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PREFACE

The “art” of underground tunnel construction has been a relatively slow, laborious, and cyclic process. The
introduction of Tunnel Boring Machines (TBM), or “moles” has been an effort to speed up this process. In
1972, the Bureau of Reclamation published REC-ERC-72-9, “Tunnels: Machine Excavation—Rate of Progress—
Machine Data,” which readily provided pertinent data on the seven, machine-bored tunnels the Bureau had con-
structed to that time. The tunnels included in the 1972 report are:

Azotea Tunnel—San Juan-Chama Project, New Mexico

Blanco Tunnel—San Juan-Chama Project, Colorado

Oso Tunnel—San Juan-Chama Project, Colorado

River Mountains Tunnel—Robert B, Griffith (Southern Nevada) Water Project, Nevada
Starvation Tunnel—Central Utah Project, Utah

Tunnel No. 1—Navajo Indian Irrigation Project, New Mexico

Water Hollow Tunnel—Central Utah Project, Utah

In 1974, the Bureau published REC-ERC-74-7, “Tunnels: Machine Excavation—Rate of Progress—Machine Data,”
which included five additional tunnels, They are:

Currant Tunnel-Central Utah Project, Utah

Layout Tunnel—Central Utah Project, Utah

Nast Tunnel—Fryingpan-Arkansas Project, Colorado

Tunnel No. 3—Navajo Indian Irrigation Project, New Mexico
Tunnel No. 3A—Navajo Indian Irrigation Project, New Mexico

Since 1974, the data on eight additional tunnels has been prepared. They include:

Buckskin Mountains Tunnel—Central Arizona Project, Arizona
Dolores Tunnel—Dolores Project, Colorado

Hades and Rhodes Tunnels—Central Utah Project, Utah

Santa Clara Tunnel—Central Valley Project, California

Stillwater Tunnel—Central Utah Project, Utah

Strawberry Tunnel Inlet Rehabilitation—Central Utah Project, Utah
Tunnel No. 5—Navajo Indian Irrigation Project, New Mexico

Vat Tunnel—Central Utah Project, Utah

This report includes all 20 tunnels.
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ELEVATION

LINEAL FEET OF TUNNEL

TUNNEL PROFILE
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ELEVATION

LINEAL FEET OF TUNNEL

TUNNEL PROFILE
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ELEVATION
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ELEVATION

LINEAL FEET OF TUNNEL
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HFE S~ 48 = 28 BORE DIAMETER __I0'-8" ROTATION_____7 RPM's
9000 —od= i ~R HER w 3000 HORSEPOWER___500 HP
Eow P s = CUTTERS 4 —12"DIA. TWIN DISK CENTER CUTTERS
7~ /-mdes Tunnel Invert L T o 23-14" DIA. DISK CUTTERS
8000 S=—-00177 5= - 00215 BOOO
]_ J | vee l . IRhodes Tunnel Invaﬂi
Q 500 550 STATIONS 600 650 700
eWater Ingressing Areos
Sondstone |Interbedded Sandstone- Limestone—sms!one_' Calcareous Siltstone PROGRESS
2 [ MAXIMUM ADVANCE SHIFT 111 LIN.FT.
» 22149 FY. MOFT._, DAY 327 LINFT
.
|_Steel Sets:43% Hodes, 46% Rhodes, Rock Bolts and Spiit Tubes: 42% Hodes, 54 % Rhodes . Unsupported 15% Hodes - AVERAGE ADVANCE [S)ELFT gg‘g H’I: H,
Machine Bored Tunnel 26259 FT 10'-8" Dia Bored |’—’ - -
Compressive Strength 4000 fo 30000 Ib per in® |
Final Support: Cast-in-Place Concrete Lining
TUNNEL PROFILE CONTRACT DATA MISCELLANEOUS DATA
CONTRACTOR-HARRISON- TRACK GAGE _ _______ __ 24"
WESTERN CORPORATION VENTILATION LINE ____30" DIA.
1980 1981 SPECIFICATION No. DC-742I VOLTAGE SUPPLY INTO TUNNEL
BID $34681,703. 480 VOLT
HOLED THHO:JGH TOTAL COST $34,833,948.03 3 SHIFTS PER DAY -13 MEN PER
#7650 gt i 27,000 SHIFT-5 DAYS A WEEK
WATER FLOWS o
) 1200 —13,000_____GAL /MIN.
24,000 / 24,000 SEASONAL UP TO 6,000 GAL /M
ROCK TEMPERATURE _ ____ 56°
RHODES TUNNEL .
21,000 ,—HOLEU THROUGH 21.000 LASER BEQM GUIDANCE WITH
NOV, 30, 1980 m—7o TWO INLINE TARGETS
WASTE DISPOSAL-TRAILING
18.000 18.000 CONVEYOR 8 MUCK TRAIN
BEGAN MACHINE (

