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INTRODUCTION



INTRODUCTION

OBJECT: - The object of this thesis is to compare costs of the hydroelectric
plants Nd. 3 and No. 4 of the Nev} England Power Company, located on the Deerfield
i Riw}er near Shelburne Falls, in order to ascertain the annual cost per kilowatt hour
output at the switchboards
METfIOD:-» ' The method of procedure was to determine the guantities of mé,ter-
ials used in constructihg the plant from blueprints (phqtostat copies of which
are included in Appendix £ ), The cost figures applied to these quan’cities'were .
secured from Professor Barrows. The cost of the hydraulic and electrical equip-
‘ment was oﬁtained by applying a cost of five dollars per horse power for the hy-
draulic 'equipxﬁent and eighteen dollars fifty cents per kilowatt Forrthe electrical
equipment while the cost of the superstructure was found by applying a cost of
fifteen cents ioer cubic foot (inside dimensions). |

| The annual charges were fi'guréd at the switchboard for each plant
by applying definite percentages of the total coste

The output in kilowatt hours for each plant was figured as ex-

plained in Appendix G ).
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DESCRIPTION OF PIANT NO. 3

This station is located in the village of Shelburne Falls,
Lot : 4 o LOCATION
on’thevDeerfield River, about three miles above Station No. 2.

‘The dam is‘conCrete, of ogee spillway section, builf on
rock throughouﬁ, fifteen feet in maximum height and four hundred seven-
ty-five feet long. ‘Oﬁe submerged and one surface sluice are provided on
the west’end of the dam. Thése are controlled by double-stem timber
gates,:Operated by a single motor-driven hoist of fifty thousand pounds' DAM
capacity. The dam diverts water intd a reinforced concrete conduit
twelve feet Sixvinches high, seveﬁteen feet wide, and six hundred
seventy-seven feet idng, running underneath bufldings of the Lamson &

Gobdnow Manufacturing Gompany. The conduit intake is controlled by
four double-stem timber'gates operated dy four mofor-driven hoists of
fifty thousand pounds' capaéify and the conduit discharges inio a canal
thirty-six feet wide at the bottom, twenty-three feet maximum depth and
six hund?ed sixty—five feet long. The head at thié plant varies from>
sixty to seventy feet and is normally sixty-four feet.

The’poﬁerhouﬁsé is located on the'west bank of the river below

the end of the canal, with one-half the building two stories and the

) other half one story in height, The building is

2.



of brick around a steel frame on a concrete substruction,

The floors and roof are reinforced concrete, and the inside POVERHOUSE

dlmensione are 31' x 97' and 55' hlgh .’m the two-story sec— |

. tlon.' |

| On the 1ow& end of the canei three steel pbn-

stocks ten feet in dla.meter and one hu_ndred flfty-nme feet

1ong connect the waterwheel casmgs which are tlurteen feet

in dlameter and ars 1ocated outside the powerhouse. Each

pemstock is controlled by two double stem timber headga.tes,  PREYSTOCKS

one opere.ted by a hm st of fifty thousand pounds ‘capacity,

and the other by one of teu thouea.nd pounds' capacity. Three

3,200 H. Pe, W S, Morgan, horizontal, forty-four-inch, double

rumners, two hundred flfty-seven revolutions per mmute, cen~

tral—dlscharge turbines are installed at the statlon. Each |

unit is controlled by a Lomba.rd Special, homzontal, direct-

connected‘governor ‘of eeventeen thousand foot pOunds' capacity.

'f.‘he completelelectrical equipment was supplied

by the General Blectric Company and consists of: |  ELEGTRICAL
: ‘ ‘ ‘ E EQUIPMENT
3 2000 Ko V. A,, 2300 V., 3 phase, 60 cycles, 257 r's De me '

horizontal, waterwheel-driven generators‘.

2 3000 Ko Vo Ao 66000 to 2300 V., 3 phase, 60 cycles,
star delta, commected transformers

2100 K. Vo Au, 125 Vo, induotion motor-driven exolters |
1 switchboard and equlpment.
The switchboard is located on the gemerator-room

floor and cons:.sts okf eleven vertical slate panels with auxiliary

‘3.



- slate panels in the rear for the testing switches and record-
ing meters. A1l oil switches are electrlcally operated from
the switchboard by means of a fifty—five cell fifteen ampere,
Us S. lighting and heating storage batterye.

The 2300—Volt 0il switches are located in one end
“of the buildlng on the generator—room floor, in a brick cell
structure with duplicate copper busses and selector disconnect-
ing switches mounted overhead and protected by asbestos barriers.
A1l ‘the 2300-Volt wiring for the machines and the control cable
from the switchboard is run in conduit embedded in the comcrete
floor; The high teneioh'oil switches,'busees, andbtrahsformers
are located on theksecood‘floor. Tﬁere areszklo, 66,000-Volt
0il switohes installed to provide control for the two ‘high ten-~
sion transmission lines lesving the stations Two aluminum cell,
66,000 Volt‘,»three tank lightning arrestors with horn gaps are
installed'op'the roof and ﬁrovide protection for the lines and
transformers. A 2500-Volt, 3-phase, 600 K. We local feeder is
provided in this station to provide two factories in the town of
Shelburne Falls, |

The aunziliary eQuipment in. this station includes

a2 complete oil ﬁreaﬁing and etorage system, a thirtyéton c&clone

high speed hoist with a forty-seven—foot lift, for lowerlng the
transformers from the second floor, and a fifteen—ton Northern En-

g1ne hand-operated crane.

