h e 
d iag ram indicates tha t a s l igh t ly slower t ime-quan t i ty 
rate w o u l d have produced more u n i f o r m results. 

A b o v e tangency, the cones if d r a w n one b y one, 
w o u l d overlap each other 's d raw as i l lus t ra ted b y 
Figure 7. T h e amount of overlap wou ld increase w i t h 
height u n t i l at some ppint the over lapp ing w o u l d be 
complete. W i t h increased height, each draw th rough 
an out le t w o u l d cover a greater part of the cross-section 
of the container u n t i l there cou ld be constant agi ta t ion. 

B e l o w the point of complete over lap there are sections 
of Figure 7 labeled H where par t ic le movement takes 
place on ly when a par t i cu la r out le t is d rawn. T h i s 
imba lance of par t ic le movement can be compensated 
to a considerable degree b y short periods of s imul tane­
ous flow thi-ough a l l the outlets. Sequent ia l draw of 
a l l 16 outlets, in te r rup ted at in tervals b y short periods 
of s imultaneous flow could be a workable combina t ion . 

A different pa t te rn could be developed b y d i v i d i n g 
the floor in to four uni t s of f o u r outlets each. T h i s 
w o u l d s i m p l i f y col lect ion of the ma te r i a l for disposal 
a f te r i t was processed. 

T o accompl ish a l l of the desired effects i n hea t ing 
b y counter-current flow, forces mus t be generated 
w i t h i n the apparatus itself . T h i s can be done b y u t i l i z i n g 
the characteristics of a flowing inve r t ed cone. 

l - a Cons tan t decrease i n the diameter of an i n ­
verted cone requires the i n d i v i d u a l par t ic les 
to constant ly change direct ion, except fo r a 
core of sma l l diameter i n the center. 

l - b Increase i n ve loc i ty f r o m the perimeter t oward 
the center and over -a l l increase i n ve loc i ty 
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f r o m the top of the container to the outlet 
produce stress. 

2- Sequent ia l d raw br ings about t ransfer of 
part icles f r o m one cone to another, resu l t ing 
i n change i n d i rec t ion a n d usua l ly a change 
i n ve loc i ty . B o t h of these occurr ing qui te 
ab rup t ly at t imes. 

3- S idewal l f r i c t i o n caused either b y the walls 
of the container or b y perimeter of the cone 
itself . 

4- Imba lanced cones i n w h i c h a por t ion of a cone 
on one side of i ts axis is n o r m a l bu t the other 
side is subnormal . 

Gone flow w i t h a s m a l l amount of mass flow in ter ­
spersed is more effect ive t h a n either mass or cone flow 
alone. 

T h e foregoing data app ly o n l y where flow in to the 
container and ou t f low are substant iaUy the same a n d 
when the particles are approximate ly of the same size. 
Those used i n the exper imenta l w o r k were b r o k en 
gravel ranging f r o m one-quarter i nch to five-eights 
inch i n their greatest d imension. 

O n l y par t of the data app ly to a mix tu re of large 
and sma l l pieces. 

T h e pa t te rn of flow w i l l be inf luenced b y par t ic le 
size, specific g rav i ty , design of the apparatus th rough 
w h i c h the part icles flow a n d the way i n w h i c h the 
apparatus is operated. 

L E G E N D 

Outside heavy full line is confines of the container. 
Dashed heavy iine is boundary between flowing and non-

flowing broken rock. 
Small circles connected by medium lines are markers used 

to note rate and direction of flow. 

IVledium broken lines riesignate equal time of flow. 
Light vertical lines are reference lines. 
No, 1, No. 2, No, 3, No. 4 are numbers of outlets in the 

bottom of the container. 
Areas designated by A are static, 

Comments by the Author 

Experiments were performed intermittently beginning in 
194S and stii! continu'ed at intervals, in a small rock laboratory 
at my home in Downey, Calif. 

Several different models were used, depending upon the 
problems being investigated. 

The principal mod«i was 30 inches high, 16 inches wide 
and S inches thick. All models had plate glass fronts with the 
inner side of the glass placed at the center of the outlet or out­
lets. 

Figure 1 has no absolute dimensions. It illustrates a type of 
floor design by which mass flow or cone fiow could be indnced. 
The letter a of the illustration could be aimost any figure de­
pending on particles size and results desired. 

The ordinate and abcissa of Figures 3, 4, and 5 were for 
the purpose of plotting the course of the markers and to show 
the relationship between height and width. Figure 3, as an il­
lustration, shows a constant change in the cross-section of the 
pattern of flow which is a function of height and width. If the 
height remained at 30 and the width became greater or l«ss than 
16 the pattern of flow would vary from that of Figure 3. 
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N E W S — I N D U S T R I E S 

(Continued from page 17) 

uted directly to the lower volume and 
value of the 1959 crude petroleum 
yield. 

T h e total value of the nonmetallic 
mineral production rose 8 per cent, to 
nearly $30 mil l ion above the previous 
year. O n l y four commodities in this 
group (bromine compounds, calcium 
chloride, sul fur ore and magnesite) 
were reported in lesser quantity and 
value than in 1958, as most non-metal­
l ic minerals reflected the compara­
tively high level of activity experi­
enced by the construction and chem­
ical industries in 1959. 
C o l o r a d o M i n e r a l O u t p u t 
U p O n e P e r C e n t in 1959 

Colorado's $310.4 mi l l ion value of 
mineral production in 1959 was a 
$3.9 mi l l ion increase or 1 per cent 
over 1958, according to the Bureau of 
Mines , Un i t ed States Department of 
the Interior, Fuels, metals, and non-
metals accounted for 56, 30, and 14 
per cent, respectively, compared wi th 
59, 27, and 14 in 1958. 

T h e overall value of mineral fuels 
($172 mi l l ion) was 5 per cent less 
than in 1958, metals ($94 mi l l ion) 
advanced 15 per cent, and nonmetals 
as a group remained unchanged (at 
$44.3 mi l l ion) for both j'ears. 

Petroleum continued as the leading 
value commodity produced in the 
State, accounting for 44 per cent of 
the total. 

Molybdenum again ranked first i n 
value of output among the metals 
(second among a l l minerals in the 
State), fol lowed by uranium, vana­
dium, and zinc. Cement maintained 
the value lead in the nonmetals group 
followed closely by sand and gravel. 

Petroleum production declined for 
the second consecutive year and was 
5 per cent below that of 1958. A 
drop in production at the Rangely 
f ield—amounting to more than the 
total decline throughout the S t a t e -
was partially offset by production 
f r o m new discoveries and other fields. 
Water - f looding o p e r a t i o n s were 
started in February 1959 in the 
Rangely F ie ld Weber pool. Ini t ia l 
injection at the rate of 25,000 barrels 
a day w i l l be increased to 60,000 bar­
rels a day by M a r c h 1960 and ul t i ­
mate injection rate w i l l be 160,000 
barrels a day. 

Exploratory and development d r i l l ­
ing was at a lower rate than in 1958. 
In 11 months 401 exploratory and 
301 development wells had been com­
pleted, compared wi th 450 explora­
tory wells and 327 development wells 
completed in the same period in 1958. 

N . M e x . M i n e r a l Indust ry 
P r o d u c e s $607 M i l l i o n in '59 

T h e mineral industry of New-
M e x i c o produced commodities valued 
at $607.3 mi l l ion in 1959, an 8 per 
cent advance over 1958, according to 
the Bureau of Mines . M i n e r a l fuels 
accounted for 71 per cent of the total 
value of production, nonmetals 15, 
and metals 14 per cent. 

Petroleum, wi th a 7 per cent 
greater output than in 1958, was the 
most i m p o r t a n t mineral-industry 
product and for the first time in the 
history of the state, output exceeded 
100 mi l l ion barrels. T h e potash in­
dustry in the Carlsbad area recovered 
f rom its relatively unfavorable eco­
nomic position in 1958, and the value 
of output rose 7 per cent in 1959. 

T h e metals segment of the industry 
showed an overall 25 per cent gain 
in value of production largely because 
of a 69 per cent increase in the value 
of uranium production, despite a 16, 
8, and 41 per cent drop in the value 
of copper, lead, and zinc, respectively. 

MAGNETOMETERS 
Verticol Force 

SALiS*RiNTALS*R[PAIRS 

G E O P H Y S I C A L INSTRUMENT 
& SUPPLY C O . 

UU'BROADWiY, DfHVER 2, COLO.-
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! iirocess Development 
And Operating Costs* 

By 

J O H N A . RIDDLE, '49 

J O H N A. RIDDLE 

W h e n evaluat ing a new project , several stages are 
considered i n i ts progress f r o m a prospect or a research 
project to an operat ing proper ty . These are: first, a 
p re l iminary evaluat ion w h i c h should t e l l us i f i t is 
w o r t h going to any work to develop more i n f o r m a t i o n ; 
second, a more ref ined set of estimates af ter some work 
has been done; a n d t h i r d , a final complete eva lua t ion 
on w h i c h a request f o r const ruct ion funds is based. 

T h e stages are not usua l ly separate and dis t inct , 
bu t b lend one in to another. A s the project advances 
i n fo rma t ion a n d estimates n a t u r a l l y become more 
complete a n d should become more accurate. Es t ima tes 
of ore reserves, cap i ta l costs and operat ing costs i m ­
prove i n accuracy f r o m plus or m inus 50 percent to 
plus or m inus 10 percent. 

Process Selectioti 

Process selection is p robab ly the most c r i t i c a l point , 
since i t is here tha t the entire fu tu re of a project is 
determined, f o r better or for worse. Some of the in fo r ­
m a t i o n required before any intelKgent selection m a y 
be a t tempted inc ludes : 

(1) Mineralogy—identification and occurrence of both ore and 
gangue minerals 
(2) Mining characteristics—size, distribution, hardness, mois­
ture content, ore reserves and expected range of production rates 
(3) Geography—terrain, climate, labor market, transportation, 
availability of water, fuel, power and reagents 
(4) Markets—price, volume, stability and product specifications 

F r o m this i n fo rma t ion a p re l imina ry selection of the 
general t reatment scheme can be made—such as con­
centrat ion, hydrometa l lu rgy , pyrometa l lu rgy , or appro­
priate combinat ions of these. 

If t ime permits and the project is large or un ique 
enough to war ran t i t , p i lo t p lan t work should be done 
to get as m u c h i n f o r m a t i o n as possible. 

E v e n at this p re l iminary state, processing economics 
must be considered i n choosing between al ternatives. 
Use of the t e r m "economics ," ra ther t h a n cost, is 
impor tan t , since i t encompasses sales, operat ing costs, 
cap i ta l costs, and t i m i n g . Sales relates to marke t con­
dit ions, to the amount of the va luab le const i tuent 

* This article appears here with the permission ot tbe Min ing Conflress 
Journal , in which it was flret published in the Januarj' lOGO issue. The 
paper was presented at tlie 19S9 iliiiing Convention, American Minins 
OonfiTcss, Denver, Colo., Sept. H-16, 1959, 
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graduated from Grand Junction High School in 1945 and 
then began his study of metallwgy at the Colorado School 
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Since 1956 he has been engaged in process engiiieering 
and project evaluation in Union Carbide Nuclear's New 
York office. 

recovered f r o m the ore, and to i ts qua l i t y . Opera t ing 
costs are impor tan t , bu t low operat ing costs do not 
i n themselves assure a profi table operat ion, since i t is 
obvious tha t the w a y to achieve lowest operat ing costs 
is to shut down . 

C a p i t a l costs mus t be wr i t ten off over the l i f e of the 
project, a n d process selection should be done w i t h this 
i n m i n d , especially if the operat ing l i f e is expected to 
be re la t ive ly short. F i n a l l y , the t i m i n g of the cash 
flows is extremely impor tan t . A doliar spent or received 
t o d a y is w o r t h a dollar, bu t i f the t ransact ion is delayed, 
the dol lar mus t be discounted according to the rate i t 
w o u l d earn i f invested. A t six percent interest, for 
example, a dol lar tha t w i l l be received a year f r o m now 
is w o r t h on ly S0.943 today . If i t w i l l not be received 
fo r five years, i t is wor th on ly $0,747 today . U s i n g this 
concept, if a $1,000,000 expenditure is made today 
f r o m w h i c h no re turn is expected fo r five years, the 
amount pa id back mus t be more than $1,338,689 i n 
order for the venture to be as a t t rac t ive as a h y p o ­
the t ica l six percent investment . D i s c o u n t i n g cash flows 
according to theu' t i m i n g is the basis f o r such eco­
nomic cr i ter ia as discounted cash flow rate of r e tu rn 
a n d present w o r t h (See Bates and Weave r , Chemical 
Week, June 15, 1957, pp . 116-127). 

T h e p roduc t ion rate should, of course, be the m a x i ­
m u m consistent w i t h the ore body and the marke t . 
A me thod we have used f requent ly w i t h fan- success 
invo lves m a k i n g a complete estimate fo r a mediuixi-
sized operat ion, then scal ing both capi ta l and operat ing 
costs to those wh ich migh t be expected at several other 
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rates. U s i n g tliese figures and such cr i ter ia as paymen t 
t ime, re turn on inves tment or discounted cash flow, 
the o p t i m u m produc t ion rate can usua l ly be approx i ­
mated b y a series of t r ia l-and-error calculat ions . M a r k e t 
condit ions and forecasts of general economic condit ions 
also must be t aken in to account i n de te rmin ing the 
o p t i m u m rate. 

Flowsheets and Equipment Lists 

O n the subject of the types of flowsheets and their 
use as a too l i n process engineering, i t should be no ted 
tha t no th ing else ehminates a n i m p r a c t i c a l c i rcu i t as 
ef fec t ively as p u t t i n g i t o n paper a n d finding tha t i t 
cannot be balanced, or tha t i t can be v a s t l y s impl i f i ed . 

A var ie ty of flowsheets are used i n different stages 
of a project , bu t the mos t use fu l f o r p re l imina ry evalua­
t ions is the type iUust ra ted i n Figure 1. H e r e is tho treat­
ment scheme, ma te r i a l balance and the makings of an 
equipment l i s t a l l i n one piece of paper. F o r comparison 
of var ious t reatment schemes several flowsheets w i l l 
be prepared, w i t h equipment sizes a n d ma te r i a l ba l ­
ances as complete as possible. F r o m these, p re l imina ry 
capi ta l cost estimates can be prepared, and also esti­
mates on labor , reagent a n d u t i l i t y costs. T h e flowsheet 
should usuaUy be prepared w i t h sof t penc i l on h eav y 
t rac ing paper, so tha t necessary changes can be made 
and addi t ional i n f o r m a t i o n added as i t becomes a v a i l ­
able. A reproducible copy can be made f r o m the master 
at each stage a n d retained to provide a record of the 
evo lu t ion of the final flowsheet. 

Capi ta l Cos t Estimates 

Cos t estirhates fo r an eva lua t ion are a f a r c r y f r o m 
the complete -detailed estimates made la ter when 
engineering is we l l advanced. Con t ingency allowances 

Fit}, I 

SAMPUKG HAHP FLOWSHEET 

Incoming Run-of-MLne Ore, 600 TH), 
In pump Trucks, IS In. Vbx.* Farblcle size 

" I 
60 Fb. Truck Scale, 50 T. Capacity 

, 

; g BecelTTing Bins, 60 T. Capacity With Grizzly 

j 2 Reciprocation glate Feeders 

36 In. X 150 Ft. Coarse Ore Belt Conveyor 

: ^̂ tFt, X 6 yt, vibrating screen, 2 In. Opepliigs 
^ 2 In. - 2 in, 

\ 2lj X 36 Jaw 
; Crusher 

1 
' 2H m. X 18 Belt Conveyor 

Bucket Sampler, 
\% Cut 

i i=r. 
Sainple, 90 TED Rejects, TH) 

3 Fb, X 5 Ft; Vibrating 
Screens, g/lt In. Qpgiingg 

^ 3 A 

10 X 2l* Jaw 
Crusher 

16 In,Xl2 Ft. Belt 
Conveyor 

- Z/h In. 

(2.5 X 10«) 
0,6 

^S3,900 ,000 , 

should be generous, for projects have a way of get t ing 
more compHcated and expensive dur ing the per iod 
between i n i t i a l conception and p lan t start-up. 

F i r s t stage capi ta l costs are f r equen t ly obta ined b y 
analogy; tha t is , a p lant three years ago was bu i l t f o r 
365,000,000, a new one of the same capac i ty should cost 
about 16,000,000 today. A ref inement of th is technique 
is the use of the 0.6 power of the ra t io of capacities to 
ad jus t f r o m one size p lant to another. T h e costs should 
also, of course, be ad jus ted to present-day levels b y use 
of an appropriate cost index. F o r example, if we bu i l t a 
300-tpd p lant i n 1956 fo r $2,500,000 the approximate 
cost of a 500-tpd p lant i n 1959 w o u l d be: 

/ l 7 0 \ / 5 0 0 \ 
V150) V 3 0 0 ) 

'̂ ^̂ '̂  ^̂ ^̂ ^̂ -y ̂ ^̂^̂  Gune IgSfi) 
Other cost indices such as the E . N . R . or the M a r s h a l l 

& Stevens Index could be used, of course. If the new 
plant is to be of m i l t i - u n i t design, the capaci ty rat io 
m i g h t be t aken d i rec t ly as a cost mul t ip l i e r , or perhaps 
to the 0.9 power instead of 0.6. These var ia t ions should 
be based u p o n analysis of previous experience, and 
upon the par t icu lar s i tua t ion under considerat ion. I t 
should be ment ioned tha t this me thod can lead one 
f a r as t ray i f an a t tempt is made to correlate different 
types of plants . 