15.000

12,000

15,000 ——— OPERATIONS FOR
R 1
SHODES TWNEL | __aean uacrine T
12,000 —= OPERATIONS FOR [—==MAIN BEARING
HADES TUNNEL FAILURE
DEC. I, 1980 JuLY 31,1981

9,000 9,000

WORK [ HAND MINING THRU SOLUTION CAVITY

STARTED |
| - JULY 3, 198 RHODE 6,000
008 \) TUNNEL / |
So00 f L HADES TUNNEL "‘] S5
: / N\OVED TBM TO HADES TUNNEL

| | M- —
N N S I
MORAN CAR READY TO HAUL CEMENT 88 HP PUMP INSTALLED TO PUMP WATER IN TUNNEL
DATES AND MONTHS TO TUNNEL FOR BACKFILL GROUTING WATER FROM SPRING IN THE INVERT

TUNNEL MACHINE - PROGRESS CHART TO THE INLET OF HADES TUNNEL
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HYDRAULIC PROPERTIES

LAYOUT TUNNEL

CENTRAL UTAH PROJECT

BONNEVILLE UNIT-UTAH

['e]
D, — o CONTRACT DATA MISCELLANEOUS DATA
[ CINED CIRCULAR _|s20[r20|8s0]314 013 |00i23 [az9 =i CONTRACTOR_ __ _ . A. HEALY Co. VENTILATION LINE_ ____ ___ 36"
Z 5000 —E|@ Sl®e— s000 SPECIFICATIONS No.—— - DC-6855 VOLTAGE SUPPLY INTO TUNNEL __
=) glo = BID FOR 17,355 FEET OF FINISHED ~ ________ 7200 VOLTS
e =) 38 TUNNEL $6,126,315($353PER FT) ROCK TEMPERATURE ___ _=55°F +
& 8000 [—22 ¢ 3[8— s000 AMBIENT TEMPERATURE AT CUTTER
: | | S$=.00123 1 =F F565 HEAD_ _ _ _ _ _ _ __ =65°F +
7800 e5e svation  1eso 760 7750 1800 WATER FLOWS-SEEPS TO 100 G.P.M.
Machine Bored Tunnel 17,261 FT.-12-1|" Diameter Bored — = DUST Cgﬁﬁglﬁ_:gﬂggﬁégﬁm AT
Machine Holed 33% Steel Rib Supported - 36% Rock Bolt Supported Begin Machine !
Tﬁfo-;gf Stg |e6|3+65-“ Sandstone, Siltstone, Shulgo and Conglomerate. Compressive Strengths Operations Sto.|786+26 THROAT AND MATERIAL
TRANSFER POINTS

up to 38000 Psi in Quartzite Boulders

TUNNEL PROFILE

—MACHINE DATAT=—/——""1
MANUFACTURED BY ROBBINS MODEL 141-127-1

THIS MACHINE USED IN CURRANT MACHINE ASSEMBLY

TUNNEL NEARBY
TRACK GAGE _ __ _______ 24

IPROGRES S =——A
MAXIMUM RATES _ _ _ _ _ __ ___

\:u‘:.ﬁ‘m

i

i LENGTH_ __ __ __ 45 FT. WEIGHT 200,000 LBS. ____SHIFT 92 FT.

4 THRUST 664,000 LBS. TORQUE 630,240 FT.LBS s DY 234 FL

i CUTTERS - - - - 29 DISC,ONE TRI-DISC AT CENTER AVERAGE-PER WORKING DAY__ _

4 ROTATION 6-I00HP,480 VOLT, 3 PHASE ELECTRIC MOTORS g i - - - _SHIFT 40 FT,

{ LASER BEAM GUIDANCE SYSTEM-3.5 FT. STROKE [t 4 S| 1.5 i 1. ! 1

l'i BORE DIAMETER 12'-11" : !'g AVERAGE-PER CALENDAR DAY___

_ WASTE DISPOSAL - _ _ _____ TRAILING CONVEYOR & TRAIN  [{| 3 -OVERALL - 45.4 FT.