4,
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DESCRIPTION OF PLANT NO. 4

This station is located sbout & mile and &

éuarter north of Shelburne Falls, at a poiﬁt where the river makes LOCATION
a complete horseshoe bend around a hill.

| The dam consists of & concrete ogee spillway sec-
tion built on rock, two hundred forty feet long between the abut-
menﬁs and forty-four feet in maximum section. 4 6’vx 8"submefged
sluice controlled by & Chapman cast iron sluice gate is built in
the left end of the dam. The right-hand abui:ment of the dam has
three surface sluice openings ten féet wide, controlled by double
stem timber headgates énd'motor-Operated gate hoists of fifty thous-
and’pounds' ca@acity.‘ The_combiﬁéd capacity of submérged and sluice
is about forty-two hundred cubic feet per second."Thé head at this
plant varies from sixty to seventy feét and is normally about sixty-
four feet. - |

The dam diverts ﬁéter through a concrete and brick-

lined horseshoe shaped tunﬁel equivalent to approximately thirteen TURNEL
feet in diaméter, fourteen hun@red”forty-fife'feet long in. rock and
one Tundred £1fty-five feet in earth and has,a sectional area of
' oné hundred thirty—four square feet with a normal capacity of fifteen
hundred cubic feet per'second. The tunnel intake is controlled by
means of a steel gate fourteen feet two inches by fourteen feet eight
inches, operated by a motor-driven hoist with bevel gears, on two

five-inch steel lifting screws. - The tunnel discharges into a forebay
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: twelve;thousand feetfin area‘and thirty-three feet deep, having
an earth gmbankment.
e powerhouse is located on the west bank of
thevrivef below the:forebay and is two stories high, built of POVERHOUSE
bfick around a steel‘frame on a concrete substructure. The floors
are of reinforéed concrete and the insidé dimensions of'thé build-~
ing are 31' x 97' x 53' high,
The water from the forebay flowslthrough three
steel penstocks ten feet in diameter and one hundred fifty-nine ,
’ ‘ PENSTOCKS
feet long, to the waterwheel casings just outside the powerhouse.
- Bach penstock is controlled by two double stem timber headgates,
pné operated by a hoist of fifty thousand poupds' capacity, the
other by one of ten thousand pounds' capacity.
| . Three 3200 He Pe, Wellman-Seaver-Morgan ﬁorizontal
forty-four-inch, double runner, 257 r. pe me., central discharge tur-

' , ELECTRICAL
bines are installed at this station. Xach unit is controlled by a EQUIPMENT
» Lombard Special, horizontal, direct-eonneéted generator of 17,000
pounds$ capacity.

The complete electrical eQuipment was supplied by

the General Electric Company and consists of:

3 2000 K. V. A., 3-phase, 2300 V., 60 cycles, 257 r. p. me hor-
izontal, water wheel-driven generators

2 3000 K. V. 4., 3-phase, 66000 to 2300 V., 60 cycles, star delta,
connected transformers,

2 100 Ke We, 125 V., induction motor-driven exciters
1 Switchboard and equipment.

The switchboard isvlpcated on the generator-room
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- floor and consists of ten vertical slate panels with auxiliary
slate panels in the room for the testing switches and the re-
cording meters. A1l oil switches are electrically operated from
.the sw1tchboard by means of a fifty-five-cell fifteen ampere
uxide battery. , ‘
| | The 2500-Volt 0il switohes are located in one

o end of the generator floor in a brick cell structure w1th dupli—
cate copper busses and selector disconnecting switches mounted
overhead and protected by asbestos barriers. All the'ZSOO—Volt
wiring from the machine and the control cable from the switchs
board is run in conduit emhedded in the ooncrete floor. The bns
sectionaliz1ng 011 sw1tchee, the high tension transformer oil
switches, busses and transformers are located on the second floor.
There were originally six additional high tension oil switches on
this floor all remote control type; but these liave since been
located outdoors, in individual steel asbestos houses, four of
which are on the east side of the river, across from the etation,.
on.the Vernon Shelburne lines and the two lines connecting the
Shelburne‘Falls‘plants. A steel cable, suspension foot bridge
carrying the o0il switch control wire crosses the river from the
station to the point. The remaining two high tension o0il switches
on the Shelburne Falls Station No. 5 are located on the bank next
to the forebay on the station side. There are, in all, 9X-10,

. 66000-Volt oil switches installed, which provide control and in-
terconnection for the six high tension transmission lines leaving

the station. Necessary disconnecting switches are located on the
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roof so that the station can be disconnected from the system
and the lines cut through independently.

‘ . Two sets of 66,0QO-V., aluminum cell, 3 tank lightning
arréstors with horn gaps are installed on the roof, one set of arrestors
being provided for each section of buse. The auxiliary equipment in
this sqation'indlﬁdes a'complete 0il treating and storage equipment, a
fifty—tdn cyclone high speed hoist with forty-seven~foot 1lift for
lowering the transformers from the second floor and a fifteen-ton North-
ern Engineering hand operated crans.

Three one-to-one, 50 K. W., 2300 V., transformers are
installed.on’ the bank of the river on the station side for supplying

4000-V, service to the Charlemont Electric Companyre



SUMMARY



SUMMARY
PLANT NO. 3
' Dam and Headworks '  $51,684,70
- Conduit ‘ » 34,507.,30
Canal - 40,198,50
Penstooks 26,015.10
Power House 56,845.80
Electrical Equipment 111,000.00
Hydraulic Equipment 48,000, 00
Total $368,251.40
Engineering and Contingencies 15% 55,300, 00
GRAND TOTAL $423,551. 40
ANNUAL CHARGES
Interest on Plant . 6% $25,400,00
Depreciation - ‘ 237 © 9,630400
Sinking Fund 1% 7,410400
Operation and Maintenance 23% 9,630.00
TOTAL ANNUAL COST $52,070. 00
5207000
Cost per K. W hour at the smtchboard_ —-——-—2000000 0.26 cents

0-

9, :' :



Total

GRAND TOTAL

SUMMARY
PLANT NO. 4
Dam and Headworks - $133,600
Tunnel . ' 140,380
Forebay , 20,186
Penstock 22,204
Power House - o ‘ : 218,157
- $534,527
Engineering and Contingencies 15% ~__80,173