Second-round capi ta l cost estimates are usuaf ly 
prepared w i t h a flowsheet of the type shown m. figure 1 
b y adding prices to the equipment l i s t , a n d b y us ing 
experience factors to go f r o m to t a l equipment cost to 
t o t a l p lant cost. F o r instance, the cost of a p lan t w i t h 
no unusual auxiharies such as power p lant or employes ' 
housing m a y be est imated as some fac tor t imes the 

Bucket Sandier, 
10̂  Cut 

Sainple 
9 TjPD 

2 Ft. X 3 Ft. Vibrating 
Screen, 3/8 In. Qpenlo^ 

Re,5ects, 81 TED 

/ 3/8 
8 X 10 Jaw 
Crusher 

- 3/8 In. 

16 in. X 12 Ft. Belt 
Conveyor 

1 
Bucket Sampler, 
10̂  Cut 

Saarple, O.9 TPD '—Rejects, 8,1 TED 
I 

16 In. X 15 Ft. Belt 
Conveyor 

12 In. X 2U In. Boll 
Crusher, Set I/8 In. 
" h 
36 In. Diaaieter Vezin 
SaaiplfiJj ^ - % Cuts 

SaiopleB to Sconple 
K-e^aratlon, 
2-90 Ib. SaaipleB 

• Rejects 0,8 TPD -

2U In. X 270 Ft. 
Conveyor To Bins 

Belt 

Figure 1. 
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cost of process equipment . Fac tors generally range f r o m 
three to four , depending o n locat ion, type of process, 
etc. A v e r y good discussion b y N o r m a n G . B a c h on the 
apphca t ion of this t ype of fac tor i n cap i ta l cost est i ­
mates was publ ished i n Chemical Engineering, (Sept. 
22, 1958, pp . 155-159) and m a n y other references m a y 
be f o u n d i n the l i terature . 

A s an example of the der iva t ion of these es t imat ing 
factors, the cost of a n ore t reatment p lant b u i l t recent ly 
is shown i n Tahle I . I n this case, the process equipment 
cost 32 per cent of the to ta l , so the fac tor w o u l d be 
three. Tahle I also i i lustrates the re la t ive magni tude of 
some of the i tems of indi rec t cost. 

Inc identa l ly , the p rehminary equipment l i s t for this 
p lant was prepared before detai led engineering began, 
and a cost estimate made at this stage to ta led $4,500, 
000. A l t h o u g h such close agreement is rare, i t happens 
just o f t en enough to be encouraging. 

T A B L E I 

U R A N I U M P L A N T C O S T 

Percent 
Cos t of 

I t e m ($000) to ta l 
Process E q u i p m e n t 1,490 32 
M a t e r i a l , equipment and 

bui ldings 379 8 
F i e l d labor 687 15 
Subcontract , m a s o m y . 

roof ing , electr ical 840 18 
Fre igh t 53 1 
Sales tax 42 1 

T o t a l D i r e c t Cos t 3,491 75 
Cons t ruc t ion , tools, 

equipment supplies 

3,491 
Cons t ruc t ion , tools, 

equipment supplies 225 
T e m p o r a r y faci l i t ies 27 
Tests 2 
F i e l d supervis ion 67 
Office supplies and 

communica t ions 13 
Job insurance 5 
P a y r o l l taxes a n d insurance 90 
Subsistence 161 
Wel fa re -7 
Cleanup 10 

T o t a l ind i rec t cost 607 1 3 
Engineer ing (50 percent 

salaries) 360 8 
Purchas ing (42 percent 

salaries) [53 1 
Contrac tor ' s fee 142 3 

T o t a l cost $4,653 100 

Operat ing Cos t Estimates 

T h e first-stage eva lua t ion of a project 's operat ing 
cost is usua l ly b y analogy to previous experience. T h a t 
is , i f a g iven u r a n i u m ore can be t reated b y ac id leach 
and resin-in-pulp i o n exchange for $10 per t o n ; a s imi la r 
ore, w h i c h is k n o w n to consume a n addi t iona l dollar 's 
w o r t h of ac id , can probably be t reated at the same 
tonnage rate for $11.00 per ton . T h i s type of compar ison 
can be b roken down to operat ing departments a n d 
extended to s imi la r schemes fo r different ores, since 
m u c h of the flowsheet w i l l be the same; crush, g r ind , 
leach, wash, discard ta i l ings, separate a n d prepare con­
centrate. F o r a g iven s i tua t ion , p lant thi 'oughput rate 
w i l l have more effect o n per- ton costs t h a n almost any 
other fac tor . 

A second stage processing cost eva lua t ion is usua l ly 
made i n tabular f o r m on the basis of direct and indirect 
operat ing costs. D i r e c t operat ing costs are broken 
down i n categories as to labor, reagents, operat ing 
supplies, maintenance supplies and u t i l i t i es . I n a 
t y p i c a l break down each cost category is f u r t h e r b roken 
down on a dol lar per m o n t h a n d dollar per ton basis 
as to ore receiving and crushing, gr inding, leaching, 
l iqu id - so l id separation, product separation, a n d taihngs 
disposal. 

Indi rec t operat ing costs are b roken d o w n in to ten 
m a j o r categories o n a cost per m o n t h and cost per t o n 
basis. F i v e categories—supervision a n d adminis t ra t ion , 
maintenance, ana ly t i ca l a n d technica l ; water, air a n d 
s team; and purchasing, warehousing a n d account ing 
—are broken down as to labor and supply costs. M a i n ­
tenance and water, a i r a n d steam costs also inc lude 
charges fo r u t i l i t ies . T h e remaining five expense cate­
gories are fo r p a y r o l l overhead, taxes and insurance, 
communicat ions , product shipment and home office 
expense. 

Es t imates of this k i n d must be based o n accurate 
cost i n fo rma t ion collected f r o m other operations and 
o n the best possible l ab or p i lo t p lant i n fo rma t ion as 
to reagent consumptions, process quanti t ies, etc. Other 
forms w h i c h w i l l be use fu l i n developing the estimate, 
are hourlj'^ a n d salaried p a y r o l l l ists , tables of reagent 
usages, heat balances a n d motor l is ts . I t is f r equen t ly 
desirable to tabula te cost estimates i n the f o r m used fo r 
cost account ing i n other operations, so tha t s imi la r 
i tems m a y be convenient ly cross-checked against ac tual 
experience. 

6q 1— 1 
50 

1̂  
3 0 

I H V E S K l E i r a ( ^ X 1 0 ) 

• Figure 2. 
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A few of the factors we have f o u n d use fu l i n pre-
l^aring p re l iminary operat ing cost estimates are l is ted 
be low: 
L a b o r — H o u r l y , $2.00 to S2.50 per man-hour , depend­
ing o n the labor marke t . Salar ied , according to company 
salary scales, and l i s t of staff personnel. 
Ma in t enance s u p p l i e s — A n n u a l cost one to f ive percent 
of cap i ta l cost, according to process and complex i ty 
of p lant . 

Ma in tenance l a b o r — E q u a l to maintenance supplies; 
less i f special mater ia ls of t ionstruction are used ex­
tensively . 
P a y r o l l overhead—Twelve to 16 percent of t o t a l labor , 
depending on the area and company pohcies. 
Taxes and Insurance-—Annual cost 1}4 percent of p lant 
cap i ta l cost. T h i s can v a i y wide ly , depending o n the 
area a n d the type of p lan t . 

C o m m u n i c a t i o n s — F i v e hundred to $2000 per m o n t h , 
depending o n p lan t size and loca t ion . 

One of thc biggest uncertaint ies i n operat ing cost,, 
estimates is maintenance cost. Shor t of bu i l d ing the 
plant and operat ing i t there is no complete ly accurate 
me thod of predic t ing maintenance costs. Eng ineer ing 
design, selection of equipment and q u a l i t y of labor 
are a l l impor tan t bu t in tangible var iables . T h e re la t ion­
ship between cap i t a l inves tment , t ype of operat ion a n d 
annual maintenance man-houi 's has been discussed b y 
R . L . G l a u z , J r . i n Chemical Engineering Progress 

•I. 
Expetidilures 
Working Capital 
Plant Construetioo 
Research & D«v. 
Income 
Net after Tax 
Depreciation 
Worl!ing Capital 
Net Cash Flow 
Discount- Fantor, Ci% 
Present Worth 
Cumulative Presoot Worth 

B. 
Erpendilures 
Working Capital 
Plant Coostriietion 
Research & Dev. 
Income 
Net after Tax 
Depreciation 
Worliine Capital 
Not Cash Fiow 
Discount Factor 
Present Worth 
Cumulative Present Worth 

( M a r c h 1955). B y us ing th is concept, a series of graphs 
m a y be prepared us ing data f r o m exis t ing plants w h i c h 
w i l l g ive a reasonably good basis f o r maintenance cost 
estimates. A t y p i c a l g raph of this type is shown i n 
Figure 2. 

Typical Projecf Evaluation 

A s a n i l lu s t r a t ion of a t y p i c a l project eva lua t ion 
consider a hypo the t i ca l project i n w h i c h the explora t ion 
depar tment has f o u n d an ore b o d y conta in ing 3,600,000 
tons of ore w i t h one percent m e t a l content. T h e m i n i n g 
depar tment advises tha t the ore can be m i n e d mos t 
eff ic ient ly at a rate of 1000 t p d for a cost of $10 per 
ton , a n d a m a r k e t is ava i lab le fo r a l l t ha t can be pro­
duced at a price of $2.50 per l b . of meta l . 

L a b o r a t o r y w o r k indicates tha t the ore can be treated 
b y a well-developed process tha t w o u l d get 75 percent 
recovery. I t is also reported tha t a new scheme w i l l 
p robab ly recover 95 percent of the values, bu t w i l l t ake 
about two years to develop at a cost of $500,000. 

P r e h m i n a r y estimates of capi ta l cost and opera t ion 
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cost prepared for each case indicate tha t a p lant us ing 
the o ld process w i l l cost $5,000,000 and w i l l operate for 
$10 per ton , whereas the cost of the p lan t us ing the 
new process w i l l be $8,000,000 a n d operat ing cost w i l l 
be $12 per ton . 

U s i n g the data g iven above, net income and re tu rn 
on investment are calculated o n an annua l basis as 
shown be low: 

Case A Case B 

T o n s of ore fed 360,000 360,000 
L b . me t a l i n feed 7,200,000 7,200,000 
Recove ry , percent 7 5 % 9 5 % 
M e t a l recovered, Ib . /y r . 5,400,000 6,840,000 
Sales, $000 13,500 17,100 

M i n i n g cost, $000 -3 ,600 
-3,600 

-3,600 
Opera t ing cost 

-3 ,600 
-3,600 -1 ,800 

Opera t ing m a r g i n 6,300 8,700 
P l a n t depreciat ion - 500 - 800 

N e t before tax 5,800 7,900 
T a x at 52 percent -3 ,016 -4,108 

N e t income 2,784 3,792 
Percent r e tu rn o n 

investment 5 6 % 3 8 % 

If the on ly cr i ter ion is re turn o n inves tment , ob­
v ious ly Case A is more desirable. However , a com­
par ison of the present w o r t h calculat ions shown i n 
Tahle II for the two cases indicates a present w o r t h of 

about $22,800,000 fo r Case B a n d o n l y about $19,500,-
000 for Case A . Since the present w o r t h concept con­
siders inves tment , income a n d t i m i n g , i t is apparent 
tha t the higher present w o r t h of Case B makes i t more 
desirable t h a n Case A . 

A c r i t i ca l va lue i n present w o r t h computat ions is 
the discount rate used. R e f e r r i n g to the example, i t is 
apparent tha t a h igher rate w o u l d f a v o r Case A , a n d 
conversely, a lower rate w o u l d m a k e Case B more 
a t t ract ive . Select ion of a discount fac tor is dependent 
o n a company ' s cap i t a l s tructure, the cost of cap i t a l 
a n d the earnings f r o m other ava i lab le inves tment 

opportuni t ies . 

A s poin ted out i n the art icle b y Bates a n d Weave r , 
p rev ious ly referred to, a complete eva lua t ion mus t 
consider b o t h the amount a n d the t i m i n g of cash flows, 

•and present w o r t h is a n accurate a n d versat i le c r i te r ion . 
A n y o n e interested i n mine ra l economics w o u l d do w e l l 
to spend some t i m e explor ing the effect of var ious 
factors i n analyses of this type , 
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T A B L E II 
PRESENT W O R T H C O M P U T A T I O N 

(thousands o£ dollars) 
Y E A R 

0 1 2 3 4 5 6 7 8 9 10 11 12 

-5,000 
-1,C 

+2,7S4 +2,784 +2,784 +2,784 +2,784 + 2,784 + 2,784 + 2,784 + 2,784 + 2,784 
+ 500 + 500 + 500 + 500 + 500 + 500 + 500 + 500 + 500 + 500 

+ 1.000 
-5,000 +2.284 +3,284 +3,284 +3,284 +3,284 + 3.284 + 3,284 + 3,284 + 3,284 + 4.284 

1.000 .971 .916 .8(14 .816 .769 .725 .685 .646 .609 .575 .542 .512 
-5,000 +2,218 +3.008 +2,837 +2,680 +2,525 + 2,381 + 2,250 + 2,121 + 2,000 + 2,463 
-5,000 -2.782 + 226 +3,063 +5,743 +8.268 +10,649 +12,899 +16,020 +17.020 +19,483 

- 250 - 250 

-1.000 
-8,000 

+3,792 +3,792 +3,792 + 3,792 + 3,792 + 3,792 + 3,792 + 3,792 + 3,792 + 3,792 
+ 800 + 800 + 800 + 800 + 800 + 800 + 800 + 800 -^ 800 -t 800 

+ 1.000 
250 - mo -8,000 +3,592 +4,592 +4,592 + 4,592 + 4.592 + 4,592 + 4,592 + 4,592 + 4,592 + 5,.'>92 
1.0 .971 .916 .864 .816 .769 .725 .685 .646 .009 .575 .542 .512 

250 - 243 -7,328 +3,103 +3,747 +3,531 + 3,329 + 3,146 + 2,966 + 2,797 + 2,640 + 2,489 + 2,863 
250 - 493 -7,821 -4,718 - 971 +2,560 + 5,889 + 9,035 +12,001 +14,798 +17,438 -rl9.927 -r22,790 

Colorado School of Mines Alumni Association 

Officers in 1960 

EDWIN H. CRABTREE, JR., '27 
President 

^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂ ^̂  

JOHN M. PETTY, '42 
Vice-President 

P r e s i d e n t ' s M e s s a g e 

' I want to express my appreciation 
to a l l members for electing me presi­
dent of the A l u m n i Association this 
year. Y o u may be sure that 1 w i l l 
give my best efforts to this job, as 
have my predecessors. 

I believe we are very fortunate to 
have Colonel W e n d e l l Fer t ig as our 
new Executive Manager . Wendel l ' s 
long association wi th the School and 
wi th the A l u m n i Association w i l l be 
of particular benefit in work ing out 
our problems. W e plan to move the 
Association offices to Guggenheim 
H a l l this summer which should fur­
ther increase our close relationship 
wi th the School to our mutual bene­
fit . 

Y o u r Association occupies an en­
viable position. Y e t , we cannot say 
that a l l A l u m n i are doing their share, 
nor that the A l u m n i Association can­
not be improved. A s always, one of 
our main problems is the need to in ­
crease our membership. 

Y o u may be surprised to know that 
of the 4,910 l iv ing graduates of the 
Colorado School of Mines , only 2,900, 
or 59.2 per cent are affi l iated wi th 
the A l u m n i Association. 

I am sure that many of these grad­
uates who are not members could be 
persuaded to join, and I appeal to each 
of you to assist us in persuading these 
people to become members and enjoy 
the benefits of the Association. 

In succeeding issues of the M i n e s 
Magazine we w i l l keep you advised of 
our activities. 

ROBERT W. EVANS, '36 
Executive Committee 

HARVEY MATHEWS, '13 
Executive Committee 

ROBERT H. WATERMAN, '28 
Treasurer 

JAMES A. MULLINAX. '47 
Secretary 

S, M. DEL RIO, '28 
Executive Committee 
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Annual Business Meeting 
Colorado School of Mines Alumni Association 

T h e annual business meeting of the A l u m n i Associa­
tion and installation of new officers for I960 was held 
at the Denver Athle t ic C l u b on Thursday evening, Jan. 
28. There were 46 members present w i th classes being 
represented f rom '01 through '59 for a range of some 58 
years. 

A l u m n i drif ted in about 6 o'clock for a few cocktails 
and stimulating conversation before sitting down to a roast 
beef and mince pie dinner served at 7 o'clock. 