{ AVERAGE AVAILABILITY 85% = IE —_PRIOR TO SHUT DOWN-566 FT.

b T — e —————— _AFTER SHUT DOWN-926 FT
Horamesrrrpw— Fe— : i

1970 1971 I972

20,000 - T — —
‘ Machine Holed Through

July 7,1972 —-"'"'j
| /
| 7
| |

|
|
|
|
|

/
Vd
379 Days-17,261 feet.Average / /

15,000

—
id
= 45.4 Feet Per Calendar Day. /]
= Shut Down Period 4 /
S Included _"""-—7/ /
- 10000 1 1 -
“ |
BEGIN MACHINE t J/ /
f_’ OPERATIONS June 25, i Seo{za‘li?;enza,ts?z/l
o '97"—"“"--\\|+ 59 Doy SHUT DOWN ~LACK
e - OF FUNDS |
, (566 F1/Doy) , |
= 0 Machine Assembl | ' '
2 0T e g?.\,:::z;.b' i bty
E 1 N | (92 .6F/ Calendor Duy
= | N%TICE T0 PROCEED
NOV.19,1970
0 | L1 | / \
MONTHS J F M A H J J A S 0 N D J F M A M J J
DAYS 190 200 300 400 2 i
R e e : - - REPLACING MAIN BEARING CUTTER HEAD AT HOLE THROUGH

TIME -DATE AND DAYS

TUNNEL MACHINE - PROGRESS CHART
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NAST TUNNEL

FRYINGPAN - ARKANSAS PROJECT

o] L

©  Concrete Lined Section Where Steel

& Rib Supports Are instolled. Remainder Of Tunnel Unlined. Tu N N E |_ P ROF I L E &

Design Capacity = 360 cfs. 2R

Z 112000 ] 7A EiS
g 10800 gﬁ L ~— "y g@
& 10400 /...--"'--_:M\-__ o
- 10000 §=-00220 T T D‘*

|

| | | | | | | | | | l | l | |

[340 STATION 350 360 370 380 390 400 410 ; 420 430 440 450 480 470 480 490 500

Machine Holed }.7 Machine Bored Tunnel 5830 Ft ——.{f I Machine Bored Tunnel 8077 Ft —--{/Beqm Mochine WIRTH TUNNEL WMHINEONWL FLAT CAR
Through QOperations
Diometer Bored 10-0" 59% Unsupporfed 20% Steel Rib Supported; 21% Rock Bolt Supported - + 510495427
Rock Types - Granite Porphyry, Granite Gneiss, Gneussm Gronodiorite; Compresswe Strengths 17,110 10 33,500 psi

EXCAVATION (DRILL & BLAST) TO MACHINE

MACHINE DATA M PROGRESS EXCAVATION AT STA.495+27 NEAR OUTLET
MANUFACTURED BY WIRTH & COMPANY, ERKELENZ, GERMANY MODEL_TB 1I-300 H MAXIMUM FOR | DAY_ __ _ ____73FT PORTAL

LENGTH_ _ _25FT.WITH 9OFT. TRAILING POWER SUPPORT UNIT WEIGHT, INCLUDING TRAILING CONVEYOR __ _120 TONS | SHIFT_ _ — _ _ 33FT
MAX THRUST _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 873,000 LBS. MAX. TORQUE _ _ _ _ _ _ __ _ __ 445000FT LBS AVERAGE PER WORKING DAY_ _ _IT4FT
CUTTER HEAD_ _ORIGINAL HEAD HAD 3' DIA. WITH FLAT FACE, REMAINDER SLOPED BACK 199-26 BUTTON INSERT PER SHFFT__ __58 FT