~ $614,700

ANNUAL CHARGES

Interest on Plant 6% . $36,880
- Depreciation 7 - 13,800
Sinking Fund 134 10,750

Operation & Maintenance 234 . _13,800

POTAL ANNUAL COST

= 20000000 ~

Cost per K. W hour = ~222000_ _ 0,376 cents

$75,230

10,



DETAILED COST OF PLANT NO. 3

Dam and Hbadwoﬁks

83,000, 00

-Preliminary
Handling Water .. 64000600
‘Ice Fender ©.. 2,000600
Gates at Dam © 2,000400
Racks - ~1,500.00
Gonorete - 3,71847 cue ydse @$8.oo 29,749.60
" Rock 1,287.9 "™ " 4,00 ,5 151,60
Fill 378,0 " n 0.75 283,50
Total $51,684.70
Gondult . SRR .
‘Concrete . 3,38246 cu. yds. €$8.00 $27,060.80
Roak . 296,0 "™ ¢ 4,00 1,184,00
Cut 8,350,0 " "™ . 0,75 _6,262.50
| Total | | 34,507.30
Canal L '
. Fill " '48,118,0 cue. yds. @$0.75 $36,088.50
Rip Rap © 1,370,0 " " 3,00 __4,110,00
Total | - | © 40,198.50
Penstock . :
Head Gates $2,500,00
Racks 1,500, 00
Concrete 1,040.2 ou., ydse. @$3,00 ~ 8,321,60
' Steel Pipe 154,200 1bs. @3$0,05 7,710400
Fill 7,978 cue ydse 850,75 5,983, 50
Total 26,015,10
Powerhouss
- Substructure o
Concrete 3,030 cue yds. @$10,00 $30,300.00
Cut 11,308 " " . 0,75  8,481,00
Rip Rap - 45 " ® . 3,00 135,00
Total 38,916400
Superstructure Iuaszv cue fte @$o.15 17,929.80
Electrical Equipment 6,000 K. We @$18.50 111,000.00
Hydraﬁlic Equipment 9,soo H, P, 5000 48,000,00
 motal : . $368,251.40
‘Engineering & Gontingencies 15% 55,3004 00

GRAND TOTAL

$423, 551,40

11,



DETAILED COST OF PLANT NO. 4

bam and Headworks .= . ,
Concrete 9,110 cu. yds. é$8.,00 $72,880,00

Rock T 6,039 n M 14,00 24,156.00
- Handling Water ~ 15,000,00
Clearing and Preliminary 8,000,00
Earth 10,205 cu. yds. @30s75  7,654,00
Gates 2,500,00
Racks : . 2,000,00
Rip Rap 470 cu. yds. €$3.00 1,410,00
Total | ~ $133,600.00
munnel '
Concrete 6,252 cu. yds. @12,00 $75,024,00
Rock 10,779 " " 5.00 53,895.00
Barth 2,812 n v 2,00 5,624.00
Timber 113,160 Board feet 40,00 M : 884,00
Steel (Reid 10,670 pounds 0,04 _ 427,00
Total ' 140,380.00
Forebay '
Barth - 17,750 cu. yds. ©$0375 = $13,320,00
Rip Rap 6z . m 3.00  1,866.00
Head Gates 5,000,00
Total , ' 20,186.00
Penstock ' ' |
Earth 13,000 cu. yds. @$0.75 $9,750.00
Steel 154,200 pounds &$0.05 7,710, 00
Conorete 593 cue ydse ©$s.00 2,744,00
potal 22,204,00.
Powerhouse
Substructure : :
Concrete 3,450 cu. ydse ©10,00 $34,500,00
Rip Rap 219 n m 3,00 657,00
Total - ' 35,157,00
Superstructure 169,000 feet 40,15 24,000, 00
Hydraulic Equipment 9600 H, P, ©&$5,00 48,000, 00
Electrical Equipment 6000 K. W ©$18.50 111,000, 00
Total ' . - ~ $534,527,00
Engineering & Contingencies 15% 80,173,00

GRAND TOTAB $614,700,00
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PIANT NO. 3



QUANTITIES IN DAM
_CONCRETE

Spillway

Explanation of method of’procédﬁre

A+ A, I
g = X"  where
B. 2 -7
A

1
L

~The sections were taken at the critical roints of the spill-

‘way section as shown.

. = area of first section in square feet
A5 = area of second section in square feet
= distance between right section

L

PROFILE OF SPILLWAY

Computations
- Station
0 +00,05 ‘
© . 79.5+116,6 x 14.3
' 2 27
0+ 14.4
0 +1444 :
o 11606 +142,7 x 642
e 27
0 +20.6 o

0+ 2006 ) ' .
L 142,7+143.8 % 2842
‘ 2 27
0+48.8 ‘

!

Volume

51. 9 olue. yds,

. 151



4, |

QUANTITIES IN DAM (Con. )

Station Volume
0"' 4808 * i
. 143,8 + 17446 x &1 - 47,8 cue yds.
O-f' 56.9
0 + 5669 ‘ .
: : 174-64";2202 < 54:!7 = 288.5
.2 . 2r _
1+ 01.6
1 + 0106
122,2 + 6643 x 10.6 - 37.0
2 27
1+ 12.2
1+12.2 wodge 66+3 x 845 .
27 2 - 10.4
1+ 19,0 wedge 173sl x 7e7 - 10.4
2T 2
141940 - |
73e1+ 9346 x 73 = 22.4
2 27
1+ 263
1"‘ 26.3 . ; ¢ .
9946 +101e8 x 103 - 38s4
R 2 27
1+ 3646
i+36.6 R : :
10148 +1370 5 1lel oo 49.1
2 27
1+ 47,7
1+ 47.3
1370+ 14143 x el = 44,4
2 27
1+ 5648
1+ 56,8 ‘ ,
141.3 + 9741 x 2443 = 107.2
2 a7

1+81.1



k ‘sta‘tigg’
1+81l.1

1+ 8849
1 + 8849

1+9547 i

1+95.7

2+ 04,7

2+ 04,7

-2+ 1743
2+ 173

2 +2609
2+ 2609

- 2+37.0

 2+37,0

2+ 4044

2+40.4

2+95.9°

QUANTITIES IN DAM (Con.)

971 70,8 z a8
2 27

7048 1020 . 648
2 27

102.0+ 314743 4 9,7
| 2 27

147,3 + 46,0 x 12.6

2 27

46,0 + 10340 x 346
2 27

10340+ 89¢4 x 10e1

2 27

9.4 5 4.2
27 T2

89.4 + 62,9 x 5Be5

2 27

Yolume

_ 24,2 cu. ydse

1}

"

I

2l.8

41,5

42,8

2604

3640

6¢9

15645

15.



Station
2+95,9

54-1504 ‘

3 + 1544
Bt 2648

3+ 352
3 + 3502

3+ 3867

3 + 3867

3+ 6063

 3+6043

3 + 8442

) 44"0305

' 44—03.5

4 +49,0

wedge

49
T x

QUANTITIES IN DAM (Qon‘;'l

6649 + 145,8 x 17.5
2 27

1458 + 13246 x 13,4
2 27
13246 +140,7 X 8.4

2. 27

14047 +168,8 X 3.5
2 27

16848 +162+0 x 2146
2 27

16240 + 2065 x 23,9
2 27

'20645 +14643 x 19,3

2 27

14643 +149,0 x 4045
2 27

o

TOTAL CONCRETE IN SPILLWAY

Volume

6Be7 cus yds.

