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ABSTRACT 

This study was made to determine the value of efficiency studies of 

various aspects of coal mining. 

Studies were made of air coursings and the effect of adding or 

eliminating air courses on fan performance. Mine characteristics were 

compared under different conditions of fans9 stopped and running, at 

several hlade settings. Power costs were compared for various quantities 

and circumstanceso 

A detailed study of a hoist indicated that it was underloaded even 

though it was causing the loaders to "be delayed„ Steps were taken to cor

rect the defect. 

The results of this analysis indicate that efficiency studies of 

mining operations and equipment can save much money for a mining company. 
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u p p e r t o r K e n i l w o r t h , s e a m i s m i n e d a T h e m i d d l e o n e 9 k n o w n a s t h e B l u e 

B l a z e s e a m , i s l o w c o a l f r o m f o u r t o f i v e f e e t t h i c k a n d h a s a p e c u l i a r 
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p a s t o 

T h e a c c e s s h a u l a g e r o a d i s a r o c k t u n n e l 8 , 2 0 0 f e e t l o n g d r i v e n a t 
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t h e i n t e r s e c t i o n o f t h e t u n n e l w i t h t h e A b e r d e e n s e a m . 

INTRODUCTION 

Kenilwo r thg Utahg is located in Carbon Count Yg Ut ahg approximately 

five miles north of Price g Utaho The town was named after Kenilworth Castle 

in the Warwick and Leam i ngton parliamentary division of Warwickshire v 

England ~ on a t r ibutary of the Avon o I t is said that the cliffs sur~ 

rounding Kenilworth g Utah . are reminiscent of the ruins of the cas tleo 

The coal mine~ whi ch is also called Kenilworth g was first dis cov= 

ered in 1905 by Wo Ho Lawley. Records indicate that the fi rst coal was 

produced i n the year 1907 0 
I 

The proper ty is served by a branch line of t he Denver & Rio Grande 

Western Ra ilroad wh~ch joins the main line a.t Helper . Utaho 

The mine itse~f is composed of three principal seams of coal which 

dip about 6-1 / 2 degrees to the north and northeast o At present only the 

upper , or Kenilworth . s eam is mined. The middle one . known as t he Blue 

Blaze seam t is low coal from four to five feet thick and has a peculiar 

blui sh t int to i ts color ingo The lower one » known as the Aberdeen seam, 

i s about t en to t welve f ee t thick and has been mined extens ively in the 

pasto 

The access haulage road is a rock tunnel 8 0 200 f eet l ong dr iven at 

right angle s to the strike of the bedo Double t rack is laid the ent ire 

length of this r ock tunnel except for a 200-foot three=rail sys tem at 

the intersection of t he tunnel with the Aberdeen seam . 



The fifteen-foot seam of coal is mined hy the room and pillar sys-

tem0 Advance mining is next to the top rock0 Rooms and entries are 

driven from ten to twelve feet high*, Retreat mining recovers "bottom 

coal and pillars„ Roof "bolting Is used extensively as roof support on 

the advance« Roof "bolting and timbering are used on the retreato Rios 

are pinned with four-foot wooden pinsD 

Coal on advance work is prepared with machines known locally as 

conversions. The name stems from the fact that the machines9 at one time, 

were 7-AU track-mounted cutting and drilling machineSo They have "been 

converted at the Kenilworth mine shop to rubber-tired cutting machines, 

each with an hydraulic "bug duster attached and mounted with a Joy CD-40 

drill* Bach machine is powered with one 5 0 H . P 0 electric motor which 

operates a complex system of hydraulic pumps9 and with one 5 0 H o P o elec

tric motor which operates the cutter chain. 

Preparation of coal in pillar work is accomplished with a Joy 

CD-41 drill and with a Joy C D - 2 5 drill„ No cutting of coal in pillar 

work is done. Shooting is done on the solid in pillar work. 

The coal is loaded at the face with Joy 11-BU loaders«, These have 

a rated capacity of five tons per minute and have proven themselves to 

he especially rugged and adaptable machines0 

Coal is transported from the working faces with Joy 10-SC shuttle 

cars. These cars move the coal to a loaderhead in the entry where they 

discharge their load into mine cars. The mine cars are moved "by means of 

trolley locomotives to partings on the slope. At this point the loads are 

moved to the top of the slope with a hoist and rope. 
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From a parting at the top of the slope9 loads are transported with a 

trolley locomotive along the strike of the seam to the rock tunnel „ and 

then to the tipple outside of the mine0 

All machinery in the mine is rated at 2 5 0 volts D o 0 o Primary power 

is introduced into the mine in the form of 2 9 3 0 0 volts A o C o through a rock 

tunnel near No„ 2 fan9 and also through a bore hole from the surface near 

No* 3 fan. Motor generator sets and rectifier sets convert the alter

nating current to direct current. 

The two main hoists and one pump operate with 29300 A»C. electricity. 

The mine is ventilated with three exhaust-type fans which move about 

264„000 cfm of air0 It is anticipated that Ho. 1 fan will be shut down in 

the near future and ventilation re-routed to Noa 2 and Noc 3 fans„ 

H o o 1 fan is an 11-foot by S-^oot centrifugal exhaust fan installed 

in 1924D It is exhausting 1 1 5 s 7 0 0 cfmQ 

No. 2 fan is a 7~foot by 3~foot centrifugal exhaust fan installed 

in 1918. It is exhausting 43„ 7 0 0 cfm. 

No. 3 fan is a Jeffrey 8H-84 Aerodyne fan installed in 1949 „ It is 

exhausting 104,7 0 0 cfm. 

The present workable entries in the mine are located on each of the 

two slopeso The hoist at the top of No0 2 slope is powered by two 5 ° 0 H.P. 

motors and has a maximum speed of 1 9 3 9 0 feet per minute<> A 1 - 1 / 4 inch 

rope is used to pull nine-car trips« The maximum grade is 1 7 - 1 / 2 per cent. 

Cars weigh 2.8 tons9 each9 with a capacity of five tons of coale 
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No . 3 fan. Motor generator sets and rectifier sets convert the a ter~ 

nating current to direct current . 

The two main hoists and one pump operate with 20300 A. C. elec tricity. 

The mine is ventila ted with three exhaust~type fans which move about 

264 0 000 cfm of air. It i s anticipated that Noo I fan will be shut down in 

the near future and ventilation re~routed to Noo 2 and No o 3 f ans . 

No. 1 fan i s an II- foot by 5-foot centrifugal exhaust fan ins t alled 

in 1924. It is exhausting 1159700 cfm. 

No o 2 fan i s a 7~foo t by )=foot centrifugal exhaust fan i nstalled 

in 1918. It is exhausting 43 0700 cfm. 

No. 3 f an i s a J effrey 8H-84 Aerodyne fan ins t alled i n 1949. It is 

exhausting 1040700 cfm. 

The present workable entries in the mine are located on each of the 

two slopes. The ho i st a t the top of No. 2 slope is powered by t wo 500 H.P. 

motors and has a maximum speed of 1 0390 feet per mi nute . A 1- 1/4 inch 

r ope is used to pull nine- car trips . The maximum grade i s 17-1/2 per cent. 

Cars weigh 208 tons D each g with a capacity of five tons of coal . 
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T h e h o i s t a t t h e t o p o f N o . 4 s l o p e i s p o w e r e d h y a 1 5 0 E 0 P 0 m o t o r 

a n d h a s a m a x i m u m s p e e d o f 8 5 0 f e e t p e r m i n u t e 0 A t p r e s e n t , , s i x - e a r 

t r i p s a r e p u l l e d u p t h i s s l o p e w i t h a 1 - 1 / 8 i n c h r o p e . A n e w h o i s t i s 

" b e i n g i n s t a l l e d o n H o . 4 s l o p e w h i c h w i l l h a v e t w o 4 5 0 H 0 P 0 m o t o r s a n d 

a n e s t i m a t e d m a x i m u m s p e e d o f 1 0 5 ° 0 f e e t p e r m i n u t e o A 1 - 1 / 4 i n c h r o p e 

w i l l h e u s e d a n d t e n - e a r t r i p s w i l l h e h o i s t e d a s s o o n a s t h e e n t r i e s 

" b e l o w a r e m a d e r e a d y t o h a n d l e t h e n u 

1 

4 -

The hoist at the top of NO q 4 slope is powered by a 150 HoPo motor 

and has a maximum speed of 850 feet per minute o At present g six~car 

trips are pulled up this slope with a 1-1/8 inch rope. A new hoist is 

being installed on Noo 4 slope which will have two 450 HoPo motors and 

an estimated maximum speed of 1 0500 feet per minute . A 1-1/4 inch r ope 

will be used and ten~car trips will be hoisted as soon as the entries 

below are made ready to handle themo 



P U R P O S E 

This thesis was written to demonstrate that efficiency studies of 

the operation of machinery can he made to the economic benefit of a mining 

company 0 

SCOPE 

Hoisting and ventilation^, two important problems common to any 

underground mining operationB were chosen and efficiency studies completed. 

The writer had the opportunity to make these studies„ inaugurate the 

changes that he desired, and obtain results that showed a considerable 

monetary saving due to the work done. 

The author made the engineering studies, supervised the actual 

changes and correlated the resultsD This work paves the way for similar 

operational studies,, 
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PURPOSE 

This thesis was written to demonstrate that efficiency studies of 

the operation of machinery can be made to the economic benefit of a mining 

company. 

SCOPE 

Hoisting and ventilationo two important problems common to any 

underground mining operation g were chosen and efficiency studies completed. 

The writer had the opportunity to make these studies g inaugurate the 

changes that he desired. and obtain results that showed a considerable 

monetary saving due to the work done. 

The author made the engineering studies o supervised the actual 

changes and correlated t he resultso This work paves the way for similar 

operational studieso 
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V E N T I L A T I O N 

- 6 -

A f o r c e d f l o w o f a i r t h r o u g h a m i n e s a d e q u a t e l y c o n t r o l l e d a n d r e g u 

l a t e d 9 i s a n a b s o l u t e n e c e s s i t y f o r s a f e a n d e f f i c i e n t m i n i n g , , 

I n t h e p a s t s , s e v e r a l m e t h o d ® h a v e b e e n u s e d t o v e n t i l a t e m i n e s » 

A m o n g t h e m o s t c o m m o n h a v e " b e e n n a t u r a l v e n t i l a t i o n a n d h e a t e d s t a c k s * 

T o d a y B t h e m o s t c o m m o n m e t h o d o f v e n t i l a t i o n i s e i t h e r " b l o w i n g t y p e o r 

e x h a u s t i n g t y p e 9 e l e c t r i c a l l y d r i v e n e c e n t r i f u g a l o r a x i a l f l o w f a n s . 

A t K e n i l w o r t h . t w o t y p e s o f e x h a u s t f a n s a r e u s e d o O n e i s a 

m u l t i h l a d e 9 f o r w a r d c u r v e d „ d o u b l e i n l e t „ c e n t r i f u g a l t y p e . , B y o p e n i n g 

a n d c l o s i n g d o o r s t h e f a n m a y h e u s e d e i t h e r a s a n e x h a u s t i n g f a n o r a s 

a b l o w i n g f a n * T h e o t h e r i s a n a x i a l f l o w f a n u s i n g p r o p e l l e r " b l a d e s 

w i t h s e v e n d i f f e r e n t s e t t i n g s t o p r o d u c e s e v e n d i f f e r e n t c h a r a c t e r i s t i c s . 

T h e s e e x h a u s t f a n s p r o v i d e a m o v e m e n t o f a i r i n a c o n t r o l l e d d i r e c t i o n "by 

c r e a t i n g a n a r e a o f p r e s s u r e h e l o w t h a t o f a t m o s p h e r i c o n t h e i n l e t s i d e 

o f t h e f a n . T h e y m a y h e r e v e r s e d h y c h a n g i n g t h e d i r e c t i o n o f r o t a t i o n ^ 

h u t t h e o u t p u t i s r e d u c e d h y a h o u t 3 5 p e r c e n t . 

T h e r e a r e , h a s i c a l l y B t h r e e f a c t o r s w h i c h d e t e r m i n e t h e f l o w o f 

air t h r o u g h a m i n e . 

1 - t h e q u a n t i t y o f a i r f l o w i n g , 

2 - t h e p r e s s u r e d i f f e r e n t i a l " b e t w e e n t h e i n t a k e a n d t h e e x h a u s t . 

3 - t h e r e s i s t a n c e t h e m i n e o f f e r s t o t h e f l o w o f a i r . 

A t a n y s t a g e o f i t s d e v e l o p m e n t , a m i n e h a s a c e r t a i n c h a r a c t e r i s t i c 

o 
w h i c h m a y h e e x p r e s s e d a s s P ~ r Q , B 

VENTILATION 

A forced flow of air through a mineg adequately controlled and regu

l ated. is an absolute necessity for safe and efficient mining. 

In the past g several methods have been used to ventilate mines. 

Among the most common have been natural ventilation and heat ed stacks. 

Today. the mos t common method of venti lation is either bl owing type or 

exhausting type g electrical ly driven n centrifugal or axial flow fans. 

At Kenilworthg two types of exhaust fans are used. One is a 

multiblade g forward curved . double inletg centrifugal type. By opening 

and closing doors the ,fan may be used either as an exhausting fan or as 

a blowing fan. The other is an axial flow fan using propeller blades 

with seven different settings to produce seven different characteri~tics . 

These exhaust fans provide a movement of air in a controlled direction by 

creating an area of pressure below that of atmospheric on the inlet side 

of the fan. They may be reversed by changing the direction of rotation. 

but the output is reduced by about 35 per cent. 

There are 9 basically 0 three factors which determine the flow of 

air through a mine~ 

1 - the quantity of air flowing . 

2 - the pressure differential between the intake and the exhaust . 

J - the resistance the mine offers to the flow of air . 

At any stage of its development. a mine has a certain characteristic 

which may be expressed as~ P ~ ~2 • 

= 6 = 



A t k i n s o n ' s f o r m u l a f o r t h e p r e s s u r e r e q u i r e d t o o v e r c o m e r e s i s t 

a n c e w h e n a q u a n t i t y o f a i r i s f l o w i n g ? 

K S V 2 K S < ^ 2 

P s ~ r — o r P - — r -
A A ' 

P - p r e s s u r e i n p o u n d s p e r s q u a r e f o o t 

K - r e s i s t a n c e i n p o u n d s p r e s s u r e p e r s q u a r e f o o t 

S a r u b b i n g s u r f a c e ( p e r i m e t e r t i m e s l e n g t h ) 

V = v e l o c i t y i n f e e t p e r m i n u t e 

= q u a n t i t y i n c u b i c f e e t p e r m i n u t e 

A = a r e a i n s q u a r e f e e t 

r t h e n b e c o m e s ^ . T h e v a l u e K 9 a s g e n e r a l l y g i v e n 0 i s f o r a i r 

A ^ 

w e i g h i n g 0 . 0 7 5 IDS. p e r c u . f t . 8 o r a i r a t s e a l e v e l a n d 7 0 F . T h e v a l u e 

P i s t h e n c o r r e c t e d f o r t h e a c t u a l d e n s i t y o f t h e a i r b e i n g m e a s u r e d . 

t 

K m a y b e f o u n d e x p e r i m e n t a l l y f o r a n y g i v e n d u c t f r o m t h e f o r m u l a s 

v , P x A x 0 . 0 7 5 
JS. s , ^ w h e r e w - w e i g h t o f a i r . 

w x S x V 

C h a r a c t e r i s t i c c u r v e s f o r e a c h f a n c o m p a r i n g q u a n t i t y 8 p r e s s u r e , 

h o r s e p o w e r a n d e f f i c i e n c y w e r e o b t a i n e d f r o m t h e f a n m a n u f a c t u r e r f o r 

u s e i n t h i s s t u d y . T h e f a n s c a n b e o p e r a t e d a t v a r i o u s s p e e d s w i t h i n 

t h e m a n u f a c t u r e r ' s s p e c i f i c a t i o n s t o p r o d u c e d i f f e r e n t c h a r a c t e r i s t i c s 

f r o m t h o s e p r o v i d e d . 

F a n l a w s , w i t h a c o n s t a n t m i n e r e s i s t a n c e s e f f i c i e n c y r e m a i n i n g 

c o n s t a n t , a r e s 

1 - v o l u m e o f a i r v a r i e s a s t h e s p e e d o f t h e f a n . 

2 - p r e s s u r e d e v e l o p e d v a r i e s a s t h e s q u a r e o f t h e s p e e d . 

3 - p o w e r r e q u i r e d v a r i e s a s t h e c u b e o f t h e s p e e d . 

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

1 - v o l u m e r e m a i n s c o n s t a n t r e g a r d l e s s o f d e n s i t y o f a i r . 

2 - p r e s s u r e v a r i e s d i r e c t l y a s t h e a i r d e n s i t y . 

3 - h o r s e p o w e r v a r i e s d i r e c t l y w i t h t h e d e n s i t y . 

k - e f f i c i e n c y r e m a i n s c o n s t a n t r e g a r d l e s s o f d e n s i t y . 
- 7 

Atki nson ' s formula f or the pr essure requi red to overcome res ist-

snce when a quanti ty of air 

KSV
2 

P =: A or 

i s flowingg 
KSq,2 

p:; ~ 
k' 

P = pressure in pounds per square foo t 
K = res is tance in pounds pressure per square foot 
S ~ rubbing surface (perimeter times length) 
V ~ veloci ty i n feet per minute 
Q. = quantity in cubic feet per minute 
A = area i n square feet 

r t hen becomes KS ;; The value Kg as generally given» is f or a i r 

o 
weighing 0. 075 l bs . per cu. ft • • or air at sea level and 70 F. The value 

P i s then co r rected for the actual density of the air being measured . 

K may be f ound exper iment ally for any given duct from the formule, ~ 

K::I P x A x 0.075 
2 • where w ~ weight of air. 

w x S x V 

Characteristic curves for each fan comparing quantity » pressure . 

ho rsepower and efficiency were obtained from the fan manufacturer f or 

use i n this study . The fans can be operated at various speeds within 

the manufac turer's spec ifications to produce different characteristics 

from those provided . 

Fan laws~ with a constant mine r esistance . efficiency r emai ning 

cons tant, areg 

1 - volume of air varies as the speed of the fan. 
2 - pressure developed varies as the square of the speed . 
3 - power required varies as the cube of the speed. 

Correction for altitudeg 

1 - volume r emains constant regardless of density of air. 
2 - pressure varies directly as the air density. 
3 ~ horsepower varies directly with the density. 
4 - efficiency remains constant regardless of density . 
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Until May 1, 1 9 5 8 9 Kenilworth mine was ventilated with three exhaust 

type fans. No. 1 fan was a Jeffrey multihlade, forward curved, douhle 

inlet, reversihle, 11-foot hy 5=foot centrifugal fan, serial No. 2441, 

purchased in 1 9 2 4 . No. 2 was a Jeffrey multihlade, forward curved, 

douhle inlet, reversible, 7-foot hy 3-foot centrifugal fan, serial No. 

1 0 5 0 2 , purchased in 1 9 1 8 . No„ 3 was a Jeffrey 8 E-84 Aerodyne fan, serial 

No. 8673, purchased in 1 9 4 ? . 

At one time there were seven intakes which supplied air to these 

fans. The elevations of the fans and intakes? 

No o 1 fan . . . . b . . . . . . . . . . . . . . . . . . . . . . . » . . . . . o 
N O • 2 f 8LH « a * * o o » a o e o o a « « D o « « o « » o 9 « o o o o o o o o o o 

No. 3 fan . 
Main portal intake p . . . . . . . . . . . . . . . . . . . . . . . . . 

Old portal in No. 2 canyon, intake .......... 
Manway in No. 2 canyon„ intake .............. 
Arronco mine connection, intake ............. 
Millhurn mine connection, intake ............ 
*Rock tunnel hy No. 3 fan, intake ............ 
•Aherdeen entrance "between No. 2 & No. 3 fans. 

Average elevation, Intakes • o • o « 

7,363 feet 
7,247 feet 
7 , 2 0 9 feet 

. ' . 0 5 feet 
7 0 0 6 0 feet 
7 , 1 5 0 feet 
7 , 1 5 0 feet 
7 , 2 0 0 feet 
7 , 2 0 0 feet 

7 , 0 0 0 feet 

7 , 0 6 0 feet 

The following calculations for natural ventilating pressures are 
o 

"based on an outside temperature of 7 0 F c and an inside average tempera

ture of 5 5 ° F. Barometric readings are taken at the lamphouse, and "bar

ometric readings for the various elevations are calculated for standard 

conditions and corrected to the lamphouse harometer0 The elevation at 

the lamphouse is 6 , 6 9 0 feet. Pressures designated as "positive" indicate 

that the air tends to flow from the ohserver into the mine. 
* These openings have since "been closed off. 
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Until May I. 1958. Kenilworth mine was ventilated with three exhaust 

type fans. No.1 fan was a Jeffrey multiblade. forward curved. double 

inlet g reversible. II-foot by 5~foot centrifugal fang serial No. 2441, 

purchased in 1924. No.2 was a Jeffrey mUltiblade. forward curved, 

double inlet, reversible. 7~foot by 3-foot centrifugal fan. serial No. 

10502. purchased in 1918. No o 3 was a Jeffrey 8E-54 Aerodyne fan. serial 

No. 8673. purchased in 1947. 

At one time there were seven intakes which supplied air to these 

fans. The eleva tiona of the fans and in htkes: 

No. 1 fan 
No. 2 fan 
No. 3 fan 

41 0 0 0"".",,. u"" 0" D CI CI" It It (.J 0" DO" 0" I) 0"" \) £I.,., 

•••• 0"."0.0 ••• "00 •• " •• 0 •• ..,000000000401 

e •• o.ogOOOO"'OO~O"O.(iiJOO"".OOOOOooo"o" 

Main portal intake •.•.•....•..••••••..••••• 0. 

Old portal in No.2 canyon. intake •...•.••. 00 

Manway in Noo 2 canyon. intake 0 •••••••••• 0000 

Arronco mine connection. intake 0 ••••• 00 ••• 0 •• 

Millburn mine connection. intake •...•......• 0 

*Rock tunnel by NOe J fan. intake 00 ••••••• 000. 

*Aberdeen entrance between No. 2 & No. 3 fans. 
intake 0 0 0 " Q ., It " ., " It " •• I) 0 I) 0 0 ., 0 • Q " " " 0 " 0 0 

Average eleVation, intakes 

7.363 feet 
7.247 feet 
79209 feet 
6.705 feet 
7.060 feet 
7.150 feet 
'7 ~150 feet 
7~200 feet 
79200 feet 

7 9 000 feet 

'70060 feet 

The following calculations for natural ventilating pressures are 

based on an outside temperature of 70°10 and an inside average tempera

ture of 550 F. Barometrie readings are taken at the 1amphouse, and bar-

ometric readings for the various elevations are calculated for standard 

conditions and corrected to the lamphouse barometeT o The elevation at 

the lamphouse is 6,690 feet. Pressures designated as !~positive" indicate 

that the air tends to flow from the observer into the mine. 

• These openings have since been closed off. 
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N o o 1 FAN 

Barometer = 2 3 o 2 9 ' \ temp. - 7 0°F. 8 wt. of air e 0 . 0 5 8 3 1 #/ft.3 

Intake elevation m 7 8 0 6 0 f t . 

7 , 3 6 3 ft. - 7 „ 0 6 0 ft. * 3 0 3 ft. difference in elevation. 
Average underground "barometric reading - 2 3 . 4 2 % temp. » 5 5 ° F o j 

wt. = 0 . 0 6 0 3 4 #/ft.3 

0 . 0 6 0 3 4 - 0 . 0 5 8 3 1 * 0 . 0 0 2 0 3 # / f t c 5 0 o 0 0 2 0 3 x 3 0 3 * 0 . 6 1 5 0 9 # / f t . 2 

0 . 6 1 5 0 9 / 5 . 2 = ' 0 o l 2 > ! w.g. positive 

No. 2 FAN 

Barometer * 2 3 o 4 9 ! \ temp, * 7 0 ° F.s wt. of air - 0 . 0 5 8 8 1 # / f t . 3 

7 , 2 4 7 - 7 6 0 6 0 - 1 8 7 ft. difference in elevation. 

Average underground barometric reading * 2 3 < . 5 8 " f i temp. = 5 5 ° F.B 

wt. = 0 . 0 6 0 7 6 #/ft .3 

O 0 O 6 0 7 6 - 0 o 0 5 8 8 l s 0 o 0 0 1 9 5 #/ftA 0 . 0 0 1 9 5 x 1 8 7 * 0 . 3 6 4 6 5 #/ft.2 

0 . 3 6 4 6 5 / 5 o 2 m 0 „ Q 7 W w.g. positive 

No. 3 FAN 

Barometer » 2 3 . 5 2 w

9 temp. * 7 0 ° F., wt. of air ̂  0 . 0 5 8 8 8 #/ft.3 

7 , 2 0 9 - 7 s 0 6 0 m 1 4 9 ft. difference in elevation. 

Average underground barometric reading - 2 3 . 5 9 % temp. » 5 5 ° F.B 

wt. = 0 , 0 6 0 7 8 #/ft .3 

0 . 0 6 0 7 8 - 0 . 0 5 8 8 8 * 0 o 0 0 1 9 0 #/ftA 0 . 0 0 1 9 0 x 1 4 9 P 0 . 2 8 3 1 0 #/ft.2 

0 . 2 8 3 1 0 / 5 . 2 * O o O q " v.g, positive 

Noo 1 FAN 

:Barometer jj; 2)o291! ~ temp.:: 700 Fo o wto of air :: 00058)1 11ft.) 

Intake eleva tion a 79060 ft o 

7.)6) ft . - 79060 ft . = )0) ft . difference in elevation. 

Average underground barometric r eading :: 23.4219 ~ temp. Iii 55° Fo t 

wt. = 0006034 11ft. ) 

0.06034 - 0.058)1 ~ 00 0020) Ilft. 3 00 00203 x 30) ~ 0061509 f/f t . 2 

0.6150915. 2 = 001211 w.g. posi tive 

No o 2 FAN 

Barometer = 2) 049" 0 temp. Iii 700 Fo g wto of air = 0005881 I lft. 3 

79247 - 70060 a 187 ft. difference i n elevation. 

Average undergr ound bar ometric reading ~ 23058"9 tempo = 55° r oo 

wt. = 0.06076 f/ ft .3 

00 06076 - 0005881 : 0000195 Ilft .3• 0 000195 x 187 ~ 0036465 f/ft . 2 

0.)64651502 w 0007" wogo posi tive 

No o ) FAN 

Barometer = 23. 52". t emp. = 700 F o. wto of air = 00 05888 f /f t .3 

7,209 - 7 0060 = 149 f to difference in elevation. 

AVerage underground barometric readi ng '" 23 .59" 0 temp . so 5SO F • • 

wt. = 0 0 06078 11ft .) 

0~06078 - 0005888 = 0000190 Il ft. 3• 00 00190 x 149 = 0028310 Il ft. 2 
0. 283101502 = 0 0 05" wogo positive 

- 9 = 



T h e m e a s u r e d s t a t i c p r e s s u r e a t N o . 1 f a n . w a s 2 . 3 9 i n c h e s w a t e r g a g e . 

S i n c e t h e a v e r a g e n a t u r a l v e n t i l a t i n g p r e s s u r e i s i n a d i r e c t i o n o p p o s i t e 

t o t h e f l o w o f a i r w i t h t h e f a n r u n n i n g , t h e f a n m u s t f i r s t o v e r c o m e 0 . 1 2 " 

w . g . " b e f o r e p r o d u c i n g a q u a n t i t y o f a i r 0 T h e p r e s s u r e t o b e u s e d w i t h t h e 

c h a r a c t e r i s t i c c u r v e i s t h e n 2 . 3 9 " - 0 . 1 2 s ' a 2 0 2 ? 8 ' « T h i s p r e s s u r e m u s t 

t h e n b e c o r r e c t e d f o r a n a i r d e n s i t y o f 0 . 0 7 5 # / f t . - \ T h e r e f o r e , 2 . 2 7 ! , x 

2 9 . 9 2 / 2 3 . 2 9 • 2 . 9 2 ! S W o g a T h i s i s t h e v a l u e t o b e u s e d w i t h t h e c h a r a c = 

t e r i s t i c c u r v e o n p a g e 1 1 t o l o c a t e t h e f a n e f f i c i e n c y , q u a n t i t y o f a i r 

b e i n g d e l i v e r e d , a n d b r a k e h o r s e p o w e r . T h e b r a k e h o r s e p o w e r i s t h e n c o r 

r e c t e d f o r a l t i t u d e h o r s e p o w e r v a r i e s d i r e c t l y w i t h t h e a l t i t u d e . ) F r o m 

t h e c u r v e s f a n e f f i c i e n c y * 5 6 * 8 $ , q u a n t i t y » 1 1 5 9 7 0 0 c f m , a n d b r a k e 

h o r s e p o w e r * 9 3 . 1 x 2 3 . 2 9 / 2 9 - 9 2 - 7 2 . 5 . 

T h e m e a s u r e d s t a t i c p r e s s u r e a t N o . 2 f a n w a s 1 . 9 9 " w . g . S i n c e t h e 

n a t u r a l v e n t i l a t i n g p r e s s u r e i s i n a d i r e c t i o n o p p o s i t e t o t h e f l o w o f a i r 

w i t h t h e f a n r u n n i n g , t h e f a n m u s t f i r s t o v e r c o m e 0 . 0 7 " w „ g . b e f o r e p r o d u c 

i n g a q u a n t i t y o f a i r . T h e p r e s s u r e t o b e u s e d w i t h t h e c h a r a c t e r i s t i c 

c u r v e i s t h e n 1 . 9 9 M - 0 . 0 7 " = 1 . 9 2 " . T h i s p r e s s u r e c o r r e c t e d f o r a n a i r 

d e n s i t y o f O . O 7 5 # / f t . 3 i s s 1 . 9 2 * x 2 9 . 9 2 / 2 3 . 4 9 - 2 . 4 5 " w . g * F r o m t h e 

c h a r a c t e r i s t i c c u r v e f o r N o . 2 f a n s h o w n o n p a g e 1 2 t h e f a n e f f i c i e n c y -

5 9 . 8 5 t , q u a n t i t y - 4 3 , 7 0 0 c f m , a n d b r a k e h o r s e p o w e r m 2 7 P 9 x 2 3 . 4 9 / 2 9 . 9 2 = 

2 1 . 9 . 

T h e m e a s u r e d s t a t i c p r e s s u r e a t N o . 3 f a n w a s 2 . 4 2 " w . g . T h e f a n 

m u s t o v e r c o m e a n a t u r a l v e n t i l a t i n g p r e s s u r e o f 0 . 0 5 " . T h e p r e s s u r e t o b e 

u s e d w i t h t h e c h a r a c t e r i s t i c c u r v e o n p a g e 1 3 i s t h e n 2 . 4 2 " - 0 . 0 5 " s 2 . 3 7 " . 

