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I Table 3.1. UPPER LIMIT COST £STIHAT£, MAY 1981 
WATANA ROCKFILL DAM (Crest El. 222~) 

UNll $000 $000 . $000 JTEM DESCRIPTION QUANTITY _ UNIL__ PRICE $ TOTAL ITEM TOTAL FINAL TOTAL 
(> lAND Land Acquisition LS 3~,ooo,ooo 35,000 

3~,ooo ~ 

RESERVOIR Reservoir Clearing LS 15,000,000 
~ ~ 

15 2000. ~ 
15,000 

)\ <""\ 
~ ~ 

~ ~ MAIN DAM [)(cavate Rock 5,263,000 20 105,260 ~ cy -. 
Excavate Overburden 8,121,000 cy 8 64,968 ~ 

~ ~ Excavate Grout Galle~y - Horizontal 12,000 cy 85 1 ,o2o~·-· 'S 
Excavate Grout Gallery - Vertical 2,200 cy 100 220 -- ~ Su~face Preparation 680,500 sy 15 )0,207·-

~ ~ Rnck fill/Gravel fill 57,448,000 cy 13.50 775,548 

" Coarse filter 1,214,000 cy 14 16,996 ~~ "< ' fine filter S,5JO,OOO cy 8 44,240 

~""' ~ Semi-Pervious Core J,J6J,OOO cy 7 23,541 
I~ervious Core 8,961,000 C)' 9 80,649 

~ ~ 
Concrete Grout Gallery - Horizontal 15,340 cy 240 3,681- ~~ ~ Concrete Grout Gallery - Vertical 265 cy 450 119 
Consolidation Grouting 474,000 :..f 60 28,440 ,, ~ ~ 

~· Grouting f~om 5urface 93,000 Lf 50 4,650 , f~ ·~ 

Grouting from Adits 176,000 Lf 60 10,560 ~ ~ Relief Drains LS J,ooo,ooo 3,ooo ~ 
' <:) .;) 

~ 
< ;_,. Rockbolta Grout Gallery 200 ton 2,500 .500 --

Support Steal-Grout Gallery 350 ton 3,500 1,225 -
~ 

~ .;; 

~ ,. Low Level Release LS 2.5,000,000 2.51000 1 ,'199,824 ~ 
~ 

0 

t 

~ 
/I) 

OI\I£RSlON/ Excavate Rock Portal 27!J,OOO cy 14 3,892 ~ COffERDAMS Excavate Overburden Portal 92,000 cy 5 460 
~ ... Excavate Tunn~ls .556,000 cy 45 25,020 

l ,..., Concrete Liner 100,000 cy 240 £4,000 

-~ ~ I' Concrete Portals 4,000 cy 250 1 ,ooo 
::t 

,1 

Concrete Plugs 20,000 480 9,600 cy 

~ Upstream Cofferdam 3,140,000 cy 4 12,560 
Downetrc~~ Cofferdam 125 ,ooo cy 7 075 

~ ~ 
•· Dewatering LS 3,500,000 3,500 

Cutoff LS 6,.500,000 6,500 
~ Reinforcing Steel Portal 80 ton 2,000 160 .;::, 

Rockt~lte Tunnels 1,550 ton 2,500 3,875 

-\J Rockbolta Portals 69 ton ~.;oo 15(.1 
Support Steel 2,050 ton 3,500 7 p 175 
Gates, Etc. LS J,zoo,ooo ..l.JlOO - 101,967 

"·-.t.•'. 

~0 
. ,. 

' 

-··-'"'·'- , __ ._ .......... -:::'-"'""~-.......... ~1"'-~·.._·-~,-- ~--,~- -~·-..... ""' -, .... " ~~.- ... ~~ ... -- .................. ._. .. .,... ........ ~, ........ _ .. _._-~~-----""""i~":-''"'--·-·.., ...... ? ... ,.___:rJ~~. 
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Tab ~~~f -~ Cc.t Hnued) 

PENSTOCKS 

POWER JNT AKES 

r'OWE!UIOUSE NSJ 
ASSOCIATED 
HEMS 

. 

OESCRIPTlON 

Excavate Tunnel 
Concrete line 
Rockholt a 
St.eel line 

Excavate Rock 
Excavate Overburden 
Concrete Base Slab 
Concrete Structures 
Rein forcing Steel 
Rockbolts 
Gales, Etc. 

Excavate Powerhouse 
Excavate Drefl Tube 

Vault 

Excavate Surge Chamber 
Excavate Tr~~sfnrmer Gallery 
Excavate Hock Tunnel Portal 
Excavate Overburden Tunnel Pa·rtal 
Excavate Access Shaft 
Excavate Cable & Transformer Shafts 
Excavate A~cess Tunne1 
Concrete Substruc.ture Powerhouse 
Coocrete Superstructure· Powerhouae 
Concrete Draft Tube 
Concrete Surge Chamber 
Concrete Transformer Gsl ~ery 
Concrete Transformer Shatt 
Concrete Line Access Shaft 
Concrete line Cable Shaft 
Concrete line Acr.ess Tunnel 
Concrete Acceee funnel Portal 
Support Steel Access Tunnel 
Rockbolts Powerhouse/Draft Tube 
Rockholt~ Access Shaft 
Rockbolts Cable Shoft 
Rockbolte Access Tunnel 
Rockbolts Access Tunnel Portal 
Reinforcing Steel Powerhouse 
Reinforcing Steel Transformer Gallery 
Reinforcing Steel Surge Chomber 
Reinforc}ng Steel Draft Tube 
Turbines and Valves 
Cranes 
Generators 
Mechanical/Electrical Equipment 
Au xi liar}' Kechanical/Electr ica 1 Equipment 
Draft Tube Gates 

~ Archi teclur al Powerhouse 

~..-~-·~ .. ~-":,~~J~""··"""'~.....,..,... . ._.. .. ~ ... "'--"--..-·"~·"-· ·:,,.-·--·-...-.. __.... ---~-_ ......... ~·~ . ..,.. .... ......-.... ,. ---..-...... ~-~"" ...... ~~--·~,_.,....__~ ---~-;,.."fS""'~--~ 

.:• p 
// 

;, 

·~· 
G' 