CUTTERS - = e NO FACE OR ARCH SHIELDS. CUTTER HEAD LATER REPLACED WITH FLAT FACED HEAD, PER CALENDAR DAY_IG. T FT

29 CUTTERS, WITH FACE & ARCH SHIELDS.
ROTATION, THRUST & GRIPPERS HYDRAULICALLY OPERATED. I

LASER BEAM GUIDANCE

WASTE DISPOSAL _ _ __ __ TRAILING CONVEYOR & TRAIN MISCELLANEOUS DATA
TRACKGAGE _ _ _ _ _ _ _ _ _ _______ 36"
VENTILATION LINE_ ___ __ _ __ ___ 22"
VOLTAGE SUPPLY INTO TUNNEL _ _ _4160 VOLTS
CONTRACT DATA TYPICAL UNDERGROUND MACHINE
CONTRACTOR_ _ __ _ _ _ _ __ PETER KIEWIT SONS Co. CREW_ _ _ _ _ _ _ _______ [ MEN
SPECIFICATIONS No.__ __ _ _ _ __ _ __ DC-6829 MACHINE LIMITED TO 580 FT. RADIUS CURVE
BID (TUNNEL PORTION)- - — - ___ $ 6,828,754 3 SHIFT DAY - 6 DAY WEEK OPERATION
— 1970 1971 : 1972 . I973 . < % :
CHNE, %ff THRuGH LOOKING UPSTREAM TDWARD HEADING SHOWING |
R " !h o8 Du}s 5'830 B 40" BRIDGE SECTION OF MUCK CONVEYOR.THIS
esume Machine - . s
Operations Oct23 1972 ‘ 22.7 FT/Doy PROVIDES SPACE IN WHICH TRACK IS LAYED
= 15,000 : - — % L .i ~ 1
F4 Stop Machine Operations = —1T L~
z - June |3, 1972 L1 v
= o ' 1 550 Doys-8O77 FT. I //"’ A1
6 | 147 FT/Doy r - |
= 10000 i =] — 'I_—{ | 7]
i ‘ | / I Shut Down-Major Repairs
: Overall Average 167 FT /-——r—““"“ﬁz Days-1669 FT 42 Doys .
< Begin Machine Operations Per Colendar Doy 4 [ Dril| & Blost |
w Dec. |0,|9?0N . L// ‘
z
o 5000 [ I 1 ] | i B | 1
| — /" 1 | ] 1
‘ ‘ /; - ’._‘.Slhur Down -Replace Main Thrust Bearing
o = 270oys | |
I*AougcziTonggcoeed ] ‘ Shut Down - Reploce Cutter Head ‘ | = ; i ax :
[ alie) = F 39 Days | S b -t A - E,
" | | | [ | | | ‘ ‘ ‘ ‘ 1 VIEW LOOKING DOWN STREAM FROM STA 490+00 VIEW LI’STREAM AT POINTOF RENEWED MACHINE
o | M 0 UL ,?c” dE Z?g AN ,f?o . 54?0 o N DS?OJ Foow a;p L JT?O RS ”s?o" I g?g MR mu?o J JJ SHOWING EXCAVATED SURFACE AND CURVE BORING STA.397+79
TIME-DATE AND DAYS 15