C o r r e c t e d f o r a n a i r d e n s i t y o f 0 . 0 7 5 # / f t . 3 t h i s b e c o m e s 2 . 3 ? " x 

2 9 . 9 2 / 2 3 . 4 9 s 3 . 0 2 ! C w . g . F r o m t h e c u r v e o n N o . 3 f a n , t h e f a n e f f i c i e n c y = 

- 1 0 -

The measured static pressure at Noo 1 fan was 2.39 inches water gage. 

Since the average natural ventilating pressure is in a direction opposite 

to the flow of air ·Nith the fan X'unning. the fan must first oV'ercome 0012 11 

w.g. before producing a quantity.Jf air. The pressure to 'oe used ·",i th the 

characteristic curve is then 2oJ9'~ = 0012 1
" ~ 2. 27!ij " This pressure must 

then be corrected for e,n air denSity of 0.075 f/ft). Therefore. 2027"x 

29092 / 23. 29 "" 2.92'8 wog. This is the value to be used with the charac= 

teristic curve on page 11 to locate the fan efficiency~ quantity of air 

being delivered. and brake horsepower. The brake horsepower is then cor-

rected for altitude (horsepower va.ries directly with the altitude.) From 
\ 

the curveg fan efficiency ~ 56.8%9 quantity ~ 115~700 cfm~ and brake 

The measured static pressure at Noo 2 fan was 1099" Wog. Since the 

natural ventile,ting pressure is in a direction opposi te to the flow of a.ir 

with the fan running v the fan must first overcome OoO?I! w.go before produc-

ing a quantity of air. The pressure to be used with the characteristic 

curve is then 1.9911 - 0.0711 =: 1092". This pressure corrected for a.n air 

density of 0.075 11ft) is: 1.92" x 2909212j~49 ": 204,11 w.go From the 

characteristic curve for Noo 2 fan shown on page 12 the fan efficiency = 

59.8%~ quantity = 43.700 cfmv and brake horsepower ~ 27Q9 x 23049/29.92 =: 

21.9. 

The measured static pressure at Noo 3 fan wa.s 20421C Wog. The fan 

must overcome a natural ventilating pressure of 0.0511 • The pressure to be 

used with the characteristic curve on page 13 is then 2.42" - 000,1! '" 2037". 

Corrected for an air denSity of 0.075 f/ft. 3 this becomes 2.37" x 

29.92/23.49 ~ 3.021e weg. From the Curve on No. 3 fan. the fan efficiency:: 

- 10 -
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67*2$,, quantity * 104,700 cfm, and "brake horsepower • 73»7 x 23049/29e92 = 

57»9o 

After N o o 1 fan was shut down and seals installed and air re-routed 

as shown on pages 17 and 18, tests were made on Uo, 2 and No. 3 fans. 

The measured static pressure at No„ 2 fan was lc35" w.g. The con

ditions for natural ventilation were the same as "before, so the pressure 

to he used for sea-level conditions is 1 028 M x 29092/23045 = l c63 w w.g. 

The characteristic curve furnished hy the Jeffrey Manufacturing Company 

does not cover this range? however„ the conditions were measured as 

follows? 

2,300 x 13Q5 * 0o90 x lo732 x 0o95 * QQ99 . _ _ 
BHP — x : * — old H o P o 7^6 

. _ Q 123,300-x lo63 x 5Q2 . 
s 33,000 s 3 1 ° 6 H o P o 

Iff. B 31.6 a 5 l o 7 £ 
6l.l 

Quantity a 123,300 cfm 

The measured static pressure at No„ 3 fan was 2o20" w.g* After cor

recting for natural ventilation and "barometric pressure, the static pres

sure was 2o74M Wogo From the characteristic curve on N o o 3 fan shown on 

page 19, the fan efficiency * 75$, quantity - 125,000 cfm, and "brake 

horsepower » ? 2 . 5 x 23»45/29092 = 56.9. 

14 -

After Noo 1 fan was shut down and seals installed and air re~routed 

as shown on pages 17 and 18~ tests were made on No. 2 and No. 3 fans. 

The measured static pressure at Noo 2 fan was 1035" w.g. The con~ 

ditions for natural ventilation were the same as before g so the pressure 

to be used for sea-level conditions is 1028" x 29.92/23045 ::: 1063111 Wog. 

The characteristic curve furnished by the Jeffrey Manufacturing Company 

does not cover this range~ however g the conditions were measured as 

follows~ 

l3EP :: 

Eff. :::: 

29300 x 1305 x 0090 x 1.732 x 0095 x 0099 
746 

123 9 300 x 1063 x 502 
33 9 000 

31.,6 ::: 5107% 
6101 

~uantity:::: 1239300 efm 

The measured static pressure at No. ') fan was 2Q20i1 w.g" After cor-

recting for natural ventilation ruld barometric pressure~ the static pres~ 

sure was 2074" Wog. From the characteristic curve on Noo 3 fan shown on 

page 19 9 the fan efficiency: 75%9 quantity ~ 125nOOO efmD and brake 

- 14 - ..... 
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T h e r e a r e t w o r e a s o n s f o r w a n t i n g t o m a k e i m p o r t a n t a i r c h a n g e s i n a 

m i n e b y i n s t a l l i n g o r r e m o v i n g a f a n 9 b u i l d i n g o r r e m o v i n g s e a l s , o r c h a n g 

i n g d i r e c t i o n s o f a i r c o u r s i n g ? 

1 - a c h a n g e i n t h e d i s t r i b u t i o n o f a i r r e q u i r e d a t 

t h e w o r k i n g f a c e s . 

2 - a n a t t e m p t t o e l i m i n a t e f u g i t i v e a n d u n n e c e s s a r y 

a i r , a n d t o a c h i e v e e c o n o m y i n m i n e v e n t i l a t i o n . 

P O W E R C O S T S O F I N D I V I D U A L F A N S 

T h r e e f a n s i n o p e r a t i o n * 

N o o 1 F a n 

C o r r e c t e d H „ P o = 7 2 „ 5 / ° 9 5 x » 9 9 s 7 ? o l H 0 P o 

7 7 . 1 H . P o x 0 . 7 * 6 « 5 7 . 6 K W D e m a n d 

5 7 . 6 K W D e m a n d x $ l a 6 ° x 1 2 ° m o n t h = $ i , n o 

KW D e m a n d m o n t h Y e a r 

T O T A L ^ $ 4 9 2 ? 0 

No«» 2 F a n 

C o r r e c t e d H . P . - 2 1 . 9 / . 9 5 x e 9 9 - 2 2 0 8 H . P . 

2 2 0 8 H o P o x 0 , 7 4 6 K W / H P - 1 7 d KW D e m a n d 

$ l e 6 0 1 2 - m o n t h 
1 7 . 1 KW D e m a n d x x _ — - $ 3 3 0 

K W D e m a n d M o n t h Y e a r 

i W H x ^ x ^ x l ^ 9 3 0 
Y e a r KW H r „ 

T O T A L = $ 1 0 2 6 0 

2 0 -

There are t~u reasons for wanting to make important air changes in a 

mine by installing or removing a fan 9 building or removing seals~ or chang-

iug directions of air coursing: 

1 - a change in the distribution of air required at 
the working faces. 

2 - an attempt to eliminate fugitive and unnecessary 
air, and to achieve economy in mine ventila,tiono 

POWER COSTS OF INDIVIDUAL FAUS 

Three fans in operation. 

No o 1 Fan 

Corrected HoP. ~ 72.5/095 x 099 ~ 7701 HoPo 

7701 HoPo x 00746 ~ 5706 KW Demand 

5706 KW Demand x ___ $_1_",_6_0_~ 
KW Demand month Year 

57.6 KW x 24-hr. 
Day 

TOTAL 

No o 2 Fan 

Corrected HoP. ~ 21 0 9/095 x Q99 = 2208 H~Po 

2208 H.Po x 00746 XW/HP ~ 1701 KW Demand 
$ 1e60 12=month ~ 

17.1 KW Demand x x ~ $ 330 
KW Demand Month Year 

365=day 

Year 

~ 20 -

$ 0000625 
KW Hr. 

TOTAL 

930 



H o o 3 F a n 

C o r r e c t e d H . , P Q = 5 7 . 9 1 * 9 5 x » 9 9 s 6 0 < , 4 H . P . 

6 0 . 4 H o P o x 0 . ? 4 6 K W / H P = 4 5 o 0 KW D e m a n d 

$ 1 « 6 0 1 2 - m o n t h 
4 5 . 0 K W D e m a n d x ^ ^ ^ ^ ^ x - $ 8 6 0 

L 5 . n K W x 2 W n r * x 3 6 5 - d a y x $ 0 . 0 0 6 2 5 . $ 2 0 4 6 0 

Y e a r K t f - H r . 

» t a l y e a r l y p o w e r c o s t s , , a l l t h r e e f a n s = $ 8 B 8 5 > 0 

i n o p e r a t i o n o 

N o o 2 f a n 

C o r r e c t e d H . P . * 4 8 . 0 / . 9 5 x 0 9 9 s 5 0 o 0 H . P . 

5 0 . 0 H . P . x 0 . 7 4 6 K W / H P - 3 7 ° 3 K W D e m a n d 

™ « « . r « • * $ 1 . 6 0 _ 1 2 - m o n t h <* „ « n 

3 7 ° 3 K W D e m a n d x x _ _ _ _ _ = $ 7 2 0 

K W D e m a n d M o n t h Y e a r 

3 7 _ 3 fry x

 2 4 " h g ° x x $ 0 o 0 0 6 2 5 . $ 2 9 0 4 0 

D a y Y e a r K W = H r . 

T O T A L = $ 2 9 7 6 0 

N o . 3 F a n 

C o r r e c t e d H . P . = 5 6 . 9 - / . 9 5 * o 9 9 = 5 9 » 3 H . P . 

5 9 . 3 H . P . x Q . ? 4 6 K W / H P - 4 4 . 2 K W D e m a n d 

$ I 0 6 O 1 2 ~ m o n t h 
4 4 . 2 K W D e m a n d x x _ _ _ _ - $ 8 5 0 

K W D e m a n d M o n t h Y e a r 

i 4 4 e 2 k w T

 2 2 + ~ h r ' x 3 6 5 - d a y x $ 0 . 0 0 6 2 5 = $ 2 9 4 2 0 

D a y Y e a r K W ~ H r » 

T o t a l y e a r l y p o w e r c o s t s f o r t w o f a n s - $ 6 9 0 3 0 

45
0
0 K.W X ~4-t~r...: x 365=da,y x $ 0 <> 0062 ~ 

Day Year K'lro"Hr <> 

TOTAL 

Two fans in operat\on. 

Noo 2 Fan 

Corrected HoP. ~ 4800/095 x 099 ~ ,0.0 HoFo 

,0.0 HoP. x 0.746 XW!HP ~ J70J XW Demand 

$ 1 60 12=month 3703 XW Demand :x _ ~ x ~~_ 
KW Demand Month YSal" 

37.) XW x 24-hr· x ~6.5-day x $ 0.00625 
Day Year XW ~Hr 0 

TOTAL 

NoD :3 Fan 

Corrected H.P. ~ 56.9/095 x 099 ~ 5903 H.P. 

59.3 HoP. x 0.746 KW/HP ~ 44.2 XW Demand 

$ 1 0 00 12=month 
4402 leW Demand x --,._~___ x _~~_ 

XW Demand Month Year 

44.2 KW x 24-hr· x 365~day x $ 0000625 
Day Year K.W -Hr. 

Total yearly power costs for two fans ~ $ 6~030 

~ 21 = 

720 

850 



The quantity of air normally required to ventilate a section at 

Kenilworth mine is 3 0 B 0 0 0 cfm as measured at the regulator. The true quan

tity of air passing through a box-type regulator such as that used at 

Kenilworth is ahout 8 5 $ of the measured value. The actual quantity of 

air then required to ventilate a section is 2 5 , 5 0 0 cfm. Prior to the 

time Ho. 1 fan was shut down, six sections were "being worked in the mine. 

Of the three sections on No. 2 slope, 6th B. and 7th E. pillar sections 

were ventilated over the cave and the air was moved up Ho. 4 slope returns. 

The air distribution was as followss 

West return Hoo 2 slope ............ 8,470 cfm 
East return Hoo 2 slope ............ 3 2 , 0 3 0 cfm 
Vest return Ho. 4 slope ............ 37,380 cfm 
East return Ho. 4 slope ............ 86,620 cfm 

Total ............ 164, 5 0 0 cfm 

Other air requireds 

Hoc 2 hoist 7,000 cfm 
No 0 4 hoist 7,000 cfm 
One MG set, Ho. 2 slope ............ 5,000 cfm 
Two MG sets, No. 4 slope ........... 10,000 cfm 
One MG set, Old Dispatch, Main East. 5,000 cfm 
One pump and 2 3 0 0 line, Main East .. 1 5,000 cfm 
One pump. Barn Slope, and seals 

bottom mine .............. 1 5,000 cfm 
Inside shop ........................ 5,000 cfm 

Total ............ 6 9,000 cfm 

Total air required to operate ............ 2 3 3 , 5 0 0 cfm 

Air delivered hy three fans .............. 264,100 cfm 

Fugitive air ............................. 3 0 , 6 0 0 cfm 

Effective air = £ 3 3 . 5 0 0 a ^ 

264,100 

Power c n a t o wasted per year = $ 8.850 x 0.12 = $ 1 , 0 6 0 

- 22 -

--

The quantity of air normally required to ventilate a section at 

Kenilworth mine is 30~000 cfm as measured at the regulator. The true qua.n-

tity of air passing through a box-type regulator such as that used at 

Kenilworth is about 85% of the measured value. The B.ctual quantity of 

air then required to ventilate a section is 25t500 efm. Prior to the 

time No. 1 fan was shu.t down. six sections were being worked in the mine. 

Of the three sections on No.2 slopeD 6th E. and 7th E. pillar sections 

were ventilated over the cave and the air was moved up No. 4 slope returns. 

The air distribution was as followsg 

West return No. 2 slope aOq'~O.(I09.0q 8,470 cfm 
East retuJ;'n No. 2 slope .0000,000000 32 0 030 eim 
West return No. 4 slope .&0"00000000 37,380 cfm 
East return No. 4 slope oooooliloaoooo 86,620 cfm 

Total 004111)00.00000 164.500 eim 

Other air required g 

Noo 2 hoist 000. 00000.,0015(10 ""OGOOGo 7.000 cfm 
No o 4 hoist "v" 0 OJ" 0 iii" o. iii' 0., 00 0 ........ 7,000 efm 
One MG set, No. 2 slope OOIilGOOOOOOOOO 5.000 efm 
Two MG sets, No. 4 slope •• 00000"000 10,000 efm 
One MG set. Old Dispatch, Main East. 5,000 efm 
One pump and 2300 line, Main East .. 15,000 efm 
One pump, Barn Slope. and seals 

bottom mine e.G •• ao.oaOoeo 15,000 efm 
Inside shop 00 Q eoaoDO"OO.Gl;looeOIl&O.o 5n OOO efm 

Total 00001)0.1)000,0 69. 000 efm 

Total air required to operate .,0",,011011'&011& 233,500 efm 

Air delivered by three fans •..••.•.••..•• 264.100 efm 

Fugitive air •••.•••. 0 ••• 0 •••••••••••••••• 30t600 cfm 

Effective air :;0: 
2339500 
264 9 100 

x 100 :::: 88~ 

rower costs wasted per year ~ $ 8,850 x 0 0 12 ~ $ 1,060 

- 22 -



W h e n H o . 1 f a n w a s s h u t d o w n , o n l y t w o s e c t i o n s w e r e i n o p e r a t i c 

8 t h E . a n d 8 t h W „ 0 N o . 2 e. 

T h e a i r d i s t r i b u t i o n s h o u l d h a v e b e e n a s f o l l o w s § 

W e s t r e t u r n H o . 2 s l o p e 

E a s t r e t u r n H o . 2 s l o p e . . . . . . . . . . . . . . . . . . . 3 2 3 0 0 0 c f m 

W e s t r e t u r n N o . 4 s l o p e . . . . . . . . . . . . . . . . . . „ 3 0 a 0 0 0 

E a s t r e t u r n H o . 4 s l o p e . . . . . . . . . . . . . . . . . . . 3 0 0 0 0 0 c f m 

T o t a l . . . . . . . . . . . . . 1 2 6 , 0 0 0 c f m 

O t h e r a i r r e q u i r e d ? 

H o o 2 h o i s t 7 5 , 0 0 0 c f m 

S e a l s a b o v e H o . 4 h o i s t . . . . . . . . . . . . . . . . . . 7 9 0 0 0 c f m 

O n e M G s e t , H o . 2 s l o p e . . . . . . . . . . . 

O n e M G s e t , H o * , 4 s l o p e . . . . . . . . . . 

O n e M G s e t , O l d D i s p a t c h , M a i n E a s ' 

O n e p u m p a n d 2 3 0 0 l i n e . M a i n E a s t , 

O n e p u m p . B a r n S l o p e , a n d s e a l s . . . . . . . . . . 1 5 9 0 0 0 c f m 

I n s i d e s h o p . 

. . . . . . . . . . . . 6 4 , 0 0 0 c f m 

T o t a l a i r r e q u i r e d t o o p e r a t e . . . . . . . . . . . . . . . . . . 1 9 0 , 0 0 0 c f m 

A i r d e l i v e r e d b y f a n s . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 8 , 3 0 0 c f m 

F u g i t i v e a i r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 8 * 3 0 0 c f m 

E f f e c t i v e a i r - 1 9 0 » 0 0 0 x 1 0 0 _ 7 7 $ 

2 4 8 , 3 0 0 

P o w e r c o s t s w a s t e d p e r y e a r » $ 6 , 0 3 0 x 0 o 2 3 s $ 1 9 3 9 0 

When No. 1 fan WEtS shut down~ only two sections were in operation ~ 

8th E. and 8th W .• Noo 2 slope. 

The air distribution should have been as followsg 

West return Noo 2 slope Oll'gooo.oO~<>IJO"ll'o~oOIJ 34,000 cfm 
East return No. 2 slope OO~Q""OoOOOO()OO~OOO 32 9 000 cfm 
West return No. 4 slope 000000000000.00300000 30g000 cfm 
East return No. 4 slope 00000000000 0 00000000 30.000 cfm 

Total 0 ••• 0 •••• , ••• 126,000 cfm 

Other air requiredg 

No 0 2 ho is tao 0 0 • (} '" I). ~ 0 co • <> 0 <> .. " '" 0 0 Q '" 0 (> <> ,.. 0 .. <> 0 

Seals above No.4 hoist •. , .•.• ,' ..••• 0 ••• 

One MG set\) No 0 2 slope •.•....•••.•.• Q • 0 • 

One MG s~to Noo 4 slope ...... , ........•.. 
One MG set~ Old Dispatch9 Main East .'0 ••• 

One pump and 2300 line. Main East •.•.•.•• 
One pump, Barn SlopeD and seals •.•••.•.•• 
Ins ide shop o. II .. " .... <> <> " 0 <> • 11 0 0 'I 0 • <) I) " <> <> Q 0 0 • <> 0 

Total 0 (I 0 Q (I <> 000 0 0 0 

Total air required to opera te 0 0 0 0 I <> <> 0 Q 0 ., 0 • 0 0 0 '" 0 

Air delivered by fans 000000 <>0 0 Il' oooooOGoouoooo .000 

7,000 cfm 
79 000 e:f'm 
59 000 efm 
50 000 cfm 
50 000 efm 

150 000 cfm 
150000 cfm 

50 000 cfm 

64~OOO cfm 

190 0 000 efm 

248 9 300 cfm 

Fugitive a.ir •.•.•.•...•.••.••..••.••.••••.••• 0. 58 9 300 cfm 

Effective air ~ 190 0 000 
248,300 

x 100::: 77% 
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O n M a y 8 8 195$s ^ > & ® b l a d e p o s i t i o n o n H © 0 3 f a n w a s c h a n g e d f r o m t h e 

H o . ^ s e t t i n g t o t h e N o . 1 s e t t i n g , , w i t h t h e f o l l o w i n g r e s u l t s ^ 

T h e m e a s u r e d s t a t i c p r e s s u r e a t N o 0 2 f a n w a s l o 0 8 M w 0 g . A f t e r c o r 

r e c t i n g f o r n a t u r a l v e n t i l a t i o n a n d b a r o m e t r i c p r e s s u r e B t h e s t a t i c p r e s 

s u r e w a s 1 . 3 0 s 8 <> T h e c h a r t f u r n i s h e d b y J e f f r e y M a n u f a c t u r i n g C o m p a n y d o e s 

n o t c o v e r t h i s r a n g e ? h o w e v e r 9 t h e c o n d i t i o n s w e r e m e a s u r e d a s f o l l o w s ? 

B H P - 2300 x l 4 o 5 x , 9 0 x 10?32 x »95 x o 9 9 , ^ H o P o 

? 4 6 

A E P = l4l910Q x 1.30 x 5 ° 2 _ 2 8 9 H P 

33,000 
Q u a n t i t y = l4l9100 c f m 

E f f i c i e n c y = x 100 - 44.1$ 

6 5 o 5 

T h e m e a s u r e d s t a t i c p r e s s u r e a t N o . 3 f a n w a s l o 7 0 w w „ g 0 A f t e r 

r e c t i n g f o r n a t u r a l v e n t i l a t i o n a n d b a r o m e t r i c p r e s s u r e , , t h e s t a t i c p r e i 

s u r e w a s 2 o10 H
 w . g . P r o m t h e c h a r t o n N o 0 3 f a n 9 p a g e 259 t h e f a n 

e f f i c i e n c y = 8 0 $ 9 q u a n t i t y » 11992G0 c f m 9 a n d b r a k e h o r s e p o w e r ~ 49<,2 x 

2 3 . 4 5 / 2 9 . 9 2 - 3 8 o 6 H . P . 

P O W E R C O S T S 

C o r r e c t e d H . P . = 5 1 . 4 / M . H . x D . E . * 5 1 o 4 / 0 9 5 x . 9 9 s 5 3 * 5 H . P . 

5 3 o 5 H . P . x 0 a ? 4 6 K W / H P = 3 9 * 9 HW D e m a n d 

3 9 o 9 KW D e m a n d x | 1 Q 6 0 x 1 2 - m o n t h - $ 7 7 0 

K W D e m a n d m o n t h T e a r 

3 9 Q 9 K W x 2 4 - h r - s 3 6 5 - d a y x $ 0 . 0 0 6 2 5 s $ 2 9 1 8 0 

D a y Y e a r K W ~ H r „ 

T O T A L = $ 2 , 9 5 0 

On May 8 9 1958 9 the blade position on Noo '3 fan was changed from the 

recting for natural ventllet;ion and b/El:t'ornetric pretHHll"e g the static pres~ 

sure was 10)010
• The chart furnished by Jeffrey Manufa,ctllring Compl'my dO$\S 

not cover this :,'ange~ however 9 the conditions ~.1/flre measured. as followsg 

2300 x 14 0 , x o~G x 10732 x 095 x 099 

711-6 

1419100 x 1030 x 502 
~ 

33 9 000 

Q,uantity ~ 1419100 cfm 
I 

Efficiency = 2809 x 100 4401% -- ~ 

6505 
The measured static pressure at Noo J fan was 1070" Wogo After cor~ 

recting for natural ventilation and barometric pressureg the static pres= 

sure was 2010~ wag. From the cl~rt on No o 3 fang page 259 the fan 

efficiency'" 80%9 quantity'" 119.200 cfmg and brake horsepower'" 4902 x 

POWER COSTS 

Oorrected HoP. ;: 5104/MoEo x DoE ... 51.,4/ 0 95 x .99 "" 5305 RoP. 

5305 HaPaX 0 .. 746 'fi/HE ~ 3909 XW Demand 

)909 KW Demand x $ 1060 x 12=mon'tih 

Day 

KW Demand montn Year 

Year 
x $ 0000625 

KW~Hro 

TOTAL 

770 
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N o , , 3 F a n 

C o r r e c t e d H . P . » 3 8 . 6 / M . E . x D o E . « 3 8 o 6 / 0 9 5 x < > 9 9 s 4 0 , 2 H o F . 

4 0 0 2 H o P o x 0 . 7 4 6 E W / H P » 3 0 o 0 K W D e m a n d 

3 0 o 0 K W D e m a n d x $ ^ ° 6 0 x l ^ - m o n t h a § g g 0 

K W D e m a n d m o n t h T e a r 

3 0 o 0 KW x ^ ± ! ° x 3 6 5 - d a y % $ 0 - 0 0 6 2 5 s $ i 9 6 4 0 

D a y ~ " Y e a r K W ^ H r . 

T O T A L ~ $ 2 9 2 2 0 

T o t a l p o w e r c o s t s , t w o f a n s - $ 2 , 9 5 0 > $ 2 , 2 2 0 * $ 5 9 1 ? 0 

P o w e r c o s t s s a v e d h y c h a n g i n g " b l a d e p o s i t i o n o n No<> 3 f a n f r o m N o . 4 

s e t t i n g t o N o 0 1 s e t t i n g s 

$ 6 9 0 3 0 - $ 5 , 1 7 0 = $ 8 6 0 p e r y e a r 

T o t a l q u a n t i t y o f a i r d e l i v e r e d h y t w o f a n s - 2 6 0 9 3 0 0 c f m 

T o t a l a i r r e q u i r e d t o o p e r a t e . . . . . . . . . . . . . . 1 9 0 , 0 0 0 c f m 

F u g i t i v e a i r . . . . . . . . . . . . . . . . . . . . . . . 0 . . . • 7 0 9 3 0 0 c f m 

E f f e c t i v e a i r = 1 9 0 , 0 0 0 x 1 0 0 s 7 2 $ 

2 6 0 , 3 0 0 

P o w e r c o s t s w a s t e d p e r y e a r * $ 5 » 1 7 0 x 0 o 2 8 •> $ 1 ^ 4 5 0 

O n N o v e m b e r 1 8 , 1 9 5 8 , N o . 4 s l o p e w a s s e a l e d o f f ( p a g e 2 7 ) . T h i s 

r e d u c e d t h e a i r r e q u i r e d h y 6 0 , 0 0 0 c f t a u A i r t h e n n e e d e d t o o p e r a t e t h e 

m i n e w a s 1 9 0 , 0 0 0 - 6 0 , 0 0 0 * 1 3 0 , 0 0 0 c f m . T h e e f f e c t o n t h e f a n s o f s e a l 

i n g N o . 4 s l o p e w a s a s f o l l o w s ? 

N o 0 2 F a n 

B a r o m e t e r ^ 2 3 . 4 1 * * , t e m p * - 4 0 ° F . , w t 0 o f a i r « 0 o 0 6 2 l 3 # / f t . 3 

7 , 2 4 7 - 7 S 0 7 6 s 1 7 1 f t . d i f f e r e n c e i n e l e v a t i o n . 

2 6 -

No " :3 Fan 

Corrected H.Po ~ 38061M oE. x DoE . = 3806/ 0 95 x 099 ~ 4002 HoP . 

40 . 2 HoP . :x 0. 746 XW {F:P "" 30 ,, 0 XW Demand 

30 00 KW Demand x _ $ 1060 :x 12-month ~ $ 580 
KW Demand month Year 

30 00 KW x 24-hr· x 365~day x $ 0. 00625 .: $ 1 9 640 
Day Year leW- H!' . 

TOTAL ~ $ 29220 

Total power cos t s g two fans "., $ 2 9 9 50 fo $ 2 D 220 - $ 59 170 

Power cos ts saved by changing bl ade position on No o 3 f an f r om No . 4 

set t i ng to NoD 1 se t t ingg 

$ 6 9 030 - $ 50170 ~ $ 860 per year 

Total quantity of ai~ delivered by two fans = 26o~300 cfm 

Total air r equired t o operate .o .o 0000000000 190 9 000 cfm 

Fugitive a ir .•.•.• 0 " ••• ~ ••• oo ••••••• ,·. Q.o 70 9 )00 clm 

Effective air ~ 190, 000 x 100 ~ 72% 
260 9 '300 

On November 18, 1958 0 No~ 4 slope was sealed off (page 27 ) . This 

reduced the a.ir required by 60 0 000 dm. Air then needed to opera.te the 

mine was 190 0 000 - 60 9 000 ~ 130 9 000 cfm. The effect on the fans of sea1= 

ing No. 4 slope was as follows ~ 

No o 2 Fan 

Barometer .. 2:3.4118 
9 temp o "" 40° F. 0 wt . of air .. 0006213 * 1ft) 

7~247 - 79 076 = 171 f t . diff er ence in elevation. 

= 26 -
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A v e r a g e u n d e r g r o u n d b a r . r e a d i n g s 2 3 . 4 9 " , t e m p . * 5 5 0 I \ 9 w t 0 s 0 . 0 6 0 5 2 t . 

0 , 0 6 2 X 3 - 0 , 0 6 0 5 2 s 0 . 0 0 1 6 1 # / f t . 3 . 0 . 0 0 1 6 1 x 1 7 1 * 0 , 2 7 5 3 1 # / f t . 2 

0 « 2 7 5 3 l / 5 o 2 - 0 . 0 5 " w . g . n e g a t i v e 

N o . 3 F a n 

B a r o m e t e r a 2 3 . 4 4 \ t e m p . ^ 4 0 ° 7.swto o f a i r = 0 . 0 6 2 2 1 # / f t . 3 

7 S 2 0 9 - 7 , 0 7 6 - 1 3 3 f t . d i f f e r e n c e i n e l e v a t i o n . 

A v e r a g e u n d e r g r o u n d b a r . r e a d i n g = 2 3 . 5 0 " , t e m p . = 5 5 ° F o „ 0 . 0 6 0 5 5 ffft,* 

0 . 0 6 2 2 1 - 0 . 0 6 0 5 5 3 5 0 . 0 0 1 6 6 #/ft A 0 . 0 0 1 6 6 x 1 3 3 - 0 . 2 2 0 7 8 # / f t . 2 

0 . 2 2 0 7 8 / 5 * 2 = 0 . 0 4 " w.g. n e g a t i v e 

T h e m e a s u r e d s t e t i c p r e s s u r e a t N o . 2 f a n w a s 1 & 3 6 K

0 S i n c e t h e n a t 

u r a l v e n t i l a t i n g p r e s s u r e w a s i n a d i r e c t i o n w h i c h a s s i s t e d t h e f l o w o f a i r 

t h r o u g h t h e f a n , t h e f o l l o w i n g c a l c u l a t i o n s m u s t b e m a d e t o d e t e r m i n e t h e 

w o r k d o n e b y t h e f a n s 

T h e p r e s s u r e a t t h e i n t a k e o f N o . 2 f a n i s g r e a t e r t h a n a t m o s p h e r i c » 

I n o r d e r t o a r r i v e a t a p r e s s u r e o f 1 . 3 6 " b e l o w a t m o s p h e r i c 9 t h e f a n m u s t 

f i r s t o v e r c o m e t h i s p r e s s u r e . T h e c a l c u l a t e d n a t u r a l v e n t i l a t i n g p r e s s u r e 

i s 0 o 0 5 t t w . g . T h i s m u s t b e r e d u c e d t o s t a t i c a n d t o v e l o c i t y p r e s s u r e . 