QUANTITY 

50,8~0· 
19~500 

525 
520 

7371'000 
300,000 
23,000 
74,000 
4,365 

180 

201,000 
20,000 

102,000 
30,000 
3,700 

11,000 
10/100 
14,LJ00 

119,400 
41,200 
20,600 
12,400 
30,500 
10,100 
4,000 

BSO 
1p860 
9,000 
1,000 

400 
305 

95 
50 

330 
5 

3,640 
610 

1,830 
746 

UNIT 

cy 
r.y 
ton 
ton 

cy 
cy 
cy 
cy 
ton 
ton 
LS 

cy 
cy 
cy 
cy 
cy 
cy 
cy 
cy 
cy 
cy 
cy 
cy 
cy 
cy 
cy 
cy 
cy 
cy 
cy 
ton 
ton 
ton 
ton 
ton 
ton 
ton 
ton 
ton 
ton 
l!i 
LS 
LS 
LS 
lS 
LS 
lS 

UNlr 
PRICE $ 

50 
360 

2,500 
4,500 

12 
6 

180 
285 

2,000 
l,500 

12,100,000 

40 
45 
40 
45 
14 

5 
65 
65 
40 

300 
360 
500 
340 
.300 
450 
450 
450 
240 
300 

3,500 
2,500 
2,500 
2,500 
2,500 
2,500 
2,000 
2,000 
2,000 
2,000 

26,950,000 
~,600,000 

31,000,000 
10,500,000 
12,000,000 

580,000 
1,500,000 

001) 

$000 
'JOTAL 

2,942 
7~020 
10312 
2,340 

8,844 
1 ,aoo 
4,140 

21 ,D90 
8,1Jo 

450 
12,100. 

B,040 
900 

4,080 
1 '710 

52 
55 

709 
936 

4,776 
12,360 
7,416 
6,200 

10,370 
3,030 
1,800 

303 
837 

2,160 
300 

1,680 
762 
238 
125 
825 
13 

7,280 
1,220 
3,660 
1,492 

26,950 
2,600 

J1 ,ooo 
18,500 
12,000 

580 
1 500 

$000 
!TEH TOTAL 

13,614 

57,154 

-.~-""\~~~~'"7~,,~ 1 

$000 
fiNAL TOTAL 

·o 
·'::· 

() 

~; ,. 

;) ' 

0 t 

\) 
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Table J.1 (Continued) 

UNIT WOo $000 rooo' ., 
~l~if~M~·----------~D~E~SC~R~l~P~TI~O~N ______________________ QUANTIT~Y ______ ~U~NI~T--------P~R~I~C£~$----~T~O~lA~L; ____ ~I~T=EH~T~OT~A~L----~F~I~NA~l~T~Ol~A~l--

SERVICE SPILLWAY Ex~avate Rock 

TAILRACE 

S.ADDLE DAH 

SWITCHYAID 

Excavate Overburden 
Concrete Sloping Slab 
Concrete Rollways/Weira 
Concrete Keys 
Concrete Walla 
Concrete Piers 
Concrete Bridge Deck 
Reinforcing Steel 
Rockholt a 
Gates, Etc. 
Dental Concrete 
Grouting 
Winterization 

ixcavate Rock Outlet 
Excavate Overburden Outlet 
Excavate Tunnele 
Concrete Base Slab Outlet 
Concrete Walls Outlet 
Concrete Line Tunnels 
Reinforcing Steel 
Rockholt a 
Support Ste17!l 

Surface P~epa~ation 
Rock fill 
filters 
Impervious Heterial 
Excavate Overburden 
Slurry Trench 

Excavate Switchyard Overburden 
Fill 
Surface Preparation 
Electrical 
Civil Works 

- 'i 

J,22Z,OOO 
1,037,000 

46,300 
206,000 

74,000 
70,000 
14,000 

925 
10,900 

1,120 

37,000 
46,0(10 
89,000 

2,200 
700 

13,600 
100 
450 
540 

16p600 
120,000 
18,000 
81,000 

140,000 
77,800 

146,000 
146,000 
35,000 

I 

cy 
cy 
cy 
cy 
cy 
cy 
cy 
cy 
ton 
tori 
LS 
lS 
LS 
lS 

cy 
cy 
cy 
cy 
cy 
cy 
ton 
ton 
ton 

sy 
cy 
cy 
cy 
cy 
sy 

cy 
cy 
ay 
LS 
LS 

16 51,552 
6 6,222 

180 B,JJ4 
200 41,200 
260 19;240 
24~ 17,150 
200 3,920 
500 462 

2,ooo 21.800 
2,500 2,800 

1, 60,000 7,260 
4,500,000 4,500 
2,000,000 2,000 
9,000,000 9,(0~ 

14 
5 

45 
220 
300 
260 

2,000 
2,500 
3,500 

10 
12 
15 
10 

6 
.540 

4 
4 

10. 
4,000,000 
1,500,000 

518 
2JO 

4,fJ05 
484 
l''lO 

3,536 
-2Ci~1 

~,12'> 
__.1..,.090 

166 
1 ,44C: 

270 
810 
8410 

... ~2,011 

584 
5Bll 
JSO 

4,000 
1,~00 

~:~-------------------------~ 
BELOW GROUND 4 UNIT 
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12, 19·8 

7,018 
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Table 3.1 (Continued) 

ITEH 

HISCEllANEO:.!S 
STRUCTURES & 
EQUIPHEfH 

ACCESS ROAD/ 
AIR STRIP 

SUBTOTAL 

SUPPORT AND CAtfl 

SUBTOTAL 

20~ CONTINGENCY 

DESCRIPTION 

Recreation Facilities 
Buildings and Grounds 
Permanent Operating Equipment 

Permanent Access noad 
Permanent Bridges 
Construction Access Site 
Airstrip 

Construction Power 
Trailer Camp 
Permanent Housing 
Clinic/School 
Camp Cost 
Catering/Support 

., 

12.5~ ENGINEERING, OWNER COSTS, AOHINISTRAHON 

TOTAl PROJECT OJST 

••••••• · -. · ·_. -: · ·e···· ~~. ··. 1-:-
~ ifM llfl I .. ~~ ~., .. 

Q~IANTITY 

114 

I 15 

5u 
50 
1 

3',300 
.5.0 

l' :·.-···~ 

~ ....... 