TUNNEL MACHINE - PROGRESS CHART



ELEVATION

OSO TUNNEL

SAN JUAN CHAMA PROJECT
COLORADO -NEW MEXICO

8600 ' 8600 MACHINE DATA
4500 HYDRAULIC BROPERTIES — MANUFACTURED BY ROBBINS MODEL 104-121A
< _TU"":NLRU glavirlels | d 5 9 LENGTH_ — ___ __ 40 FT.  WEIGHT 105,000 LBS.
8'-7" DIA. CONC E o
o |8\ (Bt el e "t S L T
8300 [— | J—— | T 20 ‘,__% 8300 ROTATION BY 4-75 HP ELECTRIC MOTORS 440 V.
3 oxly IK LASER BEAM GUIDANCE
8200 [—— E @ égz;;E E\Eﬁ— 8200 WASTE DISPOSAL__ _TRAILING CONVEYOR & TRAIN
wo w0
8100 _ﬂﬁ _ EE‘%E §‘:——a|oo
=z¢ g ¥ MAXIMUM CAPABILITY
8000 558 wls— 8000
— £225 2|3 PROGRESS
7900 210 — 7900
/ Bl AVERAGE (OVERALL) - _____
7800 ’4 Machine Bored Tunnel 24536 Feef = i (2101 N [ | e e g o 704 FT PER CALENDAR DAY
356 ! r : $-0.00271 Tonpe!, Invertag, Y [P AVERAGE (EXCLUDING TIME IN BAD GROUND) _
e | | ! e 1979 FT. PER CALENDAR DAY
450 STATION 500 550 600 650 o0 ¥ 3 S MAXIMUM (I7.3 HRS. MACHINE TIME)__ ____
ol + =
Machine nold Machine Bored Portion 100% Supported Rock Bolts 8 Metal Shopes N 8L/ | R 403 FT. INONE 3 SHIFT DAY
roug Diometers Bored 10-7" & 10'-2" I%T:zlrr::tT:rf;llne
Shale - Max. Compressive Strength 6000 p.s.i. ) \Mach'ne bl
I
Glacial Debris & Valleyfill tunnel 1188 FT.
TUNNEL PROFILE CONTRACT DATA MISCELLANEOUS DATA _
CONTRACTOR-BOYLES BROS.DRILLINGCo. TRACKIGAGE o mawuuana 24“
SPECIFICATION No. DC-6380 VENTILATION LINE- - _____ 24
BID (TUNNEL PORTION) $ 5,301,816 VOLTAGE SUPPLY INTO TUNNEL ____
1966 WO S R T ——— 4,160 VOLTS
i No. OF MEN TO OPERATE MACHINE
25000 ! ] MOChlme Holed T}hrouqh Aug. 30,!9:3% _____________ e Ep CHiET
' | :' I " £5000 AMBIENT TEMPERATURES AT CUTTER
3 Shifts 403 FT.IT3HRS. | | A HEAD. o oo 90°F L o 6
Mocking Time-J (6,960 1 | ROCK TEMPERATURE ______ 74°F : e 2 o
— 20,000 | | 7 | AFTER COMPLETING THE EXCAVATION
- | ‘ 7 | ] 20,000 IN 0SO TUNNEL THIS MACHINE WAS NOTE CHANNEL SPILING AND BREAST BOARDS
= OVERALL AVERAGE A | | REBUILT AND HEAD ENLARGED TO REQUIRED IN UNSTABLE MATERIAL
=1 70.4 FT. PER CALENDAR DAY®—> | | 12'-8" DIA. THEN PUT IN OUTLET END
- | | A | | OF AZOTEA TUNNEL
e 15,000 T - | / J| 15,000
o b
L | /| | | | rm——— S — ———
e A | |
- 0,000 . - i el ; 10,000 : - :
— / UNSTABLE MATERIAL-MACHINE REMOVED ' e W
=« e RATIONS AG.19.1966, 188/ HAND MINING, BREASTBOARDS, SPILING | / | :
> . Lo FT'TETC. REQUIRED TO ADVANCE 886 FEET |
= | | 203 DAYS | | |
5000 | —— _ | / , | ) | 5000
| AN | | g
NF%TB',CEGEOPCTEE RED | ! —t— 1 i2epop 24536 Ft.
" R ‘ | ‘ 1979 Ft/Day
MONTH F M A M J J A S 0 N V] J F M A M J J A S
DAYS © 100 200 300 400 EQ0 600
e ‘ : R . " |