T h e v o l u m e c r e a t e d b y a p r e s s u r e o f 0 . 0 5 M w . g . i s d e p e n d e n t u p o n t h e m i n e 

c h a r a c t e r i s t i c . P - r Q , . r a n d Q, a r e u n k n o w n , r m a y b e c a l c u l a t e d a p 

p r o x i m a t e l y f r o m t h e m i n e c o n d i t i o n s p r i o r t o s e a l i n g o f f N o . 4 s l o p e . 

S . P . = l o 3 0 » w . g . V . P . » ( 4 S 0 0 0 ) 2 : ( l 8 4 l l ) 2 . = 1 M 1 V . P . V . P , = 

° « 1 2 , !

 W e g f t T h e n T e P o - S o P o + V # P # s = i „ 3 0 + 0 . 1 2 - - l o ! 8 R w.g. 

r s 1 - 1 8 

T 3 T 1 1 x i . 4 n " ° ° 5 9 Z 

- 2 8 -

Average underground baro reading = 23049" , temp. '" 55°Fo~''''t. :;;; 0006052 f/ft) 

0006213 - 0.06052 ;i: 0 0 00161 f/ft). 0000161 x 171 .., O~27531 f/ft.2 

No. :3 Fan 

Barometer ~ 23.44", tempo'" 40° Fogwto of air::: 0.06221 11ft) 

70209 - 7 0 076 ,., 133 ft. difference in elevation. 

Average underground bar. reading:= 23.50",telllJ?= 55°Fo~ wt."" Oo060554r/ft.J 

0.06221 - 0.06055 = 0.00166 f/ft.J. 0.00166 x 133 ~ 0022078 f/ft.2 

0022078/5 0 2 = 0.04" w.g. negative 

The measured static pressure at No.2 fan was 1&)6". Since the nat~ 

ural ventilating pressure was in a direction which assisted the flow of air 

through the fan p the following calculations must be made to determine the 

work done by the fan~ 

The pressure at the intake of Noo 2 fan is greater than atmospheriC. 

In order to arrive at a pressure of 103611 below atmospheric. the fan must 

first overcome this pressure. The calculated natural ventilating pressure 

is 0005" v.g. This must be reduced to static and to velocity pressure. 

The volume created by a pressure of 0.05" w.g. is dependent upon the mine 

characteristic. 2 P := rQ, • rand Q. B.re unknown. r may be calculated ap~ 

prOXimately from the mine conditions prior to sealing off No& 4 slope. 

S.P. = 1030" w.go V.P •• (49000)2 g (1)>411)2 = l~ : V.p. VoP. ~ 

0.12" w.g. Then T.P. ~ SaPo + V.P. = ~lo30 + 0.12 ~ -1018" Wog. 

r ~ 1.18 
1:411 X 1.411 

- 28 -



Quantity due to 0 . 0 5 M w.g. then equalss 
= MS . 0 . 0 8 4 5 ^ r 0 o 5 9 

q = 0 o 2 9 2 or 2 9 , 2 0 0 cfm 

V.P. = ( 4 , 0 0 0 ) 2 i ( 2 9 2 ) 2 s 1« g V.P. s 0 . 0 0 5 " w0g0 

If this were added on to make 0 o 0 1 H w.g.9 then S.P. - - 0 . 0 5 t 0 . 0 1 -

0 o 0 4 K

o However, the V.P. is so slight that it will he ignored in this 
instance. 

The static pressure to he used in calculating fan performance will 
he l o 3 6 " + 0 . 0 5 " = 1.41" w.g. 

The corrected static pressure at No. 2 fan was l 0 4 l x 2 9 0 9 2 / 2 3 < > 4 l * 

1 0 8 0 M w.go From the characteristic curve of No. 2 fan on page 3 0 0 the 
fan efficiency - 5 2 . 6 $ , the quantity = 1 2 5 , 7 0 0 cfm, and the brake horse
power - 6 7 o 7 x 2 3 . 4 1 / 2 9 . 9 2 - 5 3 . 1 . 

The measured static pressure at No. 3 fan was l o 9 1 i a w0g0 After cor
recting for natural ventilation and barometric pressure, the static pres
sure was 1 . 9 1 4 0.04 - 1 . 9 5 " w.g. 1 * 9 5 x 2 9 „ 9 2 / 2 3 c 4 4 - 2 0 4 8 t t w.g* Prom 
the characteristic curve for No. 3 fan.on page 3 1 , the fan efficiency -
7 6 . 8 $ , quantity « 106,400 cfm, and brake horsepower » 5 ^ * 2 3 . 4 4 / 2 9 . 9 2 ~ 

^2.4. 

POWER COSTS 
No. 2 Fan 

Corrected H.P. « 5 3 o l / « 9 5 x .99 68
 55^ H.P. 

5 5 . ^ H.P. x 0 . 7 4 6 KW/HP - 4 1 . 3 K W Demand 
41.3 KW Demand x $ I 0 6 O x l2~month a $ 7 9 0 

KW Demand Month Year 
4 l o 3 KW x 24 -hr . * 365-day x $ 0 . 0 0 6 2 5 - $ 2 , 2 6 0 

Day Tear KW-Hr. 
TOTAL « $ 3 a 0 5 0 

- 2 9 -

Q.uantity due 

0..2 ... ~ 
r 

to 0.05" Wog. then equals~ 

~ ~ ~ 000845 
0.59 

Q, ::: 00292 or 29~200 cfm 

V.P. ~ (4,000)2 : (292)2 ;: l~~ g V.P. ::; 0.00519 'Wog. 

If this were added on to make OoOl'! w.g. o then SoF.... =0.05 ... 0.01 ... 

0004~. TIowever g the V oPe is so slight that it wL.lbe ignored in this 

instance. 

The static pressure to be used in calculating fan performance will 

The corrected static :pressure at No.2 fan ·"ros 1041 x 29092/23041 "" 

1.801~ w.g. From the ch~ra.cteristic curve of No.2 fan on page 30 0 the 

fan efficiency'" 52.6%0 the quantity' 1250700 cfmo end the brake horse

power ~ 6707 x 23.41/29.92 ~ 53.1. 

The measured static :pressure at No. 3 fan was 109118 w.go After cor~ 

recting for natural ventilation and barometric pressureo the static pres-

the characteristic curve for No. 3 fan on page 31. the fan efficiency ~ 

76.8%0 quanti ty ... 1060 400 cfm. and brake horsepower"" 54 x 23044/29092 "" 

4204. 
FOWER COSTS 

No o 2 Fan 

Oorrected H.P. ~ 53.1/095 x .99 ~ 55.4 HoF. 

55.4 HoP. x 00 746 KW/HP ~ 41.3 KW Demand 

41.3 KW Demand x $ 1060 x 12=IDont!: ~ $ 790 
KW Demand Month Year 

4103 KW x 24~hr. x 365-day x $ 0000625 
Day Year KW-Hro 

TOTAL 
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No. 3 Fan 
Corrected H.P. * 4 2 „ 4 / 0 9 5 x « 9 9 = ^.l H.P. 

44,1 H.P. x 0.746 KW/HP - 32.9 KW Demand 
32*9 KW Demand x $ 1°60 x 12-month = $ 630 } KW Demand-Month Year 
32.9 KW x 24-Hro x 365-day x $ 0 . . 0 0 6 2 5 8 $ 1 , 8 0 0 f Day Year KW-Hr. 

TOTAL * $ 2,430 
Total power costs, two fans ~ $3,050 + $ 2,430 - $ 5 , 4 8 0 

Price for sealing off No. 4 slope in power costs per years 
$ 5,480 - $ 5,170 ~ $ 310 
Total quantity of air delivered hy two fans ... 232,100 cfm 
Total quantity of air required to operate ..... 130,000 cfm 
Fugitive air 1 0 2 , 1 0 0 cfm 
Effective air = 130.000 x 100 = 56$ 

232,100 
Power costs wasted.per year - $ 5 , 4 8 0 x 0.44 = $ 2 , 4 1 0 

In an attempt to eliminate fugitive air losses, the intakes hy No. 
fan were sealed off. The effect on ventilation was as follows; 

No. 2 Fan 
.Barometer = 23.63" , temp, s 4 5°p., wt. of air = 0.06209 #/ft.̂  
7 „ 2 4 7 - 6,972 = 275 ft. difference in elevation. 
Avg. underground har. reading = 23.75", temp.= 55°F., wt.= 0o06l20 #/ft. 
0 . 0 6 2 0 9 - 0.06120 = 0.00089 #/ft.3. 0 . 0 0 0 8 9 x 2 7 5 s 0 , 2 4 4 7 5 #/ft.2 

0 . 2 4 4 7 5 / 5 . 2 = 0.05" negative 

No .. 3 Fan 

Oorrected H.P. ~ 42.4/.95 x .99 ; 44.1 H.P. 

44~1 H.P. x 0.746 xwjHP = 3209 xw Demand 

32~9 KW Deman~ x $ 1.60 . x l2-month 
i KW Demand~Month Year 

32~_9 KW x 24-Hr. x 365-day x $ 0.00625 
I. DS¥ Year XW~Hr. 

TOTAL 

Total power costs, two fans = $3.050 + $ 2,430 = $ 5,480 

$ 

$ 1,800 

$ 2,4:30 

Price for sealing off No. 4 slope in power costs per year~ 

$ 5,480 - $ 5,170 ~ $ 310 

Total quantity of air delivered by two fans •.• 232,100 efm 

Total quantity of air required to operate ..... 130,000 cfm 

Fugitive air •.....••.......•...•......•.•.••.. 102,100 efm 

Effective air = 130,000 x 100 ~ 56% 
232.100 

Power costs wasted per year = $ 5.480 x 0.44 "" $ 2,410 

In an attempt to eliminate fugitive air losses, the intakes by No. ~ 

fan were sealed off. The effect on ventilation was as follows: 

No o 2 Fan 

Barometer.;; 23.63", temp. iii: 45°F •• wt. of air = 0.06209 f/ft. 3 

79247 - 6 y 972 = 275 ft. difference in elevation. 

Avg. underground bar. reading;:;: 23.75". temp.= 55°Fou wt.= 0 0 06120 f/ft.2 

0.06209 - 0.06120 = OoOO~89 f/ft. 3• 

0.24475/5.2 = 0.05" negative 

0.00089 x 275 ~ 0.24475 f/ft.? 



N o . 3 F a n 

B a r o m e t e r - 2 3 . 6 6 n

 9 t e m p o - 4 5 ° P . , w t . o f a i r * 0 . 0 6 2 1 ? # / f t . 3 

7 9 2 0 9 - 6 9 9 ? 2 = 2 3 ? f t . d i f f e r e n c e i n e l e v a t i o n , 

A v g . u n d e r g r o u n d b a r . r e a d i n g - 2 3 . 7 7 % t e m p . = 5 5 ° $ w t . = 0 . 0 6 l 2 5 i f / f t . ^ 

0 o 0 6 2 1 ? - 6 . . 0 6 1 2 5 * 0 . 0 0 0 9 2 # / f t . 3 . 0 . 0 0 0 9 2 x 2 3 7 * 0 . 2 1 8 0 4 # / f t . 2 

0 o 2 1 8 0 4 / 5 . 2 * 0 . 0 4 ^ w . g . n e g a t i v e 

T h e m e a s u r e d s t a t i c p r e s s u r e a t N o . 2 f a n w a s l « , 7 i w ° S i n c e t h e 

n a t u r a l v e n t i l a t i n g p r e s s u r e w a s a n e g a t i v e v a l u e , , t h e p r e s s u r e t h e n b e 

c o m e s 1 . 7 1 + 0 . 0 5 ~ 1 . - 7 6 " w . g . T h i s , c o r r e c t e d f o r b a r o m e t r i c p r e s s u r e , 

b e c o m e s 2 . 2 2 M w . g . F r o m t h e c h a r t o n H o . 2 f a n , p a g e 3 4 » t h e f a n e f f i c i e n c y 

= 6 5 . 6 $ „ q u a n t i t y « 1 0 $ , 6 0 0 c f m , a n d b r a k e h o r s e p o w e r - 5 6 . 6 x 2 3 . 6 3 / 2 9 . 9 2 

s 4 4 . 8 H . P . 

T h e m e a s u r e d s t a t i c p r e s s u r e a t N o . 3 f a n w a s 2 o 0 3 M * T h i s , c o r 

r e c t e d f o r n a t u r a l v e n t i l a t i n g p r e s s u r e a n d b a r o m e t r i c p r e s s u r e , , b e c o m e s 

2 . 6 2 1 5 w . g . F r o m t h e c h a r a c t e r i s t i c c u r v e f o r N o . 3 f a n o n p a g e 3 5 > t h e 

f a n e f f i c i e n c y = 7 4 . 1 $ „ q u a n t i t y - 9 9 9 4 0 0 c f m , a n d b r a k e h o r s e p o w e r * 

5 5 o 3 x 2 3 . 7 7 / 2 9 . 9 2 = 4 3 . 9 H . P . 

P O W E R C O S T S 

N o . 2 P a n 

C o r r e c t e d H . P . = 4 4 . 8 / . 9 5 x . 9 9 8 8 4 6 . 7 H . P . 

4 6 . 7 H . P . x 0 . ? 4 6 K W / H P = 3 4 , 9 K W D e m a n d 

3 4 . 9 K W D e m a n d x $ U 6 ° x 1 2 ~ m o n t h = $ 6 7 0 

K W D e m a n d M o n t h T e a r 

3 4 . 9 K W x 2 4 ~ h r . x 3 6 5 - d a y x $ 0 . 0 0 6 2 5 - $ 1 , 9 1 0 

D a y Y e a r K W - H r „ 

T O T A L = $ 2 , 5 8 0 

« i i * . - -

3 3 

No. J Fan 

Barometer ~ 23.66"*" temp. "" 45° F. ~ wt. of air'" 0006217 I(ft.) 

79209 _ 6 9 972 = 237 ft. difference in elevation. 

Avg. undergro~~ bar. reading ~ 23.77"9 tempo = 55°F. 9 wt. = 0.06125 l/ft. 3 

0006217 - d.o6125 ~ 0.bo092 f(ft. 3. 
i 

0000092 x 237 ~ 0.21804 +/ft. 2 

0.,21804/5.2 "" 0004!9 ?d.g. negative 
. 

The cleasureci static pressure at No.2 fan W8S 107111. Since the 
~ 

natural ventilating pressure was a negative value, the pressure then be-

. 6111 comes 1071 + 0.05 = 1.7 w.g. This, corrected for barometric pressure, 

becomes 2.22 11 v.g. From the chart on No. 2. fan, page 34. the fan efficiency 

= 65.6%. quantity ~ 1059600 cfm. and brake horsepower = 56.6 x 23063/29.92 

::: 44.8 R.P. 

The measured static pressure at No.3 fan wa.s 200311 • This. 001"-

rected for natural ventilating pressure and barometric pressure. becomes 

2.6216 w.g. From the characteristic curve for No. J fen on page 35. the 

fan efficiency = 74.1%. quantity ~ 99,400 cfm, and brake horsepower = 

POWER COSTS 

Noo 2 Fan 

Oorrected H.P. - 44.8/ 0 95 x 099 • 46.7 H.P. 

46.7 H.P. x 0.746 KW/RP = 34.9 KW Demand 

3409 KW Demand x $ 1.60 12-month ;: $ 670 x 
KW Demand Month Year 

I" 

3409 KW x 24-hr.;x: J65~day x $ 0.00625 
~ $ 19910 

Day Year KW~Rr. 

TOTAL - $ 2v580 -

•• 
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J J o « 3 F a n 

C o r r e c t e d H . P . = 4 3 o 9 / » 9 5 x . 9 9 - 4 5 . 7 H . P . 

4 5 . 7 H . P . x 0 . 7 ^ 6 K W / H P = 3 3 . 1 K W D e m a n d 

3 3 . 1 KW D e m a n d x • 1 < > 6 q X 1 2 - m o n t h = $ 6 5 0 

K W D e m a n d M o n t h Y e a r 

3 3 . 1 K W x 2 ^ r . x 3 6 5 - d a y x $ 0 . 0 0 6 2 5 . $ l f 8 l 0 

D a y Y e a r K W - H r . 

T O T A L - $ 2 , 4 6 0 

T o t a l p o w e * c o s t s , t w o f a n s - $ 2 , 5 8 0 + $ 2 , 4 6 0 . * $ 5 , 0 4 0 

M o n e y s a v e d p e r y e a r o n p o w e r c o s t s b y s e a l i n g o f f i n t a k e s ? 

$ 5 , 4 8 0 - $ 5 , 0 4 b - $ ^ 4 0 

T o t a l q u a n t i t y o f a i r d e l i v e r e d b y t w o f a n s . 2 0 5 , 0 0 0 c f m 

T o t a l q u a n t i t y o f a i r r e q u i r e d t o o p e r a t e 1 4 2 , 0 0 0 c f m 

F u g i t i v e a i r 6 3 , 0 0 0 c f m 

E f f e c t i v e a i r = 1 4 2 , 0 0 0 x 1 Q 0 _ ^ 

2 0 5 , 0 0 0 

P o w e r c o s t s w a s t e d p e r y e a r = $ 5 , 0 4 0 x 0 . 3 1 ~ $ 1 , 5 ^ 0 

T h i s w o u l d s e e m t o h a v e c o r r e c t e d t h e p r o b l e m t o s o m e e x t e n t ; h o w 

e v e r , a b o u t t w o d a y s a f t e r t h e i n t a k e s b y H o . 3 f a n w e r e s e a l e d , t h e f a n 

b e g a n t o s t a l l a t i n t e r v a l s . T h e c h a r a c t e r i s t i c c u r v e f o r N o . 3 f a n , 

s h o w n o n p a l g e 3 5 » f o r t h e N o . 1 b l a d e s e t t i n g , i n d i c a t e s t h a t w i t h a 

s t a t i c p r e s s u r e o f 2 . 7 7 M a n d a q u a n t i t y o f 7 8 , 0 0 0 c f m , t h e f a n i s a t 

t h e s t a l l z o n e . I f t h e b a r o m e t e r r e m a i n e d a t 2 3 . 6 6 M a n d t h e o u t s i d e 

t e m p e r a t u r e d r o p p e d t o 2 5 ° F . , t h e s t a t i c p r e s s u r e w o u l d b e 2 . 7 7 M w . g . 

A l s o , a c h a n g e i n w i n d v e l o c i t y a n d d i r e c t i o n t e n d s t o u p s e t t h e b a l a n c e 

a n d t h r o w t h e f a n i n t o a s t a l l . 

Noo 3 Fan 

Corrected H.P. ~ 4309/.95 x .99 a 45.7 H.P. 

45.7 H.P. X 0.746 KW/BP= 3301 KW Demand 

33.1 KW Demand x $ 1.60 x l2-month 
XV Demand Month Year 

~301 ICW x 2lt-hr· x 365-day x $0000625 
D~ Year KW-Hr. 

TOTAL 

Total powe~ costs, two fans e $ 2,580 + $ 2,460 ~ $ 5~040 

;:; $ 

a $ 1,810 

'" $ 2,460 

Money saved per ,year on power costs by sealing off intakes: 

$ 59480 - $ 5,040 = $ 440 

Total quantity of air delivered by two fans •• 0 205,000 cfm 

Total quantity of air required to operate ••••• 1429000 cfm 

F'U.gitive air O •• ".lto •••• oO ••••••••••••• O.D."OOG 631)000 cfm 

Effective air '" 1429000 X 100 = 69% 
205, 000 

Power costs wasted per year = $ 5.040 x 0.31 '" $ 19560 

This would seem to have corrected the prOblem to some extent; how- I 

everD about two d~s after the intakes by No o 3 fan were sealed, the fan 

began to stall at intervals. The characteristic curve for Noo 3 fan, 

shown on page 35, for the No.1 blade setting, indicates that with a 

static pressure of 2.77u and a quantity of 78,000 cfm, the fan is at 

the stall zone. If th~ barometer remained at 23.66" and the outside 

temperature dropped to 250 Fo, the static pressure would be 2077" w.g. 
p. 

Also, a change in wind velocity and direction tends to upset the balance 

and throw the fan into a stall. 
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No© 3 fan is unfavorably located at the apex of two canyons. Any 

differences in temperature between the bottom and top of the canyons cause 

a wind which affects the fan performance. 

The Ho, 4 blade position of the fan allows a quantity of $6„000 cfm 

and a w,g, f o f 3 ° 1 2 M as the low quantity and high Wogo,respectively, before 

the fan will stall. In an attempt to stop the fan from stalling, the blade 

position was changed to the No, 4 position. The fan still attempted to , 

stall, and a door in the stopping on the east side of No, 3 fan had to be 

opened slightly. The fan conditions now appeared a s s 

Uo« 2 Jan 

Barometer = 2 3 „ 6 l w , temp, = 3 0 ° F,, wt, of air = 0 , 0 6 3 9 4 #/ft .3 

7 9 24? - 7 , 0 5 3 - 194 ft, difference in elevation. 

Avg, underground bar. reading = 2 3 , 7 0 " , temp. = 5 5°F. 9wt.= 0 o 0 6 l 0 7 #/ft.3 

0 o 0 6 3 9 4 - 0 „ Q 6 l 0 7 = 0 . 0 0 2 8 7 #/ft . 3 0 0,00287 x 1 9 4 - 0 . 5 5 6 7 8 #/ft.2 

0 , 5 5 6 7 8 / 5 . 2 - Ooll" w.g. negative » 0,10 M w.g. static pressure 
i 

No. 3 Fan 

Barometer = 2 3 » 6 4 M , temp. - 3 0 ° F., wt. of air = 0 . 0 6 4 0 2 #/ft.3 

7 , 2 0 9 - 7 , 0 5 3 * 1 5 6 ft. difference in elevation. 

Average underground bar. reading * 2 3 « 7 1 H , t e m p . s 55°F.,wto= 0 , 0 6 l 0 9 # / f t . 3 

0 o 0 6 4 0 2 - 0 o 0 6 l 0 9 = 0 , 0 0 2 9 3 #/ft . 3 . 0 o 0 0 2 9 3 x 1 5 6 - 0 , 4 5 7 0 8 #/ft.2 

0 . 4 5 7 0 8 / 5 o 2 '» 0 o 0 9 w w.g, negative « 0.08 M w.g. static pressure 
i 

The measured static pressure at No, 2 fan was 1 , 7 7 " • This, cor-

rected for natural ventilating pressure and barometric pressure, becomes 

2.24" w.g. The fan characteristic curve for Ho, 2 fan on page 39 indicates 

- 3 7 -

Noo 3 fan is unfavorably located at the apex of two canyons. Any 

differences in temperature between the bottom and top of the canyons cause 

a wind which affects the fan performance. 

The No.4 blade position of the fan ailows a quantity of 96~000 cfm 

and a Wog. :,of 3 .. 12" as' the low quantity and high wog. grespective1Yt 'before 
~ 

the fan wi~l stall. In an attempt to stop the fan from stalling, the blade 
. 

position ~s changed to the No.4 position. The fan still attempted to 
.. 

stall. and a door in the stopping on the east side of No. 3 fan had to be 

opened slightly. The fan conditions now appeared as~ 

Noo 2 Fan 

Earometer ~ 2306l"g temp. ~ 30° FO D wt. of air = 0006394 f{ft. 3 

7u247 - 7g053 tiS 194 ft~ difference in elevation. 

Avgo underground baro reading ~ 23.70"DtempO= 55°Fo g wt.= 0006107 f/ft.) 

~ 0.06394 - 0.Q6107 = 0.00287 f/ft.3. 0 0 00287 x 194 ~ 0.55678 f/ft.2 

I 
~, 
~' 

t 

0.,55678/502 "" 001111 w.g. negative .. 0010" wogo static pressure 

No.3 Fan 

Earometer = 23064"9 temp. ~ 300 
FO D wt. of air = 0.06402 Ilft. 3 

79209 - 7.053 = 156 ft. difference in elevation. 

Average undetground bar. reading ~ 23.71"gtemp.= 55°F •• wt.= 0.06109f/ft. 3 

0006402 = 0.06109 = 0.00293 Ilft. 3• 0000293 x 156 ~ 0.45708 f/ft. 2 

0.4570815.2 ~ 0009" w.g~ negative"" 0.08" w.g. static pressure 

The measured static pressure at No.2 fan was 107711
• This, cor-

rected for natural ventilating pressure and barometric pressure, becomes 

2.24" w.g. The fan characteristic curve for No. 2 fan on page 39 indicates 

.. , 
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t h e f a n e f f i c i e n c y - 6 6 . 4 $ , q u a n t i t y « 1 0 4 , 1 0 0 c f m , a n d " b r a k e h o r s e p o w e r 

s 5 5 * 8 x 2 3 . 6 1 / 2 9 . 9 2 = 4 4 . 1 H . P . 

T h e m e a s u r e d s t a t i c p r e s s u r e a t N o . 3 f a n w a s 2 . 3 6 " w . g . T h i s " b e 

c o m e s 3 o 0 8 " - w . g . w h e n c o r r e c t e d f o r n a t u r a l v e n t i l a t i o n a n d " b a r o m e t r i c 

p r e s s u r e , f r o m t h e c h a r a c t e r i s t i c c u r v e o n p a g e 4 0 , t h e f a n e f f i c i e n c y 

s 6 5 . 1 $ , q u a n t i t y - 9 9 , 6 0 0 e f m „ a n d " b r a k e h o r s e p o w e r » 7 3 * 7 x 2 3 . 6 4 / 2 9 , 9 2 

» 5 8 * 3 H . p 0 i 

P O W E R C O S T S 

\ N o . 2 P a n 

C o r r e c t e d H . P . ~ - 4 4 . l / 0 9 5 x . 9 9 = ^ . 0 H . P . 

4 6 . 0 H . P . x 0 . 7 4 6 K W / H P - 3 4 . 3 K W D e m a n d 

3 4 . 3 K W D e m a n d x • 1 < > 6 q X 1 2 - m o n t h = $ 6 6 0 

K W D e m a n d m o n t h Y e a r 

3 4 . 3 K W x 2 4 - h r o x 3 6 5 - d a y x $ 0 . 0 0 6 2 5 - $ 1 , 8 8 0 

D a y Y e a r K W - H r . 

T O T A L * $ 2 , 5 4 0 

No. 3 Jan t 

C o r r e c t e d H . P . - 5 8 . 3 / . 9 5 x . 9 9 ' - 6 0 . 8 H . P . \ 

6 0 . 8 H . P . x 0 . 7 4 6 K W / H P • 4 5 . 4 K W D e m a n d 

4 5 . 4 K W D e m a n d x * 1 " 6 ° x l 2 " m o n t h - $ 8 7 0 

K W D e m a n d M o n t h Y e a r 

4 5 . 4 KW x 2 4 - H r . x 3 6 5 - d a y x $ 0 . 0 0 6 2 5 - $ 2 , 4 8 0 

D a y Y e a r K W - H r . ; 

T O T A L = $ 3 . 3 5 0 • 

T o t a l p o w e r c o s t s , t w o f a n s = $ 2 , 5 4 0 4- $ 3 , 3 5 0 = $ 5 , 8 9 0 

- 3 8 -

•• 

the fan efficiency ~ 6604%. quantity = 104,100 cfrn, and brake horsepower 

The measured st~:ttic pressure at No o 3 fan was 2.36" Wog. This be"", 

comes 3.08" :wogo when corrected for natural ventilation and barometric 

pressure. tram the characteristic curve on page 40, the fan efficiency 
~ 

= 6501%u q~ntity fi 99,600 cfmg and brake horsepower = 73.7 x 23.64/29.92 

POWER COSTS 

No.2 Fan 

Corrected H.P. :-44.1/095 x .99 = 4600 H.P. 

46eO HoP. x 0.746 KWfRP = 34.3 XW Demand 

34.) XV Demand x $ 1060 x 12-month 
. XV Demand month Year 

34.3 KW x24-hro x 365-d~ x $ 0.00625 
D~ Year XW - Hr. 

TOTAL 

No. :3 Jan 

Corrected H.P. - 58.3/.95 x 099 - 60.8 H.P. 

6008 H.P. x 00746 XW/HP = 4504 KW Demand 

45.4 KW Demand x $ 1060 x 12-month 
XW Demand Month Year 

~5.4 KW x 24-Hr. x 365-day x $ 0000625 
Day Year KW-Hr. 

TOTAL 
t" 

= $ 660 

= $ 1,880 

$ 2,540 

... $ 870 

:: $ 2,480 

= $ 3.350 

Total power costs 8 two fans = $ 29540 + $ 3,350:: $ 5,890 

- 38 -



( 5 ) ( i n ) 
1 0 0 7 5 3 

• 

I 

7C 5 0 2 

• i -

5 0 2 5 2 

4 0 5 0 C O 7 0 H) 9 J 1 0 0 1 1 0 i o 

^ V o l u . i m i n GO, f t , p a r n i n ( -f b / 1 0 U C Q 

P o r f o r n a u c e c u r v e f o r J e i Y r e y 7 < ' 3 « c o n ^ r i f u g f t l P a r i 

r a n s p s o d - 2 2 0 F : P l T . W e i g h t o f a i r - u . 0 7 5 l b p e r c i i t 

F a n S e r i a l ? 1 0 6 Q 2 

F I G U R E r ; u . : i b ^ ; : * - 5 

Erf ~l .F.w.". 
( ~) (in) 
100 75 5 

50 25 2 ! ... 

1", 50 GO 

.. 
"',' 

70 g) 

t> VA lU.l1~ in ell. ft. por~l-"--,:-...._. __ 

Perf::>rr.ance CL'rvo for JOJ.';.'roJ 7' . .3' "'.tri:'u[,!l 

• 

.r... 



E f f F . F . W / * r « 

1 0 0 1 0 0 5<j 

F I G U R E N U M B E R 1 6 

Eff' T' .F. -I •• 
I ~) ( 1 

110..1 100 

f 

. 
~ 

7 r "f) 

, 
f'/) I 

! 

I (' 

: 0,", 

! .... 
". ' 

----- - - ---

"-

1 
-~ 

~ 

... , 
I 

, 

1~ 

I 

" '""":''-

. 

-
"-

" 

./" 

I !I 

-. 