UNIT 

lS 
lS 
lS 

miles 
lS 
mil eo 
ts 

lS 
units 
units 
units 
uni•~s 
million 
mondays 

·m_·_ 1 ... _ · 1·.·._· · . ""... ,' 

. .: , .. ~ , . 

LRHI 
PRICE $ 

1,000,000 
4,000,000 
J 1DOO,OOO 

600,000 
2otooo,ooo 

220,000 
6,000,000 

53,000,000 
70,000 

150,000 
1,000,000 

20,000 
35 

$000 
TOTAl 

1,000 
4,000 
J,OOO 

68,400 
20,000 
3,300 
6,000 

53,000 
3,500 
7 ,500·· 
1,000 

66,000 
175,000 

BELOW GROUND 4 UNIT 

$Uuu' 
ITEM TOTAl 

o,ooo 

97,700 

3Q6.000 

$000 
FINAl TOTAL 

1,967,992 

2,273~992 

454,798 
341,022_ 

3,069,809 

I· 
' I . 
' 

\' 
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APPENDIX A 

TABLE 1 

SPECIFIC ASSUMPTIONS 
UPPER LINIT CAPITAL COST ESTiMATE 

WATAN.~ ROCKFiLL Dl~M 

Land Acquisition -taken as lump sum at $35,000,000; COE (1979) estimated 
100,000 acres at $20,000,000. 

Reservoir Clearing - taken as lump sum at $15,000,000; COE (1979) estimated 
5,100 acres at $4,300,000. 

Main Dm11 --

- Dam volume based upon slopes of 1:2.75 (upstream) and 1:2 (downstream). 
- Shell assumed to be 50 percent quarried rock at $15/cy; 50 percent river 

gravel at $12/cy; average price $13.50/cy. 
- Quarrying of r·ock estimated at $7/cy and hauling and placement at $8/cy; 

60,000 cy/day production assumed based upon two, 10-hour shifts per day; two 
to th;'ee foot lifts assumed; haul distance averaged at about four miles. 

- Filters and cores estimated by similar procedure. 
Grouting assumed to be through series of vertical and horizontal tunnels on 
either side~ Grout curtain extended to 70 percent head with maximum depth of 
300 feet. Horizontal galleries 6 feet by 10 feet, horsesho·e shape with 
concrete inver; and shotcrete lining with additional steel support of 6 feet 
on center ribs for 25 percent of tunnel length; rock bolts included for 25 
percent of tunnel length; vertical shafts 6 feet in diameter with one-half 
foot concrete and 25 percent rock bolting . 

... Low level release lump sum ftem (includes intake, gates, and tunnel into lower 
end of diversion tunnels). 