68e2

20.0

13243

163.1

126.2

248.5

1646

2146,5 cu. yds

18.



SUBMERGED AND SURFACE SLUICE AND CONDUIT INTAKE

Explanation of method of procedure

The volume had to be figured in pieces, these pieces when put together

making the i:ovtal ‘volume.

Illustration

The sumation of area's of the wvarious

. sectors equals the area of the surface.

Computation

4,10 x 64 x 3 .
2.36 x 64 x 4
2.88 x 64 x 16
037 x 400 x 10

0.55 x 64 x 36
030 x 64 x 20
0,10 x 64 x 20
0.48 x 64 x 2
0648 x 64 x 11
0,32 x 64 x 2
032 x 64 x 2
0.22 x 64 X 6
0.25 x 64 x 20

038 x 64 x 145
10634 x 64 x 3
105 x 7 x 4425
133 x 17 x 64
0.50 x 64 x 32
1,753 x 5 X 945

2
1,75 x 9.5 0450 x 64 3 5
2
12¢5 x 2 x 85 14,75
-2
6 x1x17.0
3

Walls - ,
3690 x 64 x 2b
1.34 x 64 x 25

Volume

. .'187 cu. ft.
605
2930
1480
1270
192
128
61
338
41
226
85
320
37
1990
313
2110
1035
113

121

291
34

6240
2140

ST
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SUBMERGED AND SURFACE SLUICE AND CONDUIT INTAKE

{Continued) _
~'Computations Volume
Footing *
28,50 x 64 x 2 .- A = 3650 cu. fte
14400 x 64 x 2 ' _ ‘ = 1790 : ~
‘ . TJeotal. L 30,657 ¢~ = /36 Cu.yds. .
Retaining Wall--Left Bank , o \ '
3+17%.17x 8 N
(egtperr=e - . 098
(B4 258z 21.5 x 12.5 - 1530
(3* -‘gé)x 24 x 1545 .- = 385680
1444+ 6645 x 39 = 4110
2 .

= 1280

TOTAL CONCRETE IN SUBMERGED AND SURFACE SLUICE AND CONDUIT INTAKE 11,652 cu. ft.

*



ROCK EXCAVATION —- SPILLWAY

1+ 3646

Station
‘ Bose |
2 o Spiiwey\ 2’
| LT )
0.+ 00,05 o |
C 3642+ 3849 2 14,3
0 2 27
0+ 14,4
0+ 14,4 L ,
' 3809+ 40,4 x 642
' : 2 27
0+ 2006 . B
‘ . 404 +41.2 X 28.2
' 2 - R7
0+ 48.8 - c
| 0o+ 4808 .
Co 4142 + 40e4 x 8o1
; 2 27
0+ 5669 '
0 + 569
: 40,4 + 3648 x 5447
2 A
1 4’01‘06
‘ " 3648 +3240 x 1046
4 2 27
1+18.8
' 32:0"X 845
27 2
32e2 X 7
27 2
1+19,0
322 + 3368 X 13
‘ 27
1l+3646
- 1+ 3646

53,8+ 36,2 x 10,3
2 27

Yolume
The rock excavation for the spillway

was figared by the average end area method.

' The allowance for excavation being as shown.

= 19.9 cu. yds.

= 42.6

= 122

= 78.4

= 1505

= 5.5,0

= 13.4

19,



Station

1+ 5606

1+47.7

1+ 47.7

1.4' 5648

14—5608

1+81.1

1+~8le1l

1+ 8849

1+88.9

1+ 95,7

1+ 9547

2+ 04s7

2+ 08,7

2 + 17.5

2 +173

2 +2649

2 + 2649

24+37.0

20,

ROCK EXCAVATION--SPILLWAY

(Continued)
Volume
362+ 37,7 x 11,1
2 27 i = 15.2 cu. ydso
377+39.5 x 91 : )
2 27 - 13,0
)
- 39e5+ 3442 X 24,3
2 27 = 33e1
34,2+31,8 x 7.8 -
2 27 ‘ . = 945
31,8+ 35,2 x 648 ;
2 27 = 844
35,2 +3948 x 9 _
2 . 27 ' v = 1245
39.8 +29,6 x 12.6 '
Tz . o1 . 16.2
2946 "’3530 'x 9.6 ‘ : : ’
2 EX - 1L.5
3560+ 372 x 10.1



Station
2+ 37,0

2+ 4004

2 +40.4

2+ 7569

© 2 +75.9

3 +13.4

3+13.4

3+ 2668

B+ 2648

3+ 3542

%+ 3562

3+ 38,7

3 +3867

3 + 6063

346043

B+ 8442

3+ 84,2

4+ 04.5

ROCK EXCAVATION--SPILL
(Continued) |

37.2 X 4.2
27 2

3742+ 3148 x 5545
2 27

3le8+42 x 17,5

+
2 27

42,0 +40.4 x 13.4
£ 27

40,4 + 42,2 X 8.4
.2 27

42,2 + 4104 x 3.5
2 27

41441 40,6 x 21.6
2 27

4006"‘ 4_'7.2 X 2309
2 27

47,2 +39.2 x 19.3
2 27

L}

Volume

3.0

70.9

2349

20,4

12.9

504

32,8

3848

3069



ROCK EXCAVATION--SPILLWAY

(Continued)
Station
4+ 04.5 .
. 2 27
Vedge 39,8 X 640
: 27 - 2

362 x 0,1 x 005

27

TOTAL ROCK EXCAVATION FOR DAM

Volume

= 6645 cu. ydse

= 0.1

65009 Cle

yds.



SUBMERGED SURFACE SLUICE AND CONDUIT INTAKE-~ROCK EXCAVATION

Explanation '

The rock excavation figured was taken as the area covered by the works

multiplied by fﬁidkness of two‘feet;
Computation o |
Rock excavéﬁioﬁ for iﬁtaﬁe,to conduit
§§§g;11129 = éoz'cubié yards

Before intake to conduit

4 3
2¢3 2.1
x4 x3
’ 902 ' 6.5
6e3
- 14,8
15,2
4545
Volume = 45,5 x 400 = 169 cubic yards
4 27 '
2 -1
Je8 4,1
6e5 7.0
10,3 11l.1
x2 2066 .
2046 317

Volume .= 37,9

2

0.8
153
15
3.8
7ed
x2

14,8

317
2.4
348

37.9

== x 20 x 16,5 = 116 cubic yards

4 27

202 cu. yds.