1 . r 

, 

r 

FIGURE NUMHER 16 

,I 

Y 

, , ; , 
~ , 

" 



-

Total quantity of air delivered by two fans 2 0 3 , 7 0 0 cfm 

Total quantity of air required to operate 1 4 2 , 0 0 0 cfm 

Fugitive air 6 l , 7 0 0 cfm 

Effective air ^ 1 4 2 , 0 0 0 x 1 0 0 s , w 
* 2 0 3 , 7 0 0 

Power costs wasted per year - $ 5 , 8 9 0 x 0 o 3 0 = $ 1 , 7 ^ 0 

i -

- 41 -.. . 

Total quantity of air delivered by two fans ••••• 203,700 cfm 

To tal quantity of air required to operate ••.•••• 142,000 cfm 

Fugitt ve air 00000 •• 0000000 00 GO 0 • GO 0 0 0 0 :000. •• • • • • • • 61,700 cfm 

Effecti ve air .. 
~ 

142,000 x 100 ~ 70% 
20)D700 

PoweF costs wasted per year ~ $ 5,890 x 0030 = $ 1,760 
~ 

- 41 



T h e a m o u n t o f a i r w h i c h w i l l f l o w t h r o u g h a m i n e a t a g i v e n w a t e r g a g e 

i s d e p e n d e n t u p o n t h e a r e a , t h e n i b b i n g s u r f a c e , a n d t h e c o e f f i c i e n t K . K 

m a y b e f o u n d e x p e r i m e n t a l l y a n d t h e a r e a a n d r u b b i n g s u r f a c e m e a s u r e d , o r 

K , S a n d A m a y T h e c o m b i n e d a n d t r e a t e d a s a s i n g l e v a l u e , K S / A - ^ . T h e f o r -

m u l a P ~ — p m a y t h e n b e w r i t t e n a s P - Q 2 5| , © r P » $ 2 r . 

A * A~^ 

H e r e t o f o r e , w h e n d e a l i n g w i t h f a n c h a r t s , s t a t i c p r e s s u r e - h a s b e e n 

u s e d b e c a u s e t h e f a n c u r v e s a r e b a s e d o n s t a t i c p r e s s u r e . T h e a c t u a l p r e s 

s u r e n e c e s s a r y t o o v e r c o m e m i n e r e s i s t a n c e i s t o t a l p r e s s u r e , o r a s u m 

m a t i o n o f s t a t i c a n d v e l o c i t y p r e s s u r e . W i t h a n e x h a u s t - t y p e f a n s u c h a s 

i s u s e d a t K e n i l w o r t h , t h e s t a t i c p r e s s u r e i n t h e m i n e i s b e l o w a t m o s p h e r i c 

p r e s s u r e a n d i s , t h e r e f o r e , a n e g a t i v e v a l u e . V e l o c i t y p r e s s u r e i s a l w a y s 

a p o s i t i v e v a l u e . P o r a n e x h a u s t - t y p e f a n s T P - - S P + V P . K n o w i n g t h e 

q u a n t i t y o f a i r f l o w i n g p a s t a k n o w n a r e a , t h e v e l o c i t y p r e s s u r e m a y b e 

c a l c u l a t e d 8 

, o I 
V • V 2 g h w h e r e V • v e l o c i t y i n f t . / s e c ; g • 3 2 . 2 f t . / s e c . ; 

i 

h • • h e i g h t f r o m w h i c h b o d y f a l l s . 

I 8 8 w . g . = 5 , 2 # / f t . 2 . A c u b i c f o o t o f a i r a t 7 , 2 0 0 f t . e l e v a t i o n , 

t e m p . « 5 5 ° P „ , b a r o m e t e r - ZJ\ w e i g h s 0 . 0 5 9 2 6 i f / f t A 5 » 2 / 0 . 0 5 9 2 6 = 

8 7 . 7 5 f t . T h e r e f o r e , t h e w e i g h t o f a n a i r c o l u m n 8 7 . 7 5 f t . h i g h • 1 M 

w . g . , a n d V - " ^ 2 x 3 2 . 2 x 8 7 » 7 5 ~ = 7 5 . 2 f t . / s e c . o r 4 , 5 1 2 f t . / m i n . , a '< 

v e l o c i t y o f 4 , 5 1 2 , s a y 4 , 5 0 0 f t . / m i n . = 1 M w . g . \ 

4 2 -

The amount of air which will flow through a mine at a given water gage 

is dependent upon the area. the l"1.1J)bing surface, and the coefficient K. K 

I, may be found experimentally and the area and rubbing surface measured, or 

Kn S and A may'be combined and treated as a single value, KS/A3. 
t 

The for-

KSq,2 
J; mula;P:-:: ~-3-· may then be written as P ... Q,2 ~ , 

A • ~ 
or P = q,2 r. 

\; 

Heretofore. when dealing with fan charts. static pressure 'has been 

used because the fan curves are based on static pressure. The actual pres-

sure necessary to overcom~ mine resistance is total pressure, or a SUID-

mation of static and velocity pressure. With an exhaust-type fan such as 

is used at Kenilworth. the static pressure in the mine is below atmospheric 

Velocity pressure is alw~s ~I: pressure and is. therefore, a negative value. 

r. a positive value. For an exhaust-type fan: TP = -SF + VP. Knowing the 

quantity of air flowing past a known area, the velocity pressure may be 

calculatedg 

v:: 1/2gh where V ~ velocity in ft./sec.; g .. 32.2 ft./sec. 2; 

h = height from which body falls. 

t l~ w.g. ~ 5~2 f/ft.2. A cubic foot of air at 7.200 ft. elevation. 

temp. "'" 55
0 

Fd. barometer:::: 2316
, weighs 0005926 11ft). 5.2/0.05926 = 

87.75 ft. Therefore, the weight of an air column 87075 ft. high = 1M 

wogoD and V o;zV2 x 3282 x 87.75 ::: 75.2 ft./sec. or 4,512 ft./min., a 

velocity of 4.512. say 4.500 ft./min. = 1" wog. 
,. 
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M I N E C H A R A C T E R I S T I C 

R - P / Q 2 

T P Q U A N T I T Y 

- 2 „ 4 5 

- 3 o 0 2 

• 2 o 7 5 

- 2 * 3 5 

• 2 o 8 3 

1 , 1 5 7 

0 * 4 3 7 

1 . 0 4 7 

2 . 0 6 

1 2 . 3 

2 . 5 8 

" 2 o 7 ^ 

0 o 2 ? 

0 o 2 3 

. 1 . 3 6 

• 2 o 5 1 

l o 2 3 3 

1 . 2 5 0 

0 . 8 9 

l o 6 l 

I I I 

» l o 3 0 

= 2 o 1 0 

0 o 3 1 

0 o 3 3 

- 0 o 9 9 1 . 4 1 1 

1 . 1 9 2 

0 . 5 0 

1 . 3 2 

> l o 8 0 

. 2 0 4 8 

0 o 2 8 

0 o 2 0 

» 1 „ 5 2 

> 2 a 2 8 

1 . 2 5 7 

1 . 0 6 4 

0 . 9 6 

2 . 0 1 

• 2 „ 2 2 

• 2 . 6 2 

0 . 2 3 

0 . 1 8 

V 

- 1 . 9 9 

~ 2 0 4 4 

1 . 0 5 6 

0 . 9 9 4 

1 . 7 9 
2 . 4 8 

V I 

. 2 * 2 4 

= 3 . 0 8 

0 . 2 3 • 2 . 0 1 

> 2 o 9 0 

1 . 0 4 1 

0 . 9 9 6 

1 . 8 5 

2 . 9 2 
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MINE OHARACTERISTIC 

r ,.. p/Q, 2 

Fan SP TP Q,uantity r 

t I 

1 -2 .. 92 00 17 -2075 1.157 2.06 
2 - =2045 0., 10 =2035 00437 12.3 I.. 
3 - 3002 00 19 -2083 1.047 2058 

II 

2 - 1063 0027 -1036 10233 0089 
:3 -2074 0023 -2051 10250 1 061 

III 

2 -10 30 0031 -0 099 10411 0050 
:3 ~20 10 0022 -1088 1.192 1.32 

IV 

2 -1.,80 0028 ~1052 10257 0096 
3 -2048 0020 -2.28 10064 2001 

V 

2 -2022 0023 -1099 1.056 1.79 
3 -2062 0018 -2044 00994 2048 

VI 

2 - 2024 0023 -2001 10041 1.85 
3 -3008 0018 -2090 0.996 2.92 

,,,. 
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P O W E R S . P . E f f . N C 

Q U E N C C - F T I ( " ) {%) 3 . H . P . 

1 5 0 , $ 5 , 0 0 0 3 . 1 0 8 0 70 
0 0 0 

3 - TWO fans O P E R A T I N G , blade pot. 
No 3 on no 1 position. 6 -

.... .... 

row~r 
,.. p " ... Efr . 

Quen oort. e') (;::) 

150~ $5.000 3.10 80 
000 

1100. $3.000 2.10 60 
100(, 

50. $1,000 1.10 40 
000 

l---

3 .R • P. 

70 

45 

20 

NC ~ :'A1; 

\ 
\ 

2 

1 - Thr·,~ ran. ')'H~n~ tiL':; 
2 - Two flU1~ \.) p,~ret in[.. .:J 1 

s~al~d off. 

:3 

3 Two fana opar8tiug. blade po •• 
No 3 on no 1 position . 

4 • 

.. 
OJ • 

6 • 



o € 

• T w o T a n a o p e r a t i n g , N o 4 s l o p s 

a e a l e d o f f . 

• T w o f a n * o p e r a t i n g , N o 5 r a i t e 

i n t a k o a s e e l e d o f f * 

• T w o f a n a o p e r a t i n g , b l a d e p o e , 

I J o 3 o n n o 4 p o lit i o n . 

;) € 

• TWo {ana opera"tin;. NO 4 elope 
aea.led off. 
Two flL"!. oporating, No 5 raile 
intakes sealod off. 
Two fan. operating. blade po •• 
NO :5 0:1 no 4. poaition. 
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T O T A T A L L F A M S 

1 2 3 

T H R S N fens operating 
Two fans operating, T,'o 1 
sealed off. 
Two fans operating, blade pos. 
V.o 3 on no 1 pcaition. 

4 5 6 

4 - two fens operating, ^o 4 slope 
enrlsd off. 

5 Ywo fans operating, Ho 5 ralae 
intakes sealed off. 

6 - Two fana operating, blade poa. 
lo 3 on no 4 position. 

"Tr; L ALL FnJ~ 

" .. - ~ 

\ 

~ 

---

1 
1 - '.!'hl ' ~'" renll "''''6rhtin ... 

- T'Vro fone opl'!r(\ting. 1:0 1 
lee-leu ::lL'f. 

~ - Two fans O}X"l·[\tinC. bllld 
Io :3 on no 1 pcsit1on. 

3 

......... ... . 

b 6 
_ 'l ... .Jf'~ "'1" :10 lop" 

5 - Tw0 Cbrs ')~n:.tinc:. t:o 5 rab 
intBke~ seQl~d ofr. 

6 - T\~Q ronl operating, blado po •• 
1"0 3 on no 4 po,lt1on. 
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Fan tyjan Pressure BHP Fug. Air 

X 1 1 5 9 ? 0 0 % 4 , 2 7 0 2 „ 9 2 M 5 6 . 8 7 2 o 5 

t 4 3 , 7 0 0 ' 1 , 2 6 0 2 . 4 5 M 5 9 . 8 2 1 , 9 

June, 1 9 5 7 i 1 0 4 , 7 0 0 3 , 3 2 0 3 . 0 2 H 6 7 . 2 5 7 . 9 

TOTAL 
i 

2 6 4 ' , 1 0 0 $ 8 , 8 5 0 1 5 2 . 3 3 0 , 6 0 0 

2 1 2 3 , 3 0 0 : $ 

I I 

2 , 7 6 0 1 . 6 3 " 5 1 . 7 4 8 . 0 

May, 1 9 5 8 3 1 2 5 , 0 0 0 : 3 0 2 7 0 2 . 7 4 * * 7 5 * 0 5 6 . 9 

TOTAL 2 4 8 , 3 0 0 • $ 6 , 0 3 0 

T T T 

1 0 4 . 9 5 8 , 3 0 0 

2 1 4 1 , 1 0 0 $ 

1 1 

2 , 9 5 0 

A 

1 * 3 0 ® 4 4 „ 1 5 1 . 4 

May , 1 9 5 8 3 1 1 9 * 2 0 0 * 2 , 2 2 0 2 „ 1 0 M 8 0 . 0 3 8 . 6 

TOTAL 2 6 0 9 3 0 0 $ 5 . 1 7 0 9 0 . 0 7 0 , 3 0 0 

I o v , 1 9 5 8 3 

TOTAL 

1 2 5 , 7 0 0 $ 3 , 0 5 0 

1 0 6 , 4 0 0 2 , 4 3 0 

2 3 2 , 1 0 0 $ 3 , 4 8 0 

1 . 8 0 " 5 2 . 6 5 3 . 1 

2 , 4 8 M 7 6 . 8 4 2 o 4 

9 5 * 5 1 0 2 , 1 0 0 

2 1 0 5 , 6 0 0 $ 2 , 5 8 0 

D e c , 1 9 5 8 3 

TOTAL 

9 9 9 4 0 0 2 , 4 6 0 

2 0 5 , 0 0 0 $ 5 * 0 4 0 

2 . 2 2 M 6 5 . 6 4 4 . 8 

2 o 6 2 M 7 4 . 1 4 3 . 9 

8 8 . 7 6 3 , 0 0 0 

TOTAL 

1 0 4 , 1 0 0 $ 2 , 5 4 0 

9 9 , 6 0 0 3 , 3 5 0 

2 0 3 , 7 0 0 $ 5 , 8 9 0 

2 . 2 4 M 

3 « 

6 6 . 4 4 4 . 1 

6 5 . I 5 8 . 3 

1 0 2 . 4 6 1 , 7 0 0 

- 4 7 -

SUMMARY AIR CRANGES 

Yeax':y Static 
Date Fan Q,-.a,Q,tity Power CO$tS\ Pressure Eff. BHP Fug. Air 

I 

.' 115~ 700 $ 4,270 2 .. 92 111 56.8 7205 
Z 439700 ' 1,260 2 .. 451~ 59.8 21.9 

June,1957 ~ L04 g700 39320 Jo021t 67.2 5709 

TOTAL 26Li ulOO $ 8,85e 152.3 30,600 

II 

2 J23~300 $ 2/160 106311 51.,7 4800 
Mayg1958 3 1250 000 ; 30 270 2074" 7500 56 .. 9 

TOTAL 248 0 300 ' $ 6,030 104,,9 58,300 

III 

2 1410100 $ 209.50 1 .. 30" 44 .. 1 51.4 
Mt:JY 0'1958 3 1190 200 2~220 2 0 10'8 80 00 380 6 

TorrAL 260 9 300 $ 5,170 90 00 70.300 

IV 

2 1259700 $ ),050 1.8011 52.6 53.1 
Nov,1958 3 l.O6,400 29 430 2 .. 48!0 76.8 4204 

TOTAL 2329 100 $ 5,480 95,,5 102,100 

V 

2 1059 600 $ 2,580 20221! 65.6 4408 
Dec~1958 3 99 u400 2,460 20 6216 74.1 43 .. 9 

TOTAL 205,000 $ 5.040 88.7 63.000 ( 

" V! 

2- 104,100 $ 2,540 2 .. 2418 66.4 44.1 
Dec,1958 :3 990 600 3,350 3 .. 0811 65.1 58 .. 3 

TOTAL . 203,700 $ 5,890 10204 61,700 
.... 
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mm HOISTING 

Since the first coal was mined, its transportation from the working 

face to the.point of consumption has presented problems. Coal is usually 

moved hy several mediums before it is burned. Prom the mine portal it may 
i 

be hauled by railroad cars, trucks, barges or even pipe lines. Moving the 

coal from the working face to the mine portal is usually accomplished hy 

means of track haulage, rubber-tired haulage, or belt conveyors. This 

portion of the thesis is concerned with efficient track haulage on a slope 

of a pitching seam. 

Standard gage for coal mine track is 42 w . The size of the rails 

used and the spacing of cross ties depends upon the load which the rails 

must carry. The height of the coal seam determines, to a large extent, 

the size of mine cars that will be used. The mine output in tons per 

shift determines, along with other factors, the number of cars per trip. 

The number of cars per trip, along with the grade of the haulage road, t 

determines the size rope which must be used on the hoist and also the j 

size motors which must be used. 

The most important single fact to remember about track in a coal 

aine is. THE ENTRY SHOULD EE DRIVEN TO PIT THE TRACKS NEVER THE TRACK 

MADE TO EIT THE ENTRY. . This is especially applicable to hoisting where 

partings are installed. 
i 

Once the size trip is determined, the amount of coal which may he 

pulled up a slope is governed hy the speed of the hoist and the time spent 

switching at the end point and at the mid-point of the hoisting cycle. A 

properly-instailed and graded parting will save at least ten seconds per 
- 48 -
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Since the first coal was mined, its transportation from the working 

face to the:point of consumption has presented problems. Coal is usually 

moved by seVeral mediums before it is burned. From the mine portal it may 
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be hauled b~ railroad cars, trucks, barges or even pipe lines. Moving the 
-

coal from the working face to the mine portal is usually acco!llplished by 

means of track haulage, rubber-tired haulage, or belt conveyors. This 

portion of the thesis is concerned wi th efficient track haula.ge on a slope 

of a pitching seam. 

Standard gage for coal mine track is 42". The 8i29 of the rails 

used and the sp~cing of cross ties depends upon the load which the rails 

must carry. The height of the coal seam determines, to a large extent, 

the size of mine cars that will be used. The mine output in tons per 

shift determines, along with other factors, the number of cars per trip. 

The number of cars per trip, along with the grade of the haulage road, 
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t r i p i n s w i t c h i n g t i m e o v e r a n u n g r a d e d p a r t i n g . T h i s i s e a s i l y c o n v e r t e d 

t o d o l l a r s a n d c e n t s . 

1 0 s e c . / t r i p x 1 5 t r i p / s h i f t x 2 0 0 s h i f t / y e a r x 1 h r . / 3 6 0 0 s e c . 

s 8 . 3 4 h r . / y e a r . 8 . 3 4 h r . / y r . x $ 2 0 Q / h r . = $ 1 , 6 6 8 / y r . 

i 
T h e f o l l o w i n g c a s e s i n d i c a t e t h e e f f e c t o f t h e s p e e d o f t h e h o i s t a n d 

t h e d i s t a n c e o f t h e p a r t i n g f r o m t h e s l o p e . 

S i v e n s l e n g t h o f t r i p 1 3 5 f e e t ' , 

l e n g t h o f s l o p e . . . . 1 0 0 0 f e e t 

a c c e l e r a t i o n 3 0 s e c o n d s 

d e c e l e r a t i o n 2 0 s e c o n d s 

C a s e I - p a r t i n g n e x t t o s l o p e . 

h o i s t s p e e d 1 , 0 0 0 f t . / m i n . 

U p t r i p - 1 . 0 0 0 f t . x 3 0 s e c , x 1 m i n . 

2 m i n . 6 0 s e c . 

1 . 0 0 0 f t . x 2 0 s e c , x 1 m i n . 

2 m i n . 6 0 s e c . 

i , o o o - ( 2 5 0 + 1 6 7 ) 

5 8 3 f t . x 1 m i n . x 6 0 s e c . 

1 0 0 0 f t . m i n . 

2 5 0 f t 0 a c c , 

1 6 7 f t o d e c . 

5 8 3 f t . f u l l s p e e d 

3 5 s e c . 

t i m e « 3 0 * 2 0 + 3 5 

T o p a r t i n g - 2 1 5 f t . 6 0 s e c 

4 6 0 f t . / m i n , m i n . 

C h a n g e r o p e t o p a n d h o t t o r n : 

T o t a l t i m e , r o u n d t r i p - 8 5 + 8 5 4 f 3 0 fr- 3 0 f 3 0 + 3 0 

8 5 s e c . 

3 0 s e c . 

3 0 s e c . e a c h 

2 9 0 s e c . 

4 m i n . 5 0 s e c . 
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trip in switching time over an ungraded parting. This is easily converted 

to dollars and cents~ 

10 sec./trip x 15 trip/shift x 200 shift/year x 1 hro/3600 sec. 

= ~o34 hr./year. 8.)4 hr./yr. x $200/hr. = $ 1,668/yr • 

. 
The f~lowing cases indicate the effect of the speed of the hoist and 

the distance of the parting from the slope: 

Given: length of trip •••••• 135 feet 
length of slope ••.• 1000 feet 
acceleration ••••••• 30 seconds 
decelera.tion •••••.. 20 seconds 

Case! - parting next to slope. 

hoist speed ••••.••• 1,000 ito/min. 

Up trip - 1.000 ft. x 30 sec. x 1 mino ... 250 fto acc. 
2 min. 60 sec. 

1.000 ft. x 20 sec. x 1 min. :;: 167 fto dec. 
2 min. 60 sec. 

1,000 - (2,50 + 167) ... 583 ft. full 

583 ft. x 1 min. x 60 sec. Iiil 35 sec. 
1000 ft. min. 

time ... 30 ~ 20 + 35 :: 85 sec. 

To pa.rting - 215 ft. x 60 sec. .. 30 sec. 
460 it./min. min. 

Ohange rope top and bottom = 30 sec. each 

Total time, round. trip - 8,5 + 85 '* 30 ~ 30 ... 30 + 30 :: 290 sec. 

speed 

=: 4 min. ,50 sec. 
,-

.... 
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C a s e I I - p a r t i n g n e x t t o s l o p e , 

h o i s t s p e e d . . . . . . . . . 500 f t o / m i t u 

U p t r i p - 5 0 0 f t . x 3 0 s e c , x 1 m i n . « 125 f t » & c c . 

£ m i n e 6 0 s e c 

500 fto x 2 0 s e c , x 1 m i n . ^ 8 4 f t * d e c . 

2 m i n . " " 6 0 s e c 

1 , 0 0 0 - (125+ 8 4 ) » 7 9 1 f t . f u l l s p e e d 

f 791* ft. x 1 m i n . x 60 s e c . » 95 s e c . 

* 500 f t . 1 m i n . 

t i m e + 3 0 + 2 0 + 9 5 • 1 4 5 s e c . 

T o p a r t i n g - 2 1 5 f t . x 60 s e e . « 4 0 ' s e c . , 

330 f t . / m i n . m i n . 

C h a n g e r o p e t o p a n d h o t t o r n 30 s e c . e a c h 

T o t a l t i m e 0 r o u n d t r i p - 95 + 95 + ^0 + 4 0 + 6o - 530 s e c . 

I " 
G a s e I I I - p a r t i n g 450 f t . f r o m s l o p e * 

h o i s t s p e e d . . . . . 1,000 f t o / m i n 0 

U p t r i p - l n 0 00 f t . x 3 0 s e c , x 1 m i n . * 250 f t . a c c 

2 m i n . . 60 s e c . 

IQOOO f t . x 20 s e c , x 1 m i n . - 167 f t . d e c . 

2 m i n . 60 s e c 0 

1,000 - (250 + 167) s 583 f t . f u l l s p e - e d 

t i m e = 30 + 20 + 35 » 85 s e c . , 

T o p a r t i n g - 630 - (250 + 167) = 213 f t . f u l l s p e e d 

213 f t . x 1 m i n . x 60 s e e . « 13 s e c 

1000 f t . m i n . 

t i m e = 30 + 20 f 13 * . 63 s e c 

C h a n g e r o p e t o p a n d h o t t o r n = 30 s e c e a c h 

J T o t a l t i m e , r o u n d t r i p « 85 + 85 + 63 + 63 + 60 - 356 s e c 
* 

» 5 m i n . 56 s e c . 

- 50 

r 
~ 

I 
~. 

Total 

Up trip .-

. 
f 

To parting -

Case II - parting next to slope. 

hoist speed ••.•.•••. 500 fto/mino 

500 £'to x 30 sec. x 1 min. 
?. D,lip." 60 sec. 

500 fto x 20 sec. x 1 min. 
2 mirto 60 sec. 

19 000 - (125 + 84) 

'19f fto x .i..m1nll x QQ §~Cg 

.sao ft. 1 min. 

time + 30 t 20 + 95 

215 ft. _._ x 60 sec. 
330 ft./min. min. 

Change rope top and bottom 

timeD round. trip 

Up trip -

To pa.rting -

a ·95 + 95 + 40 + 40 + 60 ~ 

'" 

Case III - parting 450 ft. from slope. 

hoist speed ••.•• 19000 fto/mino 

1.000 ft. x 30 sec. x 1 min. 
2 mino 60 see. 

10000 ft~ x 20 sec. x 1 mino 
2 mino 60 sec o 

leOOO - (250 + 167) 

time:; :30 + 20 + 35 
630 - (250 + 167) 

213 ft. x 1 min. x 60 sec. 
1000 ft. min. 

time ~ 30 + 20 t 13 

'= 

'" 

... 

... 

"" 

-
!Ii< 

Change r~pe top and ,bottom = 

Total time~ round trip -85 + 85 + 63 + 63 + 60 -= 

=-
" 
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125 ft. a,ce. 

84 ft .. dec. 

'191 ft. full speed 

95 sec. 

145 sec. 

40' sec. 

30 sec. each 

530 sec. 

8 min. SO sec. 

250 ft. acc. 

167 ft. dec. 

583 ft • full spe-ed 

85 ~ec • 

213 ft. ~ull speed 

13 sec. 

63 sec. 

30 sec. each 

356 sec. 

5 min. 56 sec. 



I f t h e p a r t i n g i s n e x t t o t h e s l o p e a n d t h e s p e e d o f t h e h o i s t i s 

c u t i n h a l f 9 t h e t i m e r e q u i r e d p e r t r i p i s i n c r e a s e d 8 2 . 8 $ . I f t h e p a r t 

i n g i s m o v e d a w a y f r o m t h e s l o p e a n d t h e s p e e d r e m a i n s t h e s a m e , t h e t i m e 

r e q u i r e d p e r t r i p i s i n c r e a s e d 2 2 . 8 $ . I n o t h e r w o r d s 9 i n C a s e I I I , w i t h 

t h e p a r t i n g m o v e d 4 5 0 fet-% a w a y f r o m t h e s l o p e , t h e p r o d u c t i v i t y t i m e o f ' 

t h e h o i s t w a s * e u t "by n e a r l y © n e - f o u r t h o 

I n t h e s p r i n g o f 1 9 5 & 9 t h e a u t h o r r e c o m m e n d e d a n d , s u b s e q u e n t l y , 

p l a n n e d t h e g r a d i n g o f a s e c t i o n o f s l o p e , a n d t h e c o n s t r u c t i o n o f t w o 

p a r t i n g s o n N o , 2 s l o p e 9 $ > n i l w o r t h m i n e . A g r a d e o f a b o u t 1 5 $ o n t h e 

s l o p e j u s t a b o v e w h a t i s n o w 8 t h W e s t p a r t i n g w o u l d h a v e p r o v e d t h e l i m i t 

i n g f a c t o r i n t h e n u m b e r o f c a r s p e r t r i p w h i c h t h e h o i s t w o u l d h a v e 

h a n d l e d . B o t t o m w a s s h o t a n d t h e g r a d e r e d u c e d t o 1 2 0 4 $ . T h e 8 t h E a s t a n d 

8 t h W e s t p a r t i n g s w e r e i n s t a l l e d t o e n g i n e e r e d s p e c i f i c a t i o n s a n d h a v e s i n c e 

p r o v e d t o b e f i r s t - c l a s s p a r t i n g s . - T h e a u t h o r h a s s e e n a r o p e t r i p g o i n t o 

8 t h W e s t p a r t i n g a t f u l l s p e e d a n d n o t d e r a i l . , T h e h o i s t h a s p u l l e d a s 

m a n y a s 3 8 n i n e - c a r t r i p s f r o m t h e t w o p a r t i n g s i n a s e v e n - h o u r s h i f t . 

T w e n t y - t w o t r i p s w e r e p u l l e d f r o m t h e 8 t h W e s t p a r t i n g i n o n e s e v e n - h o u r i 

s h i f t . T h e h i g h t o n n a g e w h i c h b o t h e n t r i e s h a v e m a i n t a i n e d h a s b e e n d u e , 

i n p a r t , t o e x c e l l e n t p a r t i n g s t h a t h a v e h e l p e d t o s u p p l y a f l o w o f e m p t y 

c a r s t o t h e l o a d e r s . 

T h e s i z e - o f t h e r o p e i s d e p e n d e n t u p o n t h e m a x i m u m p u l l e x e r t e d b y ] 

t h e t r i p o n t h e s l o p e . T h e h o r s e p o w e r a n d s p e e d o f t h e h o i s t a n d t h e s i z e . 

o f t h e d r u m a r e d e p e n d e n t u p o n t h e r o p e p u l l , s i z e o f r o p e , a n d l e n g t h o f 

s l o p e P 
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!f the parting is next to the slope and the speed of the hoist is 

cut in half» the time l"9,!uiT'ed pe'~' trip is increa,sed 8208%. If the part-

ing is moved away from the slope and the speed remains the same g the time 

required per trip is increased 2208%. In other words. in Case III. with 

the parting mqved 450 fee~ aw~ from the slope g the productivity time of 

the hoist waa icut by nearl,r on~=:fourth. 

In the spring of 1956 v the author recommended and D subsequently, 

planned the grading of a section of slope. and the construction of two 

partings on NO Q 2 slopeD ~enilworth mineo A grade of about 15% on the 

slope just ahove what ~s now 8th West parting would have proved the limit-

ing factor in the number of cars per trip which the hoist "",ould have 

handled. Bottom was shot and the grade reduced to 1204%. The 8th East and 

8th West partings were installed to engineered specificat~ons and have since 

proved to be :firsT,~~laij15 partings 0 ' The author has seen a rope trip go into 

8th West parting at full speed and not derail. The hoist has pulled as 

many as 38 nine-car trips from the two partings in a seven-hour shift. 

Twenty-two trips were pu:Ued from the 8th West parting in one seven-hour 

shift. The high -tonnage v/hich bo th en trie s have main tained has been due, 

in part v ~o excellent partings that have helped to supply a flow of empty 

cars to the loaders. 

The size'of the rope is dependent upon the maximum pull exerted by 

the trip on the slope. The horsepower and speed of the hoist and the size 

of the drum are dependent upon the rope pull» size of ropeD and length of 
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T h e f o l l o w i n g p r o b l e m c o n c e r n s t h e p r e s e n t s i t u a t i o n o f t h e 

K e n i l w o r t h 2 s l o p e a n d h o i s t s 

• E m p t y c a r w e i g h t 0 

" C a r c a p a c i t y 

r R o p e s i z e • » « . . . 0 . . . . . . I . < > 1 - 1 / 4 i n c h 

$ ? y p e r o p e . . . . . . . . . . . . . . . . 6 x 1 9 i m p r o v e d p l o w s t e < 

r i g h t r e g u l a r l a y 

D r u m s i z e . . . . . . . . . . . . . . . . . 9 0 H x 8 4 " o v e r w i n d 

l i z e . . . . . . . . . . . . . . . T w o 5 0 0 H o F o 9 6 0 0 E P M 

D r u m s p e e d . . . . . . . . . . . . . . . U p t r i p - 5 2 1 P M 

D o w n t r i p - 5 5 E P M 

S l o p e p r o f i l e ( t o p t o b o t t o m ) s 

1 ^ 3 5 0 0 - l l o 0 $ 

2 - 2 0 0 c - 2 o 0 $ 

3 - 2 4 5 * - 8 „ 2 $ 

4 - 1 6 0 " - l 4 o 0 $ 

5 - 1 2 0 8 - 7 « 8 $ 

6 - 4 9 0 " - 1 1 o 9 ^ 

8 - 1 2 0 ! 