Diversion/Cofferdams --
~~~,--~--------

- Two d·iversion tunnels, total length 13,000 feet~ 35 foot inside diameter; 
fully lined with concrete one and one-half feet thick, steel support included 
for appr9ximately 25 p~rcent of length; rock bolts included for 25 percent of 
length. · 
Gates• lump sum estimated. 

- Cofferdams estimated with 2:1 slopes .., upstream dam t&ken as 250 feet high 
(Grest elevation 19 650) and ·downstream as Sd feet high (crest elevation 1,450). . 

"" ~;wate:.ing for ~ntire d.~ration of job lump sum estimated. 
o,vers1on tunne, plugs 1ncluded to plEJg after use (upstream of any drawdown tunnel). 

- Cutoff trench assumed to be installed during installation of cofferdam from 
banks of river. 
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TABLE 1 {Cont•d) 

Penstocks --

- Four penstocks for total length of 7,180 feet with lB foe~ ins~~~ diameter 
included· full liner of two feet th1ck concrete assumed w1th f1,~Y percent 
rock bolting; steel liners of three-fourths inch thickness and 150 feet in 
length included at powerhouse. 

Power Intakes --

- Twenty-five foot overburden excavation assumed. 
- Reinforcing steel assumed at 90 lb/cy throughout structure. 
- Rockbolting assumed throughout area. 

Powerhouse & Associated Items --

Vault & Associated Structures 

- Excavation and concrete quantities based upon standard underground 
oowerhouse. 
Reinforcing steel based upon 90 lb/cy for secondary; 120 lb/cy for primary 
and structural concrete. 

- Rockbolting based upon standard. powerhouse arrangement - generally 5 feet 
by 5 feet pattern c:1 all vertical surfaces and ceilings except only 10 
parcent of powerhouse walls. 

Mechanical .& Electrical Equipme,lt 
( 

- Total estimate based upon standard underground powerhouse arrangement and 
with reference to switchyard location. 

Access Tunnels & Shafts 

- Vertical shafts 50 percent rock bolted. 
- · Horizontai shafts and tunne 1 s 25 percent rock bo 1 ted and 25 percent steel 

supported-. 
Cable shafts 15 feet in diameter; 550 LF total length, one-half foot thick 
concrete liner. 

- Access shafts 25 feet in diameter, 600 LF total length, one-half foot thick 
concrete liner. 

- Access tunnel assumed 32 feet wide by 22~5 feet high, horseshoe shape, 25 
percent rockbolted; 25 percent steel support; one foot thick 1 iner for 50 
percent tunnel length. · 

Service Spillwal --
.. 

- Twenty-five foot overburden assumed, remainder of excavation in rock. 
~ Concrf~te reinforcing: 40 lb/cy rollways, weirs, walls; 80 lbicy all other 

concrete. 
- Lump sum items for gates; dental concrete; grouting; winterization. 
- Rockbolt~, 10 feet by 10 feet pattern walls and slab. · 
-Assumes concrete work can continue through winter with proper winterization • 
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TABLE 1 (Cont'd) 

Tailrace --

- Fully lined with one foot thick concrete. 
- 4,900 LF total length. 
- Twenty-three foot inside di ~meter· . 

Twenty-five percent 1 ength supported by rockbo 1 ts; 25 percent 1 ength supported 
by stee 1. . 

- Outlet portal tied to walls with rockbolts. 
-Rock and overburden quantities at portal are minimal. 

Saddle Dam --

- Small saddle dam required near relicit channel to contain reservoir. 
-Approximately one and one-half mile long by 100 feet deep bent.onite slurry 

trench included as cutoff to relicit channel (with associated curtain). 

Switchyard --

- Yard assumed to be directly above powerhouse location. 
- Overburden excavation sufficient to level area. 
- No rock excavation. 
- Electrical and civil work items taken as lump sum items. 

Mis~21aneous Structures & Eguioment 

- Items taken as lump sums. 

Access Roads/Airstrip --

- Access road from Dena 1 i Highway and a 1 so from Park Highway t:45sumed. 
- Two large permanent bridges a 1 so. assumed; sma 11 er bridges incorporated in per 

mile roadway cost. 
- Airstrip of sufficient size to handle Hercules S-130 assumed; minimum 

navigation and control equipment required; runway of 6s300 feet by 150 feet 
assumed, with associated loading pad/parking area. 

Support & Camp --

- C~nstruction powe~ based u~on size of project. 
- F1fty temporary higher quality housing units (trailers) assumed for senior 

staff. 
- Fifty single family homes and clinic/school assumed for senior staff and for 
· permanent operations. 
- S~ngle_st~tus camp for 3,300 workers assumed. 
- F1ve m1ll!on mandays required for construction; based upon assumed schedule 

and assoc1ated labor requirements for each structure; 10 percent service 
personnel and 15 perc~nt turnover~ visitors and staff included in anticipated 
construction work forcee 
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APPENDIX A 

TABLE 3 

BASE ASSUMPTIONS 
WATANA/DEVIL CANYON 

>.• ·,--

- . ' ·-· ~~ ,_;. '::::.· . 

l) Rock So 1 ts 

A. General 

B. Tunnels 

C. Portals 

- Standard pattern five feet from center to center, 15 to 20 
feet 1 ong, 1-1/4 inch diameter, 100 1 bs each - 25 sq ft con
tact area per bolt. 

-Generally bolted for twenty-five percent of tunnel's length. 
- Standard pattern. 
- Add 100% to quantity for upper limit estimate purpose . 

- Generally bolted with standard pattern . 
- Face and 50 feet either side. 
- Concrete contact area only. 
- Add 100% to quantity. 

D. Powerhouse and Power Fa~ilities 
- Generally bolted standard pattern. 
- Fully bolted dome and ten percent of walls. 
- Fifty percent of penstock length bolted 
- Add lOG% to quantity. 

E. Spillways 
-Generally bo1ted standard pattern over slab and wall concrete 

contact area .. 
- Add 100% to quantity. 

2) Penstock Liner 

'3) 

{ 

... 30.6 1b/sf fpr· three quarter inch thick plate as!:.umed. 

Steel Tunnel Supports 

e 

.. 

Phorseshoe = A + A + 1/2 (2B)1t 

Pround 

= 2A +TrB 

= 1{c 

In general assumed for 25 per·cent 
tunnel length. 
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TABLE 3 (Cont'd) 

- Six feet on center at 55 lb/lf. 
- Eight cross ma~bers at 6 feet length at 20 ib/lf. 
- Theref~~e weight steel/6 1f tunnel = 55(p) + 8 (6) (20) 

4} Reinforcing Steel {lbs.~steel/cubic yard of concrete) 
- Primary concrete 120 lb/cy. 
- Secundary concr·ete 190 lb/cy .. 
-Spillway slab 80 lb/cy. 
-Spillway wall 40 lb/cy. 
- Intake 90 lb/cy. 
- Main dam/thrust block 7 l b/ cy (mass concrete). 
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Cal~ulations ~u<:_-r-"7"/v~ 
SUBJECT: Wr-r/"lrJA- ~£-r,.---A~IR ~U/1/rr 
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Calculations SJ.s..z:-r,;t.~ft 
SUBJECT: 

v 
I<OC-( ( w/t~-rli' J "" 10 { z.c..e) =- 2-'1 eo a z_ 
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Calculations -Sls.r-rA~/'1 
SUBJECT: !AJA~A.tv/1 _ ..J;v7 /9Kb 
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~ocK C Us(.)14f2t..~) ,/ -