President F rank E . Briber called the meeting to order 
at 8 p.m. w i th the observation that he was glad to see 
members of the faculty present because "as alumni we ap­
preciate what they are doing through the Foundation to 
build up the School, which has no equal in its f i e ld . " 
(Present were Prof . P a u l H . Keat ing of the Geology 
Department; P rof . C l a r k F . Barb, head of the Petro­
leum Engineering Department; Prof . Lute J . Parkinson, 
head of the M i n i n g Department; F r i t z Brennecke, di­
rector of athletics; Dave C . Johnston, former faculty 
member.) 

President Briber then touched upon the work of the 
various committees and said he was sure he was speaking 
for a l l alumni in commending committee members for 
their conscientious efforts in behalf of the Association, 
H e said he especially wished-to commend the work of the 
publications committee for a job we l l done and to ex­
press appreciation to the nominations committee for putting 
up an extremely strong slate of officers as evinced by 
the close vote, 

" W e have been fortunate," President Briber declared, 
" i n securing the services of outstanding men to serve as 
executive manager. W h e n George R o l l asked to be re­
lieved as executive manager, a committee was appointed 
to select his successor and C o l . W e n d e l l W . Fer t ig has 
agreed to accept the position as of Feb. 1." 

Colonel Fe r t ig replied that while he didn't have any 
panaceas to offer, he would work to strengthen the A s ­
sociation. 

A f t e r thanking alumni for the privilege of serving as 
their president during the past year, President Briber 
called for committee reports. 

In the absence of Robert H , Waterman, Treasurer, 
George R o l l presented the report covering 1959 financial 
results by separate account functions as fo l lows; 

A l u m n i division receipts were $11,539.39 wi th dis­
bursements of $11,452.60 for a net gain of $86.79. M a g ­
azine division revenue totaled $30,200.59, expenses $29,-
997.43 (wi th print ing and salaries being the major dis­
bursements) for a profit of $203.16. T h e 1959'Directory 
account had receipts of $2,755.00 and disbursements of 
$2,723.71 for a net gain of $31.29. 

Assets at Dec. 31 totaled $14,596.46 largely offset 
by 1960 deferred dues, magazine and directory subscrip­
tions accumulated at year's end. 

Savings account (to which dividends are deposited as 
received f rom securities in the A l u m n i Endowment F u n d ) 
held a bank balance on Dec. 31 of $1,130.99. 

Fo r the A l u m n i Endowment Fund , the principal 
account held a bank balance of $4,275.19 and invest­
ments at a cost of $15,881.14 having a market value on 
Dec. 31, 1959 of $41,649. 

A l u m n i L o a n F u n d held a balance in checking ac­
count of $395.15 and a savings account of $9,444.79' or 
a total of $9,839.94. Loans outstanding total $2,122.50 
giving total assets of $11,962.44. 

Recognition F u n d holds cash in savings account of 
$943.51. 

K i r k Forcade, Chairman of the Publications Com­
mittee, reported that the Committee's main concern in 
1959 pertained directly to the problem of how the ad­
ministration of the C S M A l u m n i Association and its 
operating staff could enhance M i n e s Magazine and there­
by maintain and foster a better relationship between the 
Magaz ine and the Association members at large. H e 
said that problem has many facets—all of which can be 
cured wi th money and finances, and this resolves itself 
into one simply of acquiring additional advertising for 
M i n e s Magazine . H e reported that the Committee had 
prepared a recommendation which pertained to a policy 
and procedure for operation and publication of M i n e s 
Magazine. M r . Forcade said that while such a report 
(presented to the Executive Committee on Dec. 21) can 
expect modification, it does establish a basis for operation 
which is necessary for a successful enterprise. 

In the absence of N e w e l l H . O r r (who was trans­
ferred to Pi t tsburgh) , Chairman of the Membership Com­
mittee, M r . R o l l reported that membership subscriptions 
to the magazine to N o v . 1 were 2,660 but that 200 
alumni were removed f rom the Hst on N o v . 1 for non­
payment of dues. Act ive alumni now total 2,537 and in 
addition there are about 900' miscellaneous subscribers. 
Since moving to Golden, the alumni stencil mai l ing list 
has been combined wi th that of the School, and "we have 
really done a job for the School in bringing their list up 
to date." 

Ron Lestina, Chairman of the Athle t ic Committee, 
reported that an average of 37 M i n e s men had been at­
tending the weekly Tuesday noon meetings of the Denver 
Quarterback C l u b during the football season. H e said 
that these meetings, which have been a big factor in re­
activating the Denver Section, are now being held at the 
Denver Press C l u b on the third Tuesday noon of each 
month. Lestina reported terr if ic competition f rom Ivy 
League colleges in recruiting athletes for Mines , and said 
that if each Section could send Mines one athlete per year, 
the athletic recruiting problem would be solved. H e re­
ported seven loans outstanding for $2,122.50 and almost 
$10,000 on deposit in the bank. H e noted a correlation 
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E x e c u t i v e M a n a g e r ' s M e s s a g e 

C O L WENDELL W. FERTIG 

M y decision to accept the position 
of executive manager was based upon 
the challenge offered rather than the 
monetary reward involved. Mines 
A l u m n i Association has always been 
dear to my heart, and it is mj*̂  belief 
that it should increase in stature and 
influence in proportion to increased 
size of the graduating classes. 

Back in 1940, Eddie Brook was 
president of the Association and he 
said: " O u r A l u m n i Association is a 
unique organization. Based upon col­
lective effort, it is composed of mem­
bers fundamentally individualistic in 
attitude and action." M j ^ own expe­
rience confirms this, the average 
M i n e s alumnus is an individualist. 
Y e t our problem is to divert this in ­
dividual energy into a team effort. 

T h a t can be done only if each of you, 
both those presently active and those 
who should be, w i l l contribute whole­
heartedly. Fo r like it or not, you are 
marked as a " M i n e s M a n . " 

George R o l l , who has been your 
executive manager for nearly three 
years, has done a fine job, and we w i l l 
miss him. B y moving into Guggen­
heim, we w i l l be in position to profit 
f r o m the close cooperation wi th the 
administration of M I N E S , and at 
the same time begin to exert the in­
fluence that our association should 
exert if M I N E S is to continue to 
dominate the f ie ld of mineral engi­
neering. 

T o accomplish the impossible re­
quires only the support of each in­
dividual alumnus. 

between high attendance at athletic events on the one 
hand and an increase in Mines enrollment and alumni 
activity on the other. 

W a r r e n Prosser, Chairman of the Publ ic Relations 
Committee, presented his report ( in part) as fo l lows: 

"Perhaps this Committee's most commendable effort 
has been to maintain an even keel and be helpful instead 
of rocking the boat , , . T h e A l u m n i Banquet was held 
at the Universi ty C lub M a y 21 and was w e l l attended 
. . . T h e steadily increasing support of the A l u m n i for 
the H o r i z o n P l an is good and certainly a l l should par­
ticipate and encourage more bequests and greater success 
for the plan . . . W e learned this year that the duties 
of this Committee should include the problems of the 
School in relation to the public as w e l l as those of the 
A l u m n i Association, especially when those problems are 
of mutual concern . . . A l o n g legislative lines, we are 
confined in our activities to inquiry and suggestions wi th 
relation to fr iendly legislators . . . One of our Commit­
tee members, Charles Rath, passed away recently and 
unexpectedly . . . It reminds us of the limitations of 
l ife and the usefulness of the Alumnus relentlessly placed 
thereon. W e should learn f rom this to endeavor to do 
everything we must do while we can do i t ." 

In the absence of E . S. Hanley, Chairman of the 
A i u m n i Endowment F u n d Committee, M r . R o l l reported 
a balance on deposit of $4,275.19 as of Dec. 31. 

B i i l Cul len , Chairman of the Nominations Commit­
tee, reported that on Oct . 15 the Committee submitted a 
slate of qualified members of the Association as candi­
dates for election to the offices. O n Jan. 9, 1960, the 
Committee w i t h the assistance of George R o l l , Robert 
H . Ferguson and C . H . Jenkins, counted the ballots and 
certified as elected officers the fo l lowing candidates who 
received a majori ty of the votes cast for each off ice: 

President E d w i n H . Crabtree, Jr. , '27 
Vice-President John M . Petty, '42 
Secretary - James A . M u l l i n a x , '47 
Treasurer Robert H . Waterman, '28 
Member Executive 

Committee - S. M , del Rio , '28 
Director C S M 

Foundation E d w a r d J . Brook, '23 

President Briber then turned the chair over to the in­
coming president, E d Crabtree, who said that he greatly 
appreciated the honor of serving as A l u m n i president dur­
ing the coming year. " I know we have a lot of prob­
lems," he said, "but F r a n k Briber has made progress in 

solving some of them and wi th your continued support, 
I hope to continue that progress. If you have any sug­
gestions or any criticisms, cal l me at any time." 

A f t e r being introduced by President Crabtree, D r . 
John W Vanderwi l t presented an informative review of 
Mines ' activities. " W e a l l realize," he asserted, "that 
building up the School of M i n e s is largely one of keepmg 
tip. No th ing stands s t i l l , least of a l l engineering, and the 
Board of Trustees is aware that the School must keep 
abreast of the times." 

D r . Vanderwi l t said he had recently attended a meet­
ing in Colorado Springs of the Nat iona l Counci l for E d u ­
cation, whose purpose is to bring to the attention of in­
dustry the financial problems of education. Represent­
atives of educational institutions at this meeting agreed 
that alumni play a leading role in providing financial as­
sistance and in inducing industry to make financial con­
tributions to institutions of higher learning. 

" A s a result," D r , Vanderwi l t asserted, " U . S. Steel 
Corp . has a foundation whose 'gifts ' to education have 
increased f rom $50,000 to $2,500,000 per year, and 25 
per cent of a l l alumni who have graduated f rom U . S. 
universities contribute another $125,000,000 per year. 
T h e close association between a School and its alumni 
is illustrated by the detail of the mail ing l i s t—working 
together is mutually beneficial." 

M r . R o l l , out-going executive manager of the Associa­
tion, said he would like to make a few comments which 
might be controversial but which should at least be con­
sidered. 

" I n the first place," he observed, "we might reconsider 
our definition of 'associate' member. I suggest we provide 
for automatic membership of men who have attended 
M i n e s two, three or four semesters depending on the 
standards set up by the Association. 

" M y second suggestion," he continued, "is that we 
have an A l u m n i Association F u n d administered by alumni 
trustees to serve the special needs of the activities of the 
Association as they arise. Such a fund would consolidate 
a l l present funds and would eliminate the present system 
of earmarked funds for definite purposes," 

T h e meeting was closed by the President at 10 p.m. 
Those present were: 
Dr. John W Vanderwilt; Frank C. Bowman, '01; Tenney 

C. DeSollar, '0+; Warren Prosser. '07; Arthur W . (Pop) Buell, 
'08;. Harvey Mathews, '13; Neil M . MacNeili, '14; Ben C. Es-
s!K, 'IS; Frank E . Briber, '16; Carl A . Biaurock, '16; George 
H . Roll, '19; Prof. Paul H . Keating, '21; Prof. Lute J . Parkin­
son, '23 ; E . J . Brook, '23; Prof. Clark F. Barb, '25; Russell H . 
Yolk, '26; Oran L. Pack, '26; E . H . Crabtree, '27; S. M , d-el Rio, 
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'28; Cecil R. Walbridge, '29; Parke O. Yingst, '30; Elmer J. 
Garbella, '30; B. M . Bench, '30; Carl I. Dismant, '31; R. S. 
Spalding, '33; Jim Colasanti, '3S; K . C. Forcade, '36; A . W . 
Cullen, '36; Wilbur Howard, '36; John N. G4-ay, '37; F. L. 
Weigand, '39; W . F. Distler, '39; Walter E . Redmond, '+0; 
W . K . McGlothiin, '40; J. M . Petty, '42; Ralph Bradley, '47; 
John Bernstein, '47; Ron Destina, '50; Wendell W . Fertig, '51; 
Robert E . Johnson, '52; Fred M . Fox, '54; Louis L. Scher, IV, 
'56; George C. Welch, '59; William H . Smith, '59; Fritz Bren­
necke, C S M athletic director; Dave Johnson, retired faculty. 

A L U M N I E N D O W M E N T F U N D 
Principal Account 
December 31, 1959 

R E C E I P T S 

Cash on hand January 1, 1959 $ 1,429.69 
One Life Membership - 200.00 
Alumni Contributions 2,645.50 
Balance on Deposit $ 4,275.19 

I N V E S T M E N T S 

Securities at Cost $15,881.14 
Market Value of Securities. Dec. 31, 1959 $41,649.00 

SAVINGS A C C O U N T 
of 

Endowment Fund Income 
December 31, 1959 

R E C E I P T S 

Cash on hand in bank January 1, 1959 $ 986.54 
Interest earned. 1959 , 39.79 
Income from Endowment Fund Securities, 1959 1,489.50 

$ 2,515.83 

. D I S B U R S E M E N T S 

Custodian Fee for Securities $ 68.22 
Transfer to General Fund to cover Capital expense 

of purchase of Visi-record equipment for Alumni 
record cards 516.62 

Transfer to General Fund of $225.00 to cover ex­
traordinary expense of 1959 Annual Banquet and 
letter to alumni for replacement of Executive 
Manager and $575,00 as credit for surplus ac­
count to reimbursie a balance of 1958 moneys 
required to pay 1957 expenses 800.00 

$ 1,384.84 
Balance on hand and in bank, December 31, 1959 

(At Goiden Savings & Loan Association) $ 1,130.99 

A L U M N I L O A N F U N D 
Statement of Funds 
December 31, 1959 

R E C E I P T S 

Cash on hand and in Bank, January 1, 1959 $10,340.89 
Alumni Contributions - - 60.00 
Payments on Loans _ 100.00 
Interest earned (Savings Account) 350.02 

$10,850.91 

D I S B U R S E M E N T S 

Loans made in 1959 .,...$ 900.00 
Transfer to Genera! Fund to cover cost of football 

charms awarded to 1958 Co-champions at Ath­
letic Banquet 110.97 

$ 1,010.97 
Balance on deposit, December 31, 1959 -*$ 9,839.94 
Loans outstanding „ 2.122.50 
Total Assets of Alumni Loan Fund $11,962.44 
On deposit—First National Bank of Golden $ 395.15 
On deposit—First Federal Savings and Loan 

Association 9,444.79 
*$ 9,839.94 

R E C O G N I T I O N F U N O 

Statement of Funds 
December 31, 1959 

Balance on hand January 1, 1959 $ 906.46 
Interest earned, 1959 37.05 
Balance on deposit, December 31, 1959 

{At First Federal Sayings & Loan Assn.) $ 943.51 

C O L O R A D O S C H O O L OF MINES A L U M N I A S S O C I A T I O N 
S T A T E M E N T O F C O N D I T I O N 

December 31, 1959 
ASSETS 

First National Bank in Golden $10,813.39 
Petty Cash 
Accounts Receivable 
Furniture & Fixtures $5,711.83 

Less Reserve For Depreciation 2,361.99 
Prepaid Ins. & Bond Premium 

50.00 
280.30 

3,349.84 
102.93 

$14,596.46 
LIABILITIES 

Deferred Dues—1960 $ 4,585.00 
Deferred Magazine Subscriptions 1960 _ 5,725.25 
Deferred Directory Subscriptions 1960 $952.00 

Balance 1959 Carried forward to 1960 .. 31.29 983.29 
Deferred Prof. & Special Adv 407.00 
Payroll Taxes Withheld 259.69 
Surplus 2,336.50 
Exchange Accounts - 9.78 

A L U M N I M A G A Z I N E T O T A L 
Receipts $11,539.39 $30,200.59 $41,739.98 
Disbursements 11,452.60 29,997.43 41,450.03 

Gain .... Net .$ 86.79 $ 203.16 $ ,289.95 289.9S 
$14,596.46 

C.S.M. A L U M N I A S S O C I A T I O N 
S T A T E M E N T OF O P E R A T I O N S 

December 31, 1959 
A L U M N I DIVISION 

1959 Totai Ended 
R E C E I P T S Dec. 31, 1959 

Dues $10,871.50 
Banquet ~ - 231.00 
Unclassified - 436.89 

Total _ $11,539.39 

D I S B U R S E M E N T S 

Depreciation - - -. . 
Banquet _ - — 
Entertainment & Travel 
Payroll Taxes --
Postage -
Salaries -
Supplies .- -
Taxes 
Telephone - -
Unclassified -

Total _ - — - $11 

389.74 
362.78 
14.30 

220.06 
626.24 
,088.04 
715.40 
106.56 
349.73 
579.75 

Net Gain {or Loss) 

,452.60 

86.79 

M A G A Z I N E DIVISION 
R E C E I P T S 

Advertising $11,798.46 
Prof. & Spec. Adv. ...^ 1,500.00 
Cuts - 5.30 
Copies - 266.15 
Subscription „ 16,630.08 
Unclassified .60 

Total $30,200.59 

D I S B U R S E M E N T S 

Discounts - $ 187.92 
Cuts - 861.94 
Payroll Taxes - 232.35 
Postage 621.00 
Printing - - 16,867.13 
Salaries 9,565.28 
Supplies - 344.75 
Telephone 217.86 
Wrapping Expense 878.50 
Unclassified 220.70 

Total - $29,997.43 

Net Gain (or Loss) - 203.16 
T O T A L G A I N $ 289.95 

D I R E C T O R Y ACCOUNT—1959 
Receipts—Subscriptions $ 2,755.00 
Disbursements - 2,723.71 

Balance avai lable™i960 $ 31.29 
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ALUMNI NEWS. 