- 6o7% 
- 3 * 9 $ 

- 4 , 5 $ 

1 4 0 » - 8 o l $ 

2 1 0 ° - 1 7 « 5 $ 

4 6 0 " - 1 3 o 9 $ 

6 0 " - 8 o 9 $ 

2 8 0 » - 1 0 * 3 $ 

1 0 0 ° - 7 o 3 5 J 

8 3 0 8 - 9 o l # 

2 9 0 " - 1 0 * 7 $ 

5 9 0 8 - 1 2 , 3 $ 

3 0 0 « - 7 o 0 $ 

- 6 o 7 ^ 

2 2 - 3 9 0 8 - 1 2 * 4 $ ( 8 t h 

2 2 - 6 0 0 » - 1 2 e 4 $ ( 

T o t a l . . . . . I . 

T o p o f s l o p e t o m a i n p a r t i n g s 

a - 350s - 4 * 0 $ 

The following problem concerns the present sit'llS Hon of the 

Kenilwol'"th No c 2 slope and.. hoist& 

... 

'Empty car weight 0." 0 0 • , • 

·Ca.!' capacIty 0"'.0." 0 0 •• 

~ope si~e ••••••••.•. 00 ••• 

pype :rope 0 •• 0 ••• 0 • 0 0 • 0 0 0 0 

Drtlm is ize Q 0 (I <> 0 I) <> 0 0 0 I) 0 0 ., " D 

:Motor size 
Drum speed. 0 0 0 (J (I co I) C) <> 1;1 ~ 0 0 0 0 

;;';08 tons 
~ t:ons 
i=1/4 inch 
6 x 19 improved plow steel 

right regula:r lay 
90 18 x 8lr!~ overwind 
Two 500 HoP Q ~ 600 RPM 
Up trip = 52 'RPM 
Down t:rip - 55 RPM 

Slope profile (top to bottom)~ 

l ~ 350 0 

Z = 200 1 

:; - 2450 

4 - 160 u 

5 - 120 0 

~ - 490 1 

7 ~ 180 0 

8 = 120 0 

9 ~ 100i 
10 = 140 u 

11 - 210 0 

12 = 460 g 

13 - 60 1 

14 - 280 1 

15 - 100i 
16 - 830 0 

17 - 290 i 

18 ~ 590 u 

19 - 300~ 
20 - 115 i 

21 - 180 0 

22 - 390 9 

22 = 600 0 

Top of slope to main partingg 

- 52 -



The first step is to select the proper size trip for the rope ui 

The maximum grade is 1 7 < > 5 $ ° 

Grade resistance * 7 . 8 ton x 2 0 # x 1 7 * 5 $ - 2*730 # 
car ton/$ grade 

Grade .resistance rope ^ 2 9 6 0 0 x 2 „ 4 5 x 1 1 $ ac 2 0 s 2 8 6 # 

) 2 9 0 0 0 

Boiling resistance - 7 * 8 ton i 1 4 f « 

Rope resistance s 1 0 0 #/ton - 1 0 0 x ( 2 9 6 0 0 x 2 . 4 5 

2 

Total car reid.@i: •-«.© » < 

Total rope resistance - 3 1 - I 

Breaking strength of rope • 6 9 tons0 Safety factor of 5 is "i§@do 

6 9 tons x 290Q0 # . 2 > y60G # 2 ? 9 D 0 0 - 3:.-j s 9 plus cars per trip, 
5 ton 2 0 8 4 0 

The first step is to select the p~oper size t~ ip for the rope used. 

The maximum grade is 1705%0 

Grade reeis tanoe '" 7 0 8 ,tQ,!! x 20 f :x: 17 .. 5% 

Grade ; r~sistance rope 
f 

Roll i ng resis t ance ~ 
t 

car ton/% grade 

~ 20 6oo"x 2045 x 11% ~ 20 

2 0000 

{ 08 t on x 14 # 
car ton 

Rope r esistanc® ~ 100 4/ton ~ 100 x (29600 x 2045 */ft o) 
20 000 

Total car resistanc e 

Total rope r esi s t ance 

286 f 

110 * 

32 *' 

~reruting strength of rope ~ 69 tonso Safety fac tor of 5 is used. 

5 t on 

,-

270 600 - 318 ~ 9 plus cars per trlpo 
2 0 840 
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Critical Points 

Up Trip 

1 - at "bottom, time « 0 e e c o distance travelled - 0 feet. 

2 - at end of acceleration., time »• 20 see. distance ~ 2 1 9 feet. 

3 - "beginning pf full spe^d. time 88 20 sec. distance - 219 feet. 

4 - at end of full speed. time s 284 gee. distance = 6 9 0 1 Q feet. 

5 - "beginning of deceleration, time s 284 sec. distance = 6 9 Q 1 0 feet. 

6 - at top. time = 2 9 4 s e c . distance = 6 9 1 2 0 feet. 

* To Parting 

1 - at top. time » 0 fee. distance • 0 feet. 

2 - at end of acceleration, time * 2 0 sec. distance * 2 3 1 feet. 

3 - beginning of full speed* time = 2 0 sec. distance • 2 3 1 feet. 

4 — end of full speed. time " 20 sec. distance 2 3 4 feet. 

5 - beginning of deceleration, time - 2 0 sec. distance - 2 3 4 feet. 

6 - at parting, time - 3 0 sec. distance - 350 feet* 

from Parting 

1 - at parting. time - 0 sec. distance « 0 feet. 

2 - at end of acceleration, time - 2 0 sec. distance - 2 1 9 feet. 

3 - beginning ,of full speed, time ~ 20 sec. distance = 219 feet. 

4 - end of full speed. time - 21 sec. distance ~ 240 feet. 

5 - beginning.of deceleration, time s 21 sec. distance » 240 feet. 

6 - at top. time - 3 1 see* distance s 3 5 0 feat. 
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Crt tical Points 

Up Trip 

1 - at bottomo time ~ 0 sec. distance travelled = 0 feet. 

2 - at end of accelerationn time ~ 20 sec. distance - 219 feet. 

:3 - beginning pi full speed. ';,;ililte g;ij 20 sec" distance"" 219 feet~ ,. 
4 - at end of full speed. t1.T!'lt9 "" 284 soc. distance:z;: 69 010 faet. 

5 - beginning of deceleration. time::: 234 sec. 

6 - at top. 

To Parting 

1 - at top. time "" CI ~6C. distance ~ 0 feee. 

2 - at end of acceleration. t'.me ~ 20 seCn distance'" 231 feet. 

:3 beginning of full speed. time- 20 seC!. distance"" 231 feet. 

4 - end of full speed. time:;; 20 sec. dist.ance "" 234 feet. 

5 - beginning of deceleration. time ;: 20 sec" distance:; 234 feet. 

6 ~ at parting. time::: 30 sec. distance ~ 350 feet. 

From Parting 

1 ~ at parting. tim~ ~ 0 sec. distance ~ 0 feeto 

2 - at end of a~celeTationo time = 20 seeo dista~ca - 219 fest. 

:'3 - begInning ,of full speedo time,; 20 sec .. distance: 2~9 feet. 

4 - end of full speed. time ~ 21 sec" distance::o; 2)+0 feet. 

5 - beginning of decelel"a tion. time "" 21 sec" distance ~ 240 feet. 

6 - at top. distance = 350 feet. 
,. 
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D o w n Trip 

1 - at t o p e , t i m e = 0 s e e . d i s t a n c e * 0 f e e t , 

2 - a t e n d o f a c c e l e r a t i o n . . t i m e » 2 0 see? d i s t a n c e s 2 3 1 f e e t . 

3 - " b e g i n n i n g yf f u l l s p e e d , t i m e - 2 0 s e c d i s t a n c e « 2 3 1 f e e t , 

4 - e n d o f f u l l s p e e d , t i m e « 2 6 9 s e c » d i s t a n c e - 6 0 0 0 4 f e e t . 

5 - b e g i n n i n g o f d e c e l e r a t i o n , t i m e • 2 6 9 s e c , d i s t a n c e ** 6 , 0 0 4 f e e t . 

6 - a t b o t t o m , t i m e - 2 ? 9 s e c . d i s t a n c e » 6 9 1 2 0 f e e t . 

- 5 5 

Down Trip 

1 - at t op . t ime ::: 0 seee distance = 0 feet. 

2 - at end of accelerat i on. time"" 20 secodis Mee ~ 231 feet. 
r . • 

3 - beginni ng ~f ful l speed . time ~ 20 sec ~ dis t ance ~ 231 feet. 

4 - end of full speed. t ime - 269 see o 
-

5 - beginning hf decele r ati on. time "" 269 seco distance ... 6»,004 feet. 

6 - at bottom. time :::: 2'19 seco 

,. 
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Average speed of h o i s t s 

Up trip o . o . o o o 1 8 3 1 5 f t o per rain, 
Down trip «*«„ „ 1 9 3 9 0 f t o per min. 

Acceleration. 

Up trip - l i L ^ l i - f t o - * . 1 min0. s 1 , 0 9 6 f t„/sec.~ 
f „ 2 0 sec.min.60 sec0 

Down trip - l j ^ 9 0 „ , . f t o _ _ x Ijifdn. § 1 . 1 5 8 ft./sec„2 

2 0 sec.min e 60 see. 

Deceleration. 

U P t r i P - l 0 3 1 5 - f t o *Jun_ln._ - 2 o 1 9 2 f t o / s e c 2 

1 0 see.rain. 6 0 sec» 

Down trip - 1 , 3 9 0 ' f t . x 1 mln. s 2 . 3 1 6 ft./sec.2 

1 0 sec.min, 6 0 see. 

Distance traveled. 

Accelerating 

Up trip - 1 , 3 1 5 ft. x 2 0 sec. ' s 2 1 9 feet 
2 min. % 6 0 sec./rain. 

2 1 9 feet 

Down trip - 1 , 3 9 0 ft. x 2 0 sec. - 2 3 1 feet 
2 min. x 6 0 sec./min. 

Decelerating 

Up trip - 1 9 3 1 5 ft. x 1 0 sec. us 1 1 0 feet 
2 min. x 6 0 see./min. 

Down trip - 1 , 3 9 0 - f t . x 1 0 sec. B 1 1 6 feet 
2 min. x 6 0 see./min. 
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Up trip -, 

Ave~age speed of hoist, 

Up trip ..... 0' 1~)15 fto pe~ min. 
Down trip •.... 10390 ft. per m~no 

1~~o5 :fto x 1 min. ~ 

20 aecom~n.6n sec. 

Down trip - 1~90 :ftox~';~~lr::o 
20 secow!Lo6C sen. 

Up trip ~ l o315:ft. x 1 min. 
10 sec.min. 60 seco 

Down trip - 10390 ft. x 1 mino ~ 20316 fto/seco 2 
10 sec.min. 6c sec. 

Distance traveled. 

Accelerating 

Up trip - 10315 ft. x 20 sec. _ 219 feet 
2 min. x 60 seee/min. 

Down trip - 10390 ft. x 20 sec. = 231 feet 
2 min. x 60 sec. Imino 

Decele~ating 

Up trtp - 10315 ft. x 10 sec. = 110 feet 
2 min. x 60 sece/min. 

Down trip 1 0 390, ft. x 10 sec. ... 116 feet 
2 min. x 60 sec./mino 



S T A T I C r O R C B S T r i p - U p 

P o i n t 1 T i m e ( s e c * ) 0 D i s t a n c e ( f t . ) 0 

G r a d e R e s i s t a n c e , 7 7 « 8 5 x 2 0 . x 1 2 . 4 $ = 1 9 , 3 0 0 

R o l l i n g R e s i s t a n c e 7 0 . 2 x 1 4 ? 9 8 3 

? 0 6 5 x 1 0 0 . * 7 6 5 
r 

? T o t a l R e s i s t a n c e - 2 1 , 0 4 8 

P o i n t s 2 % 3 T i m e ( s e c o ) 2 0 D i s t a n c e ( f t . ) 2 1 9 

G r a d e R e s i s t a n c e 7 7 « 5 8 x 2 0 x 1 2 „ 4 $ - 1 9 , 2 4 0 

R o l l i n g R e s i s t a n c e 7 0 . 2 x 1 4 > 9 8 3 

: 7 c 3 8 x 1 0 0 » 7 3 8 

T o t a l R e s i s t a n c e n 2 0 . 9 6 1 

P o i n t s 4 & 5 T i m e ( s e c . ) 3 7 » 4 D i s t a n c e ( f t . ) 6 0 0 

G r a d e R e s i s t a n c e 7 7 . 1 0 x 2 0 x 6 . 7 $ = 1 0 , 3 3 1 

R o l l i n g R e s i s t a n c e 7 0 . 2 x 1 4 • 9 8 3 

6 , 9 x 1 0 0 • 6 9 0 

T o t a l R e s i s t a n c e - 1 2 , 0 0 4 

P o i n t s 6 & 7 T i m e ( s e c . ) 4 5 . 6 D i s t a n c e ( f t . ) 7 8 0 i 

G r a d e R e s i s t a n c e 7 6 . 8 8 x 2 0 x 1 3 - 9 $ s , 2 1 , 3 7 3 * 

R o l l i n g R e s i s t a n c e 7 0 . 2 x 1 4 • 9 8 3 

6 . 6 8 x 1 0 0 - 6 6 8 

T o t a l R e s i s t a n c e •* 2 3 „ 0 2 4 

P o i n t s Q & 9 T i m e ( s e c . ) 3 0 . 8 D i s t a n c e ( f t . ) 8 9 5 

G r a d e R e s i s t a n c e 7 6 . 7 3 * 2 0 x 7 $ * 1 0 9 7 4 2 ? 

R o l l i n g R e s i s t a n c e 7 0 . 2 x 1 4 » 9 8 3 

, 6 . 5 3 X 1 0 0 - 6 5 3 ; 

- 57 -

T o t a l R e s i s t a n c e - 1 2 , 3 7 8 

STATIC FORCES Trip - Up 

Point 1 Time (sec.) 0 Distance (ft.) 0 

Grade Resistance '77085 :x 20x 12.4% ~ 19.300 
Rolling Resistance 7002 x 14 983 

7.65 x 100 ,..; 765 

t Total Resis tanc:e - 21 9 048 

Points 2& 3 Time (sec.) 20 D 1 stance (ft 0 ) 219 
... 

77.58 x 20 x 12.4% Grade Resistance - 19 9 240 
Rolling Resistance 7002 :x: 14 :;< 983 

,7.38 :K' 100 :: 738 

Total Resistance ~ 20 u96l 

Points 4 & 5 Time (sec.) 37.4 Distance (ft.) 600 

Grade Resistance 77.10 x 20 x 6.7% :: lOu331 
Rolling Resistance 70 0 2 :! 14 =: 983 

609 :x 100 "" 690 

Total Resistance ... 12 g 004 

Points 6 & ? Time (sec.) 45.6 Dis tance (ft.) 780 

Grade Resistance 76.88 x 20 x 1309% ... ,21;373 
Rolling Resistance 70.2 :x 14 - 983 

6.68 x 100 • 668 

Total Resistance "" 2)g024 

Points e & 9 Time (sec.) 50.8 Distance (ft .. ) 895 

Grade Resishmce 76.73 x 20 :x: 7% = 10.742 
Rolling Resistance 70.2 x 14 Iii 983 

,.6.53 x 100 ,.. 653 

Total Resistance ,.. 12.378 

.... 
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S T A T I C P O R C E S T r i p - U p 

- 5 8 -

P o i n t s 1 0 & 1 1 T i m e ( s e e * ) 6 4 < > 5 D i s t a n c e ( f t * ) 1 , 1 9 5 

G r a d e R e s i s t a n c e 7 6 * 3 6 x 2 0 x 1 2 o 3 $ 8 8 1 8 , 7 8 5 

R o l l i n g R e s i s t a n c e ? 0 „ 2 x 1 4 = 9 8 3 

6 o l 6 x 1 0 0 = 6 l 6 

, , T o t a l R e s i s t a n c e = 2 0 , 3 8 ^ 

P o i n t s 1 2 & 1 3 T i m e ( s e c ) 9 1 . - 5 D i s t a n c e ( f t * ) 1 , 7 8 5 

G r a d e R e s i s t a n c e 7 5 » 6 2 x 2 0 x 1 0 * 7 $ s l 6 0 1 8 3 

R o l l i n g R e s i s t a n c e 7 0 * 2 x 1 4 = 9 8 3 

5 * 4 2 x 1 0 0 = 5 4 2 

T o t a l R e s i s t a n c e ~ 1 7 9 7 0 8 

P o i n t s 1 4 & 1 5 T i m e ( s e c 0 ) 1 0 4 o 7 D i s t a n c e ( f t * ) 2 0 0 7 5 

G r a d e R e s i s t a n c e 7 5 * 2 6 x 2 0 x 9 * 1 $ • 1 3 , 6 9 7 

R o l l i n g R e s i s t a n c e ? 0 o 2 x 1 4 - 9 8 3 

5 * 0 6 x 1 0 0 • 5 0 6 

T o t a l R e s i s t a n c e • 1 5 0 1 8 6 

P o i n t s 1 6 & 1 7 T i m e ( s e c . ) 1 4 2 * 8 D i s t a n c e ( f t * ) 2 , 9 0 5 

G r a d e R e s i s t a n c e 7 4 « 2 2 x 2 0 x 7 o 3 $ ' 1 0 p 8 3 6 

R o l l i n g R e s i s t a n c e 7 0 * 2 x 1 4 - 9 8 3 

4 o 0 2 x 1 0 0 - 4 0 2 

T o t a l R e s i s t a n c e * 1 2 , 2 2 1 

P o i n t s 1 8 * & 1 9 T i m e ( s e e * ) 1 4 7 * 0 D i s t a n c e ( f t * ) 3 , 0 0 5 

G r a d e R e s i s t a n c e 7 4 * 0 9 x 2 0 x 1 0 0 3 $ - 1 5 , 5 6 3 

R o l l i n g R e s i s t a n c e 7 Q . * 2 x 1 4 = 9 8 3 

3 * 8 9 x 1 0 0 - 3 8 9 

T o t a l R e s i s t a n c e s 1 6 , 6 5 5 

STATIC FORCES Trip - Up 

Points 10 & 11 Time (sec.) 64 0 , Distance (fto) 10195 

Grade Resistance 76036 x 20 x 1203% ::; 18 9 785 
Rolling Resistance 7002 x 14· :;:; 983 

6016 x 100 ~ 616 

Total Reshtanee ~ 20 g 384 
i 

~ 

Points 12 '& 13 Time (sec 0 ) 9105 Distance (fto) 10785 

Grade Resistance 75062 x 20 x 1007% .- l6 0 183 
Rolling Resistance 70 0 2 x 14 ~ 983 

5,.42 x 100 ~ 542 

Total Resistance ~ 170708 

Points 14 &: 15 Time (seco) ;1.0407 Distance (fto) 2,075 

Grade Reoistance 75026 x 20 x 901% ~ 1)g697 
Rolling Resistance 70 0 2 x 14 - 983 

5006 x 100 = 506 

Total Resistance =< 150 186 

Points 16 & 17 Time (sec.) 14208 Distance (ft .. ) 2,905 

Grade Resistance 74022 x 20 x 703% ~ 10 0 836 
Rolling Resists,nee 70.2 x 14 '" 983 

4.02 x 100 "" 402 

Total Resistance ... 120221 

Points 18'& 19 Time (seco) 14700 Distance (fto) 311 005 ( 

Grad.e Resistance 74.09 x 20 x 10.3% ~ 159563 
Rolling Resistance 7Q.o2 x 14 :::; 983 

)089 x 100 ::; 389 

Total Resistance ~ 16 0 655 
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S T A T I C S U R G E S T r i p - U p 

P o i n t s T i m e ( s e c ) 1 6 0 . 1 D i s t a n c e ( f t . ) 3 , 2 8 5 

G r a d e R e s i s t a n c e 7 3 o 7 l 

R o l l i n g R e s i s t a n c e 7 0 . 2 

n 2 0 x 8 o 9 $ 

x 1 4 

I- X 1 0 0 . 

T o t a l R e s i s t a n c e 

1 3 9 1 2 6 

9 8 3 

1 4 , 4 6 3 

P o i n t s Z2 & 2 3 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

73 067 
7 0 . 2 

3 ^ 7 

( s e c . ) 1 6 2 . 9 D i s t a n c e ( f t . 

2 0 8 4 8 0 

9 8 3 

3 4 7 

x 2 0 x 1 3 o 

x 1 4 

x 1 0 0 

T o t a l R e s i s t a n c e 

3 , 3 4 5 

P o i n t s 2 4 & 2 5 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

T i m e ( s e c . ) l 8 3 o 9 D i s t a n c e ( f t . ) 3 * 8 0 5 

• 7 3 . 0 9 x 2 0 x 1 7 o 5 $ 

7 0 o 2 x 1 4 

2 o 8 9 x 1 0 0 

T o t a l R e s i s t a n c e 

2 5 . 5 8 1 

9 8 3 

2 8 9 

2 6 , 8 5 3 

P o i n t s 2 6 & 2 7 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

T i m e ( s e c . ) 1 9 3 . 0 D i s t a n c e ( f t . ) 4 , 0 1 5 

7 2 . 8 3 x 2 0 x 8 „ 1 $ 

7 0 . 2 x 1 4 

2 e 6 3 x 1 0 0 

T o t a l R e s i s t a n c e 

1 1 , 7 9 8 

9 8 3 

2 6 3 

1 3 , 0 4 4 

P o i n t s 2 8 & 2 9 T i m e ( s e c . ) 2 0 0 . 0 D i s t a n c e ( f t . ) 4 , 1 5 5 

7 2 . 6 6 x 2 0 x 4 . 

7 0 . 2 x 1 4 

2 . 4 6 x 1 0 0 

6 9 5 3 9 

9 8 3 

2 4 6 

T o t a l R e s i s t a n c e , 7 6 8 
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G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

STATIC FORCES Trip ~ Up 

Points 20 & 21 Time (seco) 16081 Distance (fto) 39 285 

Grade Resista~ce 73o?4 ~ 20 x 809% 13u 126 
RolEng Resistance 70.,2 x 14 983 

'30,:)4 x 100 .. 354 

1 Tota,l Resistance "" 14 0 463 

Points 42 & 23 Time (sec o) 162 0 9 Distance (ft.) 3~345 

Grade Resistance 7)067 x 20 x 1309% ... 20 0 480 
Rolling Resistance 7002 :x: 14 aii 983 

. 3047 x 100 iii 347 

Total Resistance "" 21~810 

Points 24 & 25 Time (seco) 183.9 Dis tance (fto) 39 805 

Grade Resistance ·7'3.09 x 20 x 1705% "" 250581 
Rolling Resistance 7002 x 14 .. 983 

2089 x 100 .. 289 

Total Resistance .. 26 9 853 

Points 26 & 27 Time (seco) 193.,0 Distance (fto) 4,015 I 

Grade Resistance 72083 x 20 x 801% = 110798 
Rolling Resistance 70.2 x 14 ,.. 983 

2.63 x 100 .... 263 

Tote,l Resis tance .. 130 044 

Points 28 & 29 Time (seco) 20000 Distance (ft.) 4,155 

Grade Resistance 72.66 x 20 x 4.5% iii 69 539 
Rolling Resistance 70.2 x 14 ;: 983 

2046 x 100 - 246 
,-

70 768 Total Resistance = 
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S T A T I C F O R C E S 

P o i n t s 3 0 & 3 1 [ s e c . ) 2 0 4 o 2 

* 2 „ 5 3 x 2 0 x 3 o 9 $ 
? 0 o 2 x 1 4 

2 o 3 3 x 1 0 0 

T o t a l R e s i s t a n c e 

D i s t a n c e ( f t . ) 4 , 2 5 5 

6 < 

P o i n t s 3 2 & 3 3 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

s e c ) 2 0 9 - 8 

? 2 0 3 8 x 2 0 x 6 , 

? 0 , 2 x 1 4 

: 2 o l 8 x 1 0 0 

T o t a l R e s i s t a n c e 

D i s t a n c e ( f t o ) 4 , 3 7 5 

9 , 

9 8 3 

1 0 , 9 0 0 

, P o i n t s 3 ^ & 3 5 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

T i m e ( s e e . ) 2 1 8 . 0 D i s t a n c e ( f t o ) 4 0 5 5 5 

7 2 . 1 6 x 2 0 x 1 1 , 

7 0 o Z x 1 4 
1 0 9 6 x 1 0 0 

9 8 3 

1 9 6 

T o t a l R e s i s t a n c e » 1 8 , 3 5 3 

P o i n t s 3 6 & 3 7 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

T i m e ( s e c ) 2 4 1 . 0 

7 1 o 5 ^ x 2 0 x 7 o 8 $ 

7 0 . 2 x 1 4 

1 , 3 4 x 1 0 0 

T o t a l R e s i s t a n c e 

D i s t a n c e ( f t . ) 

1 1 , 1 6 0 

9 8 3 

1 3 4 

1 2 9 2 ? 7 

5 , 0 4 5 

P o i n t s 3 8 & 3 9 T i m e ( s e c ) 2 4 5 . 5 D i s t a n c e ( f t . ) 5 * 1 6 5 

7 1 . 3 9 x 2 0 x 

? 0 o 2 x 1 4 

1 . 1 9 x 1 0 0 

1 9 , 9 8 9 

9 8 3 

1 1 9 

T o t a l R e s i s t a n c e 2 1 , 0 9 1 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

STATIC FOROES 'frip - Up 

Points 30 & 31 Time (seeD) 20402 DhtanlGe (fto) 40 255 

Grade Resistance 72053 x 20 x 309~ ~ 5~657 
Rolling Resistance '7002 :x 14 ~ 983 

2033 x 100 ~ 233 
i Total Resistance 69 873 "" 

Points 32 &: 33 Time (seeo) 20908 Dis tance (fto) 4u375 

Grade Resistance (20)8 x 20 x 607% .. 90 699 
Rolling Resistance 70$2 x 14 Oil 983 

~2018 x 100 iii 218 

Total Resistance ... 10 9 900 

Points 34 &: 35 Time (seeo) 218 0 0 Distance (fto) 40555 

Grade Resistance 72016 x 20 x 1109% = 17 0 174 
Rolling Resistance 7002 x 14 ... 983 

1096 x 100 ... 196 

Total Resistance \a 18 9 353 

Po ints 36 &: 3'7 Time (seeo) . 24100 Distance (fto) 5,045 

Grade Resistance 71054 x 20 x 7.8~ :;; 110 160 
Rolling Resistance 7002 x 14 "" 983 

1.34 x 100 "" 134-

Total Resistance '" 12u277 

Points 38 & 39 Time (seea) 24505 Distence (ft .. ) 5,,165 ( 

Grade Resistance 71.,39 x 20 x 14% :;:;; 190989 
Rolling Resistanee 1002 x 14- :: 983 

1019 x 100 III 119 

!.rotal Resistance ... 21 0 091 

... 

= 60 = 



STATIC FORCES Trip - Up 

Points 4 0 & 4 1 

Grade Resistance 
Rolling Resistance 

Time (sec. ) 2 5 3 o 0 

7 1 . 1 9 x 2 0 x 8 . 2 $ 

7 0 . 2 x 1 4 

0 o 9 9 * 1 0 0 

Total Resistance 

Distance (ft.) 5 . 3 2 5 

1 1 , 6 7 5 

9 8 3 

9 9 

1 2 , 7 5 7 

Points 4 2 & 4 3 

Grade Resistance 
Rolling Resistance 

Time (sec.) 2 6 4 . 1 

7 0 . 8 9 x 2 0 x 
7 0 . 2 x 1 4 

0 . 6 9 x 1 0 0 

Total Resistance 

Distance (ft.) 5 . 5 7 0 

2 . -

9 8 3 

6 9 

3 9 8 8 8 

Points 4 4 & 4 5 

Grade Resistance 
Rolling Resistance 

Time (sec.) 2 7 3 ° 5 

7 0 o 6 4 x 2 0 x 1 1 $ 

7 0 . 2 x 1 4 

0 . 4 4 x 1 0 0 

Total Resistance 

Distance (ft.) 5 , 7 7 0 

1 5 o 5 4 l 

9 8 3 

4 4 

1 6 , 5 6 8 

Points 4 6 & 4 7 

Grade Resistance 
Rolling Resistance 

Time (sec.) 2 8 4 . 5 

7 0 . 3 4 x 2 0 x 1 1 $ 

7 0 . 2 x 1 4 

0 . 1 4 x 1 0 0 

Total Resistance 

Distance (ft.) 6 , 0 1 0 

1 5 ^ 7 5 

9 8 3 

1 4 

1 6 , 4 7 2 

Point 4 8 

Grade Resistance 
Rolling Resistance 

Time (sec.) 2 9 4 . 5 

7 0 . 2 x 2 0 x 1 1 $ 

7 0 . 2 x 1 4 

Total Resistance 

Distance (ft.) 6 , 1 2 0 

1 5 , 4 4 4 

9 8 3 

1 6 , 4 2 7 

- 6 1 -

STATIC FORCES Trip - Up 

P,oint s 40 & 41 Time (sec. ) 25300 Distance (ft.) 5,325 

Grade Resis tance 71019 x 20 x 8.2% ,.. 119 6'75 
Rolling Resistance '70.2 x 14 ... 983 

0099 x 100 '" 99 

Total Resistance "" 12 9757 

Points 42 & 43 Time (sec.) 264.1 Distance (ft.) 5,5'70 

Grade Resistance 70089 x 20 x 2% :.;; 29 836 
Rolling Resistance 70.2 x 14 ::. 983 

0069 x 100 ... 69 

Total Resistance ill 3~888 

Points 44 & 45 Time (seco) 273.5 Dis tance (ft.) 5.770 

Grade Resistance 70064 x 20 x 11% g; 159541 
Rolling Resistance 70.2 x 14 ::;; 983 

0.44 x 100 .... 44 

Total Resistance ... 16 9 568 

Points 46 & 47 Time (sec.) 28405 Distance (ft.) 6,010 

Grade Resistance 70034 x 20 x 11% :; 159475 
Rolling Resistance 70.2 x 14 ... 983 

0014 x 100 = 14 

Total Resistance '" 16,472 

Point 48 Time (seco) 294.5 Distance (ft.) 6,120 

Grade Resistance 7002 x 20 x 11% :; 15,444 
Rolling Resistance 7002 x 14 :; 983 

Total Resistance = 16,427 
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S T A T I C F O R C E S T r i p - T o p a r t i n g . 