TIM T WASTE HANDLING CONVEYOR
HORALE BED DAL MUCK TRAIN AT DISPOSAL AREA AND LOADING SYSTEMS

TUNNEL MACHINE - PROGRESS CHART 17



RIVER MOUNTAINS TUNNEL

SOUTHERN NEVADA WATER PROJECT

TUNNEL PROFILE NEVADA
. : ’ 3000 ¥
HYDRAULIC PROPERTIES ' g‘ ‘ 4
= TUNNEL QlAIV ] r]|n 5 = r-:ah—— 12800 T —T—
o S B;E;DE?P%EJ:E;TE 500|774 643|248 | 013 (00094 ?;CO'—' 2600
":(" PRESSURE TUNMNEL -&82FT, MAXIMUM STHT.IC HEAD g& | 500
< - —_ 2400
ar 2200
= —~Machine Bored Tunnel 19,933 FT. - Di;:.m?;grfd 2. Fl. —m—— 2600 : : 3 i
o T | I 1 l I o M e - - S
50 |20 samon 40 250 520 oo o e LASER BEAM GUN MOUNTED ON
Mushing Heled ) RHYOLITE & RHYODACITE 7,000 FT-CONGLOMERATE 8 AGGLOMERATE 2,970 FT. | “Begin Machine TUNNELWALL
rouy Max. Compressive Strength Tested 16,700 p.s.i.—-90% Unsupported 10%Rock Bolt Supported > Operations - Yy -
o . y
T S o Ry |
HINE T
WAL DATA a PROGRESS VIEW OF JARVA MACHINE DURING ASSEMBLY
MANUFACTURED BY JARVA MODEL MARK I1-12 AVERAGE = cov e oo s
LENGTH—————___ 37 FT. WEIGHT 130,000 LBS
xmnusr___ess,%(%ows. *TORQUE 235,000 FT. LBS. MER]G‘?'B Pl R CALERDRI DAY
3| CUTTERS, 26 STEEL KERF TYPE, | TOOTH TYPE || || AVERRGE-._ - ____________
4 TOOTH OR TUNGSTEN CARBIDE INSERT || || = -——-—- |08 FT PER WORKING DAY
ROT};F?RSNTgPEZ}AI%gﬁg% EUTTRTER%TO MERIMIM e
| Y 4-100 HP ELECTRIC MOTORS, LATER
MODIFIED TO 6-50 HP || || o, omsmm—m——=- 293 FT PER DAY
LASER BEAM GUIDANCE MAXIMUM_________________
WASTE DISPOSAL_TRAILING CONVEYORAND TRAIN | | | | _______ 104 FT PER B HR SHIFT
¥MAXIMUM CAPABILITY -
| 1968 l 1969 | s
20,000 - - T T T - T - 20,000
\ ‘ ! | Holed Through JuneEG,l%Qf OVERALL VIEW-OUTLET PORTAL
| |
| ‘ . | / ‘ WORK AREA
15000 | ‘ = - . { [ a ‘ 15000 CONTRACT DATA
u.l 73.8FT Per | UTAH CONSTRUCTION AND MINING -
z | | Calondar Doy’ | DURING CONTRACT PERIOD CHANGED
= || TO FLUOR UTAH ENGINEERS AND
- | ‘ CONSTRUCTORS, INC. — RS-
v | ' SPECIFICATION No. DC-6595
O 10,000 . . ‘ : / f 10,000 BID (TUNNEL PORTION) $ 3,572,128
- |
e | | | MIS CELLANEOUS DATA
- ' . TRAGK GAGE = oo v mwm e 24"
& 5,000 BEGIN MACHINE 1 f/ | — ‘ 5,000 VERTILATION JANE—omocncs 0
z OPERATIONS SEPT 30,1968 | VOLTAGE SUPPLY INTO TUNNEL __ _.
= ‘ Assemble Machine I ZL 1 1 1 W e 4,160 VOLTS
O S - oY | No.OF MEN TO OPERATE MACHINE
MARCH 26,1968 | — 19933 FT 270 Days———| - A PER SHIFT
I ) i A e e s ) AMBIENT TEMPERATURES ATCUTTER _
MONTH| M A M J 1 & S5 0 N D 4 F WM & N HEAD_ _ ______ 95°TO 105° F A A
pavs| 0 199 £90 300 400 ROCK TEMPERATURE . ______82°F = _ A RS ¢ e e e
WASTE DISPOSAL-ROTARY CAR ASSEMBLING MACHINE-NOTE CONVEYOR
TIME-DATE AND DAYS DUMP IN OPERATION WITH VENTILATION SYSTEM ON TOP