D e n v e r S e c t i o n S c h e d u l e s 
M i n e s D inner , A p r i l 21 

Denver Section, C S M A l u m n i 
Association, w i l l hold its annual 
Colorado M i n i n g Convention 
dinner on Thursday, A p r i l 21, 
at 6 p.m, at the Denver Press 
C lub , 1330 Glenarm PI. 

Dr . Ben H . P a r k e r , '24, 
E l e c t e d A A P G P r e s i d e n t 

D r . Ben H . Parker, president of 
the Colorado School of M i n e s Board 
of Trustees, has been elected presi­
dent of the American Association of 
Petroleum Geologists. H e w i l l assume 
direction of the 15,000 member or­
ganization at the close of the 45th an­
nual meeting of the Association, to be 
held at At lan t ic C i ty , N , J , , A p r i l 
25-28. 

A member of A A P G since 1928, 
D r . Parker has served on the Research 
Committee, the Nominat ing Commit­
tee, and the Business Committee, of 
which he was co-chairman in 1948; 
and in 1956 he was vice-president of 
the Association, H e was chairman of 
the Code of Ethics Committee in 
1957, and is presently chairman of 
the Membership Advisory Committee. 

N o w vice-president and director of 
the Frontier Ref in ing Co . , D r . Parker 
received his E . M . degree in 1924 and 
his D .Sc , in 1934 f rom the Colorado 
School of Mines , and the L L . D . in 
1948 f rom Colorado College. E m ­
ployed f rom 1924-31 as a geologist by 
M a r l a n d and Gypsy O i l Companies, 
he returned (1932-35) to Mines , 
where he completed work on his doc­
tor's degree while serving as an in­
structor. I n 1935-36 he joined G u l f 
O i l Corp . as reconnaissance geologist, 
later returning to M i n e s as assistant 
professor of geology (1936-39). F r o m 
1939-40 he was assistant chief geolo­
gist for Yacimientos Petroliferos F is ­

cales in Argentina, returning to Mines 
in 1940 as assicoate professor of geol­
ogy. 

D r . Parker became vice-president of 
Frontier in 1942 and director in 1951. 
Combining the academic and indus­
trial l ife, he served as president of 
Mines , 1946-50, H e has been a mem­
ber of the C S M Board of Trustees 
since 1950 and president of the board 
since 1957. 

D r . Parker is a fe l low of the Geo­
logical Society of America , and a 
member of the American Institute of 
M i n i n g and Meta l lu rg ica l Engineers, 
the M i n i n g and Meta l lu rg ica l Society 
of America, the American Petroleum 
Institute, and the Rocky Moun ta in 
Association of Geologists, of which 
latter organization he was president 
in 1944. 

M a t t s o n , '26, W i l l M a n a g e 
K e r r - M c G e e M i n i n g - M i l l i n g 

Vernon L . ( B i l l ) Mat tson, '26, 
manager of mineral development and 
research at K e r r - M c G e e O i l Indus­
tries' research laboratories in Golden , 
Colo. , has been promoted to manager 
of mining and mi l l ing at the com­
pany's home office in Oklahoma C i ty . 
I n his new post, Mat t son w i l l be in 
charge of a l l of K e r r - M c G e e ' s mining 
and mi l l ing activities. Wayne C . 
Hazen , research e n g i n e e r at the 
Golden l a b o r a t o r i e s , w i l l succeed 
Mat tson as manager of mineral de­
velopment and research. 

A 1926 graduate of the Colorado 
School of Mines , where he majored 
in mining and metallurgical engineer­
ing, Mat t son also studied mechanical 
engineering at Carnegie Institute of 
Technology, Pittsburgh, P a . 

H e joined K e r r - M c G e e in 1955, 
after serving six years as director of 
the Colorado School of Mines Re­
search Foundation. P r io r to this, he 
was chief engineer at the Consolidated 
Feldspar Corp. , Tren ton , N . J . , and 

was genera! manager of a mining com­
pany in Burnsvil le, N . C , for many 
years. 

Since 1954 K e r r - M c G e e has oper­
ated a 500-ton a day uranium m i l l at 
Shiprock, N . M , T h i s plant was re­
cently remodeled to include a vana­
dium recovery unit. T h e company 
also has extensive uranium holdings 
in W y o m i n g and operates a number 
of small uranium mines in the L u k a ­
chukai Mountains of Ar i zona . F o r 
several years K e r r - M c G e e has been 
interested in the development of a 
major potash property in the Carlsbad 
Distr ict . Other mineral interests in ­
clude coal deposits in eastern O k l a ­
homa and Arkansas, l i thium deposits 
in the eastern U . S., and borax and 
other non-metallic mineral deposits at 
various locations. 

Kermac-Nuclear Fuels Corp . oper­
ates the largest uranium m i l l in the 
Uni ted States. T h e company's m i l l 
and five underground uranium mines 
are located in the Ambrosia Lake Dis­
trict of N e w Mexico . 

K e l l o g g , '43, C h i e f G e o p h y s i c i s t 
F o r F a i r c h i l d A e r i a l S u r v e y s 

W i l l i a m C . Kel logg, '43, has been 
named chief geophysicist for the 
newly-formed E x p l o r a t i o n Services 
Department of Fa i rch i ld A e r i a l Sur­
veys Inc., a wholly-owned subsidiary 
of Fa i rch i ld Camera and Instrument 
Corp . 

A 1943 graduate geological engi­
neer f rom the Colorado School of 
Mines , M r . Kel logg first joined Fai r -
child in 1948 as a member of the A i r ­
borne Magnetometer D e p a r t m e n t . 
Between 1949 and 1958 he did pri­
vate consultant work specializing in 
mining. P r io r to his new job as chief 
geophysicist for the Explorat ion Serv­
ices Department, he was a mining spe­
cialist in the Geophysical Sales De­
partment. H i s home address is 3301 
N . Marengo, Altadena, CaUf . 

D o n a l d R. S e a l s , x-*51, N a m e d 
R e s e a r c h C h e m i s t f o r C o o k C o . 

Dona ld R . Seals, who attended the 
Colorado School of M i n e s (x- '51) , 
has been named research chemist of 
the F rank R , Cook C o . of Denver, 
aviation-electronics m a n u f a c t u r -
ing f i rm . A part of M r . Seal's duties 
w i l l be to guide research and develop­
ment of performance of the Cook 
firm's batteries, used as electrical 
power sources on many American mis­
siles. H e was formerly chief chemist 
of C l imax Molybdenum C o . 
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•Shown above is the Good Citizenship award presented Feb. 22 to Co!. Wendell W, Fertig, 
executive manager of the Colorado School of Mines Aiumni As,sociation, by the National 
Society of the Sons of the American Revolution. 

A l d r i c h , '48, N a m e d M a n a g e r 
O h i o O i l I n t e r n a t i o n a l S a l e s 

Frederick C . A l d r i c h , '48, has been 

named manager of Ohio O i l Co.'s 

newly established International O i l 

Sales Department w i t h headquarters 

in London, England. A f t e r M a y 1, 

I960', this department w i l l be in 

charge of a l l sales of Oh io O i l C o . 

crude and petroleum liquids in a l l 

areas of the wor ld except the Uni ted 

States and Canada. 

A f t e r graduating as a petroleum en­

gineer f rom the Colorado School of 

Mines , M r . A l d r i c h was assigned by 

Ohio O i l to their operations in the 

B i g H o r n Basin, subsequently being 

transferred to Rawlins , W y o . , as gas 

engineer for the Rocky Moun ta in 

Gas C o . {former Ohio O i l C o . sub­

sidiary) . 

In 1951 he was named production 

engineer of the Casper Divis ion . 

Later , he was assigned to the staff of 

the chief petroleum erigineer at the 

general offices in Findlay , Oh io . H i s 

next assignment was supervisor of the 

Engineering and Contracts Depart­

ment of the N a t u r a l Gas Divis ion . 

About a year ago he was named man­

ager, Sidney Production Divis ion, 

Sidney, Nebr . 

C o l a s a n t i , '35, B e c o m e s 
P r e s i d e n t o f N e w C o m p a n y 

f 

James Colasanti, who received his 

metallurgical engineering degree f rom 

the Colorado School of Mines in 

1935, became president and treasurer 

A u g . 1, 1959 of M e t a l Trea t ing & 

Braz ing C o . of G r a n d Junction, Colo . 

H . C a r l F lood of G r a n d Junction is 

vice-president and secretary of the 

new company. 

M e t a l Trea t ing & Braz ing C o . has 

its manufacturing o p e r a t i o n s in 

G r a n d Junction and acts as a sub­

contractor to Western A l l o y Products 

Co . T h e company's principal product 

is detachable percussion bits for jack-

hammer use. 

M r . Colasanti has owned and man­

aged M e t a l T rea t ing & Research C o . 

of Denver, Colo. , since 1945. 

C o l . F e r t i g , "51, A w a r d e d 
G o o d C i t i z e n s h i p M e d a l 

C o l . W e n d e l l W . Fert ig , executive 

manager of the Colorado School of 

Mines A l u m n i Association, was hon­

ored at the annual Washington's 

birthday banquet (Feb. 22) of the 

Colorado Society of the Sons of the 

American Revolution. H e received 

the organization's Good Citizenship 

M e d a l and a Citat ion which read in 

part: 

"Wendell W . Fertig, native son of Colo­
rado, raining engineer, soldier, author, 
lecturer, educator aod outstanding citiz'en 
af our State and Nation . . . enrolled in 
1917 in the College of Engineering of the 
University of Colorado . . . later trans­
ferring to the Colorado Schooi of Mines. 
In 1924 having qualified as a mining 'en­
gineer, he began the practice of his pro­
fession, working thereafter in most of the 
western states and also in the Philippine 
Islands. 

"Prior to the outbreak of World War 
II, having held a commission as a reserve 
officer in the Army of the United States 
since 1924, he volunteered for active duty 
with the Philippine Department of the 
U. S, Army. After the surrender of the 
American Forces in May of 1942, Colonel 
Fertig . . . set about organizing and 
equipping ground forces to disrupt, dis­
organize, delay and confuse, and ultimate­
ly d'efeat the Japanese Forces in the Phil­
ippines. In September 1942, he became 
Commander of the Philippine Regular 
and Guerrilla Forces in the Southern 
Philippines . . . After more than three 
years of resistance. Colonel Fertig's Forces 
recaptured most of the Island of Min­
danao . . . 

"Colonel Fertig was integrated into the 
regular Army in 1947 and was assigned 
as P M S & T at the Colorado School of 
Mines, and during the last year of his 

tour also served as Assistant to the Presi­
dent of said School . . . In 1951 he was 
awarded the Honorary Degree of Doctor 
of Science by tbe Colorado School of 
Mines . . . 

"Colonel Fertig's military activities, in 
addition to those mentioned above, include 
the following: Chief of Construction Divi­
sion A F P A C , responsible for all construc­
tion west of Hawaii, Deputy Chief of 
Psychological Warfare, and as such was 
responsible for the organization, activa­
tion and training of the Army's Special 
Forces Command . . . He originated and 
delivered a series of lectures on Psycho­
logical and Guerrilla Warfare which 
have become the standard for U. S. Serv­
ice Schools. In 1954-55 he served as Depu­
ty Director, Joint StafE P R O V M A A G -
Korea. He retired from the U . S. Army 
in January 1956 with the rank of Colonel, 
Corps of Engineers. 

"Colonel Fertig, in recognition of your 
demonstrated and dedicated devotion to 
your Country in peace and war, and in 
appreciation of your outstanding service 
as an American Citizen, the Colorado 
Society of the Sons of the American Revo­
lution is proud to award you our 1959 
Good Citizenship Medal and Citation." 

M c K i n n i s , '59, T o p M a n 

In C h e m i c a l C o r p s C l o s s 

Charles H . M c K i n n i s , 1959 M i n e s 

petroleum engineering graduate, re­

cently completed the officers course at 

the U . S. A r m y Chemical School, 

For t M c C l e l l a n , A l a . , as top man in 

his class. M c K i n n i s , commissioned as 

a second lieutenant through the M i n e s 

R O T C program, competed against 41 

other Chemical Corps officers f rom 

schools throughout the nation. L i e u ­

tenant M c K i n n i s is currently assigned 

to two years active duty in the U . S. 

A r m y . 

36 T H E MINES MAGAZINE • M A R C H , i960 

H u s t a n g F a r k h a m , '39, D e p u t y 

D i r e c t o r I ran ian O i l C o . 

Hustang Farkhan, a 1939 petro­

leum engineering graduate of the 

Colorado School of Mines , is deputy 

exploration and production director 

of Nat ional Iranian O i l C o . H e is 

also a member of the board of direc­

tors of Iran O i l C o . and a member 

of the board of directors of S I R I P 

(Irano-Italian O i l C o . ) . H i s mail ing 

address is c/o Nat ional Iranian O i l 

Co . , N o r t h V i l l a Ave . , Khab i r St., 

Tehran , Iran. 

C L A S S N O T E S 

(Coniinued from page 2) 

R O L F H . H A N S O N , '32, has changed 
his mailing address from Ranli, Hon­
duras, to c/o Rosita Mines Ltd., Siuna 
via Managua, Nicaragua, C. A . 

E D G A R C. N O R M A N , '33, is metallic 
materials engineer for Thiokol Chemical 
Corp. with mailing address 555 S. 7th 
West, Brigham City, Utah. 

J A M E S S. K E N N E D Y , '34, has moved 
from Stamford, Conn., to 916 Abbott St., 
Latrobe, Pa. 

PHILIP B. P E Y T O N , '35, has moved 
from Los Angeles to 836% N. Van Ness 
Ave., Hollywood 38, Calif. 

L L O Y D T . A N D R E W , '35, engineer for 
Crosley-Arco Corp., has left St. Louis, 
Mo., for 1586 Crest Hill Ave., Cincin­
nati 37, Ohio. 

J A C K S. C O R L E W , '39, has moved 
from Darien, Conn,, to 4520 Garland St., 
Arvada, Colo. 

I. C. S L E I G H T , '40, is manager of 
manufacturing, Solid Rocket Piant, Aero­
jet-General Corp., with mailing address 
960 Los Molinos Way, Sacramento 25, 
Calif. 

G E N E M E Y E R , '37, research engineer, 
Kerr-McGee Oil Industries, Box 215, 
Wheat Ridge, Colo., was a recent visitor 
at the alumni oifioe. 

1941-'45 

COL. LOUIS D E G O E S , '41, is chief. 
Terrestrial Sciences Lab., Geophysics Re­
search, A R D C , L, G , Hansom Field, Bed­
ford, Mass. His mailing address is 21 
Hamilton Rd., Lexington, Mass. 

F. W . O ' M A L L E Y , '42, formerly with 
Tidewater Oil Co, in Turkey, has joined 
Iran Pan American Oil Co. as explora­
tion manager. His new address is P, O. 
Box 1466, Tehran, Iran. 

K A R L M . B U E H L E R , '42, has changed 
his mailing address from Wheat Ridge, 

Colo., to c/o Katex Oil Co., 313 Lancaster 
Bldg., Calgary, Alberta. 

R O G E R B. P A T R I C K , '42, design en­
gineer for Kermac Nuclear Fuels, Grants, 
N. M . , was calkd to Denver by the death 
of his father, William B. Patrick, '09. 
While in the Denver area, he visited tbe 
Alumni office. 

1946-'50 

J O H N F. SCPIULTZE, '48, has changed 
his mailing address from Ducktown, 
Tenn., to Box 12, Isabella, Tenn. 

M I L T O N E . W A R R E N , '48, sales en­
gineer. Electric Boat Division of General 
Dynamics, has moved from Fairfield, 
Conn., to 105 College St., Old Saybrook, 
Conn. 

R O D N E Y L. S A M U E L S O N , '48, is 
mechanical engineer. University of Cali­
fornia, Rad. Lab., with mailing address 
3720 Riviera Ave., Las Vegas, Nev, 

H A R R Y E . L A W R E N C E , '48, recently 
resigned his position as smelting superin­
tendent for Goldsmith Bros. Division of 
National Lead, Chicago, 111., to accept the 
position of assistant superintendent of 
m'clting and refining at the U . S. Mint 
in Denver. He is presently residing with 
his wife. Carmen, and two sons at 5075 
Dover, Arvada, CoSo. 

R. M . FROST, '48, has moved from 
Merriam, Kans., to 2425 W . Spring. Lima, 
Ohio. 

F R E D E R I C K F. DUESER, '49, is divi­
sion production superintendent for Gra-
rioge Corp. with mailing address Box 
752, Breckenridge, Texas. 

J O H N D. MITILINEOS, '49, lives at 
2110 Stuart St., Brooklyn, N. Y. 

J O H N R. N E W B Y , '49, is metallurgist 
for Armco Steel Corp. His home address 
is 2405 Flemming Rd., Middletown, Ohio. 

C. M . C H A P P E L L , '49, formerly with 
Shell Oil Co., has opened a geophysicai 
consulting service specializing in geologi­
cal - geophysical, stratigraphic - structural 
interpretations. His home address is 3603 
S. Hudson St., Denver 22, Colo. 