P o i n t 1 T i m e ( s e e . ) 0 D i s t a n c e ( f t o ) 0 

- 6 2 -

G r a d e R e s i s t a n c e 7 0 . 2 x 2 0 x - 4 $ a - 5 9 6 l 6 

R o l l i n g R e s i s t a n c e 7 0 . 2 x 1 4 =» 9 8 3 

T o t a l R e s i s t a n c e - - 4 0 6 3 3 

P o i n t s 2 & 3 T i m e ( s e e . ) 2 0 D i s t a n c e ( f t o ) 2 3 1 

G r a d e R e s i s t a n c e 7 0 . 4 9 x 2 0 x - 4 $ * - 5 0 6 3 9 

R o l l i n g R e s i s t a n c e 7 0 . 2 x 1 4 s 9 8 3 

0 . 2 9 x 1 0 0 , = 2 9 

T o t a l R e s i s t a n c e - = 4 0 6 2 7 

P o i n t 4 T i m e ( s e c 0 ) 3 0 D i s t a n c e ( f t . ) 3 5 0 

G r a d e R e s i s t a n c e 7 0 . 2 x 2 0 x - 4 $ ~ - 5 8 6 l 6 

R o l l i n g R e s i s t a n c e 7 0 . 2 x 1 4 s 9 8 3 

0 . 4 4 x 1 0 0 s 4 4 

T o t a l R e s i s t a n c e • - 4 0 5 8 9 

Point 1 

Grade Resistance 
Rolling Resistance 

Points 2 & :3 

Grade Resistance 
Rolling Resistance 

Point 4 

Grade Resistance 
Rolling Resistance 

STATIC JORCES 

Time (seco) 0 

70 .. 2 x 20 x -4% 
7082 x 14 

Total Resistance 

Time (seeo) 20 

70049 x 20 x -4% 
70.2 x 14 

0 .. 29 x 100 

Total Resistance 

Time (seeo) 30 

70 .. 2 x 20 x -4% 
70 0 2 :x 14 
0 .. 44 x 100 

Total Resistance 

- 62 = 

Trip - To parting. 

Distance (fto) 0 

Distance (fto) 231 

"" -50639 
;iii; 983 
~ 29 

::: ...40 627 

Distance (fto) 350 

::;: -5 D 6l6 
"" 983 
lii< 44 

:& -4D 589 



STATIC FORCES Trip - From parting. 

Point 1 Time (sec.) 0 Distance (fto) 0 

Grade Resistance 
Rolling Resistance 

25„64 x 20 x 4$ 
25.2 x 14 
0.44 x 100 

Total Resistance 

2,051 
353 

2,448 

Points 2 & 3 

Grade Resistance 
Rolling Resistance 

Time (sec*) 20 

25.36 x 20 x 
25.2 x 14 
0.16 x 100 

Total Resistance 

Distance (ft.) 219 

2,029 
353 

29398 

Points 4 & 5 

Grade Resistance 
Rolling Resistance 

Time (secD) 21 

25*3̂  x 20 x 
25o2 x 14 
0.14 x 100 

Total Resistance 

Distance (fto) 

2902? 
353 
14 

29394 

240 

Point 6 

Grade Resistance 
Rolling Resistance 

Time (sec.) 31 

25.2 x 20 x 
25.2 x 14 

Total Resistance 

Distance (ft.) 350 

200l6 
353 

2,369 
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Point 1 

Grade Resistance 
Rolling Resistance 

Points 2 & 3 

Grade Resistance 
Rolling Resistance 

Points 4 & 5 

Gr~e Resistance 
Rolling Resistance 

Point 6 

Grade Resistance 
Rolling Resistance 

STATIC FORCES 

Time (seco) 0 

25064 :x 20 :x ~ 
2502 x 14 

0044 x 100 

Total Resistance 

Time (seco) 20 

25036 :x 20 x 4% 
2502 :x 14 

0016 :x 100 

Total Resis tance 

Time (seco) 21 

25034 x 20 :x 4% 
2502 :x 14 

0014 :x 100 

Total Resistance 

Time (sec.,) 31 

2502 :x 20 :x 4% 
25.2 :x 14 

Total Resistance 

Trip ~ From partingo 

Distance (fto) 0 

~ 29 051 
~ 353 
;: 44 

== 20448 

Distance (ft.,) 219 

a; 29 029 
'"" 353 
:g 16 

... 29)98 

Dis tance (fto) 240 

ioil 20 027 
;;: 353 
5: 14 

:a 2 9 394 

Distance (ft.,) 350 



S T A T I C F O R C E S T r i p - D o w n 

P o i n t 1 T i m e ( s e c ) 0 D i s t a n c e ( f t o ) 0 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

2 5 . 2 x 2 0 x 

2 5 o 2 x 1 4 

T o t a l R e s i s t a n c e 

5 , 5 4 4 

3 5 3 

5 , 1 9 1 

P o i n t s 2 & 3 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

T i m e ( s e c ) 2 0 

2 5 o 4 9 x 2 0 x 

2 5 . 2 x 1 4 

0 o 2 9 x 1 0 0 

T o t a l R e s i s t a n c e 

D i s t a n c e ( f t . ) 2 3 1 

- 5 o 6 0 8 

3 5 3 

2 9 

- 5 „ 2 2 6 

P o i n t s 4 & 5 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

T i m e ( s e c ) 2 5 . 1 

2 5 0 6 4 x 2 0 x - 2 $ 

2 5 o 2 x 1 4 

0 . 4 4 x 1 0 0 

T o t a l R e s i s t a n c e 

D i s t a n c e ( f t . ) 3 5 0 

, , 0 2 6 

3 5 3 

4 4 

6 2 9 

P o i n t s 6 & 7 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

T i m e ( s e c ) 3 3 . 7 

2 5 . 8 9 x 2 0 x - 8 . 2 $ 

2 5 . 2 x 1 4 

0 . 6 9 x 1 0 0 

D i s t a n c e ( f t . ) 5 5 0 

- 4 , 2 4 6 

3 5 3 

6 9 

T o t a l R e s i s t a n c e 3 0 8 2 4 

P o i n t s 8 & 9 T i m e ( s e c ) 4 4 . 3 D i s t a n c e ( f t . ) 7 9 5 

G r a d e R e s i s t a n c e 2 6 d 9 x 2 0 x - 1 4 $ - - 7 9 3 3 3 

R o i l i n g R e s i s t a n c e 2 5 „ 2 x 1 4 » 3 5 3 

0 . 9 9 x 1 0 0 * 9 9 

- 6 4 -

T o t a l R e s i s t a n c e • - 6 , 8 8 1 

STA~no FOROES Trip - Down 

Point 1 Time (seco) 0 Distance (fto) 0 

Grade Resistance 2502 ~ 20 x -11% :;;: 5~544 
Rolling Resistance 2502 x 14 ~ 353 

Total Resistance =: .59 191 

Points 2 & 3 Time (seco) 20 Distance (fto) 231 

Grade Resistance 25049 x 20 x -11% I.: - 50 608 
Rolling Resistance 2502 :x 14 ... 353 

0,,29 :x 100 "" 29 

Total Resis tance ... - 5g226 

Points 4 & 5 Time (seeo) 25.1 Distance (f t • ) 350 

Grade Resistance 25064 :x 20 :x =2% :: - 19026 
Rolling Resistance 2502 :x 14 £ 353 

0044 x 100 :os 44 

Total Resistance "" - 629 

Points 6 & 7 Time (sec.) 33.7 Distance (fto) 550 

Grade Resistance 25.89 x 20 x -802~ :;0; - 40 246 
Rolling Resistance 25.2 x 14 ... 353 

0.69 x 100 ... 69 

Total Resistance "" - 30 824 

Points 8 & 9 Time (seco) 4403 Dis tance (it 0) 795 

Grade Resistance 26019 x 20 x -14% .... - 70333 
Rolling Resistance 25.2 x 14 ;; 353 

0099 :x 100 ... 99 

Total Rests tance 'iii ~ 60881 
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S T A T I C F O R C E S T r i p - D o w n 

P o i n t s 1 0 & 1 1 s e c o ) 51°2 

2 6 o 3 9 x 2 0 x - ? . 8 $ 

2 5 o 2 x 1 4 

T o t a l R e s i s t a n c e 

D i s t a n c e ( f t . ) 9 5 5 

- 4 0117 
353 
1 1 9 

- 3,645 

P o i n t s 12 & 13 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

T i m e ( s e c . ) 56.3 D i s t a n c e ( f t . ) 1 , 0 7 5 

26.54 x 2 0 x - 1 1 . 9 $ 
2 5 . 2 x 1 4 

l o 3 4 x 1 0 0 

T o t a l R e s i s t a n c e 

6,317 
353 
134 

5,830 

P o i n t s 1 4 & 15 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

T i m e ( s e e . ) 77.5 D i s t a n c e ( f t . ) 19565 

27.16 x 20 x -6.7$ 
25.2 x 1 4 

1.96 x 100 

T o t a l R e s i s t a n c e 

3,639 
353 
196 

3,090 

P o i n t s 16 & 17 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

T i m e ( s e c . ) 85.2 D i s t a n c e ( f t . ) 1,7^5 

2 7 . 3 8 x 2 0 x - 3 . 9 $ 
25 . 2 x 1 4 

2 . 1 8 x 1 0 0 

T o t a l R e s i s t a n c e 

2,136 
353 

1,565 

P o i n t s 1 8 & 1 9 T i m e ( s e c . ) 9 0 . 4 D i s t a n c e ( f t . ) 1,865 

27.53 x 2 0 x - 4.5$ 
25 . 2 x 1 4 

2.33 x 1 0 0 

- 2,478 
353 
233 

T o t a l R e s i s t a n c e - 1 , 8 9 2 
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G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

STATIC FORCES Trip - Down 

Points 10 & 11 Time (seco) 5102 Distance (fto) 955 

Grade Resistance 26039 x 20 x =708% "" - 4v 117 
Rolling Resistance 2502 x 14 ""' 353 

1019 x 100 "" 119 

Total Resistance Oil ~ 3v 645 

Points 12 & 13 Time (seeo) 560) Distance (fto) 1,,075 

Grade Resistance 26.54 x 20 x ~1109% ~ - 69 317 
Rolling Resistance 25.2 x 14 >iii 353 

1034 x 100 "" 134 

Total Resia tance "" - 5v 830 

Points 14 & 15 Time (seco) 7705 Distance (ft .. ) 1,,565 

Grade Resistance 27Q16 x 20 x -6e7% iii - 39 639 
Rolling Resistance 25 .. 2 x 14 := 353 

1096 x 100 "'" 196 

Total Resis tance iii ~ 39 090 

Points 16 &: 17 Time (sec.) 85.2 Dis tance (ft 0) 1,745 

Grade Resistance 27.38 x 20 x -3.9~ :.il - 29 136 
Rolling Resistance 2502 x 14 iii 353 

2.18 :x: 100 !iii 218 

Total Resistance .. - 10565 

Points 18 & 19 Time (sec.) 90.4 Dis tance (ft 0) 1,865 

Grade Resistance 27053 x 20 :x: -405~ :;: - 2,478 
Rolling Resistance 2502 x 14 ... 353 

2.33 x 100 "" 233 

Total Resistance w - 19 892 
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S T A T I C F O R C E S T r i p - D o w n 

P o i n t s 2 0 & 2 1 T i m e ( s e c . ) 9 4 . 7 D i s t a n c e ( f t . ) 1 , 9 6 5 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

2 7 . 6 6 x 2 0 x - 8 . 1 $ 

2 5 . 2 x 1 4 

2 . 4 6 x 1 0 0 

T o t a l R e s i s t a n c e 

- 4 , 4 8 1 

3 5 3 

2 4 6 

- 3 , 8 8 2 

P o i n t s 2 2 & 2 3 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

T i m e ( s e c . ) 1 0 0 . 8 D i s t a n c e ( f t . ) 2 , 1 0 5 

2 7 . 8 3 x 2 0 x 

2 5 . 2 x 1 4 

2 . 6 3 x 1 0 0 

T o t a l R e s i s t a n c e 

9 , 7 4 0 

3 5 3 

2 6 3 

9 , 1 2 4 

P o i n t s 2 4 & 2 5 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

( s e c . ) 1 0 9 . 7 D i s t a n c e ( f t . ) 2 , 3 1 5 

2 8 . 0 9 x 2 0 x - 1 3 o 9 $ 

2 5 . 2 x 1 4 

2 . 8 9 x 1 0 0 

T o t a l R e s i s t a n c e 

7 , 8 0 9 

3 5 3 

2 8 9 

7 , 1 6 7 

P o i n t s 2 6 & 2 7 

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

T i m e ( s e c . ) 1 2 9 . 5 D i s t a n c e ( f t . ) 2 , 7 7 5 

2 8 . 6 7 x 2 0 x - 8 . 9 $ 

2 5 . 2 x 1 4 

3 . 4 7 x 1 0 0 

T o t a l R e s i s t a n c e 

- 5 , 1 0 3 

3 5 3 

3 4 7 

- 4 , 4 0 3 

P o i n t s 2 8 & 2 9 T i m e ( s e c . ) 1 3 2 . 1 D i s t a n c e ( f t . ) 2 , 8 3 5 

2 8 . 7 4 x 2 0 x - 1 0 . 3 $ 

2 5 . 2 x 1 4 

3 . 5 4 x 1 0 0 

i 9 9 2 0 
3 5 3 

3 5 4 

T o t a l R e s i s t a n c e - 5 , 2 1 3 

- 6 6 -

G r a d e R e s i s t a n c e 

R o l l i n g R e s i s t a n c e 

STATIC FORCES Trip - Down 

Points 20 & 21 Time (sec.) 94.7 Distance (ft.) 1,965 

Grade Resistance 27.66 x 20 x -801% .. - 40481 
Rolling Resistance 25.2 x 14 =- 353 

2.46 x 100 = 246 

Total Resistance .. - 30 882 

Points 22 & 23 Time (sec.) 100.8 Dis tance (ft 0) 2,105 

Grade Resistance 27.83 x 20 x -1705% ..: - 99 740 
Rolling Resistance 25.2 :x: 14 ::;0 353 

2.63 x 100 :0: 263 

Total Resistance .. ~ 90 124 

Points 24 & 25 Time (seeo) 109~7 Dis tance (ft.) 2,315 

Grade Resistance 28.09 :x: 20 x -1309% = ~ 70 809 
Rolling Resistance 25.2 x 14 ~ 353 

2.89 x 100 ::z 289 

Total Resistance • - 7~167 

POints 26 & 27 Time (sec.) 12ge5 Distance (ft.) 2,775 

Grade Resistance 28.67 :x 20 :x -809% = 5v 103 
Rolling Resistance 25.2 :x: 14 ~ 353 

3.47 :x: 100 :;; 347 

Total Resistance :: - 40 403 

Points 28 & 29 Time (sec,,) 132.1 Distance (ft.) 2,835 

Grade Resistance 28.74 x 20 :x: -10 .. 3% = 59 920 
Rolling Resistance 25.2 :x: 14 ~ 353 

3.54 :x 100 :.: 354 

Total Resistance iii - 5,213 
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STATIC P O R O E S Trip - Down 

Points 30 & 31 

2 5 o 2 

3 . 8 9 

Time (sec0) 144 < 

x 20 x -7o3# 
x 14 

100 

Total Resistance 

Distance (f t.) 3,115 

- 4,247 
353 
389 

- 3,505 

Points 32 & 33 

Grade Resistance 
Rolling Resistance 

( s e c o ) 148.5 Distance (fto) 3,215 
29.22 x 20 x -9ol$ 
25«2 x 14 
4e02 x 100 

Total Resistance 

- 5,318 
353 
402 

- ,̂563 

Points 34 & 35 

Grade Resistance 
Rolling Resistance 

Time (sec,) 184.1 Distance (ft.) 4,045 
30 ..26 x 20 x -10 o 7$ 
25.2 x 14 
5«06 x 100 

Total Resistance 

6,476 
353 506 

5,617 

Points 36 & 37 

Grade Resistance 
Rolling Resistance 

Time (sec.) 1 9 6 0 6 Distance (ft.) 4,335 
30.62 x 20 x -12.3$ 
25.2 x 14 
5.42 x 100 

Total Resistance 

- 7,533 
353 542 

- 6,638 

Points 38 & 39 Time (sec.) 222.2 Distance (ft.) 4,925 
31.36 x 20 x 
25.2 x 14 
6.16 x 100 

,̂925 
353 616 

Total Resistance - 3,421 
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Grade Resistance 
Rolling Resistance 

Grade Resistance 
Rolling Resistance 

STATIC FORCES Tl"ip - Down 

Points 30 & 31 Time (seco) 14401 Distance (fto) 3,115 

Grade Resistance 29 009 x 20 x -703% :0: - 49 247 
Rolling Resistance 2502 :It 14 .. 353 

3 .. 89 x 100 .. 389 

Total Resis tance .. - 39505 

Points 32 & 33 Time (seco) 14805 Dis tance (ft 0) 3,215 

Grade Resistance 29022 x 20 x =901% iii - 59318 
Rolling Resistance 25e2 x 14 ... 353 

4,,02 x 100 II!! 402 

Total Resistance ... - 49563 

Points 34 & 35 Time (seco) 18401 Distance (ft~) 4,045 

Grade Resistance 30026 x 20 x -1007% = 69476 
Rolling Resistance 2502 x 14 ~ 353 

5,,06 x 100 ... 506 

Total Res is tance ~ 59 617 

Points 36 & 37 Time (sec.) 19606 Dis tance (fto) 49335 

Grade Resistance 30.62 x 20 x -12.3% :iii - 79533 
Rolling Resistance 2502 x 14 ... 353 

5.42 x 100 ... 542 

Total Resis tance ... - 69 638 

Points 38 & 39 Time (seeD) 22202 Distance (ft.) 40925 

Grade Resistance 31036 x 20 x ~7% ~ - 40925 
Rolling Resistance 2502 x 14 ... 353 

6 .. 16 x 100 ... 616 

Total Resistance iii - 30421 
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Trip - Down 

Points 42 & 43 Time (sec.) 240 .0 Distance (ft.) 5,340 

Grade Resistance 3 1 . 8 8 x 2 0 x - 6 . 7 $ - - 4 , 2 7 2 

Rolling Resistance 2 5 . 2 x 14 = 3 5 3 
6 . 6 8 x 1 0 0 = 6 6 8 

Total Resistance - - 3 „ 2 5 1 

Points 44 & 4 5 Time (sec.) 248.0 Distance (ft.) 5 . 5 2 0 

Grade Resistance 3 2 . 1 x 2 0 x -12.4$ = - 7 « 9 6 l 

Rolling Resistance 2 5 „ 2 x 14 - 3 5 3 

6 o 9 0 x 100 = 6 9 0 

Total Resistance s - 6,918 

Points 46 & 4 7 Time (sec.) 2 6 8 . 8 Distance (ft.) 6,004 

Grade Resistance 32.71 x 2 0 x - 1 2 . 4 $ » - . 8 , 1 1 2 

Rolling Resistance 2 5 . 2 x 14 - 3 5 3 
7 . 5 1 x 100 - 7 5 1 

Total Resistance • - 7,008 

Point 48 Time (sec.) 278.8 Distance (ft.) 6 , 1 2 0 

Grade Resistance 32.85 x 20 x -12.4$ » - 8,147 
Rolling Resistance 2 5 . 2 x 14 » 3 5 3 

7 . 6 5 x 100 - 7 6 5 

- 6 8 -

Grade Resistance 3 1 * 7 3 x 2 0 x - 1 3 . 9 $ s - 8,821 
Rolling Resistance 2 5 . 2 x 14 - 3 5 3 

6 . 5 3 x 1 0 0 - 6 5 3 

Total Resistance • - 7 , 8 1 5 

Points 40 & 41 Time (sec.) 2 3 5 „ 0 Distance (ft.) 5 . 2 2 5 

Total Resistance = - 7 , 0 2 9 

STATIC FOROES Trip - Down 

Points 40 & 41 Time (sec.) 23500 Distance (fto) 5,225 

Grade Resistance 31.73 x 20 x -1309% "" 89821 
Rolling Resistance 25 .. 2 x 14 ... 353 

6053 x 100 - 653 

Total Resistance "" - 79 815 

Points 42 & 43 l'ime (sec.) 240,,0 Dis tance (ft.) 5,340 

Grade Resistance 31.88 x 20 x ~6&7% :;:;; - 49 272 
Rolling Resistance 25Q2 x 14 ;;:; 353 

6.68 x 100 ;;:; 668 

Total Resistance ;:;; - 30 251 

Points 44 & 45 Time (sec.) 248 .. 0 Distance (ft 0) 5,520 

Grade Resistance 3201 x 20 x -12.4% :;;; - 79961 
Rolling Resistance 2502 x 14 := 353 

6090 x 100 ;;:; 690 

Total Resistance "" - 69 918 

Points 46 & 47 Time (sec.) 268.8 Distance (ft.) 6,004 

Grade Resistance 32e71 x 20 x -1204% "" - 89 112 
Rolling Resistance 25.2 x 14 "" 353 

7.51 x 100 ... 751 

Total Resistance '"' = 79 008 

Point 48 Time (sec .. ) 278.8 Dis tance (ft.) 6.120 

Grade Resistance 32.85 x 20 x -1204% ... - 80 147 
Rolling Resistance 25.2 x 14 ~ 353 

7.65 x 100 ... 765 

Total Resistance = - 7i 029 
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H o i s t F r i c t i o n ( e f f i c i e n c y = 8 0 $ ) 

U p T r i p 

A v e r a g e s t a t i c f o r c e - 3 9 6 , 7 8 4 s 1 5 9 8 7 1 # 

2 5 

lSi&Zl * 1 9 , 8 3 9 # 

O o S O 

1 9 , 8 3 9 - 1 5 , 8 7 1 - 3 , 9 6 8 # - h o i s t f r i c t i o n 

D o w n T r i p 

A v e r a g e s t a t i c f o r c e « 1 2 5 , 3 7 8 s 5 , 0 1 5 # 

2 5 

h£H = 6 9 2 6 9 # 

0 o 8 0 

6 8 2 6 9 - 5 , 0 1 5 s i 0 2 5 4 # = h o i s t f r i c t i o n 

E s t i m a t e d h o r s e p o w e r . 

1 5 9 6 2 2 + 3 , 9 6 8 - 1 9 9 5 9 0 # ~ A v e r a g e f u l l s p e e d f o r c e u p t r i p . 

4 0 9 2 0 - 1 , 2 5 4 - 3 , 6 6 6 # = A v e r a g e f u l l s p e e d f o r c e d o w n t r i p . 

_ f o r c e x v e l o c i t y = ( 1 9 , 5 9 0 * 3 , 6 6 6 ) x 1 , 3 5 3 x 1 2 5 $ . 5 9 6 H o p # e 8 t # 

3 3 , o o o 2 x 3 3 9 o o o 

- 6 9 -

Hoist Fri~tion (efficiency = 80%) 

Up Trip 

Average static foree ~ J96 v784 § 159871 * 
25 

~ = 190 839 * 
0080 

Down Trip 

Average static for~e ~ 1259378 ~ 5n 015 * 
25 

5u 015 ~ 69 269 * 
0080 

69269 = 5g 015 ~ 10254 * ~ hoist friction 

Estimated horsepower. 

150622 + 3.968 ~ 19 9 590 * ~ Average full speed force up trip. 

40920 - 1.254 ~ 39666 * ~ Average full speed force down trip. 

force x velocity _ (190590 + 30666) x 10 353 x 125% 6 
EP - - ~ 59 Ho P. est. 

- 330000 2 x 33.000 

= 69 -
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Point 
Time (sec) 
Distance Traveled 

Static Porce (#) 
Friction (#) 
Ace & D e c (#) 
Total Porce (#) 

Horsepower 

Point 
Time (sec) 
Distance Traveled 

Static Force (#) 
Friction (#) 
Acc & Dec (#) 
Total Force (#) 

Horsepower 

Point 
Time (sec) 
Distance Traveled 
Static Force (#) 
Friction (#) 
Acc & D e c (#) 
Total Force 

Horsepower 

1 2 
0 20 
0 219 

2 1 , 0 4 8 20,961 
3 9 9 6 8 3,968 
9 9 4 1 0 9 , 4 1 0 

34,426 34,339 

1 9 3 72 1,368 

18=19 20-21 
1 4 ? .0 160.1 
3,005 3,285 

1 6 9 6 5 5 1 4 9 4 6 3 
3,968 3,968 

20 9 623 18,431 

8 2 2 735 

38-39 4 0 - 4 1 

2 4 5 . 5 253.0 
5,165 5,325 

2 1,091 12,757 
3,968 3,968 

25,059 16,725 

998 666 

SUMMATION 

3 4-5 
20 37 *4 
219 600 

20996l 129004 
3,968 3,968 

24,929 15,972 

994 6 3 6 

22=23 2 4-25 
162.9 1 8 3 0 9 
3,3^5 3,805 

21,810 269853 
3,968 3 , 9 6 8 

25,778 3 0 , 8 2 1 

1,026 1 , 2 2 8 

4 2 ^ 4 3 44-45 
2 6 4 . 1 273.5 
5.570 5,770 

3,888 16,568 
3,968 3,968 

7,656 20,536 

313 819 

SUMMATION 

Point 1 2 3 4~5 
Time (sec.) 0 20 20 37.,4 
Distance Traveled 0 219 219 600 

Static Force (:{I:) 21 9 048 20 9 961 20,961 12~004 
Friction (*) 39 968 3,968 3,968 39968 
Acc. & Dec" (rfI.) 9,410 9,410 
Total Force (*) 34~426 34,339 24 9 929 159972 

Horsepower 1,372 1,368 994 636 

Point 18=19 20-21 22-23 24~25 
Time (sec.) 141,,0 16001 16209 18309 

~ Distance Traveled 3~O05 3,285 )9345 3,805 
0 

Static Force (*) 16 0 655 149 463 21 9 810 26,853 
Friction (*) 39968 ),968 3,968 39 968 
Ace. & Dece (:/f) 
Total Force (.g.) 20 9 623 18,431 25 e778 30»821 

Horsepower 822 735 1,026 1,228 

Point 38-39 40-41 42.4j 44-45 
Time (sec .. ) 24.5,,5 253.0 264.1 273., 
Distance Traveled 5,165 5,325 5,570 5,770 

Static Force (*) 21,091 12\1757 3.888 16,568 
Friction (*) 3,968 3,968 3,968 3,968 
Acc. & Dec. <f) 
Total Force 25.059 16,725 7.$56 20.536 

Horsepower 998 666 313 819 



SUMMATION 

Point 1 2 3 

Time (see) 0 2 0 2 0 

Distance Traveled 0 2 3 1 2 3 1 

Static Force (#) - 4 - 9 6 2 7 ^ 0 6 2 7 

Friction (#) 1 P 2 5 ^ 1 5 2 3 ^ 

A c e & Dee (#) 9 , 3 8 0 9 , 3 8 0 - 1 2 0 3 8 0 

Total Force (#) 6 9 o o i 6 , 0 0 7 - 1 5 , 7 5 3 

Horsepower 2 5 2 o 5 2 5 2 0 5 - 6 6 4 

SUMMATION 

Point 1 2 3 
Time (seco) 0 20 20 
Distance Traveled 0 231 231 

Static Foree (I) -49 633 -4~627 ...40 627 
Frio tion (#=) 1~254 lp254- 19 2,54 
Ace., & Deco (:if) 99380 99380 - 120)80 
Total Force (*) 60 001 69 007 -159753 

Horsepower 25205 25205 664 

-..] 
t-' 

I 



Trip - To Parting 

k 
3 0 

3 5 0 

- 1 2 * 3 8 0 

= 1 5 , 7 5 0 

- 66k 



SUMMATION 

Point 
Time (sec0) 
Distance Traveled 

1 

0 

0 

2 

2 0 

2 1 9 

3 

2 0 

2 1 9 

Static Force (#) 
Friction (#) 
Acco & Dec<> (#) 
Total Force (#) 

3 , 9 6 8 

5 , 8 6 0 

1 2 , 2 7 6 

2 , 3 9 8 

3 , 9 6 8 

5 , 8 6 0 

1 2 , 2 2 6 

2 , 3 9 8 

3 9 9 6 8 

6 , 3 6 6 

Horsepower 4 8 9 488 2 5 ^ 

SUMMATION 

Point 1 2 J 
Time (seco) 0 20 20 
Distance Traveled 0 219 219 

St a t ic Foree (f) 29448 29398 20 )98 
Fric tion (I) 39968 30 968 39 968 
Acc o & Deco (f) 59860 59 860 
Total For>ce (*) 120 276 129226 6 9 366 

Horsepower 489 488 2.54-

....;J 
N 

i 



Trip Prom Parting 

4 

2 1 

2 4 0 

5 
2 1 

2 4 0 

6 
31 
350 

2,394 
3*968 

3,362 

29394 
3,968 

-119660 
- 5,298 

29369 
3,968 

=11,660 
- 5,323 

254 211 - 212 

Trip - From Parting 

4 5 6 
21 21 31 

240 240 350 

29394 29394 29369 
)9 968 30 968 )9968 

- 11 0660 =11 9660 
)0 362 = 59298 = 59323 

2;4 211 212 



P o i n t 

T i m e ( s e e 0 ) 

D i s t a n c e T r a v e l e d 

P o i n t 

T i m e ( s e c 0 ) 

D i s t a n c e T r a v e l e d 

S t a t i c F o r c e ( # ) 

F r i c t i o n ( # ) 

A c c . & D e e * ( # ) 

2otal F o r c e ( # ) 

H o r s e p o w e r 

P o i n t 

T i m e ( s e e ) 

D i s t a n c e T r a v e l e d 

S t a t i c F o r c e ( # ) 

F r i c t i o n ( # ) 

A c e & D e e ( # ) 

T o t a l F o r c e ( # ) 

Horsepower 

1 2 

0 2 0 

0 2 3 1 

- 5 , 1 9 1 - 5 , 2 2 6 

1 , 2 5 4 1 9 2 5 4 

6 9 l 6 0 6 9 l 6 0 

2 9 2 2 3 

9 3 o 6 

2 g 1 8 8 

9 2 o l 

1 8 - 1 9 2 0 = 2 1 

9 0 ° 4 9 4 , ? 