A, .:: 's C 7e) ?r ==- 1 o..$'"3 ./ 

Az.: 1f_ ( 8-.s.)..z 7 "'=- I I "2. I "' 
..- (/ 

A 3 : '£(z.~r_:2:z,)40.,.. ~ 6.._?0 

A,:: \cC2c;;e)::: 29eo 

As.: '/z.(\'3/)(sq)-::.. ~o.-42. 
AG'.: Vz('""2.7o)Cr2a)-= \b,"2,do 

A 7 = ~ (.:c-re-)CJ~)::: 0o6 I v- ./ 
'Z.>S II g / /'"'! ? in 087 L:A-



2dOO 

I"'S'tJ 

Calculations Su.s..rT.vA 

SUBJECT: ?J/'iri"}A--.q _ ~'T/'JJ(G 

oc.K 

A.:;..:. ~{24 

A ... 1 "" 'f(' -16 

FILE NUMBER -----
SHEET A 
BY Grr>? 

APP L' w t.. 

tK'o r:X ( U-G'vl\ <I LIS" ) 

A, :::- 1f.Ccr-s- > 1a =- fl~s 
A2 =- ~ ('7.s-") '2 e :: I ?30 

OF }) 

DATE /o)t }&f 

DATE~ 

A.3 = '2. ( 26 $'"" t-_ 2-?S.) 2 '3 .:- 7 '?, 9 s 
~ = /O (33S") .:::- 3"3-S""O .c(2.. 

A5.. ~~ (,ze) 6-:7 ·;; A zea 
At.. .: I~ (z?oK' 109.)-= 1--1 ( 1S 

A 7 : t(z~)(1 ,.a )= 14o42. v 

4~cr?sG2 

~ 

i 
~ 

I 
! 

·:1 
' 

FC 
LE~ 

1~ 

11 

13 

H 

Al 
Jl 
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L.OoO 

) <( 

- CXI 
v ..... 
E 
0 u. ... 
0 g 
0 co 

Calculations 
SUBJECT: 

Ovr::-e.e.veo£,._,1_ ... 
1.:-- v.Z. ( J'io ){i~) =-

A : Yz. (\tb ';(-zs'1) :-

A~ -= 1'2 (-z:z.\ ~~4) .:-

A"'.:: (-4a.B fB4) :::-

$-<I"'.Jc::'.E:" .s;;,..r.J.t..wA y 

6o-,< J z.S :- 7~6:5 

\ 1"20 
"3~32. 

·"·{8b7-

7o91(, 

c 

1.'-

JOB NUMRER /?;f""700·0 6 
FILE NUMBER;:;:>----:-r-

SHEET_ f OF j/ 
BY Grl'-j DATE Jr:J/J }ac 

APP I r~'lCJj/_ DATEjg/Jdm 

C)Jl"'RQJo<o~rJ -

/?.oc:.K ( cJ/\·.5-r.C) 

......-::: 

Yz. ( ~ecJ) 4S .:- 8 c~ .Q2 =- A~ 
- Jo( 34C.) ::- 34 6o OZ../ 

~oc...e< (U~vrt-Jt.:) 
,..q., .::. Vz (112) ;,5: ~ 
A2." y.,. ( 1 zc) 2~~ 17"10 
/-l~" 1{( 3 \ ) (::n.s+2-z.2.) :: 6 q 2C/ 

~.:: 1 o{3z"")"" 3'29 o 
AS": '":f:.(•3!>""hc = <16'6o 
Ao:: 'f (z-,o)(,oe)" t-<1-S: 

A :: t/ u~, .: 1~. ('("...z 

s~ 
~ 

I ; 
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Calculations Sv.sr-rA/rr 
SUBJECT: I I 

liV..A.T.;<1;VA 

OvF"t<gv'!OJ="J 

Al"' tz. (2..5"8 )( 11 ) = 

Az.=- '£~(35) = 
A 3 : 'f C Jt 1 ~ 37 ) = 

' a :2 4 s- ..G- :z... 

..zzoo 
A~ = ~( 9s-}(ho) == 

As-~~og 'X_78 )= l 261-z... 

-

20CJtJ .s:f',et"f~ ~.r:L:.l.W<"+Y 
6 0><88..: ..52& \ 

20 862 #z. 

--
--------
~ 

a~rz -

I 
' 

JOB NUMBER ~S7b<:J.C) 6 
FILE NUMBER ____ _ 

SHEET 6 
BY Gc-""7 
APP ltJ(JL 

L----------------------~~--~---------------------------$F" c--r ..r-a,..J ,s-;. .5'" 
141 

- - . 
• I ' • II. 

. ' 

' "'"-..~ : . ·.. .... , .. ·. . , . 
. ., • , ... - lr " ..... ... • ..~ . 6 ~ ., t\_ 

.. .; ' ., ~ . ., . ~ .. 
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Calculations 5vs.r-r..-..-r' 
SUBJECT: 

-;e.g~ or-r:-/ 

AI:: "(1.31 } ( 3/ )= 203/ 
Jb"Z-) '' 

Az: 'f ~ ·~]f~e) ~ 4 2~12 

A~, "l. (107) _ 33 ) ~ 1 66n::so=1 n.~ 

( \ / ..... · - r -z.. ~a::::. I( 0/'\~rc- , = o as 1 -= 2fl.SO ~ 
- J 

\ £cf( ( Usv/l 'L.E' J.-r A.r $ y "2.8-z.. )( 17 , ) = 

¥ ~s"' 'f(e-75)( 33' ) = _4_~ 
693 

.s;:.-~V'<l(".£"'" S""'Pr-'LWA'J" 

/"15"0 £6~ 60 -::; "3360 

-r-------

.lOB NUMBER p 7o"o. ObI 
FlU: NUMBER 

SHEET -, 
OF )/~ BY GKM DAre.:....::), Ja; 

AI'P Wq_;L DATE i_;;;;!ij 

~ock(ev..,_n,c-)- ;o(798J-=- ~~G2 

£o..::.t( C (/S!./;t/St4;"") 

A,=- '-~ (z cro) /~ = ZI.SS 
Az..-= ,{. (z9o) 12..:: J/4D 

A 3 ;:- Yz. (z I ;,-) 2 } .: "'2. ?_ .s 8 , I 
S/r_ ~r A..q ::= ~(zc:~,) ..qs-=- "' t~rlrJ 

As-=- 1 .:z. ( ?.7 s) :ss-== 45"38 01J_,-b~,~r-
A~ ::. ~ { i~l) 11 =- ·z:'69=t '-1S5' 

A 7 c/o /-z th~) := 28.So H- 2 

)[)1~ ~:2. 
::::::::--

, .. 

~ 



Ji~;r~ 
"o :, ' 

\' . ~·.: 

20oo 

~,cA..-& ciA' or-.v- , 

A I- 1!;; (;q5 :(33 ') = ;2\ g 
A2 ~ (z (s7JY= ..q~9s

/ -z~'), 2 &8s 

0 ~0 8"16 ...0.." 

"' oc:.< { US'rN'1~t.rT )- 0 

.. .·_., ... 

JOB NUMBER /Z)7QCI• 06 
FILE NUMBER=------

SHEET t1 OF }{ 

BY G'CI'/ DATe/o/t faJ 
APP (c.tp,..:. DATEL#t 

/ 

koc.K ( Wrl r!"1'1) - '0 (z 9 ,'2. ) = _'Z 8 :?~ Q-< 

Rock:_ ( ()~ v/T(Ju:r} 

.4 I =: 1.{ ( I .q z.) -z-z._ .::- ) .s-6 z_ 

. /-} 2 .::: ~ ( 270) 2 6' -=- :ss-) 0 

\'330 

i 
j 

FEI;P; 

/fJ ,, 

J 
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Calculations 
SUBJECT: ,u - ·"' ,4 vvfi 719'FV· . ...__,__ 

t.1 wDc-/2. G,e,vN'J) 9, N · b - .I 4o l'rJ w. 

,L,CA-"?'/.:1'-1 /"/6/1.1 

fa- 'l TJ2sNSFbPmEte ~( 

~ C.;fLV 11--"'? ~;y 

. .:S.F tJtJ r> 
~7ooo. 

i/IJN'7 ·_ .=i~-

~ 
\ 

?ENS-z'tlC~ 

~'-< .... c:l, Pn~l'. VJ~-eiL tt-rc.. 

~ 166 06'0 r .. 

JOB NUMBER f,57a:J ,d(;, 
FILE NUMBER _____ _ 

SHEET__,;;.::;/3 ___ OF j '$ 

BY /2tfo4. 
APP l J.J({ !L 

DATE..! Sf~~ 

DATEf{).:f-BJ/ 

~ ... ., -
' - \,1 (_ 

, .. J 



yo-

> w 
0:: 

~" N 
t 1.0 

yo-
\ 

ci z 
~ 
a: 
0 
1.1-

ASGGINitVf -=- &I /7 4'F lt.J'i-- -::. -+9'1 sr . .., z z. ro 
A~.!J = s 3 ><-a z,~ ~ l..:f:2Z,5 +4tfl-= -Z Z /3.s s~ 

3 '1.7 ~ 17 J'f, ,f-

v -= "2..' IJ; I & ~ 4-b '2- -:;.. /4 2 7.{:. 3 7 /< k 7 ~ J~~Jk 0 v 
z '$o "' v: / !o5' 3 '3 ~0 ~ .. o <S~ht> 

~~aoo 
' wb -~--=- 4 e --=-- ;o(,.26 

0 

L crJ~Cvt- -::.C), 6/74:? ·iR- e ::: 6~ 4-~ ' ~ 
'R -= tJ, &>z.s w 

/!12~ ~J:- CFZaJVrl -= G, /r 4 Z. k' 462 -= 'Zf. 377 &r. .,.347 
lo% IH2E'P cr wnas = 2[ 4b z.+s~ :: to ?>Ox 1't ~ x ¥o -- MJ! 

-rt/7 JL f.R.~ ~12 O()LitiYG. -: :?.r.f=t7:-s ·r r: . .:.. 'S'-= 
t:;ohc...n..~-f~ Rb1J1~ J/;:~n '...AJC{K.to/t/.YI ~If~~ 

L../?' X ~' : 1. = 7l"lt./5"f. /z.r z -z_.-7 oo c1 
C/J6t.Jf S 1/Fr 7 · -=-:=-=-, 

. _,.. 
2 - [2f='(l).._,,,: HJ 1!..- ~ ... •' 0 

..6<0-"J•'L'- 7_ (Oso) (7zs-.fj(f.s)"--

: i} 

,· :J 

'•,,. 
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JOB NUMBER F) 57a::J.tJb 
Calculations FILE NUM2ER ____ _ 

SUBJECT: SHEET__.::;.2-___ OF l '3 

W tt "''»"IV~ BY R ~~& DATE':'"'LS{P~/ 

~------~~~~~~~~·~~'~-----~ -I~M 
APP ·V) 0... tL.... DA T'l!J· Jo, Sf 

... 
> 
UJ 
a.: 

frlt ,... 
d z 
~ 
a: 
0 
u. 

&S;(_c;.tJ.V I'J.. "7/" N 

~::: 4-
H 

1< -:: (). {;; 2s- v~ ::: 
e-=- /CJb,·u/) 

. f_ ~ c~Lt::{)) ~ I z Z, 
I 

... 5, ti IZ'f 

bj) /)R.EP,-:. 0,j74g (ri:j-v +- /Z (15,7~) - 2.14--. t7 

v~L = 2;4-x IZ,'Z- ~ ~!of -r~ 7 -::: 9&.7 ay. 
x &, -rv /Y .r.j c:£.:5 

5~ 62. c.y 

L~,;!24;; :: o, Oi74S ~ e ~ ~ CJ17+-r {_?,s) (!d~-7.-!cJ:. /3 .. 9;' 

--

/3,91 x ;z-z = /6 91 sr. 
x6 

/ ./ c/ /0 /!2. SF 

bf.zXni)f t£'·_7s) x~: Zs.;" 
to(~.~~8) (14) ~ &0 · ~ b 3 &' 

Lo~·""cA 51'7"?- U"vlv 1 Jv //#MFL 

b(3Yx/Jx L4)=3gjo4-7-L7= /4-!f <"y 

?iJ/P-t- ·Sus {c/1piiC-t S -=- 5F82- + /4-lf -:: 72 2./ ty. / 
S~ 72oo c., 



JOS NUMBER 

Calctdations j FILE NUMBER ------
SUBJECT: .. 1 vt/ /t-'7J11.# 61 

SHEET ..3 OF ·t ~ ----
BY f2.@k. DATE?:::._'ZSf'Ptf/ 

.tl APP WCA. ;,! DATE/0• (, fb{ 

wHA4 ~-:: 4- e = /tb .z~ o 

H 'R :::. C)l b z.s w 

J..~GrJI (t~-~Jt~ ':; (). o 17~ K @ 

L~ ., o. o 17'}s(• ~ ~sX t.q) (!vi. .zr.) 
L~ -::: 79, q~ s(f- Ft?' v 

( Z2.f-J4 -f IJ) ?$4 ~ /9.5"91. 

Zo ( S'-) .! //'20 

Jtl- (_s-t) - 4/ZP 
13 ( >1 ~ "'Z 5o~t 

' 
""'" 

_r-, 
\J 

2. /24- l.o 4'() 
I I 