K A R L L A M B E R T S O N , '49, has left 
Maybell, Colo., and now receives his 
mail at Box 264, Craig, Colo. 

C L E M E N T R. H O F M A N N , '49, has 
moved from Denver, Colo,, to 4971 S. 
Elati, Englewood, Colo. 

D O N A L D R. SILJESTROM, '49, has 
moved from Lakewood, Colo., to 2930 
Indiana, Golden, Colo. 

M E R T O N L SIGNER, '50, is living at 
1337 Oxford St., Deerfield, III. He was 
formerly in Esterhazy, Canada. 

P A U L S. P L U M B , '50, is senior geo­
physicist for Guatemala California Petro­
leum Co. His address is Apartado 1307, 
Guatemala City, Guatemala. 

H E N R Y P. E H R L I N G E R , III, '50, has 
moved from E l Paso, Texas, to Tecolotes 
Club. Santa Barbara, Chih., Mexico. 

D O N A L D H . B L A I R E , x-'SO, party 
chi'ef for Continental Oil Co., receives 
mail at P. O. Box 1985. Andrews, Texas. 

H U B E R T E . B E R N I N G H A U S E N , '50, 
may be addressed at Room 605, Ritzflower 
Hotel,^ 813 S. Flower St., Los Angeles 17, 
Calif. 

H O W A R D A. A N D E R S O N , JR.. '50. 
major in the U . S. Marine Corps, is in­
spector-instructor. 9th Engr. Co. USMCR, 
Phoenix. Ariz. His mailing address is 
c/o Navy Marine Corps Reserve Train­
ing Center, 2042 W . Thomas Rd., Phoenix, 
Ariz. 

BILLIE L. BESSINGER. '50. field en­
gineer for Hughes Tool Co., gives his 
new home address as 2612 Willow Brook 
Lane, Birmingham 9, Ala. 

B I L L Y G. B A U G H , 'SO, has been 

transferred by Seismograph Service Corp. 
from Caracas, Venezuela, to Tulsa, Okla. 
His mailing address is P. 0. Box 1590, 
Tulsa, Okla. 

R A L P H L. "Buzz" BOYERS is now 
working for Ball Associates as a petro­
leum engine'er. Prior to joining Ball As­
sociates, he was in Midland, Texas for 
eight months. The Boyers (they were 
married Jan. 1, 1960) live at 2620 S. 
Sherman St., Denver 10, Coio. 

1951 
R O B E R T W . D I E T L E I N , is President 

of Components Engineering & Manufac­
turing Co. His home address is 2904 Har­
mony PI., La Crescenta, Calif. 

F R A N K M . D U B I N S K Y , geologist for 
Standard Oii of Calif., has moved from 
Charleroi, Pa., to 1051 Eugene Dr., Ful­
lerton, Calif. 

C H A R L E S D. H O Y T , who was Assist­
ant Professor of Mining at The Techni­
cal Institute, Bandung, Indonesia, has re­
turned to the United States. His new ad­
dress is 271 Jordan Ave., Montoursville, 
Pa. 

W A Y N E E . M c N E E L Y is production 
supervisor for Mobil Oil Co. His home 
address is 1027 Gibson, Alice, Texas. 

E D W I N H . M O N T G O M E R Y has 
moved from Arvada, Colo., to 2200 Sara-
nac St., Adelphi, Md. 

J A M E S C. T I F F A N Y has moved from 
Fairplay, Colo., to Sunshine Star Rte., 
Kellogg, Idaho, where he is employed by 
Sunshine Mining Co. 

G E R A L D J. P O R T has left Midland, 
I exas, for 82 N. Elm St., Manchester, 
Conn. 

L T . COL. J O H N E . V E A T C H , Army 
Planner on Cine Pac Staff, may be ad­
dressed at 3519 Pauka Mauka Dr., Hono­
lulu, Hawaii. 

1952 
B U R T O N W . BARNES has moved 

from Bellaire, Texas, to 5726 Belrose, 
Houston 35. Texas. 

R A Y M O N D W. G O V E T T received a 
Ph.D. in geology from Oklahoma Univer­
sity and has returned to his position of 
geologist with Phillips Petroleum Co. His 
home address is 230 Southeast Elmhurst, 
Bartiesville, Okla. 

E D G A R W . DAVIS, who has been 
working with the inspection department 
of Lago Oil & Transport Co. at Aruba, 
Netherland Antilles, has returned to 
Mines to complete his graduate work in 
mining engineering. His current address 
is No. 9, Prospector Park, Golden, Colo. 

W I L L A R D A. M A X E Y is a member 
of the staff of Battelle Memorial Institute. 
His address is 4953 Fairway Ct., Colum­
bus 14, Ohio. 

R O D E R I C K A. T H O M A S , JR., was 
awarded a Master of Science degree at 
the Jan. 31 commencement ceremonies of 
Pennsylvania State University. His mail­
ing address is P.O. Box 63 5, Port-of-
Spain, Trinidad, W . L 

1953 

H A R O L D P. D U N N , petroleum engi: 
neer for Standard Vacuum Oil Co., has 
moved from New York City, to Tatomuck 
Rd., Pound Ridge, N. Y . 

A D O L P H "Joe" FRISCH is district en­
gineer with Belco Petroleum Corp. with 
mailing address 1824 N. 19th St., Grand 
Junction, Colo, 

L A W R E N C E M . L E E may be ad­
dressed at P. O. Box 714, Cascadia, Ore. 

L E M O Y N E G . L O S E K E has moved 
from Denver to 2060 Alkire St., Golden, 
Colo. 

(Continued on page 43) 
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IN MEMORIAM 

R a y m o n d V i c t o r W h e t s e l ] 

R . V . Whetsel , who received his 
E . M , degree in 1916 f rom the Colo­
rado School of Mines , died Jan. 12 
at St. M a r y ' s Hospi ta l in Grand 
Junction, Colo. Services were held at 
the Federated Church in Paonia, 
Colo. , w i th interment in Cedar H i l l 
Cemetery where an honor guard com­
prised of members of W i l s o n - H e a d 
Post 97, American Legion, conducted 
graveside rites. 

A 1949 recipient of the Colorado 
School of M i n e s ' D i s t i n g u i s h e d 
Achievement A w a r d , M r . Whetse l 
retired in 1958 after serving 17 years 
as manager of the foreign department 
of Cities Service Petroleum Corp . O f -
ficerships held by M r . Whetse l in ­
cluded those of vice president and gen­
eral manager, Venezuela-Cities Serv­
ice Petroleum C o r p . ; vice president 
and director, Mexico-Ci t ies Service 
Petroleum Corp. , Canada-Cities Serv­
ice Petroleum Corp. , Cities Service 
M i d - E a s t O i l Corp. , Colombia-Cities 
Service Petroleum Corp. , Dhofa r -
Cities Service Petroleum Corp . and 
Peruvian Pacific Petroleum Corp . 

M r . Whetse l was born at For tv i l le , 
Ind., Dec. 29, 1891 and was a gradu­
ate of both M i n e s and Purdue U n i ­
versity. A veteran of W o r l d W a r I , 
he served in the U . S. A r m y F ie ld 
A r t i l l e r y . F rom 1916 to 1918 he was 
field geologist, B u r m a Mines , L t d . , 
Nor thern Shan States, Burma, Ind ia ; 
f rom 1919 to 1920, geologist, tool 
dresser, production superintendent 
and field superintendent. Cities Serv­
ice Co . , M e x i c o ; f r o m 1925 to 1929, 
assistant general manager and then 
general manager of Cities Service 
properties in M e x i c o ; f rom 1929 to 
1932, European manager w i th head­
quarters in Paris, France; f rom 1932 
to 1941, manager of Cities Service 
properties in Mex ico and special in­
vestigator in Texas, N e w M e x i c o and 

-Louisiana; f rom 1941 to 1958, man­
ager, foreign department, Cities Serv­
ice Petroleum Corp . 

Organizations to which he belonged 
included American Institute of M i n ­
ing and Meta l lu rg ica l Engineers, 
American Association of Petroleum 
Geologists, American Petroleum In­
stitute, Sigma C h i , Theta T a u , T a u 
Beta P i , Masonic Lodge, American 
Legion, and Rotary C lub . T h e R . V . 
Whetsel Foundation, to be admin­
istered by Rotarians of Paonia, w i l l 
grant loans to deserving high school 
seniors to enable them to continue 
their education. 

Survivors include his wife , E the l 
B e l l F ronk Whetse l of Paonia ; three 
daughters, Louise ( M r s , Robert Goss 
of N e w Y o r k C i t y ) , Janet ( M r s . R . 
I, Cur ts ) of Washington, D , C , and 
Elizabeth ( M r s . Richard Boyt) of 
Grimes, I o w a ; his 93-year-old mother, 
M r s . Hat t ie Whetse l of Indianapolis, 
Ind., and two sisters, M r s . Hortense 
K e l l y and M r s . Gertrude Blackburn, 
both of Westf ie ld , N . J . 

A x e l Emi l A n d e r s o n 

A x e ! E m i l Anderson, a 1904 min­
ing engineering graduate of the Co lo ­
rado School of Mines , died Jan. 10 
in Seattle General Hospi ta l after a 
long illness. 

A n internationally known explosives 
expert, M r . Anderson was a consult­
ant for various governments through­
out the w o r l d as we l l as the Uni ted 
States A r m y . H e was decorated hy 
the Belgian, Peruvian and Chilean 
governments and was the recipient in 
1949 of the Colorado School of 
M i n e s ' Distinguished Achievement 
A w a r d , 

T h e author of many texts and tech­
nical papers on explosives, he was a 
member of the American Institute of 
M i n i n g Engineers, serving as chair­
man of the N o r t h Pacific Section in 
1944 and 1945; a Hfe member of the 
Colorado School of M i n e s A l u m n i 
Association, and held active member­
ship in such organizations as the 
Seattle Chamber of Commerce, W a s h ­
ington Athle t ic C lub , Corinthian 
Yach t C lub , Beta Theta P i fraternity, 
and St, Stephen's Episcopal Church. 

Born A u g . 17, 1881 in Denver, 
Colo. , he attended Denver elementary 
and secondary schools before receiv­
ing his E . M . degree f rom M i n e s in 
1904. A f t e r graduation he took charge 
of the School of Mines ' assay and 

chemical laboratory exhibit at the 
1904 W o r l d ' s F a i r in St. Louis . F r o m 
1904 to 1907 he worlced successively 
for gold mines in Georgia, a coal 
company in I l l inois and an engineer­
ing f i rm in Chicago as a mining engi­
neer. 

M r . Anderson joined the D u Pont 
Company in W i l m i n g t o n , D e l . , in 
1907, and after a year as a sales rep­
resentative was assigned to the tech­
nical division of the explosives depart­
ment. I n 1916 he was transferred to 
the Denver Branch as technical repre­
sentative and later became assistant 
manager. I n 1930 he was made assist­
ant manager of Seattle district sales. 
H e was appointed manager in 1940 
and served in that capacity unt i l his 
retirement on pension Sept. 1, 1947. 
Recalled to service a few months 
later, he served two years as general 
manager of Compania Sud-Americana 
de Explosives ( D u Pont subsidiary) 
in V i n a del M a r , Chi le . 

Surviving are his wife , Janet S. of 
Seattle; a daughter, M r s , E m i i Cahen 
of Por t land, O r e , ; a sister, M r s . Ida 
M . Anderson of Denver, and two 
grandchildren, 

C h a r l e s W . B u r g e s s 

Charles W , Burgess, a 1909 mining 
engineering graduate of the Colorado 
School of Mines , died of a heart a i l ­
ment Dec. 25, 1959 at the Swedish 
Hospi ta l , in Englewood, Colo , 

Born ih 1886 in Garf ie ld , Colo. , 
now just a ghost town, he moved to 
Denver at an early age and graduated 
f rom W e s t Denver H i g h School in 
1905, F o l l o w i n g his graduation f rom 
Mines in 1909, he went to the Jop l in 
mining district of southwest M i s ­
souri where he was active for the next 
ten years. 

Leav ing the lead and zinc mines of 
Missour i , he accepted a position as 
sales engineer w i t h the D o r r Co . at 
Stamford, Conn . A f t e r serving as ex­
port manager for D o r r , he was pro­
moted to manager of the F a r East 
operations wi th h e a d q u a r t e r s at 
Baguio, Philippines. D u r i n g W o r l d 
W a r I I , he was interned for nearly 
four years by the Japanese. U p o n his 
release he returned to the Uni t ed 
States and resumed work wi th the 
D o r r C o . 

M r . Burgess retired in 1957 and 
entered the consulting metallurgj'" 
field in M i s s o u r i ; later moving to 
Castle Rock, Colo. , where he made 
his home w i t h his brother, E d Bur ­
gess. 

M r . Burgess was presented a G o l d -
eh-- Anniversary diploma, commemo­
rating his long interest in Mines , at 
the 85th annual commencement exer­
cises last June. 
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FROM THE LOCAL SFrTTONS= 

Minufes of Secfion Meetings should be in the Alumni O f f i c e by the 15+h of the Month preceding Publication. 

A L A B A M A 

Birminghann Section 
Pres.: Joseph Hohl, '25 
Sec: Richard White, '42 
249 Flint Dr., Fairfield 

A R I Z O N A 

Arizona Section 
Pres.: Bob Thurmond, '43 
v. Pres.: Gene Klein, '43 
Sec: John H . Bassarear, '50 
c/o Pima Mining Co., Box 7187, Tucson 
Annual meetings: First Monday in Decem­
ber; 3rd Sunday in May (annual picnic). 

Four Corners Section 
See New Mexico for officers 

C A L I F O R N I A 

Bay Cit ies Section 
Pres.: John D. Noll, '51 
V. Pres.: Ralph D, Eakin, '48 
Treas.: Herbert D. Torpey, 'SI 
Sec: Charles G. Bynum, '26 
2810 Loyola Ave., Richmond 

Southern California Section 
Pres.: W , C, Prigge, '42 
V. Pres.: R. E . McGraw, '53 
Treas.: T- R. Leonard, '42 
Sec: M . C. McKinnon, '52 
9826 Corella Ave., Whittier 

C O L O R A D O 

Denver Section 
Pres.: Ed. Haymaker, '41 
V. Pres.: M . John Bernstein, '47 
Sec-Treas,: Douglas Rogers, '48 
T A S-2307 
Luncheon meetings held every 3rd Tues­
day noon of each month at the Denver 
Press Club, 1330 Glenarm PI, 

Four Corners Section 
See New Mexico for officers 

Grand Junction Section 
Pres.: John Emerson, '38 
v. Pres.: Tony Corbetta, *48 
Sec-Treas.: Joe Hopkins, Ex-'37 
1235 Ouray Ave., Grand Junction 

DISTRICT O F C O L U M B I A 

Washington, D. C . Section 
Pres.: Charles T . Baroch, '23 
v. Pres.; Vincent G. Gioia, '56 
Sec-Treas.: Thomas E . Howard, '41 
9511 Nowell Dr.. Bethesda 14, Md. 
Luncheon meetings held every 2nd Thurs. 
noon at Sphinx Club, 1315 K St., N . W , 

ILLINOIS 

Grea t Lakes Section (Chicago) 
Next meeting on April 6; call Ray Wat­
son, c/o Standard Oil Co., 910 So. Michi­
gan Ave., Chicago 80, III. 