1 9 8 6 5 1 , 9 6 5 

- 1 9 8 9 2 - 3 , 8 8 2 

1 , 2 5 4 1 , 2 5 ^ 

- 6 3 8 

- 2 6 e 9 

— 2 9 6 2 8 

- H Q 0 8 

3 8 - 3 9 4 0 - 4 1 

2 2 2 o 2 2 3 5 0 O 

4 , 9 2 5 5 , 2 2 5 

= 3 , 4 2 1 - 7 , 8 1 5 

1 , 2 5 4 1 , 2 5 4 

- 2 , 1 6 7 - 6 , 5 6 1 

- 9 1 . 3 - 2 7 6 * 5 

SUMMATION 

3 4 - 5 

2 0 2 5 o l 

2 3 1 3 5 0 

- 5 , 2 2 6 - 6 2 9 
1 , 2 5 4 1 , 2 5 4 

- 3 , 9 7 2 6 2 5 

- 1 6 7 . 2 2 6 0 3 

2 2 - 2 3 2 4 - 2 5 

1 0 0 o 8 1 0 9 o 7 

2 , 1 0 5 2 9 3 1 5 

- 9 9 1 2 4 ^ 7 , 1 6 7 

• = 7 , 8 7 0 - 5 , 9 1 3 

- 3 3 2 - 2 4 9 

4 2 - 4 3 4 4 - 4 5 

2 4 0 * 0 2 4 8 o 0 

5 , 3 4 0 5 , 5 2 0 

- 3 , 2 5 1 - 6 , 9 1 8 

1 , 2 5 4 1 , 2 5 4 

- 1 , 9 9 7 - 5 , 6 6 4 

- 8 4 - 2 3 9 

6 - 7 8 - 9 

3 3 . 7 4 4 , 3 

5 5 0 7 9 5 

- 3 , 8 2 4 - 6 9 8 8 1 

-2,570 = 5 , 6 2 7 

~ ! 0 8 o 2 - 2 3 7 

2 6 - 2 7 2 8 - 2 9 

1 2 9 o 5 1 3 2 . 1 

2 , 7 7 5 2 , 8 3 5 

- 4 , 4 0 3 - 5 , 2 1 3 

1 , 2 5 4 1 , 2 5 ^ 

- 3 , 1 4 9 - 3 , 9 5 9 

- 1 3 2 „ 5 - l 6 6 » 7 

4 6 4 7 

2 6 8 0 8 2 6 8 0 8 

6 , 0 0 4 6 9 0 0 4 

- 7 , 0 0 8 - 7 , 0 0 8 

1 , 2 5 4 1 , 2 5 4 

- 1 9 , 9 0 0 

- 5 , 7 5 4 - 2 5 , 6 5 4 

- 2 4 2 . 5 - 1 , 0 8 2 

Trip - D o w n 

1 0 - 1 1 1 2 - 1 3 

5 1 . 2 5 6 . 3 

9 5 5 1 , 0 7 5 

- 3 , 6 4 5 - 5 , 8 3 0 

1 , 2 5 4 1 , 2 5 4 

- 2 9 3 9 l - 4 , 5 7 6 

- 1 0 0 « 9 - 1 9 3 

3 0 - 3 1 3 2 - 3 3 

i 4 4 a 1 4 8 , 5 

3 , 1 1 5 3 , 2 1 5 

- 3 , 5 0 5 - 4 , 5 6 3 

1 , 2 5 4 1 , 2 5 4 

- 2 , 2 5 1 - 3 , 3 0 9 

- 9 4 * 9 - 1 3 9 0 2 

4 8 

2 7 8 0 8 

6 , 1 2 0 

- 7 , 0 2 9 

1 , 2 5 4 

- 1 9 , 9 0 0 

- 2 5 , 6 7 5 

- 1 , 0 8 3 

1 4 - 1 5 1 6 - 1 7 

7 7 . 5 8 5 * 2 

1 , 5 6 5 1 9 7 4 5 

- 3 , 0 9 0 - 1 , 5 6 5 

1 , 2 5 4 1 , 2 5 4 

_ i i ] 
—L9OJQ 

- 7 7 . 3 

— JX.X. 

- 1 3 « 1 

3 4 - 3 5 3 6 - 3 7 

1 8 4 o l 1 9 6 0 6 

4 , 0 4 5 4 , 3 3 5 

- 5 , 6 1 7 - 6 , 6 3 8 

1 , 2 5 4 1 , 2 5 4 

- 4 , 3 6 3 - 5 , 3 8 4 

- 1 8 4 - 2 2 7 

S t a t i c F o r c e ( # ) 

F r i c t i o n ( # ) 

A c e & D e e ( # ) 

T o t a l F o r c e ( # ) 

H o r s e p o w e r 

SUMMATION Trip - Down 

Point 1 2 :3 4-5 6-7 8-9 10-11 12-13 14-15 16-17 
Time (sec.) 0 20 20 2501 3307 44 .. 3 51,,2 56 .. 3 77-05 8502 
Distance Traveled 0 231 231 350 550 795 955 11)075 Ip565 19745 

Static Force (*) =59 191 -59 226 =.59 226 = 629 =)9 824 -6~881 -3~645 -59 830 =39 090 -1;565 
F:d.etion (of) 19 254 19 254- 19 254- 19 254 19 254- 19 254- 19 254- 19254- 1;254- 1;254 
Aceo & Deco (*) 6;160 69 160 
Total Fe:c\S~ (+> 29 223 29188 =3 9 972 625 =29570 =59 627 -29391 -49576 -19 836 - 311 

Horsepower 9306 9201 -167.2 2603 =10802 - 237 -100,,9 - 193 - 77,,3 - 1301 

Point 15=19 20=21 22-23 24-25 26-,27 28=-29 30-31 32-33 34-35 36=37 
~ime (sec.) 90,,4 9407 10008 1090( 129,,5 132,,1 144Q1 148 .. 5 184,,1 196,,6 
Distance Traveled 19865 19965 29 105 29315 29775 29 835 39 115 )9 215 49045 49335 

-...] Static Force (f) -19 892 -3 9 882 -99 124 =79167 -49403 -59 213 -39505 -4;563 -59 61 '7 -6 9 638 
\.oJ Friction (t/r) 19 254 1;254 19254- 1~254 19254 19 2.54- 192.54- 19254 19254 192,54 

Ac~~ & Decs (r{f) -

!otal Fo:ree (*) - 638 -29 628 =7 9 870 =59913 =39 149 -30959 -29 251 .... 39309 -49363 -.59384 

HOI"sepcrwe~ - 2609 =110 0 8 .... 332 = 249 =13205 =166 0 7 - 94,,9 =139,,2 - 184 = 227 

Point 38=39 40...41 42=43 44=45 46 47 48 
Time (sec:,,) 22202 235,,0 240.,0 248,,0 268,,8 268.,8 278 .. 8 
Distance Traveled l}g 925 50 225 59340 59520 69004 69 004 6g 120 

Static Force el) =3 9 421 -79 815 -39 251 -6 9 918 .... 79°08 -79 008 -79 029 
Friction (*) 1~254 19254- 19 254 19 254- 19 254- 19 254 19 254 
Acc~ & Deco (fir, -19~900 -199900 
Total Foree <,) -29 167 -69561 -10997 -59 664 -59754- -259 654- -259 675 

Horsepower. - 91 .. 3 -27605 84 - 239 -242.5 - 19 082 - 1,083 



Up Trip 

Area 

1 - 2 1/2 ( 1 , 3 7 2 2 4- 1 „ 3 6 8 2 ) X 20 3 37,538,080 

3 - 4 1/3 (9942 + 6 3 6 2 4 - 9 9 ^ x 636) x 1 7 o 4 = 11,743,3^7 

5 - 6 1/3 (6362 + lo0752 + 636 x 10075) X 8o2 = 6,133,108 

7 - 8 1/3 (l,0752 + 6512 + 1,075 x 651) X 5 c 2 - 3,950,700 

9 - 10 1/3 (6512 +• 9 7 0 2 + 651 x 9 7 0 ) X 1 3 o 7 = 9,115,843 

11 - 12 1/3 ( 9 7 0 2 + 8 6 3 2 + 970 x 863) X 2 7 o 0 = 22,705,002 

13 - 14 1/3 ( 8 6 3 2 + 7632 + 863 x 763) X I 3 c 2 * 8,735,786 

15 - 1 6 1/3 ( 7 6 3 2 + 6442 + 763 x 644) X 38ol * 18,901,105 

17 - 18 1/3 (6442 f 8222 4 644 x 822) X 4 0 2 * 2,267,702 

19 mm 20 1/3 (8222 + 7352 + 822 x 735) X 13»1 - 7,947,678 

21 - 22 1/3 (7352 + 1 0 0 2 6 2 +> 735 x 10026) X 2o8 * 2,190,5^ 

23 - 24 1/3 (l,0262 4- 1,228 2 + 10026 x 1 , 2 2 8 ) X 2 l o 0 * 26 , 7 4 4,109 

25 - 26 1/3 (1.2282 + 6782 + 1,228 x 678) X 9ol 5 5 8 , 4 9 4 , 0 9 5 

2 7 - 28 1/3 (6782 4- 467 2 + 678 x 467) X 7o0 - 2,320,262 

2 9 - 30 1/3 (4672 4- 432 2 + 467 x 432) X 4 . 2 849,038 

31 - 32 1/3 (4322 +• 5912 + ^32 x 591) X 5.6 = l,*+76,938 

33 - 34 1/3 (5912 f 8892 4- 591 x 8 8 9 ) X 8o2 - 4,551,000 

35 - 36 1/3 ( 8 8 9 2 4- 6472 f 8 8 9 x 647) X 23„0 = 13,601,533 

3 7 - 38 1/3 (6472 4- 9 9 8 2 f 647 x 9 9 8 ) X ^ 5 - 3,075,^80 

39 - 40 1/3 C9982 4- 6662 + 998 x 666) X 8„5 s 5.961 , 9 7 7 

41 - 42 1/3 (6662 4- 3132 4 . 666 x 313) X * 2 , 7 7 4 , 9 3 3 

4 3 - 4 4 1/3 C3132 +. 8192 4- 313 x 819) X 8 o 4 = 2,870,213 
4 5 - 46 1/3 C8192 4, 8l62 4- 819 x 816) X lloO - 7 , 3 5 1 , 3 7 7 

4 7 - 48 1/2 U05.5 2 + 1052) X 1 0 110,780 

- 7 4 -

Up Trip 

Area 

1 - 2 1/2 (1 9 3122 + 103682) x 20 = 31.5:38,080 

3 - 4 1/3 (9942 + 6362 + 994 x 636) x 1704 ::: 11,143.341 

5 - 6 1/3 (6362 + 100752 + 636 x 10 015) x 802 ::: 6,133.108 

7- 8 1/3 (1,0152 + 6512 + 10075 x 651) x ;02 :: 3.950.700 

9 - 10 1/3 (6512 + 9702 + 651 x 970) x 1307 ::: 90 115,843 

11 - 12 1/3 (9702 + 8632 + 970 x 863) x 2700 = 22,705,002 

13 - 14 1/3 (8632 + 7632 + 863 x 763) x 1302 = 8,735,786 

15 - 16 1/3 (7632 + 6442 ~ 763 x 644) x 3801 .. 180 901,105 

17 - 18 1/3 (6442 t 8222 ~ 644 x 822) x 402 - 20 267.702 

19 - 20 1/3 (8222 + 1352 + 822 x 135) x 1301 .. 7,941,618 

21 - 22 1/3 (7352 + 100262 + 135 x 10 026) x 208 .. 2,190 0 544-

23 - 24 1/3 (1 0 0262 + 192282 + 10 026 x 10228) x 2100 "" 26 0 744,109 

25 - 26 1/3 (1,2282 + 6182 + 1,228 x 678) x 901 = 8,494,095 

27 - 28 1/3 (6782 + 4672 + 618 x 467) x 7 .. 0 - 2,320,262 

29 - 30 1/3 (4672 ~ 4322 + 467 x 432) x 402 :: 849,038 

31 - 32 1/3 (4322 + 5912 + 432 x ;91) x 506 = ~,476.938 

33 - 34 1/3 (5912 t 8892 + 591 x 889) x 802 '" 4,551,000 

35 - 36 1/3 (8892 + 6472 t 889 x 647) x 2)00 = 13,601,533 

37 - 38 1/3 (6472 + 9982 t 647 x 998) x 4D5 - 3.075.480 

39 - 40 1/3 (9982 + 6662 + 998 x 666) :x 805 ;::; ;,961,977 

41 - 42 1/3 (6662 + 3132 + 666 x 313) :x 1101 .. 2.774,933 

43 - 44 1/3 (3132 
t 8192 + 313 x 819) x 804 = 2,870,213 

45 - 46 1/3 (8192 + 8162 
t 819 x 816) x 1100 - 7,351.377 

47 - 48 1/2 (105.52 + 10;2) x 10 110.780 
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To Parting 

Area 

1 - 2 1 / 2 ( 2 5 2 „ 5 2 * 2 5 2 o 5 2 ) x 2 0 o 0 - 1 , 2 7 5 , 1 2 0 

3 - 4 1 / 2 (~6642 + ~ 6 6 4 2 ) x 1 0 , 0 = 4,408,960 

F r o m Parting to Top 

Area 

1 - 2 1 / 2 ( 4 8 9 2 + 4 8 8 2 ) , x 2 0 e 0 = 4,772,640 

3 - 4 1 / 3 ( 2 5 4 2 * 2 5 4 2 4 2 5 4 x 2 5 4 ) x . 1 . 0 = 6 4 , 5 1 6 

5 - 6 1 / 2 ( ~ 2 1 1 2 + - 2 1 2 2 ) x 1 0 o 0 = 4 4 7 , 3 2 0 

- 7 5 -

Area 

1 - 2 

3 - 4 

Area 

1 - 2 

:3 - 4 

5 - 6 

To Parting 

1/2 (252052 ~ 252052) 

1/2 (=6642 ~ _6642) 

From Parting to Top 

1/2 (4892 + 4882) 

1/3 (2542 + 2542 
{> 254 x 254) 

1/2 ( ~2112 + =2122) 
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x 2000 = 1 v275,120 

x 10 0 0 = 4,408,960 

x 20 0 0 - 4,772 0 640 -

x 1.0 = 64,516 

x 10 0 0 = 447.320 



Down Trip 
Area 

1 - 2 1 / 2 ( 9 3 o 6 2 * 
2 , 

9 2 o l ) X 2 0 . 0 
_ 

1 7 2 , 4 2 0 

3 - 4 1 / 3 ( - 1 6 7 . 2 2 + 2 6 o 3 2 - 1 6 7 . 2 x 2 6 . 3 ) X 5 . 1 
r 4 1 , 2 2 8 

5 - 6 1 / 3 ( 2 6 o 3 2 + - 1 0 8 o 2 2 2 6 . 3 x - 1 0 8 . 2 ) X 8 0 6 = 
2 7 . 4 1 7 

7 - 8 1 / 3 ( - 1 0 8 . 2 2 + - 2 3 7 2 f- - 1 0 8 . 2 x - 2 3 7 ) X 1 0 . 6 3 3 0 , 4 3 4 

9 - 1 0 1 / 3 ( - 2 3 7 2 f - 1 0 0 o 9 2 t- - 2 3 7 x - 1 0 0 . 9 ) X 6 . 9 2 0 7 , 6 0 7 

1 1 - 1 2 1 / 3 ( - 1 0 0 . 9 2 * ^ 1 9 3 2 + . 1 0 0 . 9 x - 1 9 3 ) X 5 . 1 s 1 1 3 . 7 3 5 

1 3 - 1 4 1 / 3 ( - 1 9 3 2 f - 7 7 o 3 2 4= - 1 9 3 x - 7 7 . 3 ) X 2 1 . 2 - 4 1 0 , 8 7 7 

1 5 - 1 6 1 / 3 ( - 7 7 o 3 2 i - - 1 3 . I 2 4 - - 7 7 . 3 x -13<>l) X 7 . 7 - 1 8 , 3 8 0 

1 7 - 1 8 1 / 3 ( - 1 3 . 1 2 4= - 2 6 o 9 2 t - 1 3 . 1 x - 2 6 o 9 ) X 5 . 2 = 2 , 1 6 3 

1 9 - 2 0 1 / 3 ( - 2 6 . 9 2 ^ h - 1 1 0 . 8 2 + - 2 6 0 9 x - 1 1 0 . 8 ) X 4 o 3 s 2 2 9 9 0 6 

2 1 - 2 2 1 / 3 ( - 1 1 0 . 8 2 + - 3 3 2 2 + - 1 1 0 . 8 x - 3 3 2 ) X 6 . 1 = 3 2 3 . 8 8 6 

2 3 - 2 4 1 / 3 ( - 3 3 2 2 + - 2 4 9 2 +• - 3 3 2 x - 2 4 9 ) X 8 . 9 = 7 5 6 , 1 8 0 

2 5 - 2 6 1 / 3 ( - 2 4 9 2 + - 1 3 2 . . S 2 *• - 2 4 9 x - 1 3 2 . 5 ) X 1 9 . 8 = 7 4 2 , 8 3 7 

2 7 - 2 8 1 / 3 ( - 1 3 2 . 5 2 + = 1 6 6 . 7 2 t - 1 3 2 . 5 x 1 6 6 . 7 ; Ix 2 . 6 5 8 , 4 4 3 

2 9 - 3 0 1 / 3 ( - 1 6 6 . 7 2 « , - 9 4 . 9 2 + - 1 6 6 . 7 x - 9 4 . 9 ) X 1 2 o 0 2 1 0 , 4 5 6 

3 1 - 3 2 1 / 3 ( - Q 4 . 9 2

 H u - 1 3 9 . 2 2 - 9 4 . 9 x - 1 3 9 . 2 ) X 4 . 4 = 6 1 , 0 0 2 

3 3 - 3 4 1 / 3 ( - 1 3 9 . 2 2 t - 1 8 4 2 4 - - 1 3 9 . 2 x - 1 8 4 ) X 3 5 . 6 = 9 3 5 . 6 3 9 

3 5 - 3 6 1 / 3 ( - 1 8 4 2 + - 2 2 7 2 + - 1 8 4 x - 2 2 7 ) X 1 2 . 5 5 2 9 , 8 0 0 

3 7 - 3 8 1 / 3 C - 2 2 7 2 4- - 9 1 o 3 2 ¥ -2Z7 x - 9 1 . 3 ) X 2 5 . 6 = 6 8 7 , 6 9 3 

3 9 - 4 0 1 / 3 ( - 9 1 . 3 2 n K ^ 2 ? 6 o 5 2 f - 9 1 . 3 x - 2 7 6 . 5 ) X 1 2 c 8 = 4 6 9 , 4 6 6 

4 l - 4 2 1 / 3 ( - 2 7 6 . 5 2 f - 8 4 2 4 - - 2 7 6 . 5 x - 8 4 ) X 5 o 0 1 7 7 , 8 9 0 

4 3 - 4 4 1 / 3 ( - 8 4 2 + -- 2 3 9 2 4 - 8 4 x - 2 3 9 ) X 8 . 0 = 2 2 4 , 6 7 2 

4 5 - 4 6 1 / 3 ( - 2 3 9 2 + - 2 4 2 „ 5 2 + - 2 3 9 x - 2 4 2 . 5 ) X 2 0 . 8 1 , 2 0 5 , 6 1 0 

4 7 - 4 8 1 / 2 ( - 1 , 0 8 2 2 + - 1 0 0 8 3 2 ) X 1 0 . 0 1 1 , 7 1 8 ^ 0 7 0 

- 7 6 -

Down Trip 

Area 

1 - 2 1/2 (93062 +- 9201
2

) x 2000 = 172,420 

3 - 4 1/3 (-167.22 + 26032 ~ -167.2 x 26.3) x 501 ::.:: 41,228 

5 - 6 1/3 (26032 + -1080zZ ~ 26.3 x -108.2) x 806 := 27.417 

7 - 8 1/3 (-108G22 ~ -2372 ~ -108.2 x -237) x 1006 :: 330.434 

9 - 10 1/3 (-2372 t -100092 ~ -237 x -100.9) x 609 :: 2079 607 

11 - 12 1/3 (-100092 + -1932 + ~100.9 x -193) x 5.1 = 113.735 

13 - 14 1/3 (-1932 +- -77032 + -193 x -77.3) x 2102 :: 410,877 

15 - 16 1/3 (-77032 ~ -13012 + -7703 x !1301) x 7.7 :: 18,380 

17 - 18 1/3 (_13.12 ~ ~26092 t -13.1 x -2609) x 5.2 ::: 2,163 

19 - 20 2 2 ) 1/3 (-2609 + -110.8 + -2609 x -110.8 x 4.3 :: 229906 

21 - 22 1/3 (_110082 + -3322 + -110.8 x -332) x 601 :::: 323,886 

23 - 24 1/3 (-3322 + _2492 + -332 x -249) x 8.9 = 756.180 

25 - 26 1/3 (-2492 .. -132.52 to -249 x -132.5) x 19 .. 8:: 742,837 

27 - 28 22· 1/3 (-132.5 + ~16607 t -132.5 x 16607)x 206 = 58 9 443 

29 - 30 1/3 (-166.72 ~ -94.92 + -16607 x -94.9) x 12 0 0= 210,456 

31 - 32 1/3 (-94.92 ~ -139022 t -94.9 x -139.2) x 4.4= 61,002 

33 - 34 1/3 (-139.22 t _1842 + -139.2 x -184) x 35.6 :::: 935.639 

35 - 36 1/3 (_1842 + _2272 + -184 x -227) x 12.5" 529,800 

37 - 38 1/3 (-2272 + -91032 + -227 x -91.3) x 2506 ::; 687,693 

39 - 40 1/3 (-91.32 + -276052 + -91.3 x -276.5) x 1208 = 469.466 

41 - 42 1/3 (-276.52 + _842 + -276.5 x -84) x 50 0 .. 177,890 

43 - 44 1/3 (_842 + -2392 + -84 x -239) x 8 0 0 ::: 224,672 

45 - 4,6 
22· 

1/3 (-239 +- 242.5 + -239 x -242.5) x 20.8 :: 1,205.610 

47 - 48 /22 1 2 (-1.082 + -10083 ) x 10.0 :: 11.718 .. 070 
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H „ P » s e c o - 241,827,997 

Total effective time - Acc. 80 sec 
Dec* 40 sec. 

Total 120 see x l / 2 - 6 0«0 sec 

Rest ...... 7 5 see x l/4 « 18 * 7 5 sec, 

Full speed , ̂  ............ « 5 1 4 * 5 sec 

TOTAL ^ 5 9 3 • 2 5 sec, 

Root mean square rating © f motors / 241,827,997 
59 3 . 2 5 

= 5 9 8 H „ P o total, or 2 9 9 H » P . each motor 

/ 241,827,997 = ^ 3 5 7 , 2 5 0 

Two 3 0 0 - H a P o motors may "be used0 A pull-out torque of at least 

LL2Z? s 2e29 times that at the rated H , P . is required,, 
6 0 0 

- 7 7 

Total Ho Po seCD ~ 241 0 827.997 

Total effect ive time ~ 

Total 

Rest 

Acc. 80 sec. 
Dec. 40 sec. 

120 sec. x 1/2 ~ 6000 sec. 

75 sec. x 1/4 ~ 18975 sec. 

Full speed •• , .-11' 0 0 0 II 0 0; II 0 0 .. iii 0 

TOTAL ~ 593025 sec. 

Root mean square rating of motors ~ "24108270997 : 
593025 

= 598 Ho Po tota1 v or 299 Ho P. eaeh motor. 

Two 300-H.Po motors may be usedo A pu11-out torque of at least 

1,372 ::: 2.29 times that at the rated ;~o P. is required. 
600 
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I n a n y o p e r a t i o n i n c o a l m i n i n g i t i s d e s i r a b l e t o k e e p t w o w o r d s f o r e 

m o s t i n m i n d s C o m p a r a b l e a c c u r a c y « I t i s c l e a r l y s e e n t h a t t h e h o i s t o n 

N o . 2 s l o p e h a s m o r e p o w e r t h a n i s r e q u i r e d . 

I f t h e s l o p e h a d b e e n g r a d e d f r o m t h e c u r v e t o 8 t h E a s t a t a u n i f o r m 

s l o p e o f 1 0 - 1 / 2 p e r c e n t , t h e f o l l o w i n g s i t u a t i o n w o u l d e x i s t s 

D a t a s 1 1 c a r t r i p s 

1 0 - 1 / 2 $ g r a d e 

1 - 1 / 4 " r o p e 

G r a d e R e s i s t a n c e s 

9 3 o 4 5 t o n s x 2 0 # / t o n / $ g r a d e x 1 0 „ 5 $ s 1 9 * 6 2 5 # 

R o l l i n g R e s i s t a n c e s 

8 5 o 8 t o n s x 1 4 # / t o n ~ 1 „ 2 0 1 # 

7 « 6 5 t o n s x 1 0 0 # / t o n » 7 6 5 # 

A c c e l e r a t i o n s 

J - HA - 9 3 . ^ 2 , 0 0 0 x l o 0 9 6 f W f a c > 2 = 6 j 3 6 o t 

3 2 o c. 

T O T A L - 2 7 , 9 5 1 # 

S a f e t y f a c t o r o f r o p e * J L t o M * 2 > 0 0 0 * / t o n - 4 „ 9 4 

2 7 , 9 5 1 

7 8 

In any operation in coal mining it is desirable to keep two words fore-

most in mindg Comparable accuracy. It is clearly seen that the hoist on 

Noo 2 slope has more power than is required. 

If the slope had been graded from the curve to 8th East at a uniform 

slope of 10-1/2 per cent, the following situation would exist& 

Data: 

Grade Resistance: 

11 car trips 
10-1/2% grade 
1_1/418 rope 

I 

93045 tons x 20 */ton/~rade x 1005% 

Rolling Resistance: 

8508 tons x 14 "'/ton 

7065 tons x 100 "'/ton 

Acceleration: 

;0 19 9 625'" 

F - MA = 93.45 x' 20 000 x 10096 fto/sec. 2 = 6»360'" 
3202 

TOTAL 

69 tons x 20000 '/ton = Safety factor of rope" ____ ---'''-_.;....1_''-_ 

279951 
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Point 1 

STATIC POROUS 
Time (see) 0 

9 3 * 2 9 x 2 0 x 1 0 . 5 $ 

8 5 * 8 x 1 4 

? o 4 9 x 1 0 0 

Total Resistance 

Trip - Up 
Distance (ft.) 0 

1 9 o 5 9 1 

1 , 2 0 1 

7 4 9 

2 1 , 5 4 1 

Points 2 & 3 

Grade Resistance 
Rolling Resistance 

Time (sec.) 2 0 

9 3 o 0 2 x 2 0 x 1 0 . 5 $ 

8 5 o 8 x 1 4 

? 0 2 2 x 1 0 0 

Total Resistance 

Distance (ft.) 2 1 9 

1 9 o 5 3 4 

1 , 2 0 1 

7 2 2 

2 1 , 4 5 7 

Points 4 & 5 

Grade Resistance 
Rolling Resistance 

Time (sec.) 2 5 8 . 5 Distance (ft.) 5 , 4 4 0 

8 6 . 4 9 x 2 0 x 
8 5 » 8 x 1 4 

0 . 6 9 x 1 0 0 

Total Resistance 

3 , ^ 6 0 

1 , 2 0 1 

6 9 

4 , 7 3 0 

Points 6 & 7 

Grade Resistance 
Rolling Resistance 

Points 8 & 9 

Grade Resistance 
Rolling Resistance 

Time (sec.) 2 6 7 . 6 Distance (ft.) 5 , 6 4 0 

8 6 . 2 4 x 2 0 x 1 1 $ 

8 5 . 8 x 1 4 

0 . 4 4 x 1 0 0 

Total Resistance 

Time (sec.) 2 7 8 . 6 

8 5 o 9 4 x 2 0 x 1 1 $ 

8 5 o 8 x 1 4 

0 . 1 4 x 1 0 0 

Total Resistance 

1 8 , 9 7 3 

1 , 2 0 1 

4 4 

2 0 , 2 1 8 

Distance (ft.) 5 , 8 8 0 

1 8 , 9 0 7 

1 , 2 0 1 

1 4 

2 0 , 1 2 2 

Point 1 0 Time (sec.) 2 8 8 . 6 Distance (ft.) 5 , 9 9 0 

8 5 . 8 x 2 0 x 2 0 $ 

8 5 o 8 x 1 4 

1 8 , 8 7 6 

1 , 2 0 1 

Total Resistance 2 0 , 0 7 7 

- 7 9 -

Grade Resistance 
Rolling Resistance 

Grade Resistance 
Rolling Resistance 

STATIO FOROES Trip - Up 

Point 1 Time (seea) 0 Distance (fto) 0 

Grade Resistance 93029 x 20 x 1005% ::; 190591 
Rolling Resistance 8508 x 14 :: 10 201 

7.,49 x 100 :: 749 

Total Resistance ;;;;. 219.541 

Points 2 & 3 Time (seco) 20 Distance (fta) 219 

Grade Resistance 9)002 x 20 x 1005% :. 190534 
Rolling Resistance 8508 x 14 ::: 19 201 

7022 x 100 :::: 722 

Total Resistance ::;c 211)457 

Points 4 & 5 Time (seco) 258.5 Dist~lI1ce (fto) 59 440 

Grade Resistance 86049 x 20 x 2% '" 39460 
Rolling Resistance 8508 x 14 lu 201 

0069 x 100 ... 69 

Total Resistance ..; 40730 

Points 6 & 7 Time (seca) 26706 Distance (fto) 5,640 

Grade Resistance 86024 x 20 x 11% 189 973 
Rolling Resistance 8508 :x 14 = 10201 

0044 x 100 ... 44 

Total Resistance "" 20 0218 

Points 8 & 9 Time (seco) 27806 Distance (fto) 5.880 

Grade Resistance 85094 x 20 x 11% :;:: 18 0 907 
Rolling Resistance 8508 oX 14 "" 10 201 

0014 :x 100 =< 14 

Total Resistance :; 20 0 122 

Point 10 Time (seco) 28806 Distance (fto) 5.990 

Grade Resistance 8508 :x 20 :x 20% = 180876 
Rolling Resistance 85 0 8 :x 14 :: 1,201 

Total Resistance ::: 20 v 077 
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Point 1 

STATIC FORCES 

Time (sec.) 0 

8 5 o 8 x 2 0 x 
8 5 « 8 x 1 4 

Total Resistance 

Trip - To Parting 

Distance (ft.) 0 

- 6 , 8 6 4 

1 , 2 0 1 

- 5 , 6 6 3 

Points 2 & 3 

Grade Resistance 
Rolling Resistance 

Time (sec.) 2 0 

8 6 . 0 9 x 2 0 x - 4 $ 

8 5 . 8 x 1 4 

0 . 2 9 x 1 0 0 

Distance (ft.) 2 3 1 

- 6 , 8 8 7 

1 , 2 0 1 

2 9 

Total Resistance 5 , 6 5 7 

Point 4 Time (sec.) 3 0 Distance (ft.) 3 5 0 

Grade Resistance 8 6 « 2 4 x 2 0 x - 4 $ s - 6 , 8 9 9 

Rolling Resistance 8 5 „ 8 x 1 4 s 1 , 2 0 1 

0 . 4 4 x 1 0 0 - 4 4 

Total Resistance - - 5 , 6 5 ^ 

- 8 0 -

Grade Resistance 
Rolling Resistance 

STATiC FORCES Trip - To Parting 

Point 1 Time (sec.) 0 Distance (ft.) 0 

Grade Resistance 8508 :x 20 x -~ .. - 60 864 
Rolling Resistance 8508 x 14 .. 10 201 