~~~ 710 

· &!_6x~ -1- ( 4:~:;:~24-··· = zz;;t/r. \.) 

\1 ~ 
"Z.,.. - .{;35ZJ Z4'- v 

.,.. 
~, 759 ~6t c: 
------'• 

> w 
~ 

( N 
j1 

lt) .-
~ 

0 
z 
::! 
0:: 
0 
u. 



Calculetions 
SUBJECT: 

~~· c:;;;v,~ -;I::/ I /i1 r-'J1 &--t) N S 

/1 J/e£IJ-,~.~ 

,.. 
> w .· 
a: 

.. 
~- N 

Ln -
0 z 
:1E 
a: 
0 
u. 

..{lr7} 

I P;. ": 13.2 
E~. 19-3 -.· 
F= /7-cf" 
G ~ '/5.f 

J - Is, 2-- -
UP --( I 

JOB NUMBER P57tJl).tJC:. 

FILE NUMBER _____ _ 

SHEET if-
BY .Lef?;:!,. 
APP I;, 2U IL 

'f2c::. _&. 61 
!) 

6,& - /Z.~7 I 

;,, b :- //. 2. 
) 

ft,, 6 - f, 2/' 1 ~ 

~ ~ b_- c ~.~ I 

<!> 

OF I~ 

DATE·:25.S~f/ 

DATE/0•}· ~ ( 

s·F. 
A~ /2-b'i 
A~ ?f..s 
,4:- b7,·9 
A: 34r."2-

0 

32-7,·3 sr- , ... 