K A N S A S 

Kansas Section 
Pres.: Francis Page, '39 
Sec: James Daniels, '51, A M 5-0614 
205 Brown Bldg,, Wichita 
Meetings: Called by Sec. Contact Sec. 
for date of next meeting 

L O U I S I A N A 

New Orleans Section 
Pres.: George Burgess, '49 
V. Pres.: Emory V. Dedman, '50 
Sec-Treas.: Thomas G. Fails, '54 
Shell Oil Co., Box 193, New Orleans 

M I N N E S O T A 

Iron Range Section 
Pres.: Paul Shanklin, '49 
V, Pres.: Leon Keller, '43 
Sec-Treas.: James Bingel, '53 
50 Garden Dr,, Mt. Iron, Minn. 
Exec. Com,: Wm. Gasper, '43 and 
Robert Shipley, '52 

M I S S O U R I 

St. Louis Section 
Pres.: Earl L. H . Sackett, '33 
Sec-Treas.: E , W . Markwardt, X-'32 
621 Union Ave., Belleville, 111, 

M O N T A N A 

Montana Section 
Pres,: John, Suttie, '42 
V. Pres.: John Boiles, '49 
Sec-Treas.: Wm, Catrow, '41 
821 W . Silver St„ Butte 

N E W M E X I C O 

Four Corners Section 
Pres.: Dick Banks, '53 
V. Pres.: Tony King, '57 
Sec Treas.: Tom Allen, '41 
2104 E . 12th St., Farmington 

N E W Y O R K 

New York Section 
Pres, & Treas.: Ben F, Zwick, '29 
Sec: H . D. Thornton, '40 
Union Carbide Corp. 
30 E . 42nd St., New York City 

i 3 H i O 

Central Ohio Section 
Pres.: Roland Fischer, '42 
Sec-Treas,: Frank Stephens, Jr., '42 
Battelle Mem, Inst., Columbus 

Cleveland Section 
Pres.: Charles Irish, '50 
Treas.: Theodore Salim, 'S3 
Penn sylvania-Ohio Section 
See Pennsylvania for officers 

O K L A H O M A 

Bartiesville Section 
Pres.: R. C. Loring, '37 and '39 
V. Pres.: C. T , Brandt, '43 
Sec-Treas.: W . K . Shack, '51 
4726 Amherst Dr., Bartlesviile 

Oklahoma C i t y Section 
Pres,: Lynn Ervin, '40 
V. Pres.: Clayton Kerr, '30 
Meetings the 1st and 3rd Tuesday of each 
month at the Oklahoma Club 

Tulsa Section 
Pres.: Parke Huntington, '26 
V. Pres.: Jerry Diver, '52 
Sec-Treas,: Jim Newell, '52 

P E N N S Y L V A N I A 
Eastern Pennsylvania Section 
Pres,: Samuel Hochberger, '48 
V, Pres., Sec-Treas,: Arthur Most, Jr,, '38 
91 7th St., Fullerton 

Pennslvania-Ohio Section 
Pres.: L, M . Hovart, 'SO 
Sec-Treas.: George Schenck, '52 
7130 Thomas Blvd., Pittsburgh 
Meetings upon call of the secretary 

T E X A S 

Houston Section 
Pres.: Jack Earl, '53 
V. Pres.: John C. Capshaw. '54 
Sec-Treas.: Nick Shiftar, *40 
5132 Mimosa St., 
Bellaire, Texas 

North Central Section 
V. Pres.: Howard Itten, '41 
Sec-Treas.: Harley Holliday, '42 
4505 Arcady Ave., Dallas 5 
Sec-Treas.: S Geffen, Ex-'42, Ft. Worth 
Sec-Treas,: John Thornton, '50 
609-B Scott St., Wichita Falls 

Permian Basin Section 
Pres.: Van Howbert, *51 
V, Pres.: Hal Ballew, '51 
Sec-Treas.: Tom McLaren, '52 
P. O. Box 1600, Midland 
Luncheon meetings held first Friday of 
each month at Midland Elk's Club. 

South Texas Section 
Pres.: James Wilkerson, '31 
V. Pres.: Edward Warren, 'SO 
Sec-Treas.: Richard Storm, '53 
1007 Milam Bldg., San Antonio 

U T A H 

Four Corners Section 

See New Mexico for officers 

Salt Lake C i t y Section 

V. Pres.: Joe Rosenbaum, '34 
Sec-Treas,: Kenneth Matheson, Jr., '48 
614 13th Ave., Salt Lake City 

W A S H I N G T O N 

Pacific Northwest Section 
Pres.: Wm. Douglass, '11 
Sec: C. Ted Robinson, 'S3 
16204 S.E. 8th, Belleview 

W Y O M I N G 

Central W y o m i n g Section 

Pres.: John Newhouser, '50 
Sec: Adolph Frisch, '53 
2805 O'Dell Ave., Casper 

L O C A L S E C T I O N S OUTSIDE 
U . S. A . 

C A N A D A 

Calgary Section 

Pres.: R. F. Zimmerly, '47 
V. Pres.: T- S. Irwin, Jr., '54 
Sec-Treas,: G. L. Gray, '50 
1304 4th St, S,W„ Calgary 
Luncheon mieetings held 3rd Monday of 
each month in Calgary Petroleum Club; 
visiting alumni welcome. 
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Lima Section 
Pres.: Richard Spencer, '34 
V. Pres.: Hernando LaBarthe, '42 
Sec-Treas.: Norman Zehr, '52 
Casilla 2261, Lima 
Meetings first Friday of each month, 
12:30 p.m., Hotel Crillon (April through 
December), or on call. 

PHILIPPINES 

Baguio Secfion 
Pres.: Francisco Joaquin, '26 
V. Pres.: Claude Fertig, x-'27 
Sec: P. Avelino Suarez 
Balatoc Mining Co., Zambales 

Manila Section 
Pres.; Anselmo Ciaudio, Jr., '41 
V. Pres.: Rolando Espino, '41 
Sec-Treas,: Edgardo Villavicencio, x-'40 

T U R K E Y 

Ankara Section 

Alumni visiting Turkey contact either: 
F. Ward O'Malley, '42, Explr, Mgr„ 

Tidewater Oil Co., Kumrular Sokakb, 
Yenisehir Ankara; Tel . No. 21328. 

Ferhan Sanlav, '49, Turkiye Petrolleri 
A , O. Sakarya Caddesi 24, Ankara; Tel . 
No. 23144. 

V E N E Z U E L A 

Caracas Section 
Pres.: William A. Austin, Jr., '27 
V. Pres.: G . V. Atkinson, '48 
Sec-Treas.: T . E . Johnson, '52 
c/o Phillips Petr. Co. 
Aptdo 1031 
Asst. Sec-Treas.: R. L, Menk, '51 
c/o Creole Petr. Corp. 
Aptdo 889 

Arizona Section 

Jo lm H . Bassarear, acting secre­
tary-treasurer, reports that the annual 
luncheon meeting of the A r i z o n a Sec­
tion was held Dec, 7 at the O l d 
Pueblo C l u b in Tucson during the 
Ar i zona A I M E convention. A total 
of 67 persons were at the luncheon, 
including 36 Miner s , wives and 
guests. 

Dean T r u m a n H . K u h n gave a 
talic which brought us up to date on 
the changes at M i n e s in recent years, 
including new buildings, changes in 
curriculum, and plans for the future. 
Dean Kuhn 's remarks concerning a 
tr ial of offer ing calculus in the fresh­
man year brought groans of despair 
f rom those who had suffered through 
the course as sophomores. 

M i n e r s a t t e n d i n g the meeting 
were : 

Irwin P. Jones, '08; H . D. Phelps, '10; 
F. M . Stephens, '13; L. A . Stewart, '15; 
E . F. Reed, '22; H . D. Squibb, '34; C. W . 
Gustafson, x-'34; W . D. Caton, '35; J . M , 
Pardee and J , E . Werner, 36; Sigmund 
L. Smith, J. R. Bonne, and Tench G. 
Swartz, '39; Walber E . Heinrichs, Paul 
Fillo, '40; L. S. Helms, Jr., '41; R. E . 
Simpson, '42; R. E . Thurmond, Gene 
Klein, '43; E . P. Jardine, '47; W . J . 
Coulter, '48; A . W. Ruff, '49; J . H . Bas­
sarear, H . Johnson. F. D. MacKenzie, 
Roger Nelson, H. W . Olmstead, F. D. 
Rice, '50; Paul Musgrove, '51; F. A . 
Seward, S. C. Holmes, '53; C. Sorvisto, 

F. L. Stubbs, S. W . Towle, '54; H . M . 
Conger, '55; C. E . Stott, '56; C. A . Wen-
ner, '57. 

Bil l ie L . Bessinger, '50, our former 
secretarj^-treasurer, has moved to B i r ­
mingham, A l a . , as field engineer for 
Hughes T o o l C o . Bob T h u r m o n d 
has asked me to f i l l in as acting sec­
retary-treasurer unt i l our next elec­
tion of officers in the spring, 

Denver Section 

M i n e s men attending the regular 
luncheon meeting of the Denver Sec­
tion were: 

Warren P r o s s e r , x-'07; Harvey 
Mathews, '13; George H . Roll, '19; Oran 
L. Pack, '26; Hugh A . Wallis, '28; Otto 
L . Schmitt, '35; Bill Cullen, '36; Sam 
Geffen, x-'42; Clyde V. Johnson, '45; 
James A . MulHnax, Frank Seeton, '47; 
John J, Flynn, '48; Norman L. Johnson, 
James M . Taylor, Ron Lestina, Dick 
Martin, Ralph Jones, 'SO; Boris S. Vouko­
vitch, Howard K. Loenshal, Wendell W . 
Fertig, Charles M . Stoddard, '51; Marvin 
A . Kunde, Drexel Lee, '52; J , B. Fern-
strom. '53; Fred M . Fox, M . S. Legge, 
'54; George Welch, '59. 

Also attending were Vincent P . 
Tesone, M i n e s ' L i t t l e A l l American 
football player; F r i t z Brennecke, 
C S M athletic director, and J i m San-
kovitz, C S M public information edi­
tor. (See picture and story in Ore-
digger Sports.) 

Grand Junction Section 

Joe Hopkins, J r . , secretary, reports 
that Grand Junction Section had its 
party cn Jan. 23 w i t h cocktails at 
A l a n Simpson's and dinner at the 
Caravan Cafe. Everyone had prime 
rib and 37 dinners were served. Danc­
ing was to the electric organ, 

M o a b was represented by Gordon 
M i n e r and Jay M a y h e w and wives. 

M a r g e and Dav id Cole, '52, have 
a new home address at 1530 E . Sher­
wood D r . in G r a n d Junction. H e 
commutes to Te l lu r ide weekly. 

T h e Charles V . Woodards, '44, 
and A l a n M . Simpsons, '44, spent a 
week in Las Vegas recently and the 
Woodards are now planning an H a ­
wai ian excursion taking his parents 
as guests. T h e y plan to visit the 
Ju l ian Simpsons, '47, now residing in 
H a w a i i . 

A . George ( T o n y ) Setter, '32, has 
been promoted f rom manager of the 
G r a n d Junction Branch of Western 
Machinery Co . to mining consultant 
of the f i rm for the Industrial Sales 
Divis ion in the western Uni ted States. 
H e w i l l continue to headquarter in 
G r a n d Junction at least for the im­
mediate future. 

Houston Section 

T h e fo l lowing M i n e s men attended 
the luncheon on Feb. 2 at the Hous­
ton C l u b : 

Albert G. Wolf, '07; D. M . Davis, '25; 
Bart DeLaat, '30; Donald Herbert, Mei l 

Gilbreath, '33; R. A . Kerr, '36; W . B. 
Barbour, '37; S. A. Werkstrom, '38; John 
Biegel, '39; Nick Shiftar, J. Pawley, '40; 
J. N. Warren, '50; Robert Turley, '52. 

N o business was transacted. 

N i c k Shiftar , sec-treas. 

New York Secfion 

T h e N e w Y o r k Section held its 
first meeting of the year on Feb. 2 
at the Brass R a i l Restaurant, 40th 
and Park. Twenty- f ive alumni were 
present. T h e y were : 

J. A . Clark and G. F. Kaufmann, '21; 
Harry L. McNeill, '24; Dale Nix, '26; C. 
A. Weintz, '27; George Ordonez, '28; 
Ben F. Zwick, '29; Bill Wallis, '30; James 
Boyd, H . C. Harris, '32; Frank Cool­
baugh, '33; Charles N. Bellm, '34; T . P. 
Turchan, '35; Herb Stuart, '36; Brad 
Bailey, '37; Ralph C. Holmer and James 
G. Cox, '38; Van Donohoo, '39; Elmore 
M . Peloubet, '41; Charles F. Fogarty, '42; 
Lew Railing and David B. Mazer, 47; 
Herb Goodman and Milt Warren, '48; 
L E . McKeever, '52. 

A solicitation to H e r b Thornton 
f rom J . D . Longenecker, president of 
the A I M E Student Chapter at 
Golden, for funds to finance the trip 
of one student to the annual A I M E 
convention in N e w Y o r k was dis­
cussed. A s a result of this solicitation, 
Messrs. Z w i c k and Thorn ton re­
quested donations f rom the N e w Y o r k 
alumni and collected $250. However, 
several of the members requested that 
part of their contributions be used to 
finance the expenses of the N e w Y o r k 
Chapter. 

Charles Fogarty, vice president of 
Texas G u l f Sulphur Co . , brought up 
the point that Longenecker had also 
solicited funds for the same purpose 
f rom individuals and companies, and 
reported his company had donated 
$400 to the A I M E Student F u n d . 

Considerable discussion ensued re­
garding disposal of the contributions. 
Some said a portion of the funds 
should be given to the Student F u n d 
and part to the Foundation. H o w ­
ever, it was f inal ly agreed that the 
Chapter President be authorized to 
send D r . Vanderwi l t a check payable 
to the Colorado School of M i n e s 
Foundation, Inc., asking him to use 
his judgment as to whether the total 
amount should be given to the A I M E 
Student F u n d or part to the Student 
F u n d and part to the Foundation's 
General F u n d or a l l to the Founda­
tion. It was decided the amount of 
the check should be $230 wi th the 
difference going to pay Section ex­
penses. A t the meeting an additional 
$51 was collected to go into the gen­
eral fund of the Section. 

Ben F . Zwick , president 

(Dr. Vanderwilt advised that the 
entire $230 was contributed to the 
general fund of the Mines Founda­
tion.) 
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CAMPUS HEADLINES 

Combination of Academic and Physical Fitness 
^Eiducation Stressed at Colorado School of Mines 

By 

J A M E S L S A N K O V I T Z 
Editor, C S M Off ice of Public 

Information 

M a n j ' people argue the value of 
physical education as a legitimate por­
tion of higher education. F a r too 
many examples of the trite "basket-
weaving and underwater dancing" 
courses have left doubts in the minds 
of the public that college physical 
training has any value at a l l . 

Near ly 5000 Colorado School of 
M i n e s graduates dot the globe and 
the great majority hold higher eche­
lon positions in the world 's mineral 
industries. 

M i n e s graduates have had much to 
do wi th the prestige ranking which 
the School now enjoys. N o t only 
have these alumni gained positions of 
high responsibility because of their 
professional training, but the major­
ity have carried into their career the 
continuance of an educational process 
geared to the whole man. N o small 
part of this total education is in the 
physical fitness area. 

M i n e r a ! engineering, in many cases, 
takes place in the uncheclced and far 
removed areas of the wor ld . T h e 
human difficulties are obvious when 
one considers hewing away a forest 
to harness petroleum products or 
spending long weeks in mountainous 

terrain as part of a geological engi­
neering crew. So too, as wi th the aca­
demic courses, physical fitness courses 
at Mines are prepared to meet pro­
fessional l ife standards. 

Physical Fitness Classes 

T h i s is accomplished through four 
means. Physical fitness classes, which 
meet formally two hours a week for 
a l l freshmen and sophomore students, 
are the basic requirements. 

Participation in intramural sports 
is another means, and more than 200 
students participated in this method 
of athletic activity last school year. 

T h e third means is participation in 
intercollegiate sports, and some 175 
w i l l take part in this competition this 
year. 

Together, the first three means ac­
count for nearly 1000 students, or 90 
per cent of the student body, taking 
part in some form of physical exercise 
on a fa i r ly rigid and consistent basis. 

Informal Participation 

Another means—and one which 
has gained in popularity to a great 
degree since the new Mines gym­
nasium was opened this year—is in­
formal athletic participation. 

Rare, indeed, is the evening that 
the new pool is not being used by 
single students, faculty families, stu­
dent families or faculty groups. So 

-V A geological engineering student includes 
many miles of hiking each day as a physical 
training duty. 

too wi th other athletic facilities, such 
as the new indoor track in Steinhauer 
Fieldhouse, the handball courts (now 
as popular on the M i n e s campus as 
the Integral C l u b ) or the gymnastics 
room. 

Surprisingly, the least amount of 
time spent-—in student-hours—is in 
the intercollegiate program. G r a d u -
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• Joe Davies, associate professor of physical training, surveys the new indoor traclt area in 
Steinhauer fieldhouse. Davies supervised the laying of a 220-ydrd banked track, pits, and 
runways. 

ates are w e l l aware of the small 
amount of time available for formal 
practice. T h e majori ty of athletic-
hours at M i n e s is spent by students 
who seek physical activity when their 
class schedules permit. 

Coaching Staff Unique 

T h e School's coaching and instruc­
tion staff is also unique. Athle t ic D i ­
rector F r i t z S. Brennecke has a mas­
ter's degree in political science. H i s 
assistants have a l l performed advanced 
study, but few of the postgraduate 
study hours are in physical education. 
T h e y range f rom arts and speech to 
zoology and medicine. Addi t ional 
coaches and instructors come f rom 
the School's technical faculty. 

In total, a M i n e s student may par­
ticipate in any of the 20 sports offered 
at the School. H a l f are offered in 
the intercollegiate level. 

Physical Training Important 

M i n e s President D r . J o h n W V a n ­
derwilt, who received his graduate de­
gree at H a r v a r d Universi ty, believes 
sincerely in the rigorous academic 
schedule, but just as sincerely stresses 
the importance of a well-trained per­
son physically. " O u r new gj'mnasium 
is merely a concrete example of a 
philosophy which this institution has 
fol lowed for many decades. A student 
cannot meet the requirements of the 
mineral professions unless he is ade­
quately trained in the phj'sical fitness 
area. 

" W e have not dedicated our new 
gj'm to a person—but to a cause and 
a belief. W e hope this gym w i l l pro­
vide ample area in which a student 
may develop thc athletic qualities 
necessary for the tough professional 
l i fe he must enter." 

Student-Athletes at Mines 

It is not by a back-slapping design 
that news media in the sports f ie ld 
hear only of good student-athletes. 
T h i s is the design of mines. 

Older alumni w i l l remember not 
only the athletic abilities of such men 
as standout and a l l American football 
players E d w a r d M c G l o n e and L l o y d 
Madden . M c G l o n e , now executive 
vice president of Anaconda Copper, 
first proved his academic value at 
Mines . So too wi th Madden , now ex­
ploration m a n a g e r for M c E i r o y 
Ranch C o . 