=

0.0
6.0
2.7
2.4
4,1

15.2

169 ou.’yds.‘

116 cu. yds.



INTAKE TO CONDUIT
(Continued)

Before Intake to Conduit
Explanation
The volume was figured by prism and triangular pyré.mid and by
the end area method. |
- By rec’:tang'ular prism using formula:

V cu. ydse = A (h1+ ht h5+hl

4 x 27

~where A= Area of right section in Saguare feet
h ,hz,hs,h4, equal the corner heights of prism in feet
By triangular pyramid

V cu. ydso =A_.X_L_
27 . 3

where A = Area of base in saga;;'QMffet

and L = Perpendicular distanGé, t0 epex of pyramid in feet

"Average end area method has already been explained in Dams.

24. .



SUBMERGED SURFACE SLUICE AND CONDUIT INTAKE--ROCK EXCAVATION

(Continued)

Computation

20x6x19 x1
4 27

16.5X 13 x 5.5 x _:!._
27

20 x 8 12 x 180 %tk x 13,1
C : . 27 4

24% 2e7
2 27

TOTAL
Fill
Burther Bank
18 X 62 x 6

65 x 15 x 15
2 2

Total

Volume

= 6 cu. yds.

R

6700 cue fte

3500

10200 cu. fte -

25

435 cu. YdSo

- 378 cu. ydse



" 264

QUANTITIES IN DONDUIT

Concrete

Explanation

- For the ‘maiﬁ'sec"tvion, sy obtaining the area of the right section of
the conduit and miltiplying by the length of like section. |

For the outlet into the canal by the end area method and triangular

pyramids.
Computation o : FVoluma
147,3 x 600 = 3,280 cu. ydse
27
2 x 24 x 2.6 %X 2 = 8.9
27
24 x 7 x 2,6 x 2 , = 31le5
27
24 x7x2x2 = 2449
27
30+ 26 x 1,5 x 24 = 373
2 27

Total 34,3826 cue ydse

Rock Excavation
Explanation
The rock extends over a length of one hundred feet in the conduit,
and its average area in this length equals 0.20 x 400.

0.20 x 400 x 100 296 cue ydse
27



QUANTITIES IN CONDUIT .'
(Continued)

- Cut
- Explanation ‘
‘The cut was obtained by finding the area of cut in a right section
and multiplying by the length over which it is effective. .
Comnutationé - ’ - | ‘ Volume

0.73 x 400 x 100

e ' = 1,080 cue yds. -

0,98 x 400 x 242 |
27 S - 3,520

0.98 x 258 x 400 } = 3,750

27
- Total ' 8,350 cue ydse
Fill
Explanation
The fill was obtaiﬁéd in a similar manner. .
Computations | Yolume

0.24 x 400 x 100 v ,
27 : ‘ - 356 cue ydse

0629 x 400 x 575
‘ 27 = 2,210

Total e 2,566 cu. ydse

S



QUANTITIES IN CANAL

Fill
Right Bank
| E@lanation ‘
" The Yolumes were obtained by the average end area method,
by prisms and by solids of revolution.

- By solids of revolution:-

Vou, yiBe= 2 X 3e14 x> XA XD
. 27 : 360

~ where T equals the radius in feet from
the center of revélution to the center of gravity of the fig-
ure. |
A equéls the area of the right sectioﬁ
in square feet and
© equals the angle in degrees swung

through By the right section. |

Station - Computations Yolume Total
0+ 31.0 '
. .46 X 69 x 7.41 = 235 cue yd.SQ

0041 x 2 x 3414 x 210 x 19,5 x 7s41 = 217 ;

360 QR ,

8 + 00,0 ‘.

0638 x 7¢4l x 15 x 2 x 3414 x 95 =70

o 360

8 +47.0 : o
9 + 00,0 : ' .
. 0.45 x 7.,41 x 100 = 334



Station

10 + 0040. - - -

1 S e S

11+ 000

12 + 0040

13+ 00,0

13 +29.0

Total

QUANTITIES IN CANAL
" (Continued) -

Computations

0.72 = 7441 x 100

0482 % 7041 x 100

093 x 7,41 x 100

1,18 x 42 x 7,41

By prisms and solids of revolutiom

‘3 x 256 x 8
Ay

3 x 256 x 10
27

os55 x 11

256 x 19
27

256 x 20
27

16 x 165 x 2l

27

0,80 x 1600 x 4.6
27
1,55 x 1600 X 645
27

Volume

= 608

= 690

- 368

- 228
- 284
= 105
= 1
= 161
= 180
= 199

= 2,060

= 214

= - 600

3,194 cu. ydse



QUANTITIES IN CANAL

Total

Left-hand side

By average end ares method

(Continued)
» Comutations ‘ - Yolume
2,50 x 1600 x 10,75 | © _ 1,590 cu. yas.
on e Lo
22x43x2x5%.14x55x1/a ° = 1,510
27 2 o
1,50 x 1600 % 9 o = 400
27 x 2 i ' '
| 0,53 x 1600 x 26 | y - 240
27 x 4 TR e T e
0,82 x 1600 x 35 _ 425
27 x 4
1,87 x 1600 x 42 - 1,170
27 x 4
1,75 x 1600 x 44 - 1,140
27 x 4
2,66 x 1600 x 23 : . 1,815
27 x 2
252 x 2 x 3.14 x 63 = 925
27 x 4 -

11,570 cue ydse

(1e71 +1e71) % 2 x 3014 x-340'x 10 x 744l
360

=+ 14296 cu. yds.

Station Comoutatim - Yolume
6+ 310
(1.06 + 1,44) x 7.41 x 69
7 + 0060
' (Le44+1,71) x 2 x 3414 x 350 x19,5 x 7.4l
360
8 + 00,0

it

2,200

1,500



Station
8 + 43,0

9+ 0000 }

10+ 00.0

11+ 00,0

12 + 0000

QUANTITIES IN CANAL
(Continued)

Computations
(1,71+ 1.80) x 7.41 x 64
(180 +2,02) x 7441 x 100
(2,02 + 215) x 7.41 z 100

By prisms and solids of revolution

__Comnutatians

8 x 256 x 20
27 |

5 x 256 x 19
27

6 x 256 x 21
a7

3 x 256 x 22
‘ a7

5.83 x 1600 x 10
‘ 27

2.80 x 1600 x 11
| 27

400 x 105
27 x &

13 x 20 x 19,5
27 x 4

5.70 % 1600°%"20
7T x R

=

”‘Volume

1,670 cu. yds.
2,830
33,090

3,410

Yolume

1,520 cu. ydse
900

1,200

625

3,460

1,830

390
1,220

5,380




g2,

QUANTITIES IN CAEAL

(Continued)
Comutatiohs , ' ; Yolume
.~ 306 x 2 x 3.14 x 55
S 27 ‘ 4 = 980 cu. ydse
Total ‘ : 31,548 cu. yds.