,~2t-=A - GS~ 5 - s --

2773 

(
1

3/~3 -·r-

~ .)( G UNt7S · 

111-

Z? 

_:';~. 

·-

;· 
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Calculations 
SUBJECT: -2'Ll+:> ; .ft W A--~ rnv ,te-

P. fl. Co/>1 c t2c"7E 

JOB NUMBER 

FILE NUMBER ____ _ 

S~1EET :;?: 
BY 4'.!.ib. 
APP WqtL 

OF I~ 

DATE f:35tPV 
DATEIO· (IS/ 

Lit. II ~P3 _, C:t- 1 '1f3 ~rr-D VcJLvft?ff -=- +- 6.;;.s- o '24- c r:, t/ 

,(.F-SS :Sf'~" CME t D~lr/>r -rJBF.S : tJ ~l> I 8~g ./ AiY-{'f ·4~ 
.L13SS j_"wre t;;:"'~ttZY 27f X IZ~Z; ::: (-) 7t. 1~ v 

LESSlJI2JtF7 'fvBE ;ju.t=~J fo( J/, >t 4x1) = (::) Z 6 ff :~ 1'\1~ 
Le5 ~S7/Ct:.!? w11u, ft,(7~'~'f(11,sj(1J) -:: f: J 1 y 70 ·:''~'V v 

5.; B-rc 7P..L- 4·72. C( () fJ 
./ 

.Ct. /4-5'.3 .....::.,. ~ 14-7 6 -c-:xc~v. VoL -= 3 f Z. x b'l x 25 -.., 
L·~ c;..u .. ~~~r.s 2( .3?6 >' 17- Jt z..z-) 

L{e,: ..,-;~!2/J/~rs ~ (. 7f5"~ f}i)( '1) 
L ~s s " C, (, 7 Y s 4-) ( z 1 )t. ( (p) · 
Le-! J GBIM'Ii 7"~<-( h f!s 2.) (; i ), 

J. ~ cfo~ss Get~~IH s( J?,X /z- "2.2.) 
/L I I t 2.o )( 3 'l.,r ~L_ 

t I ~, I' 7 2- ~ 3'1 X ? z., 

6 p '#~~ (, c !" >< 3 !' g') 
5uS rO/AL 

7071"-L 

--

= ----
--

(-; 
l-) 

(-J 
(_-) 

.\. fo1fo ~0 / 

"Zo3~~./ 
7 /b8 

{Z,4bq 
,, 7 &60 

JS""o -41> 
l 7 lb'O 

b I 77 (P 4.q 4"' 
lf5?, ,t{.k'b-

../ 
2 bf Z"2-7 -

712 ;z'7 v 

'"'-> X '1;~-

J_~ 375 (_'I· .. ./ 

f!S cy 
./ 

I 3 7 ~. & 'fi1,., 

U 0 !4-tto "7'd»-> o:::;.·; I 

l 

d
l., 

~~-,~------·"-~---·---·-·-~·---------·------~--------·---~---------~-·--·--·-·-·~~- . 
. ' 

''~£ ~~ 
:h:: ... ··. 

.... .. . 

,:/1', I) 
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Calculations 
SUBJECT: 

w If"~;(/ 1!)- s /"?" E-

p.f./. 

SLtrB ;(/ Z., x I tfL '=-- 50 4- I 
)!:~0:::. ,, YO.JL. ;z,--:: Cl£o x-tJ,7s~ 

'c 3 P--)1. ~ - Z-.:>4-- x.l -.._ -

f 
' I 

{-
'2 ' 

~ • c ---'if'--

1 I 
i I 
l I 
I ! 
' . ' 

~i 
~ 

k:-~ .. 

! 
l I c, \ .3 ; 
=--i 

/"Z I ....... -..,:. 

y 

JOB NUMBER p 5/tJtJ•O~ 
FILE NUMBER _____ _ 

SHEET 6 OF 13 
~---

BY ~f? /2 DATE l.J5fP8/ 

APP \ UQ {L DATf:.:qt'JO•$( 

/~1"2-

72-D 
.Z?24 

Z#b J 
J(. ii? -::.. t(z., c y 

2. ;-- l 11 '2. -?'~ 

o,/74£ (1~2 + (Z3~n.) -:- ~a J, z,. 
(..,:> .._,7>f 

o, /74-? ( ~&,)]_ -+- (!.3 ~0 ~ (_-) / 4~, 3 

j's-6 ·9 

/~tJ 

lj 

I 
' j 'I \:-·,_·. 

'·ll 
I 
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ll) ... 
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JOB NUMBER P £"7aJ ·d6 
Calculations FILE NUMBEP. 

1;1u SUBJECT: 'tt--?' SHEET 7 OF 13 
1/v' ik;:.I,, S77e f2~t DATE At .Jfl'j} 

I)N 

BY 

APP fdq;L 

-;;?IL eu: H4'\V,)rt.. ~~ ~1£. 

,;5.1:( ;'I p;v (!. ':fb~/ M J/o,l.s ~ 

~ DATE!J·/· Pt 

j. C "pllf¢ i.=.t~ f .-;;. {), 0 17 4·fi 'f'!. e :.- {), 0 II 45(• ·1.7-~·ZS )(!_o6. 7-/,) -::: Zf/h Jr; 2'/ v' 

C 0 ,vcR. ~7' c . 4,Be::-A. 

E'X CW;)-rz"f t> .0:: 

/.. G-S .s ~7 .Jt ';;'..Js) + 
50·S 3 55 c; }:" 

,/71¥(17)L:f::'l/4f ./ / 
2o5" SF .... 

I / :2 . ..... 
~() - 15'1%3 ~27: 5~3 cY, 

;( L 
3371 CY.v 

D. 

'11:. 

151 

u 

~ 

;)-
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A;IR 
Calculations 

JOB NUMBER P:s7 tJ!J#ofa 

FILE NUMBER 

SUBJECT: SHEET g OF }3 
W!rtHtVIJ ~;7c BY Rf?E, 

t J !Y D 82- 6tAJv "'.D p.J-/. (o- /.4!) t11W, At:? 