T h i s year B- [ - and A — students 

have led M i n e s athletic teams. In 
football, Vince Tesone was named to 
the first team on the Associated Press 
L i t t l e A l l American squad. Tesone 
was also named to two scholastic 
teams for his 3.2 academic average in 
petroleum engineering. 

Bruce Henry , Tesone's understudj', 
was also named an Academic A l l 
American as was center Bob Smith. 
H e n r y is a 3.65 student in geological 
engineering while Smith has a 3.2 
average in petroleum. 

T h e three gave M i n e s the distinc­
tion of placing more plaj'ers on this 
year's Academic A l l American foot­
ball team than any other college in 
the nation. 

In basketball, the top player, scorer 
and rebounder is D i c k Egen, a 3.7 
petroleum engineering student and a 
cadet captain in the crack M i n e s 
R O T C detachment. 

Swimming's academic leader is B i l l 
Henry , the one-legged backstroke rec­
ord-breaker who is tabbed the "finest 
mathematics student at Mines in a 
long time" by Prof . Ivan Hebel, math 
department head. 

In wrestling, sophomore T o m T i ­
sone has a nine and one dual meet 
record at 123 pounds—top record on 
the club. H e also has a 3.83 academic 
average in metallurgical engineering 
and holds two academic scholarships 
to prove his worth . 

Both currently and historically, it 
has been this combination of academic 
and athletic qualities which has key-
noted the physical fitness education 
portion of a M i n e s training. 

V Mines football players are scholars too. This year 14 players held academic scholarships and 
three were named to academic All-Amencan teams. 
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All-America 
T H E ASSOCIATED PRESS, 

on the basis of recommendations from its tiiember newspapers, 

; : mdio and television stations, and reports 

„, = •;,>•;•• from-the regional AU-Ainerica football boards, 

'has selected,-

J . ; / / ; ; , ; - . f " a/member of:the\ 

.rtiil'umsrirti 'iî iur',!,; , ' • iimc.ii%ili. KJ 
'Else A u o ^ l c J 1*1̂ 1 - ' fhcAiii iCfaltJ I'd 

• Vince Tesone received this plaque from the Associated Press Feb. 16 at ihe regular month­
ly meeting of fhe Denver Mines Quarterback Club. 

V i n c e T e s o n e N o m e d b y A P 
T o L i t t l e A i l A m e r i c a n T e a m 

Although the football season has 
ended, monthl j ' luncheon meetings of 
the Denver Quarterback Club and 
the Denver Section are being held 
the third Tuesday of each month at 
the Denver Press Club , 1330 G l e n ­
arm PI . A l l alumni—both Denver 
residents and Visitors—are invited to 
attend. Ron F . Lestina, '50, chairman 
of the Athletics Committee, is in 
charge of the meetings. 

A t the Feb. 16 meeting, Vince T e ­
sone received a plaque f rom Associated 
Press naming him to the Associated 

Press Li t t l e A l l American first team 
at quarterback. 

T e s o n e M a k e s F i r s t T e o m 
O f A l l - A m e r i c a n A c a d e m i c 

Vince Tesone received his finest 
Christmas gif t Dec. 25 when he was 
named to the first team A l l - A m e r i c a n 
Academic Team. Tesone, a " B " stu­
dent in petroleum production engi­
neering, was named to the squad 
which is sponsored jointly hy the 
American Peoples Encyclopedia and 
the College Sports Information direc­
tors of America . H e was the only 
Roclcy Moun ta in area player named 

to the first team. 
T h i s f a l l Tesone was named to the 

squad's 33-man team as a quarterback. 
V o t i n g was changed for the final 
team, into major and little college 
categories. O n l y three small college 
players were named to the earlier se­
lection, and of those three only two 
made the first 11 in December. 

T o qualify for the team the players 
had to maintain a " B " or better class­
room average and be outstanding on 
the football field. O n l y four of the 
39 -man li t t le college Academic team 
came f rom the Rocky M o u n t a i n re­
gion—and Mines placed three of 
them. 

Miner s receiving honorable mention 
were junior tailback Bruce H e n r y (he 
was also given honorable mention on 
the f a l l major college selection) and 
senior center Bob Smith. Both are 
petroleum engineering students with 

B - | - " averages. 

G o l d e n Bank C o n t r i b u t e s 
T o C S M F o u n d a t i o n , Inc. 

T h e Fi rs t Nat ional Bank in Golden 
has contributed $500 to the Colorado 
School of Mines Foundation, Inc. 
T h e contribution was announced re­
cently by D r . John W Vanderwil t , 
president of the mineral engineering 
college. 

T h e gift—the fourth donation by 
the bank since 1956—came as an un­
restricted gif t . 

In commenting on his bank's grant, 
P a u l V . Pattridge indicated his bank 
was pleased wi th the manner in which 
the Foundation had used previous 
gifts. 

C L A S S N O T E S 

(Continued from page 37) 

J O H N CEDRIC C. M A T H E W S O N , 
chief computer for V '̂estern Geophysical 
Co., has been transferred from Chateau, 
Mont., to Stanley, N. Dak. His post office 
box number is 537. 

FRED R. S C H W A R T Z B E R G is design 
specialist for the Martin Co. His home 
address is 1480 S. Jasmine Way, Denver 
22, Colo. 

R O B E R T S. SOHON, formerly a grad­
uate student in the Department of Geol-
ogy, Pennsylvania State University, has 
moved to 469 Palmetto Rd., Bridgeport 
6, Conn. 

1954 
R O B E R T A B E R C R O M B I E , petroleum 

engineer for Mobil Oil Co., has changed 
his address from Shreveport, La., to 24 
Beechwood Lane, Natchez, Miss. 

P A U L V. B E T H U R U M is production 
foreman for Susquehanna-Western, Inv. 
His address is 93 6 Big Horn, Riverton, 
Wyo. 

J A M E S W . C O O K S L E Y , JR., fi«ld ge­
ologist with the Southern Pacilic Railroad, 
has moved from Washington, Calif., to 
Needles, Calif. The new address will be 
in care of General Delivery. 

M A R I O G U E R R A , who returned from 
Bolivia several months ago and who has 
been in California more recently, can now 
be reached at Climax Molybdenum Divi­
sion, Climax, Colo. 

R U D O L P H J. G U L D E has moved from 
Concord, CaHf., to 6230 Cole Ave., Car-
michael, Calif. He is process control engi­
neer for Aerojet-General Corp. 

R O B E R T M . H A N E S is field engineer 
for Holmes and Narver, Inc., vsith home 
address 2102 E . Owens Ave., North Las 
Vegas, Nev. 

A R N O L D H . K A C K M A N , project en­
gineer for Universal Atlas Cement Divi­
sion, lives at 2813 3rd Ave. South, Leeds, 
Ala. 

C H A R L E S J. M A R Q U A R D T advises 
us of a change of address: from Jackson, 
Miss., to 2009 Camellia St., McAllen, 
Texas. 

C L Y D E S. N E W E L L has moved from 
Pensacola, Fla., to Waynesboro, Miss,, 

with mailing address c/o Mobii seismic, 
P. O. Box 249. 

R. T . B R O W N has joined Boettcher & 
Co.'s Denver office as a security salesman. 
After trying uranium and copper, R. T . 
has come back to Denver. He was able 
to pass ail examinations with excellent 
grades and is licens'ed in his new pro­
fession. 

1955 
J A M E S P. DENNIS, engineer for Esso 

Research & Engineering Co., has moved 
from Linden, N, J., to 65 Woodlawn Rd., 
Sparta, N. J . 

G O R D O N E. D U F F Y may be ad­
dressed at 1330 S. Grand, Glenwood 
Springs, Colo. 

A R T H U R P. FOSTER, JR., has been 
transferred from Dallas to Shreveport, 
La., where he will be district reservoir 
engineer in Texaco's Shreveport District. 
His mailing address is Box 1737, Shreve­
port, La. 

G L E N R. G R A V E S is geologist for 
Creole Petroleum Corp., T i a Juana, 
Zulia, Venezuela. 

JOSEPH L. HARBISON advises that 

(Continued on page 45) 
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P L A N T n e w s ; 

B a b c o c k a n d W i l c o x C o . 
O p e n s D e n v e r O f f i c e 

ROBERT L. SWINNEY 

Babcock & W i l c o x C o . is establish­
ing a Boiler division district sales of­
fice in Denver, Colo . T h e new faci l i ty 
takes over steam generating equip­
ment sales and service activities re­
linquished by Stearns-Roger M a n u ­
facturing Co . on termination of its 
sales agency agreement w i t h the divi ­
sion on M a r c h 1. T h e formal agency 
relationship between Babcock & W i l ­
cox and Stearns-Roger, which began 
more than 20 years ago, is being ter­
minated by mutual consent. 

Appointed Denver district sales 
manager is Robert L . Swinney, sales 
engineer in Chicago for the past 21 
years. T h e new of&ce, w i th M r . Swin-
nev in charge, w i l l be located at 1806 
T o w e r B ldg . , Denver U . S. Nat ional 
Center, 1700 Broadway. 

M r . Swinney w i l l be responsible 
for a Boiler division sales district com­
prising the states of Colorado, M o n ­
tana, N e w Mex ico , U t a h and W y o ­
ming, and certain portions of Idaho, 
Nebrasica, Nevada, South Dakota and 
Texas. 

Babcock & W i l c o x is a major sup­
plier of steam generating equipment, 
tubular products, refractories and nu­
clear systems and components. 

PTI N a m e d D i s t r i b u t o r 
F o r M a n u f a c t u r i n g C o m p a n i e s 

Robert Torpey, '49 M i n e s graduate 
and president of Power Transmission 
Inc. of Denver, Colo. , announced that 
P T I has been appointed the exclusive 
Colorado and W y o m i n g distributor 
for the Er ie Strayer Co . of Erie , 
Penn. and its complete line of port­
able trailer aggregate and cement 
batching plants, bulk cement plants 
and aggregate-cement elevators. P T I 
was also appointed as the Colorado 
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and W y o m i n g distributor for the 
products of Stephens-Adamson M a n ­
ufacturing Co . of Aurora , 111. which 
include: carriers and return rollers, 
car pullers, holdbacks, loaders, pulleys, 
tellevels, winches and belt cleaners. 

out a practical slant-legged platform 
for dr i l l ing in waters up to 600 feet. 

As a starter, the company aimed at 
production plans for water depths of 
200 and 300 feet. These plans were 
completed a few months ago, and cost 
analysis this month prompted the' an­
nouncement comparing the two types 
of LeTourneau platforms. 

Asked if his company s t i l l believes 
it possible to build a platform for 600 
feet, the vice president said: 

" W e are sure it is not only possible 
but completely practical. A n d we are 
looking forward to the day when 
super-deep-water activity w i l l create 
a specific need for that platform. ' 

• Ingenious new self-leveling device for 
mammo+h offshore plafform is checked by an 
electrical engineer at R. G. LeTourneau, Inc. 

D u a l - D e p t h O f f s h o r e P l a t f o r m 
O f f e r s E c o n o m i c A d v a n t o g e s 

T h e nation's leading builder of mo­
bile dr i l l ing platforms has announced 
a major break-through in the offshore 
oi l industry's critical battle of "costs 
vs. production." 

R . G . LeTourneau , Inc. of L o n g -
view, Texas, capsuled thc develop­
ment thus: 

Fo r d r i l l ing in waters 125 to 150 
feet deep, a new wide base "slant-
legged" platform can be produced for 
about the same cost as a conventional 
"straight-legged" type—the big differ­
ence being that the new type can be 
readily modified for greater depths 
later while the conventional type can­
not. 

A s an example, a slant-legged t r i ­
pod platform for 150 feet of water 
can be increased to 200-foot depths 
for only about 6 per cent additional 
cost. 

It was less than three j'ears ago that 
R . L , LeTourneau , vice president, an­
nounced that his company had worked 

C o n t i n e n t a ] O i l C o . D o n a t e s 
$200,000 to E d u c a t i o n 

M o r e than $200,000 is being given 
by Continental O i l C o . during the 
1960-61 academic year as financial aid 
to education—including grants and 
fellowships for scientific and business 
research and scholarships for out­
standing college students. 

Scholarships for outstanding upper 
classmen were awarded the Colorado 
School of M i n e s and 28 other colleges 
and universities, wi th recipients of 
both the Conoco fellowships and 
scholarships heing selected by the re­
spective institutions. 

A l o n g wi th the company's overall 
financial aid to education plan is the 
Conoco Scholarship Program for chi l ­
dren of employees. Instituted in 1951, 
the program awards each year $2,000 
college scholarships to 15 graduating 
high schooi seniors who are sons and 
daughters of company employees. A 
total of 113 students have attended 
college to date under the program. 

Conoco also w i l l continue its cor­
porate alumnus program inaugurated 
three years ago. Under this program, 
the company matches up to a maxi­
mum of $500 any annual contribution 
made by an employee to the college 
or colleges he attended. 

L y l e N o m e d C h i e f E n g i n e e r 
B y A m e r i c a n C y a n a m i d C o . 

George L . L y l e , J r . , has been 
named chief engineer at American 
Cyanamid Co.'s Brewster, F l a . plant. 
M r . L y l e succeeds W . J . Pace, for­
merly of Lakeland, who retired Jan. 
1, 1960, after l 5 years service wi th 
the chemical firm. 

A 1940 graduate of V i r g i n i a Poly­
technic Institute, M r . L y l e served for 
seven years in the Corps of Engineers, 
attaining the rank of lieutenant colo­
nel. H e served as engineer for the 
A l l i e d Airborne A r m y , consisting of 
a l l troops in the European theater, 
and later as construction engineer in 
the rehabilitation of W e s t Ber l in . 
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T E C H N I C A L S O C I E T I E S 

(Continued from page 11) 

are: "Corrosion Problems in the Use 
of Dense Salt Solutions as Packer 
F lu ids , " by C . M . Hudgins , W . D . 
Greathouse and J . E . Landers of 
Continental O i l C o . ; "Stress Corro­
sion Crack ing in Concentrated Sodi­
um Nit ra te Solutions," by R . L . M c -
Giasson, W , D . Greathouse and 
C . M . Hudgins of Continental O i l 
C o . ; "Cathodic Polarization of Steel 
in Various Environments," by A . R , 
Erben and R . A . Legault of Sun O i l 
C o . ; "Stress Corrosion Crack ing of 
H i g h Strength T u b u l a r Goods," by 
R . S. Ladley of Phil l ips Petroleum 
C o . ; and "Anhydrous Ammonia C o n ­
trols Vapor Space Corrosion in U n ­
packed F l o w i n g W e l l s , " by Rado 
Loncaric, D . R . Anthony, F a i r C o l -
vin and M . D . Folzenlogen, a l l of 
At lan t ic Refining C o . 

Other symposia wi th papers of spe­
cial interest to o i l production engi­
neers are M a r i n e and General Cor -

C L A S S N O T E S 

(Continued from page 43) 

his address is c/o Ohio Oil Co., Lance 
Creek, Wyo. 

E N R I Q U E L E V Y may be addressed at 
1253 E . 4th South, Salt Lake City 2, Utah. 

A L A N F. OSBORNE, exploitation engi­
neer for Shell Oil Co., has been trans­
ferred from Glendive, Mont., to 2542 
Lewis Ave., Billings, Mont. 

D A V I D RICE is development engineer 
for Richfield Oil Corp. He moved recent­
ly from New Cuyama, Calif., to 1005 Sun­
set Pi., Ojai, Calif. 

E U G E N E C. RISCH has left Hidden 
Splendor Mining Co., Riverton, Wyo., 
and is now working for Green Mountain 
Uranium Co., Jeffery City, Wyo. He 
writes that the company is developing an 
underground mine in the Crooks Gap 
area. 

D O U G L A S P. WINSLOW, formerly of 
El Paso, Texas, has moved to 2417 Porter, 
Joplin, Mo. 

1956 
W I L L I A M B. L U K E R is sales engineer 

for Miracle Realty with mailing address 
Box 2130, Casper, Wyo. 

M A R I O A. M A R C A N I O has moved 
from West Allis, Wis., to 661 S. 65th St., 
Milwaukee 14, Wis. 

MR. A N D MRS. T H O M A S O. M O H R 
and sons, Eric and Carl, have been visit­
ing Mr. Mohr's parents in Golden, Colo. 
For the past six months the Thomas 
Mohrs have been in Tulsa, Okla., where 
Mr. Mohr has been doing research work 
for Standard Vacuum Co. Prior to that 

they lived two years in Sumatra. Follow­
ing their vacation, tbe Mohrs expect to 
return to Pendopo, Sumatra, on another 
assignment for Standard Vacuum. 

LOUIS L. SCHER, IV, who was in 
Golden and Denver on a two months' va­
cation from his job as drilling and petro­
leum engineer with Creole Petroleum 
Corp., Lagunillas, ZuHa, Venezuela, was 
able to attend the annual business meet­
ing of the Alumni Association and later 
to call at the Alumni office. It is always 
a pleasure to have visitors and to see our 
members first hand. 

1957 
R A L P H A. A V E L L A N E T , production 

•engineer for Union Carbide Metals, has 
been transferred from Niagara Falls, N. 
Y., to Alloy, W . Va. 