PFill right-hand side - - 16,570 cu. yds.
Fill left=hand side ' 31,548 " "
TOTAL R | 48,118 cu. yds.

Excavation
By average end area method and by prisms

By average end area method

Station Commutation Volume
6+ 31,0 :

(1.14+2419) x 69 x 7.41 = 2,130 cu. ydse
74 0040 , o

(2619 +1.69) x 95 x 7.41 = 2,700
8 -+ 0000

(1e69 + 1,60) x 7.41 x 100 = 2,440
9+00.0 (1460+ 1489) x 7.41 x 100 = 2,585
10 + 00,0

(1489 + 1,70) x 7.41 x 100 = 2,660
11 + 0040 o

' (1s70+ 1.63) x 7.41 x 100 = 2,540

12 + 0040 _ " .

(1463 +1e43) x 7.41 x 100 = 2,265
13 +00s0 -

(10454' 1.36) x 7¢4l x 30 = 622
13+ 3040

(1636 + 0464) x 7441l x 70 = 1,037

14+ 00,0



- QUANTITIES IN CANAL

(Continued)
By prisms
| ' Computations - Volume
‘154 x 1600 x 7 ‘
27 = 640 cu. yds.
1,76 x 1600 % 2 |
L 27 S = 208
3,05 x 1600 x B -
27 = 905
5.36 X 1600 x 5o75 |
- : 27 x 2 ' = 670
21 x 36 x 13 ‘
27 C = 364
Total ‘ : 21,766 cu. ydse
Rip Rap
Expla.natim.

Dotal area multiplied by a thickness of one foot.

2

33,160 x 3/ 5 cu. f£te = 1,370 cu. yds.




QUANTITIES IN PENSTOCK

CONCRETE
Head Works to Penstock
 Explanation
3 .fhe volume was figured by pieces
"Comnuta.tiars. " o Volume

0030 x 64 x 54

27 . . - = 58.4‘ Cu. yds.

0,50 x 64 X 155 % 3
27 = BB,k

1,07 x 64 x 27 '

27 = 6845
Lo7x64txl = 6845
5% 0,70 x 64 %1 T = 89.6
21 x 30 x 445 x 2 , _ = 105

2 27

18+ 4,5 4 4 x 10.5 x L.875 4 5 x »75
(-——2—‘— * > 552 50-50

6x27

2405 x 61 % 25 ‘ . |
. - -188

Total | | | 593.1 cue ydse




s

35,

QUANTITIES IN PENSTOCK .
(Continued) .

Penstock Setting

Explanatior

Same as head works to penstock

Comoutations .

1025 x 61 x 64

27
1065 X 340 x 2 x 3414 x 11,25
2 27
2 x 3,14 x 11425 x 1e5 X 6545
L 2 27
2x314x7x2x6_
o | 27
6 x 115 x 3_
27
Total
 GRANWD TOTAL

STEEL
Outside diameter equals 10 £t. plus

Inside diameter equals 10,0000 ft.

' .Volume

¥

1

5

8 x 12

= 181 cu. ydse

41.2
128.8

19.5

7646

- 447,1 cu. ydse

1,040.2 Clle de. .

equals 10,0417 ft.

A 2

‘Cubic feet pér linear foot equals 3.14 x (10.0417-10,00 )= 0.656 cu. ft.

Weigh‘b of steel equals 0.656 x 490 x 160 = 154,200 pounds.



36s

‘ "UANTITIES IN PENSTOCK
(Contmued) _

: Excavation*
Explanatmn
By average end area method, by tr::.a.ngula.r pyra.mlds and prisms.
| Comnutat;ons | A  Yolume ' ' h
625+ 1190 x 19 |
2 2 o .= 638 cue ydse
1120_—8-43 x 21 : :
2 27 = 791
x 20 ~ |
2 a7 ' ‘ = 495
488 +344 x 11
2 27 ' = 248
768 x 20 ; ,
27 = 550
768+ 696 x 20 :
' 2. 27 = b4l
696 x 20 ,
27 = 515

625+ 696 x 24 .
2 2'7 - = 597

17 (24 x 61+ 8.5 x eo)
27 = 1,245

~ Total . ‘ ~ 5,620 cue ydse



QUANTITIES IN PENSTOCK
(Continued)

Fill above original ground level

Explanation

By average eﬁd area method, by triangular pyramids, and

by prisms.

Computations . Yolume
1276 x 65
- : .= 3,070 cue yds.
~5€v15i5+15.5x52x5+12.5x52x5 o
27 | = 403
6 x 10 x 55 = 122
27 .
"2 x 6% 64ix B2 : = 23
' 2 3 x2a7
70 = 3‘ x 12 :
2 27 = 47
2x3x4.5x12
2x3 : = b4
(235.'5+, 1456 )_2_5_
2 R7 17 3,890 cu. yds.
ZDed.uct volume of pipes
3,14 x 25 x 162x 3 = 1,416

- 27
also a séction in which penstock lies wholly in cut

(70 X 345+2¢6 X 3.5 % 2)9.5
. R 2x3 27 _ = 44

(70 x 3.5#2.6 x 345 x 2)15,5 |
2 2x8 27 =72

Net £ill above ground

Amount figured in cost 2,358
| 5,620

1,532

2,358 cue yds.