Total Resistance = - 59 663 ~ 

Points 2 & 3 Time (seco) 20 Distance (fto) 231 

Grade Resistance 86&09 x 20 x -4% :::: - 69887 
Rolling Resistance 85,,8 x 14 :::: 19 201 

0 .. 29 x 100 = 29 

Tota.l Resistance :::: 50 657 

Point 4 Time (seco) 30 Distance (ft.) 350 

Grade Resistance 86 .. 24 x 20 x ~ :: - 69 899 
Rqlling Resistance 85~8 x 14 :: 10 201 

0 0 44 x 100 "" 44 

Total Resistance ... - 59 654 
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STATIC FORCES Trip - From Parting 

Point 1 Time (sec.) 0 Distance (ft.) 0 

- 81 -

Grade Resistance 3 1 . 2 4 x 2 0 x ^ - 2 „ 4 9 9 

Rolling Resistance 3 0 . 8 x 14 » 4 3 1 
0 o 4 4 x 1 0 0 • • 4 4 

Total Resistance • 2 0 9 ? 4 

Points 2 & 3 Time (sec0) 2 0 Distance (ft.) 2 1 9 

Grade Resistance 3 0 . 9 6 x 2 0 x 4 $ » 2 „ 4 7 7 

Rolling Resistance 3 0 . 8 x 14 . » 4 3 1 
0 „ l 6 x 1 0 0 , » 1 6 

Total Resistance » 2 0 9 2 4 

Points 4 & 5 Time (sec.) 2 1 Distance (ft.) 240 

Grade Resistance 3 0 . 9 4 x 2 0 x 4$ » 2 0 4 7 5 

Rolling Resistance 3 0 . 8 x 14 - 4 3 1 
0.14 x 1 0 0 = 14 

Total Resistance = 2 9 9 2 0 

Point 6 Time (sec.) 3 1 Distance (ft.) 3 5 0 

Grade Resistance 3 0 . 8 x 2 0 x 4 $ - 2 0 464 
Rolling Resistance 3 0 . 8 x 14 » 4 3 1 

Total Resistance » 2 0 8 9 5 

STATIC FORCES Trip - From Parting 

Point 1 Time (seco) 0 Distance (ft.) 0 

Grade Resistance 31.,24 :x 20 x 416 = 20499 
Rolling Resistance 3008 :x 14 ,... 431 

0044 :x 100 ... l.i4 

Total Resistance !iii 29974 

Points 2 & 3 Time (sec.) 20 Distance (ft .. ) 219 

Grade Resistance 30096 :x 20 :x 4% :. 29 477 
Rolling Resistance 30.,8 x 14 "" 431 

0016 x 100 .... 16 

Total Resistance - 2g924 

Points 4 & 5 Time (sec .. ) 21 Distance (fto) 240 

Grade Resistance 30 .. 94 x 20 :x 4% .. 29475 
Rolling Resistance 30 0 8 x 14 Iii' 431 

0 .. 14 x 100 :; 14 

Total Resistance ::; 2g 920 

Point 6 Time (sec .. ) 31 Distance (ft .. ) 350 

Grade Resistance 30.8 :x 20 x 4% :: 20464 
Rolling Resistance 30.8 x 14 :. 431 

Total Resistance .,., 29 895 
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STATIC FORCES Trip - Down 

- 8 2 -

Point 1 Time (see) 0 Distance (ft.) 0 

Grade Resistance 3 0 o 8 x 2 0 x - = 1 1 $ • - 6 , 7 7 6 

Rolling Resistance 3 0 o 8 x 1 4 » 4 3 1 

Total Resistance * - 6 , 3 4 5 

Points 2 & 3 Time (see) 2 0 Distance (ft.) 2 3 1 

Grade Resistance 3 1 o 0 9 x 2 0 x - 1 1 $ = - 6 , 8 4 0 

Rolling Resistance 3 0 . 8 x 1 4 s 4 3 1 
0 . 2 9 x 1 0 0 - 2 9 

Total Resistance ~ - 6 , 3 8 0 

Points 4 & 5 Time (see) ( 2 5 . 1 Distance (ft.) 3 5 0 

Grade Resistance 3 1 . 2 4 x 2 0 x - 2 $ = - 1 , 2 5 0 
Boiling Resistance 3 0 . 8 x 1 4 - 4 3 1 

0 . 4 4 x 1 0 0 « 4 4 

Total Resistance - - 7 7 5 

Points 6 & 7 Time (see) 3 3 « 7 Distance (ft..) 5 5 0 

Grade Resistance 3 1 o 4 9 x 2 0 x - 1 0 . 5 $ - - 6 , 6 1 3 

Rolling Resistance 3 0 . 8 x 1 4 » 4 3 1 
0 . 6 9 x 1 0 0 - 6 9 

Total Resistance - - 6 , 1 1 3 

Points 8 & 9 Time (see) 2 6 3 * 7 Distance (ft.) 5 , 8 7 4 

Grade Resistance 3 8 . 0 0 x 2 0 x - 1 0 . 5 $ - - 7 , 9 8 0 

Rolling Resistance 3 0 . 8 x 1 4 - 4 3 1 
7 . 2 0 x 1 0 0 - 7 2 0 

Total Resistance - - 6 , 8 2 9 

Point 1 0 Time (see) 2 7 3 . 7 Distance (ft.) 5 , 9 9 0 

Grade Resistance 3 8 . 2 9 x 2 0 x - 1 0 . 5 $ - - 8 , 0 4 1 

Rolling Resistance 3 0 . 8 x 1 4 = 4 3 1 
7 * 4 9 x 1 0 0 - 7 4 9 

Total Resistance - - 6 , 8 6 l 

STATIC FORCES Trip - Down 

Point 1 Time (seco) 0 Distance (ft.) 0 

Grade Resistance 30 0 8 x 20 x -11% :iii - 61)776 
Rolling Resistance 3008 x 14 ~ 431 

Total Resistance .. - 69 345 

Points 2 & 3 Time (sec.,) 20 Distance (ft.) 231 

Grade Resistance 31009 x 20 x -11% ;;;; - 69 840 
Rolling Resistance 30.,8 x 14 ;: 431 

0029 x 100 ;::;: 29 

Total Resistance ~ - 60 380 

Points 4 & 5 Time (seco) 12501 Distance (fto) 350 

Grade Resistance 31024 :x: 20 :x: -2% :;:: - 19 250 
Rolling Resistance 3008 :x 14 :oil 431 

0044 x 100 ao 44 

Total Resi stance iii 775 

Points 6 & 7 Time (seco) 3307 Distance (ft.) 550 

Grade Resistance 31~49 :x 20 x -1005% '" - 69 613 
Rolling Resistance 3008 :x 14 III 431 

0069 x 100 iii 69 

Total Resis tance iii - 69 113 

Points 8 & 9 Time (seco) 26307 Distance (fto) 5,874 

Grade Resistance 38000 :x 20 x -1005% :; - 79 980 
Rolling Resistance 3008 x 14 '" 431 

7020 x 100 ... 720 

Total Resistance :=< - 69 829 

Point 10 Time (seco) 27307 Distance (fto) 5,990 

Grade Resistance 38029 :x 20 x -1005% :;: - 89 041 
Rolling Resistance 30.8 x 14 :;: 431 

7049 :x 100 :- 749 
Total Resistance ::: = 69 861 
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Hoist Frietion (efficiency 

Up Trip 

Average static force - 1 0 8 , 1 4 5 s 1 8 , 0 2 4 # 

6 

1 8 > Q ^ - 2 2,530 # 
0 . 8 0 

22,530 - 1 8 , 0 2 4 - 4,506 # - hoist friction 

Down Trip 

Average static force - 33o303 « 5,550 # 
6 

3s5£ - 6 , 9 3 8 # 

0 . 8 0 

6 , 9 3 8 - 5*550 - 1 , 3 8 8 # - hoist friction 

Estimated Horsepower 

16,582 4 4,506 « 2 1 , 0 8 8 # a Average full speed force up trip. 

5 , 0 2 4 - 1,388 • 31636 # « Average full speed force down trip. 

t t p s force x velocity „ ( 2 1 , 0 8 8 f 3,636) x1,353 * 125# s 634 H.P. est. 
33,000 2 x 33,000 

83 

Hoist Fri~tion (efficiency ~ 80%) 

Up Trip 

Average static force ~ 108,145 ~ 18 9 024 * 
6 

18,024 
0.80 

22,530 - 18.021t ... 4~506 * ~ hoist friction 

Down Trip 
I 

Average static force; 33»303 ~ 50 550 * 
6 

50550 = 60 938 * 
0.80 

69 938 - 50550 ~ 10388 * = hoist friction 

Estimated Horsepower 

16.582 • 4.506 = 21,088 * ~ Average full speed force up trip. 

5.024 - 1,388 = 3.636 * = Average full speed force down trip_ 

HP "" force x velocity ;:; (210088 t 30 636{ x 10353 x 125~ :: 6)4 HoP. est. 
33.000 " 2 x 330000 
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Point 
Time (sec0) 
Distance Traveled 

1 2 
0 20 
0 219 

21,541 21,457 
^,506 4 , 5 0 6 

1 0,480 10,480 
3 6 , 5 2 ? 36,443 

1 , 4 5 5 1 , ^ 5 2 

SUMMATION 

3 4 - 5 
2 0 2 5 8 0 5 

2 1 9 5,440 

2 1 , 4 5 7 ^ , 7 3 0 

4 , 5 0 6 4 , 5 0 6 

2 5 , 9 6 3 9 , 2 3 6 

1 , 0 3 4 3 6 8 

Static Force (#) 
Friction (#) 
Acc, & D e c c ( # ) 

Total Force (#) 

Horsepower 

SUMMATION 

Point 1 2 3 4-5 
Time (seco) 0 20 20 25805 
Distance Travel ed 0 219 219 5i440 

Stat i c Foree (f' 21 9541 21 0 457 21 9 457 49730 
Friction (:fI:) 49506 40506 49506 1~9 506 
Ace o & Deco ( I) 10 0480 100 480 
To tal Force err) 360527 360443 259963 90 236 

Horsepower 1 0 455 10452 19 034 368 

~ 



SUMMATION Trip - To parting 

Point 
Time (sec0) 
Distance Traveled 

1 2 

0 2 0 

0 2 3 1 

= 5 , 6 6 3 - = 5 , 6 5 7 

1 , 3 8 8 1 , 3 8 8 

1 0 , 5 2 0 1 0 , 5 2 0 

6 , 2 4 5 6 , 2 5 1 

2 6 3 2 6 4 

3 4 

2 0 3 0 

2 3 1 3 5 0 

- 5 , 6 5 7 - 5 , 6 5 ^ 

1 , 3 8 8 1 , 3 8 8 

- 1 3 , 1 9 0 - 1 3 , 1 9 0 

- 1 7 , 4 5 9 - 1 7 , 4 5 6 

- 7 3 6 - 7 3 6 

S t a t i c F o r c e ( # ) 

F r i c t i o n ( f ) 

A c © o & D e e * { # ) 

T o t a l F o r c e ( # ) 

H o r s e p o w e r 

SUMMM'ION Trip - To parting 

Point 1 2 3 4 
Time (seco) 0 20 20 30 
Distance Traveled 0 231 231 350 

Static Force (I> =5 Q 663 -50 65'7 =59 657 =5~ 654 
Fric t ion (I) 1 ~ 388 19388 1p388 10388 
Ace. & Deco ( if) 10 Q 520 lO~ 520 - 130190 - 139 190 
Total Force <I> 6p245 6; 251 ~17 0459 - 1794 56 

Horsepower 263 264 - '736 - 736 

<X> 
V\ 

I 



SUMMATION Trip - Prom Parting 

Point 
Time ( s e c o ) 

Distance Traveled 

Static Force (#) 
F r i c t i o n ( # ) 

1 2 

0 2 0 

0 2 1 9 

2 * 9 7 4 2 9 9 2 4 

4 9 5 0 6 4 9 5 0 6 

6 9 2 4 0 6 9 2 4 0 

1 3 9 7 2 0 1 3 9 6 ? 0 

5 4 ? 5 4 4 

3 4 

2 0 2 1 

2 1 9 2 4 0 

9 9 2 4 2 9 9 2 0 

9 5 0 6 4 0 5 0 6 

, 4 3 0 7 , 4 2 6 

2 9 6 2 9 6 

5 6 

2 1 3 1 

2 4 0 3 5 0 

2 , 9 2 0 2 , 8 9 5 

4 9 5 0 6 4 , 5 0 6 

, 2 9 4 2 0 - 1 2 9 4 2 0 

• 4 , 9 9 4 - 5 , 0 1 9 

1 9 9 2 0 0 

SUMMATION Trip - From Parting 

Point 1 2 3 4 5 6 
Ti me (sec . ) 0 20 20 21 21 31 
Distanee Travel ed 0 219 219 240 240 350 

Static Force (f ) 2Q974 29 924 20 924 29920 2, 920 29895 
Fr>ietion <f' 4&506 49506 49506 49506 4,506 4Q 506 
Acc o & Deco <*> 69 240 69 240 - 12,420 - 129420 
Total Force (" , 139720 1)06'(0 79430 7,426 -4 9 994 -59019 

Horsepower ;47 544 296 296 199 200 

(X) 
0"-

j 



S U M M A T I O N Trip - Down 

Point 
Time (see0) 
Distance Traveled 

1 2 
0 2 0 

0 2 3 1 

• 6 , 3 ^ 5 - 6 9 3 8 0 

1 , 3 8 8 1 9 3 8 8 

6,550 6 , 5 5 0 

l 9 5 9 3 1 , 5 5 8 

6 ? o l 6 5 o 5 

3 * - 5 
2 0 2 5 . 1 

2 3 1 3 5 0 

= 6 9 3 8 0 - 7 7 5 

. 1 , 3 8 8 1 , 3 8 8 

- 4 9 9 9 2 6 1 3 

- 2 1 0 2 5 . 8 

6 - 7 8 

3 3 * 7 2 6 3 0 8 

5 5 0 5 , 8 7 4 

- 6 , 1 1 3 = 6 , 8 2 9 

1 , 3 8 8 1 , 3 8 8 

- 4 , 7 2 5 - 5 , ^ 1 

- 1 9 9 - 2 2 9 

9 1 0 

2 6 3 0 7 2 7 3 0 7 

5 , 8 7 ^ 5 , 9 9 0 

-6,829 - 6 9 8 6 l . 

1 9 3 8 8 1 9 3 8 8 

- 2 2 , 1 5 0 - 2 2 9 1 5 0 
- 2 7 , 5 9 1 - 2 ? 9 6 2 3 

- I 9 l 6 0 - 1 9 1 6 2 

Static Porce (#) 
Friction (#) 
Acc, is Dee (#) 
Total For@e. (#) 

Horsepower 

SUMMATION Trip - Down 

Point 1 2 :3 4~5 6-7 8 9 10 
Time ( sec.) 0 20 20 25.1 33.7 26308 26307 273.7 
Dis tance Travel ed 0 231 231 350 550 59 874 59 874 50990 

St atic Force (*) -60345 -6 9 380 ~69380 = 775 -6 9113 =6 9 829 -69829 -6;861 
F1"i~tion (*) 19388 19388 . 19388 19)88 19388 10388 19388 19388 
Ace o & Deco <I) 69550 60 550 ~229150 -229150 
To t al For~e. (* ) 19593 10558 -49992 613 =49725 -59441 -27;591 -279 623 

. Hor sepower 6701 6,05 = 210 25 .. 8 = 199 - . 229' - 19160 - 1;162 

(Xl 
-.:J 

B 



U p T r i p 

Area 

1 - 2 1 / 2 ( i , 4 5 5 2 4 IM 5 2 2 ) X 2 0 . 0 = 4 2 , 2 5 3 , 2 9 0 

3 - 4 1 / 3 ( l , 0 3 4 2 4 3 6 8 ' ' 4 1 , 0 3 4 x 3 6 8 ) x 2 3 8 o 5 s 1 2 6 , 0 1 4 , 8 1 4 

5 - 6 1 / 3 ( 3 6 8 2 4 9 8 4 2 4 3 6 8 x 9 8 4 ) x 9 . 1 s 4 , 4 4 6 , 2 3 3 

7 - 8 1 / 3 ( 9 8 4 2 4 9 8 2 2 * 9 8 4 x 9 8 2 ) x 1 1 o 0 s 1 0 , 6 2 9 , 1 7 9 

9 - 1 0 1 / 2 ( 1 8 8 2 4 1 8 6 2 : 1 X 1 0 o 0 - 3 4 9 B 7 0 0 

T o P a r t i n g 

1 - 2 1 / 2 ( 2 6 3 2 * 2 6 4 2 ) x 2 0 o 0 - 1 , 3 8 8 , 6 5 0 

3 - 4 1 / 2 ( - 7 3 6 2 4 - 7 3 6 2 ) x 1 0 0 0 - 5 9 4 i 6 , 9 6 0 

F r o m P a r t i n g 

1 - 2 1 / 2 (5472 4 5442) X 2 0 o 0 - 5 9 9 5 1 9 1 4 5 

3 - 4 1 / 3 ( 2 9 6 2 4 2962
 4 2 9 6 x 2 9 6 ) x l o 0 8 7 , 6 1 6 

5 - 6 1/2 ( 1 9 9 2 4 2002) x 1 0 o 0 - 398,000 

D o w n T r i p 

1 - 2 1 / 2 ( 6 7 . 1 2 + 6 5 . 5 2 ) X 2 0 o 0 8 7 , 9 2 0 

3 - 4 1 / 3 (-2102
 4 2 5 , 8 2 4 -210 x 2 5 * 8 ) x 5 ° 1 6 6,892 

5 - 6 1 / 3 ( 2 5 . 8 2 4 - 1 9 9 2 4 2 5 a 8 x -199) x 8 e 6 1 0 0 , 7 1 5 

7 - 8 1 / 3 (-1992
 4 - 2 9 9 2 4 -199 x - 2 9 9 ) x 2 3 0 , 0 s 1 0 , 5 5 0 , 3 3 0 

9 - 1 0 1 / 2 ( - 1 , 1 6 0 2 f - 1 , X 6 2 2 ) x 1 0 o 0 - 1 3 o^79 9220 

T o t a l H o P o s e e . s 2 2 1 , 2 2 0 , 6 6 4 

- 8 8 -

Up Trip 

Area 

1 - 2 1/2 (194552+ 194522) x 20,,0 ~ 421)253,290 

3 - 4 
2 2 

1/3 (1 9 034 + 368 + 19034 x 368) x 23805 '" 1269014,814 

.5 - 6 
2 2 

4,446,233 1/3 (368 + 984 t 368 x 984) x 9,,1 ~ 

7 - 8 1/3 (984
2 

t 9822 ~ 984 x 982) x 11,,0 ... 10,629 9179 

9 - 10 1/2 (1882 + 1862) x 10 0 0 ~ 349~700 

To Parting 

1 ... 2 1/2 (2632 + 2642) x 2000 ::: 1,1 388,650 

:3 ... 4 1/2 (-7362 + -7362) x 10,,0 .. 594169960 

From Parting 

1 - 2 1/2 (5472 + 5442) x 20 0 0 "'" 59951 0 145 

3 ... 4 1/3 (296 2 + 2962 + 296 x 296) :x: 1,,0 ... 87,616 

.5 - 6 1/2 (1992 + 2002) :x 10,,0 ~ 398\)000 

Down Trip 

1 - 2 1/2 (67.12 + 65.52) x 20$0 =: 87.920 

3 ... 4 1/3 (_2102 + 25~82 + -210 x 25.8) x 501 :.i: 66,892 

.5 ... 6 1/3 (25.82 + -1992 + 2508 x -199) x 806 = 100 11 715 

7 ... 8 1/3 (-1992 + -2992 + -199 x -299) x 230.0 ~ 10.550 11 330 

9 ... 10 1/2 (-1,1602 f -101622) x 10,,0 :: 13.47911220 

Total HoPe sec. 8 221,2201)664 
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Total H. P. see, = 2 2 1 , 2 2 0 . 6 6 4 

Total effective time « Ace 80 see 
Dee 40 seco 

Total 1 2 0 see x 1 / 2 ~ 6 0 o 0 0 sec. 

Rest 7 5 sec x 1/4 - 1 8 , 7 5 sec 

Full Speed - 5 0 3 ° 3 sec. 

TOTAL « 5 8 2 . 0 5 sec 

Root mean square rating of motors = J 2 2 1 , 2 2 0 , 6 6 4 s - ^ 3 8 0 , 0 7 2 

5 8 2 . 0 5 

s= 6 l 6 . 5 total horsepower, or 3 0 8 . 3 H.P. each motor., 

Two 3 5 0 - H . P . motors may he used. A pull-out torque of at least 

1*^5 s 2 . O 8 times that at the rated H. P» is requiredo 
7 0 0 

- 8 9 -

Total H. P. seco = 22102200664 

Total effective time • Acc. 80 sec. 
Dec. 40 sec. 

Total 120 sec. :x: 1/2 ~ 60 0 00 sec. 

Rest 75 sec. x 1/4 ... 18,,75 sec. 

Full Speed 

TOTAL 

... 503.3 sec. 

.. 582 .. 05 sec. 

Root mean square rating of motors ~ ~221g220D664 :::': -V3809072 
582005 

= 616.5 total horsepower, or 30803 HoP. each motor. 

Two 350-H.P. motors may be used. A pul1=out torque of at least 

1,455 := 2.08 times that at the rated H. Po is required. 
700 
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SUMMARY 

Ventilation 

There are two factors which govern the choice of a ventilation system 

at any mineo First and foremost is the necessity to provide an adequate 

amount of air at each place which requires ventilation. The second0 and the 

one most commonly overlooked9 is the desirability of providing this air at 

the cheapest overall cost? i.e., the initial cost of the proper fan plus 

the power costs for the number of years which the fan is in operation bal-

anced against the costs of driving airways in rock and in coal. 

The Kenilworth mine has undergone many changes in its proposed plans 

of development since its inception in 1906. The section at the bottom of 

No. 5 Raise was to have been developed further to the Bast, but the en

countering of low coal and the economics involved caused this area to be 

temporarily abandoned. No. 3 fan was installed at its present location for 

the purpose of ventilating this area. However„ once the section was no 

longer in a production status, the situation required a readjustment. Fresh 

air was necessary inby No. 5 Raise because of a pump and a power line which 

entered the mine through a bore hole at this point. 

The intakes at the top of lo. 5 Raise were sealed off with the inten

tion of reducing the amount of fugitive air and thereby reducing power costs. 

The higher water gage created as a result put the fan near its stall zone 

and caused it to stall occasionally. 
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" O T / . L A L L F A N S 

1 2 3 

Three f&ns - ^ p o r u t i n s 

Two fena operating, i:o 1 
B e h i n d o i :f • 
Two fans oper«tin£, blade pos. 
!lo 3 on no 1 position. 

4 5 6 

4 - T w o fans o p e r a t i n g , ?jo 4 s l o p * 

. s s r l e d off. 
5 - W > T a n s o p e r a t i n g . N o 5 r a i s e 

intakes sealed off* 
6 - Two fans o p e r a t i n g , blade p o s . 

y o 3 o n n o 4 p o s i t i o n . 

':OT/.L ALL FPJS 

~\ 

r 

1 ') 3 " b 6 .. 
1 - !hl'~ " fe;n lil .... pe rt"tir..?, 4 - 'l'trc frm. !)perr.~in~ . :~o 4 £I10p 
2 - Two i'aDe o pernt i ng, 1:0 1 . 1I~t'l~ d o f r. 

.e f'l l ed orf. 5 - \-we f&na operc.t1.ng, 1;0 5 rab 
3 - '1'wo fans oper~tint: , blad~ pos. int8k~s sealed off. 

!!o :3 on no 1 poCiition . 6 - TWo fan. operating, 
' 0 3 on no 4 ,position. 



Three fans in operation produced 264,100 cfm of air at a yearly power 
cost of $ 8 B 8 5 0 . Two fans in operation (Gase XXX9 page 47) produced 260,300 

cfm of air at a yearly power cost of $ 5f>170o 

When No, ^ slope was sealed off and the air re-routed through a 
single airway 3 0 0 feet l©ng0 as shown on page 2?9 the yearly power costs 
rose to $ 5,480 while the quantity of air dropped to 2 3 2 , 1 0 0 cfm0 

The result of this study was a saving in power costs because of 
increased ventilation efficiency of $ 30810 per year* (See Fig* No* 18, 
facing page.) < 

A great deal of money is spent each year for fugitive air» Power 
costs can he reduced further and greater efficiency attained "by cleaning 
airways and re-routing air9 as shown on page 9 3 ° 

A comprehensive air survey at periodic intervals will save a company 
a great deal of money, as has heen shown in this thesis. 

Hoisting 

Prior to this studyfl eight-car trips were hoisted up No, 2 slope. 
As a result of this analysis an extra car was added to each trip, increas
ing the hoisting capacity "by 190 tons per shift, giving a total of 1 , 7 1 0 
tons per shift. 

If the slope were graded in accordance with this study, eleven-car 
trips would he possible. Capacity would he increased to 2 , 1 0 0 tons per 
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Three fans in operation produced 264 0 100 cfm of air at a yearly power 

cost of $ 808508 Two fans in operation (Case 1110 page 47) produced 260,300 

cfm of air at a yearly power cost of $ 50170. 

When No. 4 slope was sealed off and the air re~routed through a 

single airway 300 feet long. as shown on page 27~ the yearly power costs 

rose to $ 5.480 while the quantity of air dropped to 2320100 cfm. 

The result of this study W8.S a saving in pOWer costs because of 

increased ventilation efficiency of $ )g810 per year. (See Fig. No. 18. 

facing page.) 

A great deal of money is spent each year for fugitive air. Power 

costs can be reduced further and greater efficiency attained by cleaning 

airways and re-routing airo as shown on page 93. 

A comprehensive air survey at periodic intervals will save a company 

a great deal of money. as has been shown in this thesis~ 

Hoisting 

Prior to this study. eight-car trips were hoisted up Noo 2 slope. 

As a result of this analysis an extra car was added to each trip. increas

ing the hoisting capacity by 190 tons per shift. giving a total of 1,710 

tons per shift. 

If the slope were graded in accordance with this study. eleven-car 

trips would be possible. Capacity would be increased to 29100 tons per 
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shift9 using the present hoist and rope„ 

Two loaders are serviced by this equipmento Bach loader has produced 

over 19000 tons per shift9 and is averaging 800 tons per shift„ Under the 

present system, maximum output for the area has been obtained* 

Grading of the slope is not recommended at this time because of the 

change in haulage pattern whereby Castlegate mine will serve as the main 

haulageway for Kenilworth coale 

- 9 4 -

shifte using the present hoist and ropee 

Two loaders are serviced by this equipmento Each loader has produced 

over 1,000 tons per shift D an~ is averaging 800 tons per shifte Under the 

present system9 maximum output for the area has been obtainedo 

Grading of the slope is not recommended at this time because of the 

change in haulage pattern whereby Castlegate mine will serve as the main 

haulagew~ for Kenilworth coale 
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C O N C L U S I O N S 

The study shows that careful engineering efficiency analyses can save 

a company a great deal of moneyB I t is recommended that studies such as this 

he made of other phases of the mining operation,, 
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CONCLUSIONS 

The study shows that careful engineering efficiency analyses can save 

a company a great deal of money. It is recommended that studies such as this 

be made of other phases of the mining operatlono 

- 95 -



BIBLIOGRAPHY 

1 . Carlson, B. N», July9 1 9 5 7 9 Extending Wire Rope Life, Mining Congress 
Journalo 

2 . Cleeves9 C o A., July, 1 9 5 7 s Rail Haulage at Climax, Mining Congress 
Journal. 

3 . Condon, A, E o , Private correspondence. 

4. Hearn, I. K., December, 1 9 5 7 , Industrial Engineer0 Mechanization 

5 o Kingery, D. S., September, 1 9 5 8 , Ventilation Problems9 Mining Congress 
Journal. 

6 . Lewis, Robert S O 0 Elements of Mining. , 

7. Mancha0 Raymond, October,, 1 9 5 8 9 Safety Problems with Multiple Pans, 
Mechanization,, 

8 . Mc Burney, E o E o , January,, 1 9 5 7 , Industrial Engineering, Coal Age. 

9 . Montgomery, William J o , Theory and Practice of Mine Ventilation. 

1 0 . Spaulding, E . D., March, 1 9 5 9 , Inclined Skip for Open Pit Hoisting, 
Mining Congress Journal. 

1 1 « Spriegel and Lansburgh, Industrial Management. 

1 2 . Staff, May, 1 9 5 1 0 Hoist Rope, Coal Age. 

1 3 . Staff, Mid-July, 1 9 5 8 , Ventilation, Coal Age Mining Guidebook. 

14. Staff, September, 1 9 5 8 , Slope Hoisting, Coal Age. 

1 5 . Willson, John E. 9 Ventilation of Mines, Notes and Tables. 

- 9 6 -

BI~LIOGRAPHY 

1. Carlsonn B. No. July; 1957. Extending Wire Rope Life. Mining Congress 
Journal. 

2. Cleeves. Co tO D July. 1957. Rail Haulage at Climax p Mining Congress 
Journal. 

3. Condon. A. Eo. Private correspondence. 

4. Hearn» 10 K. o December. 1957. Industrial Engineer. Mechanization 

5. Kingery. Do S.o Septembero 1958 0 Ventilation Problems. Mining Congress 
Journal. 

6. Lewis. Robert Soo Elements of Mining. 

7. Mancha. Raymond 0 Octobern 1958. Safety Problems with Multiple Fans, 
Mechanizationo 

8. Mc Burney. Eo Eo. January. 19570 Industrial Engineering. Coal Age. 

9. MontgomeryD William JO D ~heory and Practice of Mine Ventilation. 

10. Spaulding. E. DOD March D 1959. Inclined Skip for Open Pit HOisting, 
Mining Congress Journal. 

11. Spriegel and Lansburgh. Industrial Managemento 

12. Staff o MayD 19510 Hoist Rope. Coal Age. 

13. Staffo Mid-July. 1958. VentilationD Coal Age Mining Guidebook. 

14. Staff o September. 1958. Slope Hoisting. Coal Age. 

15. Willson. John Eo. Ventilation of Mines g Notes and Tables. 

- 96 -