J A M E S M . A Y L A R D is taking grad­
uate work at the University of Colorado. 
His mailing address is 5330 E . 17th Ave., 
Denver, Colo. He was formerly employed 
as petroleum engimeer for Magnolia Pe­
troleum Co. at Lake Charles, La. 

D A V I D L. B R A D F I E L D has moved 
from Arvada, Colo., to 7700 Irving St., 
Denver, Colo. 

LOUIS F. B R E G Y , whose address is 
Weston Rd., Weston, Conn., is assistant 

H E R O N E N G I N E E R I N G C O . 

SP. 7-4497 
Plant layout and design of mine, mi l l and 
smelter fncilities, inciuding structures, 
aerial tramways, and waste disposal sys­
tems. 

2000 So. Acoma St., Denver, Colo. 

S p e c i a l i z e d 
E n q i n e e r i n g a n d 
E q u i p m e n t S e r v i c e 

for Mines—Mills—Industrial Planfi 
Engineering Consultants—Planf Layout 

Equipment Consultants—Dasign 

Dist r ibutor 

H E N D R I C K M A N U F A C T U R I N G C O . 
S r a t i n q s — G r i l l e s — Per fo ra ted 

H A V E S C O R P O R A T I O N 
C h e m i c a l Resistant Equ ipmen t 

P A T T E N E N G I N E E R I N G C O . 
1795 Sheridan Denver 14, Colo. 

BE 7-0433 

P e t r o c h e m i c a l - R e f i n i n g 

E x p o s i t i o n P l a n n e d f o r 1961 

F . J . V a n Antwerpen, secretary of 
the American Institute of Chemical 
Engineers, has announced that the 
Institute w i l l sponsor a Petrochemical 
and Ref in ing Exposition in connection 
w i t h the Nat ional A . I . C h . E . Meet­
ing in N e w Orleans, Feb. 26 - M a r c h 
1, 1961. 

T h e A . I . C h . E . exposition w i l l be 
managed by Reber F r i e l Co . , Ph i l a ­
delphia. I t was authorized by the 
A . I . C h . E . Counci l after careful study 
of suggestions f rom members in the 
petroleum and petrochemical indus­
tries. Its emphasis w i l l be on petro­
chemical and ref ining production, de­
sign and development, M r . V a n A n t ­
werpen said. 

l O C C O f f i c e r s E l e c t e d 

Governor George Dock ing of K a n ­
sas was elected chairman of the Inter­
state O i l Compact Commission for 
the year 1960, during the Commis­
sion's annual meeting in Philadelphia, 
Pa. , Dec. 3-5. Other officers elected 
were W a r w i c k M . D o w n i n g of Colo­
rado, first vice-chairman; M i s s Gene­
vieve Bla t t of Pennsylvania, second 
vice-chairman; Lawrence R . A l l e y , 
executive secretary, and E a r l Foster, 
general counsel. T h e Executive Com­
mittee consists of governors or their /" 
representatives of Alabama, A r k a n - i i . 
sas, Colorado, Ill inois, Kansas, K e n ­
tucky, Louisiana, N e w Mex ico , N . 

Dakota, Oklahoma, and Texas. 1 6 3 6 C H A M P A • D E N V E R • M A I N 3 - S 1 6 1 
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research metallurgist for Bridgeport Brass 
Co. 

C E C I L C. DAVIS, JR., has moved from 
D-envcr, Colo., to 1719 Hazel St., Jackson, 
Miss. 

N O R M A N E. G O L D S T E I N has taken 
a leave of absence from Utah Construc­
tion and Mining Co. to begin graduate 
study and research at the University of 
California in the field of geophysics. His 
new address is International House, B'er-
keley 4, Calif. 

W I L L I A M D. S M I T H may be ad­
dressed c/o Gunnison National Forest 
Service, Gunnison, Colo. 

W I L L I A M N. FINK, III, engineer for 
Western Electric Co., has moved from 
Littleton, Colo., to 3619 Frederick St., 
Omaha 5, Nebr. 

C H A R L E S R. W O O D writes that he 
has been discharged from the Army and 
that his address is now 424 Otsego St., 
Ilion, N . Y . 

1958 
J A M E S L . B A C H M A N may be ad­

dressed Rt. 3, Box 160, Gold'en, Colo. 
R O B E R T B. B A R K E R is engineer-

metallurgist for Dov? Chemical. His home 
address is 2635 Mapleton Ave., Boulder, 
Colo. 

D O N A L D E . ERIKSEN, engineer for 
Northern" Iliinois Gas Co., has moved 
from Mendota, 111., to Aurora, 111., where 
his address is SO Fox St. 

J A M E S S T E W A R T H O L L I N G S -
W O R T H gives his address as Box 477, 
Uravan, Colo., where he is a geologist 
for Union Carbide Nuclear Co. 

J O H N L. H O L T has moved from La-

conia, N. H. , to 468 Union Ave., Lakeport, 
N. H . 

J A M E S E . JONES is product engineer 
for Hewitt-Robins with home address at 
22 Bradford Ave., Passaic, N. J. 

RICPIARD P. K E L L E N B E N Z writes 
that he has finished his "sentence" in the 
Army and is now working for Texaco, 
Inc. in the Casper Refinerj'. His address 
is 2044 Westwood Hill , Apt. 3, Casper, 
Wyo. 

BOBBY G. K E R R has notifi'ed us of a 
change in his mailing address: from New 
Orleans, La., to P. 0. Box 446, La Habra, 
Caiif. 

M I C H A E L D I L E M B O , 2820 Thomas 
Ave., Cheyenne, Wyo., is now with the 
Wyoming State Highway Department as 
a highway designer. He called at the 
alumni office in the midst of our big 
snow storm on Feb. 22. After living in 
Wyoming, he would no doubt consider 
the heavy snowfall as routine operating 
weather. 

D A L E P O R T I N G A , 518 Seneca St., 
Bethlehem, Pa., is sales traine'e for Beth­
lehem Steel Co. He was formerly in Port­
land, Ore. 

R O N A L D R. W A H L has moved from 
Denver, Colo., to 5530 Holland Dr., A r ­
vada, Colo. 

OLIN D. W H I T E S C A R V E R , produc­
tion engineer for Pure Oil Co., has been 
transferred from Van, Texas, to 1625 
Worth St., Fort Worth 4, Texas. 

D O N A L D E . WILSON, geophysical en­
gineer for Mobil Oil Co., was transferred 
from Sanderson, Texas, to Pecos, Texas. 
His mailing address is Box 1806. 

R I C H A R D E. W I S T R A N D may be ad­
dressed at 5901 E . Ocean Blvd., Long 
Beach 3, Calif. 

1959 
2 N D / L T . RUSSELL E . B L O M may be 

addressed at 827 Kearney, Manhattan, 
Kans. 

C H A R L E S A . H A S K I N is petroleum 
engineer for The California Co. His mail­
ing address is 1010 Main St., Box 852, 
Bottineau, N. Dak. 

D O N A L D L. M A T C H E T T is construc­
tion enginieer for Black & Veatch with 
address at 7914 Ward Parkway, Kansas 
City, 14, Mo. 

H A R O L D C. M E N C K , JR., research 
and development engineer for Western 
Electric Co., lives at 568 Speedwell Ave., 
Morris Plains, N. J. 

W I L L I A M O. M E R G E N T H A L , 3836 
Auburn Blvd., Sacranrento 21, Calif., is 
technical service engineer for Aerojet-
General Corp. 

JERRY D. RICHARDS Is engineer-
trainee for Sunray Mid-Continent Oil Co. 
His address is 5313 S. Detroit St., Tulsa 
5, Okla. 

1960 
D O N A L D H . H O W E L L has accepted 

a position as geologist with Standard 
Uranium at Silverton, Colo. He paid a 
visit to thc alumni office before leaving 
Golden and became an active member of 
the Alumni Association. 

W I L L I A M S. R A N S O M , 914 14th St., 
Golden, Colo., dropped in the office the 
other day to become an active member of 
the Alumni Association. 

A D V E R T I S E R S ' L ISTINGS 
AerD Service Corp 

Pliiladaipliia, Penna. 
236 E. Courtland Street 

Ainsworth & Sons, Inc., Wm. -k 
DeiiTer, Colo., 2151 Lawrence HL. 

Air Rentals, Inc. * 

DcoTer, Colorado, 3301 Walnut 

Allis-Chalmers Mfg. Co 3 
655 lirouitway 
DenTer, Colorado 
MilwHiikee, Wisconsin 

Ameriean Maniianese Steel Division 
ChicaEO Haiglits, 111. 

Armite Laboratories * 
Los Angeles 1, Calif., 6609 Broad St. 

Card Iren Woriis Company,-C. S. if.. 2 
Denser, Colo., 2501 W. I6tli ATB. 

Colorado Central Power Co 
EngleHood, Colo. 

Colorado Fael & iron Corp. if 4 
Amarillo, 1008 FisU Bldg. 
BUlings, 215 Fratt Eldg. 
Butte, 401 Metals Eh. BldE-
Chicago 1, 221 North LaSalle St. 
Denver 2, Continental Oil Bldg. 
Detroit 26, l O l S National Bh. Bldg. 
E i Paso, 803 Bassett Tower Bide, 
Fort Worth 2, 1506 Continental 

Life BME. 
Houston 11, 340 Soutli 66th St. 
Lincoln S. 1227 Sharp BldE. 
Los Angeles 1, 739 East 60th St. 
New York 22, 576 Madison Ace. 
Olilahoma City 2, 906 Colcord BldE-
Phoenix, 305 East Buchanan 
Portland 9, 1350 N.W. Raieigh 
Pueblo, r. 0. Bos 310 
Salt Lake City 1, 411 Waiiier 

Bli. Bldg. 
San Francisco 3, 1245 Howard St. 
Seattle 4, 3434 Second ATO., SO. 
Spokane, 910 Old National Bk. Bldg. 
Wichita 5, 811 East 10 St. 

Colorado Iron Works Company i t 
Denver, Colo., 1624 SeTentcenth St. 
Kingston, Ontario, Can., 

Canadian Loco, Wks, Co. 
Vancouver, B. C , Can. 

VancouTer Iron Wlis., Ltd. 
Johannestinrg, So. Africa, 

Head, Wrightson & Co. 
Stockton on Tees, EUE. 

Head, Wrightson & Co. 
Granriilc, N. S, W. 

The Clyde Eos. Co., Ltd, 
Colorado National Banli * 

DenTcr, Colo., ITth and Champa St. 

Coors Conipany + - 47 
Golden, Colorado 

Deister Concentrator Co. it 
Fort Wayne, Ind., 911 Glasgow Ave. 
New York, N. Y., 104 Pearl St. 
Nesquehoning, N .Y . , 231E.CalawlssaSt, 
nibbing, Minnesota, P. 0. Box 777 
BirminEham, Alabama, 

930 2nd ATE,, North 

Denver Equipment Company ir 6 
Denver 17, Colo., 1400 17lh Slreet 
New York City i , N, Y. , 

4114 Empire Stale Bldg. 
Toronto, Ontario, 185 Bay St. 
Vancouver, B. C , 

305 Credit Foncelr Bldg. 
Mexico, D. F., l i Avenida Juarez 
London E . C. 2, 15-17 Christopher 

St., Finsbury Square 
Johannesbui^, S. Africa, 8 Village Boad 

Denver Fire Ciay Company * 
Denver, Colo, 
Salt Lake City, Utah, P. 0. Box 836 
E l Paso, Texas, 209 Mills Bidg. 

Dorr-Oliver Incorporated * 
Stamford, Connecticut 
New York 6, N. Y. , 99 Park Ave. 
Atlanta, Ga., 900 I'eachtree St., N. E . 
Chicago 54, Il i . , 942 Merchandise 

Mart 
Cleveland 8, Ohio, 14700 Detroit Ave. 
Virginia, Minn., 204^^ Chestnut Ave. 
Denver, Colo., 2916 South Fox St. 
Dallas 30, Tes., 6115 Berkshire Lane 
1.0S Angeles 17, Calif., 811 W. 7th St. 
Oakland 1, Calif., 2900 Glascock St. 
Seattle 1, Wash., 3104 Smith Tower 

Dresser Industries, Inc 
Republic National Bank Bldg. 
P. a. Box 718, Dallas, Tex. 

t!u Pont de Nemours & Co., E . I. ir., 
Denver, Colo., 444 Seventeenth St, 
Wilmington, Delaware 
San Francisco, Calit., I l l Sutter St. 

Equipment Engineers, Inc 
Paio Alto, CaUf. 

Flexible Steel Lacing Company 
Chicago, 111., 4628 Lexington St. 

Franco Western Oil Co. * 
Bakersfield, Caiif., 3120-i3th St, 

Gardner-Denver Company * 
Quincy, Iliinois 
Denver, Coiorado 
Butte, Mont., 215 E . Park St. 
lil Paso, Texas, 301 San Francisco St. 

Salt Lake City, Utah, 
130 West 2ud South 

Los Angeies, Calif,, 845 E . 61st St. 
San Francisco, Calif., 811 Folsom St. 
Seattle. Wash., 514 First South 

Geophysical Instrument & Supply Co. 26 
Denver, Colo., 1616 Broadway 

ilardinge Co., inc _ 
York, Pa. 

Heron Engineering Co. • * 45 
Denver, Colo., 2000 So. Aeoma 

Humble Oil and Refining Co 
Houston, Tex. 

Infilco, Inc 
P. 0. Box 5033 
Tucson, Ariz. 

Ingersoll-Rand ir-
Birmingham, Ala., 1700 Third Ave. 
Butte, Siont., 845 8, Montana St. 
Chicago, HI., 400 W. Madison SL 
Denver, Coio,, 1637 Blake St. 
E l Paso, Texas. 1015 Texas St. 
Kansas City Mo., 1006 Grand Ave. 
Los Angeles, Caiif., 1460 E . 4th St. 
Manila, P. I., Earnshaws Dociis & 

Honolulu Iron Works 
New York, N. Y. , 11 Broadway 
Pittsburgh, Pa., 

706 Chamber of Commerce Bldg. 
Salt Lake City, Utah, 

144 S. W. Temple St. 
San Francisco, Calit., 350 Brannan St, 
Seattle, Wash., 526 First Ave. So. 
Tulaa, Okla., 319 E . 5th St. 

Kendricli-Bellamy Co. • * 
Denver 2, Colo., 1641 California St. 

Keuffei & Esser of Colorado, ine 
Denver, Colo,, X641 California St. 

Kistler Staiionery Company 15 
Denver, Colo. 

Lake Shore Engineering Co 
Iron Mountain, Mich, 

Link-Belt Conipany 
Chicago, H i . , 300 W. Persliing Rd. 

McEiroy Ranch Company ir 9 
Ft. Worth, Texas, 405 Ft. Worth 

National Bank BldE-

Miciiigan Chemical Corp 
Rare Earths Division 
St. Louis, Michigan 

Midwest Steel & Iron Works * 
Denver, Colo,, 25 Larimer St., 
Pueblo, Colo., 1120 Northern Ave. 

Mine & Smeller Supply Co. ir 
Denver, Colorado 
E i Paso, Texas 
New York, N. Y. , 1775 Broadway 
Salt Lake City, Utah 
Montreal, Canada, 

Canadian Vickers, Ltd. 
Now York, New York, The Ore & 

Chemical Corp., 80 Broad St. 
Santiago, Chile, W. R. Judson 
Lima, Peru, W. R, Judson 
Manila, P. I „ Edward J . Neil Co. 

Mines Magaiine 
Golden, Colo. 

Horse Bros. Mashinery Company 10 
Denver, Colo., 2900 Broadway, 

P. 0. Box 1708 
National Fuse & Powder Company ir- 9 
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Lower Pumping Costs...Higher Tonnages 
W i i f l e y ' s v e r s a t i l e l i n e o f s a n d p u m p s g i v e y o u e c o n o m y p l u s i n c r e a s e d o u t p u t . I f y o u 

r e q u i r e b e l t - d r i v e n , o v e r h e a d V - b e l t d r i v e n , o r d i r e c t d r i v e n p u m p s , W i l f l e y has t h e m 

- a v a i i a b l e i n 1", VA", 2", 2 M " , 3", 4", 5", 6", 8" a n d 10" d i s c h a r g e s izes . T h e y m a y be 

fitted w i t h i n t e r c h a n g e a b l e e l e c t r i c f u r n a c e a l l o y i r o n , s p e c i a l a p p l i c a t i o n a l l o y s o r 

r u b b e r - c o v e r e d w e a r p a r t s . 

P u t a W i l f l e y S a n d P u m p to w o r k — i t g u a r a n t e e s c o n t i n u o u s , m a i n t e n a n c e - f r e e 

s e rv i ce , s t e p p e d - u p p r o d u c t i o n , l o n g e r p u m p l i f e , a n d q u i c k , e a s y r e p l a c e m e n t o f p a r t s . 

E v e r y Insta l la t ion J o b E n g i n e e r e d f o r M a x i m u m P u m p i n g E c o n o m y . 

Write, wire or phone for complete details. 

A. R. WILFLEY and SONS, INC. 
DENVER, COLORADO, U. S. A. • P. 0. BOX 233D 

NEW YORK OFFICE: 122 EAST 42nd STREET, NEW YORK CITY 17 

SAND PUMPS 