7,978 "



38,

QUANTITIES IN POWERHOUSE

CONCRETE
Substfucture
Beic;w épringing line of arch ;
|  Explanation
U Volume figured by pieces
Commutations - Yolume
210.2 {53°x 1845 +8) | | = 15,120 cu. £t
115.3 (3 x 1845+ 8) = 7,210
26 (107) | ‘ - 2,‘786
1098 x 8 = 8,780
12,8 x 18 x 2 = 460
2l x 4 x 645 = b45
15 x6x15x 4
4x2x4 , - = 169
188 x 9.5 : ‘ | = 1,790
(204+1s$)' TR = 3,140
204 ;5’ | = 1,020
8 x 18 = 144
4x ';l4.6’ x 11 ' = 840
115.3 x 11 : = 1,680
17.2 x 18 = 310
13 x 18 = 234
205 x 2% 9 = 370

3x17x28 = 1,170

3¢75 X 245 x 20.25 = 190



Computations

17 x 17 x 3
2x6

245 (17 4+ ¢75)3475
6
(4.5.‘,.3.5 ) 9.0
[F 12
(645, 3s5 1545)940
12 12
(£a5+ 9e17) 17 % 2340
o
8. x 245 x 35
Ze5 x 2 x 1845 = 2
454+ 17) 1845
‘ 12
5702 b:d 125 4 205
4 x 17 x 372"
(645 x 3 = 6438)17
11 x 2.5 x 175
92 x 5

(2425 x 4e5+3,5%7)18
4 o

(5.5 X 7)5
Y S

3,5 x 7 x 10

4

Total

' QUANTITIES IN P
| (Gontinued)

OWERHOUSE--CONCRETE

Yolume

[\

70 cue fte
L
= .67

- 73

= 5,650
= 700

= 130

= 1,630
= 2,530
= 220
= 480
= 460

= 155

54,100, cu. fte

39,



B o

QUANTITIES IN POWERHOUSE-CCQNCRETE
o (Continued) s
Above springing line
Exéié.natibn
o ‘Seme as below springing line

Comp utations , , Yolume

2460 x 64 x 13 . | ‘= 1,660 cue Tte
119 x 64 x 8 | - 610
6.’?5 b4 9.5 x 8 . = 515
2.0 x 14,0 x 185 - 520
(9 x 205 =7 x 445) 2425 - B
(4'x 9.5 § 52 - 1,215
1019 x 64 x 12 B - 915
x9Sz = 130
4,5 x 9,5 x 9 o o = 385"
177 x 64 x 12 - 1,360

1456 x 64 x 24,3 - 2,425
1.19 x 64 x 12 ; . = 915
1,77 % 64 x 12 = 1,360
1.56 X 64 X 24,3 | - 2,425
2 x 440 x 945 x 4843 = 3,670
1.19 x 64 x 20 : = 2,260
6.5 X 945 x 48,3 : : = 2,980
3 x 945 x 29 = . 825
6e5 X 945 X 1743 - 1,070

4 x 9.5 %70 = 2,660




QUANTITIES IN POWERHOUSE--CONCRETE
(Continued)

Computations -
2x2x99

2 x 2z 53

é x 2 ’x 20.5
2x2x 19.5 “
2x 2 i 7445
2 x 2 x 4843
Total
- Deductions

" 1pit 10 x 5 x 2.5

Yolume
= 396 cus fte
- 132
= 82

= 77

n

298
= 198

29,727 cu. fte

= 125

3 gene pits @ (4433 x 5.42)2.5
plus (5.42 X 6433) 245

" (2 x 5,42)3

' % draft tube openings
- @ 3014 x 36 x 4

Nei; total

= 531

- =1,359

2,025

’ 27,702 cue Tte-



QUANTITIES IN POWERHOUSE-~:"

(Continued)
Superstructure
31 x97 x 53 = 159,370
V=Bl x 47.5 X 2645 , = _-393,843
Potal | 119,527 cu. fte
Excavation '
Foundation
Comnutatibns» . Volume
(13,5 x 57+ 28 x 31 .55 x 39)100 = 10,300 cu. yds.
2 er.
2 x 62 x 30 x 33 |
2x3x27 o = 760
2 x(39 x 30, 173 x 23.,0) x 28
2 2 = 813
2 x 27 ' ‘
2 (17.3 x 23, 10 x 13,5)57 ,
2 R 27 = 563
2
Gross « | o 12,435 cu. yds.

Deducting that already figured for penstock

(1070 + 344)43 |

2 27 = 1,128
Net - | 11,308 cu. ydse

Rip Rap 20 x 60
‘ 27 ‘ . = 45 cue yds.




APPENDIX B

PLANT NO. 4



QUATTITIES IN DAM

All priémqidél solidé computéd by averaging fhé areas of the
two bases and multiplying by the distaﬁce,betﬁeeh them, i,e;,
: v cubic’feéf’s A1+~A2-" |
- -—75——-}x L;:; where_’ ,

grea.of first section in Squarelfeet

Ay =
A5 = area of second section in square feet
I, = distance between risht section

In 511 computations:-

Vo = volume of concrete used in structure
T, = volume of rock excavation :
Ve = volume of earth excavation
CORCRETE
Station ) Area Yolume ' - Tokal
9% 00,00 12,18 ¥ 640 = 1295 . .
. v ’ 1296 + 1158 % 29.6 = 37,800 cubic feet
I o IR 2 P
0'*29.60 1.812 x 640 = 1158
o - 1158 ; 1247 _ 1q = 21,590
0+65.60 1,948 x 640 = 1247
: R ‘ - 1247 + 712 . B2.5 = 51,400
1+18,10 1.112 x 640 = 712 ‘
1+18,10 1,093 x 640 = 700 A -
»‘; B ' " ; 700 ; 440 % 4%.6 = 24,850
1+61.70 - 0.686 x 640 = 440 ; o
| o 440 ; 400 _ 19.0 = 7,980
~1+80.70 04625 % 640 = 400 R :
' 400 + 171.5 4 p.9 = 5,975

‘ , 2 w
2+ 01:60 0.268 x 640 = 171.5



(Continued)
Station Area Volume
2 + 36410 0,279 x 640 = 17846 o
o ‘ B o ~178.6 + 203 o=
‘ ’ _ S x 7
2 + 36.10 0.317 x 6404=‘205 o
Totzl Goncrote -

ROCK EXCAVATION

4 cut of two faet

Station

0 + 00.00 47.3 x
0 + 29460 4.6 x 2
0+ 65.60  45.9 x 2
1+ 1s.io 59.6 x 2
1+ 18,10  35.6 x 2
1 + 61.70 33 x 2
1+ 480,70 26.2 x 2

2 + 01.60

QUANTITIES IN. . DAM--CCHCRETE

was made at the base of every section.