/~L f?c rt= -rp&uef; '"'\.:)l"tJt-PT"V--~\2 

I.N 7e~.I1CO/A7 ~ S l.fC7'"tJ ,y 

L.)(JI( 

0• o l7fs [,l.Pz~( -z3)(1db.'f.k):; 1-,f.t>. !.t>~; !Cis'-=-- 51 9f st
K.(P 

DATE ut-5Et:J/I 

DATE IO·J. 81 

c ~#c./CC::( 5 

-;;I I fP s .1=:..;-_zs -=n.,4,f' 
X f1" 

~ Cj4t/lt-1Ft) -::::. 

t:.HS (17 ~i~~fs) 4-

L e./f..rH) ~;:: F ~ 
C·~w'W' M~ ::. 

#Cpv~-r; (}N ·vc>t.vm.C 

4-ttf z s -1- {p ':'f'· 7., )( so -::: 
t-

-

2 r rto 1 ,r . . .:. 2. 7~ 1 d ~ 2. 

X. " .. -·· 
&, 192 "y. v 

-

':::' 1 () s-~-r 'Z 7 = 3 Y' a 
~{, 

& 

(' 
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Calculations 
SUBJECT: 

4{)' .'· ·,~ 

~¥ 
~ 
I 

/ 
r 

I' 

;;s,/E 

JOB NUMBER p 57~?.Lo6 
FILE NUMBER·----~

SHE.ET=-'9~-- OF I 3 _ 
BY .~~~ DATEZ~S~Jt 
APP _WCI t< DATE/tJ-1-SI 

Le ~ '~ 174-S(_.~z.J)(_ 44) {_tolo·10 :::.. 5/ 1 t/ 

CRcJiJII MY1 '=- o/ ~ /55"' ~ 7 fo13·c;.;: 
v 

l/ ;.s-g/o 
' 

..... - . ~~ _,. 1\1 ../ v t/ 
,._X CNPrr ~· ~-" 5'4: 6oo /97 7fo .5" 4 r;-~ 

,... (!-{!!_ ~~~~ -4-~1 + f!: >< /"': Y tV+(_ 44-X' l~s->t 2?) + (. 17;?)( +1/(tst;} ::o I oo7~34 
'ff" / . T ~·a-, 15'1&, . )(. ~z 
'L.~· - 37 300 (>' 

I : ! !it - X ? 
l ! f 

'' 

• _, 1 G~t~r~[,~ 
.• • ~~ ~XS" X/:Z..i)+ 

If 

.· , .. '' \ 
"' ~ "' > • \ . . 

r.- 7 4; bOcJ . C Y. 
;)~ ~5 ooo cy t/ 

--~-~ 

43fD cr. 

·-· '' .· 
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Joe NuMaER P5/bo. o6 
Calculations 

~~~R • SUBJECT: u!ft 7.#»' hl :; r7F 

FILE NUMBER _____ _ 

SHEET jl) 

BY ;< ~13/J I 

OF /3 
DATE 2.?S8?J? 

DATE IO-f ... lf vwD/!?2-G G- 4e. M W APP u...1r g;_ 

TIH.,:..;.;· ~:;...:.· :.::;.;"-.J.;.,ctu.=r..::!:::.::'E:...__--~7?J::..:.:hl,~~~~ c,_:;t,_....,j7:...:f2..;;._~_,_G.;...t7:._,..;_tr1\" 13 ettJ-.-t.J s t.l 12GE c#~1J~M 
571! c.?fo A 1 ~eJ/Mi:::. 

I 
1---4' }\ 

I ,/\ ./ 
' ~~ i 
~~ ' i 

' 1 
I I 
I ! I 
1-'Z' ... 

c- 4-o ./ 4 
/ 

I(; 
48_"" -'? 

1--========-J--'2.-- 'y 

/ 

fo_qw-19~~,\1 A-ieM- '=" 4%'~, -=: '22og sr: 

z Zof /6;PIJ ,/ 
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SUBJECT: W IJ 7~#,41 $ l7'c 

JOB NUMBER ps7tJO.d0, 
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BY /2-{3;5. DATEU~PJ,...,· 
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JOB NUMBER,P o5'"70tJ • c)C:, 
FILE NUMBER ____ _ 

SUBJECT: 
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SHEET /z..< 
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SUBJECT: Ute/2~.:::::"' =--------
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j~IR SUBJECT: 

~; ~~ /~.-?~ j_ 
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Calculations "Sc.zsr TNq 
JOB NUMBER v?s]oo. oc.. 

~t...{fr?~~~--7 - •. tl4-t Lv<.r:tc.a. lu.NPJ~Ls 
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SUBJECT: LJ;..;.-17;-J'J/9-AIIU 
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Calculations ~ct.s r ftv;q JOB NUMBER_i?.$100, Q(;. 

FILE NUMBER ____ _ 

SUBJECT: VJ h T7-9 /V /1 SHEET I OF_7..__ 

BY 'V-.It)V< DATEgle,{at LJIJ i'Q,u.NJ 8w~r~ /7~4T; APP DATE 
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FILE NUMBER ____ _ 

SHEET "2. OF-.:.';7,......,.....,._ 
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Calculations Sets l r-AJ;q-
suaJEcT: W A--o:r!V ..cg 
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Calculations 
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Calculations 
JOB NUMBER ~~oc.a.C-

~~~~ 
~Lt$( f7lljq FILE NUMBER 

SUBJECT: \AI11-ii'1tV J9 SHEET (p 
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Calculations su __ -:;t +/Jt--1 

SUBJec·r: W/i/771/V/f 

!JJJ.etl .euuNd_ ~Wetl ~Lrt, 

,('"),..... ,. 
JOB NUMBER t:'~.:J tQO. "• 

FIL.E NUMBER·-~--

SHEET_7...:.__ __ OF 7 
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Calculations -::;usr TJVA 

SUBJECT: 1.-V/9 T/9/Y /9 

Urvde-rz..7 12." w.v J lbw-oL ~Ctb T'-J' 

Cohc.~e+c_. L/~//V7 
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JOB NUMBER P'S'Jaa, c::>k _ 
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APP ~~ DATE 
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Calculations 
SUBJECT: \AJH- 777 !V-4' 

LJ AJd tn. R-c:>u.0 d 
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JOB NUMBER P'5;] 0 0. 0 b 
FILE NUMBER. ____ _ 

SHEET OF 3 
BY \.M/4 K DA-TE--"~-~-;-vg,-;-;· 

APP . rr&ffi7 __ DATfQCr_ Q 1 19[ :. 
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