[ Jolume
= 94,87
\ 94.67 + 89.87 x 29.6
’ 2
- 89067 . n
89,67 + 91,83 x 18.0
2
= 91.83 -
‘ 91.83 + 79.16 .. 52,5
. 2
= 79.16 '
= 71.16 :
71.16 45 66 42.6
= 66
66 + 52'62—x 19.0
. P ’
= 52067
BR«67 + 36433 % 20.9

2

18416 x 2 = 36.35

Total

6,040 cubic feet

1,336

156,971 cubic feet

Totsal

2,720 cubic feet
1,632

4,440

2,995

1,129

.

e Bt L

e A o e e




QUANTITIES IN DAM=-ROCK EXCAVATION

0.192 x 640 = 122.8

(Continued)
Station ~ Area Yolume
o | 36285 ;— 37:16 4 345
2 + 36.10 18.6 x 2 = 37.16 - o
: : 37,16 + 39.33
o 2 x. 7
2 + 36,10 19.67 x 2 = 29.323
Total rock excavation
_ EARTH EXCAVATION
Staﬁion Area 1 Yolume
-0 + 00.00 0.652 x 640 = 545 .
| ' - E%iL;%réég % 29.6
0 + 29.60 0.422 x 640 = 270
: ’, 270 + 400 x 18
_ o 2
0 + 65.60 0.624 x 640 = 400 ' ,
' = B éQQ_jg;%Zg& x 52.5
1 +18.10 0.074 x 640 = 47.4
1 + 18,10 0.1005 x 640 = 64.4
: +
| B 64.4 . 218‘3’43.6
1+ 61.70 04340 x 640 = 218 A
SR ' 218 + 163.8 4 19
o , : 1" 16348
, | 5 x 2049
2 + 01.60 ‘ 0.
2 + 36410 30.147 x 640 = 94,1
2 + 36,10 |

Total earth excavation

]

S ]

45,

Totai

1,622 cubic fest

266

15,746 cublc feet

Total
12,075 cubic feet

5,960

11,710

6,160
3,625
2,100
1,268

760

43,656 cubic feet



46,

 DAM~EARTH ENBANKNENT

Thé volume of a jtruncaﬁed rééfangular prism = A x hy+ Ho + he +

where A = area of cross section
h1, hg, hz, hy are corner heights

The volume of a truncated triangular prism = A x hy + h2+ hy

3
Station * Elevation Ground 1. Elevation of Embankment Difference
1 326 o 348 , 22
2 - 328 o 362 " 34
3 ' 329 - k 375 46
4 328 : 375 - 47
5 331 : 345 - 14
6 330 . 337 . 7
7 333 : o 348 15
8 333 - 362 29
9 - 333 375 » 42
10 o - 232 375 43
11 S <7 - . 357 23
12 S 3326 347 11
1z ' 335 , ‘ 338 3
14 - 338 S 348 10
15 - 338 : . 362 . 24
16 338 . - 375 , 37
17 ‘ 340 375 ' - 35
.8 0 342 366 ' 24
19 o Bl ; 353 12
20 co z40 340 : 0
21 350 350 , 0
22 - 352 - 362 10
23 . 350 375 25
24 © 350 375 . ' 25
25 . 352 , 367 15
26 ’ 365 ‘ 365 0
27 362 - . 375 13
~&8 363 375 12
29 360 362 2
30 B 375 . 375 0
31 . 375 . . .35 0
. 32 350 . 350 0
33 - 330 . . 331 1
34 ' 326 - 341 15
35 327 337 10
36 328 A . 333 5
37 _ 332 ' : 332 0
38 _ . 339 339 0
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x 22
x 34

29
42
10

10
25

47
14

43
23
11

35
24
12
25
15
12

15

37
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DAM~EARTH ENBANKMENT

{Continued)
-22
- 68
=46
= 30
= 116
= 84 oo , : '
2 20 - ¥ = 672 x 400 = 67,200 cubic feet
= 96 S . 4 '
=74 - i
=40 - Lo '
= 50 -
- 672
- 47
= 28
= 14
= 86
= 92
=44 - S »
= 6 ' o iV-= 642 x 400 = 64,200 cubic feet
= 70 S "4 ' 4,740%
a 96 B o ' 2,040
= 36 ’ ) 300
= 50 . ’ 1,120
= 45 R . 1,600
= 24 . : 1,600
= 4 e ' - ‘ 600
642 R ; 400 -
o 12,000
12,700
11,000
2,200
S 181,700
Rip Rap 7,000

Total volume of earth embankment 174,700

e



DAM~RETAINING WALL

Volumes figured by end area method and by pieces.

CONCRETE
0.596 x 640 x 28.2 = 10,750 cubic. feet
0,107 x 640 x 12.5 = 855
0.155 x 640 x 11.3 = 1,120
0.240 x 640 x 20 - = 3,070 -
0.368 x 640 x 18.8 = 4,440
0.986 x 640 x 22.5 = 14,200
8.2 x 6.0 x 44.8 = 2,200 - R
5.0 X 2.5 P 35.0 =" v440 : .
8.2 x 7.5 x 44.3 = 2,750
8 x6 x41 = 1,970
0.R265 x 640 x 8 = 1,360
0.316 x 640 x 12.5 = 2,530
0.634 x 640 x 10 = 4,060
0.647 x 640 x 16 = = 6,210
0.493 x 640 x.10 . = 3,160
46 x81~» .= ,7372
114 x 8.7 = 1,000
220 x 122 s 2,900
327 x 6 = 1,962
441 x 13 = 5,730
b33 =x 3 = 1,600 -
Total concrete 74,379 cubic feet

ROCK EXCAVATION

0.596 x 640 x 2 = 760 cubic feet

0.870 = 640 x 2 =1,110

0.986 x 640 x 2 =1,260

0,960 x 400 x 2 = 770

1398 x 400 x 2 =1,600

1,680 x 2 =3,360 :
-Total rock 8.860 cubictfeet



DAM<RETAINING WALL
(Contimed)

EARTH EXCAVATION
10,750 - 0.409 x 640
855 - 0,014 x 640
1,120 - 0,05 x 640
3,070 - 0,113 x 640
4,440 - 0.208 x 640
19.5x 14
: 1,98 x 400
372 = 0.008 x 4000
1000 - 0,015 x 4000
2900 - 0.021 x 4000
1962 - 0.022 x 40000
" B730 =~ 0.029 x 4000
1600~ 0,030 x 4000

. Total earth

NNN%N‘NNNLN/NNHNN

34350 cubic feet
743
760

1,620

1,940

6,140

4,600

5,600
100
500

1,800

1,450

4,220

1,240

F

"34,063 cubic feet



- DAM~-SLUICE..:

~ Volume figured by end area method.

CONCRETE |
: | 0.690 x 3 x 5.75 x 640 = 7,610 cubic feet
0.344 x 3 x 10<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>