TUNNEL MACHINE - PROGRESS CHART o



ELEVATION

LINEAL FEET OF TUNNEL

SANTA CLARA TUNNEL

CENTRAL VALLEY PROJECT
SAN FELIPE DIVISION, CALIFORNIA

1050 P e =N ';ZE _——_—F__MACHWE DATA
1000 — | MANUFACTURED BY CALDWELL
/ \\‘~—-__ LENGTH____ _ _ 16 FT  WEIGHT 135,000 LBS
900 e a00 THRUST ':JACK|NGJ |200 TONS
=S . i o~ =IES [ TORQUE MAX._500000 FT LBS. STROKE _5.5FT.
Heh PRESSURE TUNNEL bl BORE DIAMETER__IOFT ROTATION____ 6 RPM
800 — ¥ — . HYDRAULIC pROPER'”ES -2 £ 800 ‘ CUTTERS____I9—14" DIAMETER SMITH CUTTERS
%8 - TIRNEL T i [ e e elod HORSE POWER_ 400 HP WITH ROBBINS CUTTER
L g e : L wSm R
e ‘_El E o | EIN_EED. gllﬁccu?:c:ﬂs 330 (5669582 |2 13| 013 [DCI00(8 5FT] .;‘ = ':’ e ‘ INGS
s0e P L. 539,557 F T EL 534 491 FramcN| ] °%°
Z - ' 5:— 00100 ' |
el \slonfa Ciara Tunnel Reinforced Lining 500
8'-6" Dio. Concrete Lined
400 |— 2 Pressure Tunnel -] 400 [ PROGRESS — ]
100 MAXIMUM SHIFT——— 81 FT
300 n B 146 FT
y Machine Bored 5066 F1., |ol?% S;lee: R;b Sup;:or[fu - a - m Sh u - - AVERAGE CALENDAR DAY 375FT
00— -
? Siltstone , Shale I__S_ittts1'-:>ne.Srun(.lsywne,smle Saondstone, Sh:}:r -_ule M Taaled L0y o ~| DAY 70 FT l
Compressive Strengths i
100 — 1750 to 7460 psi_, 6000 fo 15700 psi 8000 10 15200 psi 5“""5”’“9 Siston, Shled 71
J 60 to 400 psr-l—--""
o 1 1 1 | 1 | L 3 | |
STATIONS 50400 55400 B0+ 00 B5+00 TO4+00 75400 BO+00 BS5+00 90+0’0 85+00 100 +00 105+ 00
CONTRACT DATA MISCELLANEOUS DATA
CONTRACTOR-SHANK-ARTUKOVICH TRACK:BABE — e 6"
TUNNEL PROFILE SPECIFICATION No. 2D-C7462 VENTILATION LINE________ 38
BID (TUNNEL ONLY) $7,738,897. VOLTAGE SUPPLY INTO TUBINVEOL =
___________ __48 L
No OF SHIFTS PER DAY —
_____________ 3 SHIFTS
1981 1982 WATER FLOW____ ___ _ 6l GPM
ROCK TEMPERATURE _____ _6l°
LASER BEAM GUIDANCE
5000 NLET END T = 5000 WASTE DISPOSAL TRAILING
BEGAN MACHINE CONVEYOR & TRAIN
/ EXCAVATION ASSEMBLING STEEL FORMS
5o DEC. 16, 198I . Wt USED FOR CONCRETE LINING
/ aivecue prostews /| oecd JROLCH
TUNNEL EXCAVATION L]
rSTOPPED FEB 9-2 (QUTLET END)
3000 , 1 4 3000
JAN. 7, 1982 /
BEGAN 3-8HR. /
2000 SHIFTS ! 2000
/ GROUNDWATER & \
1000 RAVELLING & 1000
SQUEEZING PROBLEMS } ‘
MARCH 18- APRIL | |
| | |

DECEMBER JANUARY FEBRUARY MARCH APRIL MAY

DATES AND MONTHS INSTALLING ROCK REINFORCEMENT BARS AT BULKHEAD IN PLACE BEFORE LOADING MORAN CONCRETE RAIL CARS

TUNNEL MACH'NE . PROGRESS CHART OUTLET PORTAL PRIOR TO HOLING THROUGH CONCRETE LINING OF TUNNEL
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ELEVATION

LINEAL FEET OF TUNNEL

STARVATION TUNNEL

CENTRAL UTAH PROJECT
BONNEVILLE UNIT - UTAH

|

TUNNEL PROFILE
R

-
il
|

& 4% |
5900 .—EE%— z —%gj £300
3 e HYDRAULIC PROPERTIES g S e
580 -3 TUNNEL g alvi e s 4 il PO
-._;'"'(\ 7T-8" DA DONTRETE i 5 - o '5;“ =
. Z LINED ClACULAR 300 Gid0E9R 228 03 002 B2 (=R .
: 5: 002 : )
5700 I worprics
o STAT N CR 74 ar 133 =
S~ Mochine Holed Tnrough “NBagin Macnine
o Machine Bored Turrel 5345 FT. - _ Operotians
Diometers Bored 9-0" 8 -6 3| % Unsupported, 54 %, Rock Bolts 15 % Rib Supports
.=t ————— Rock Types — Sandstone and Shale
PARTIALLY ASSEMBLED MACHINE AT PORTAL. SANDSTONE & SHALE SECTION. THE SHALE
[P ~ MACHINE DATA ) e PROGRESS ——— NOTE SP£CIAI:!.Y CONSTRUCT”ED CONCRETE DETERIORATES RAPIDLY
| MANUFACTURED BY ROBBINS MODEL 8I-113 | | MAXIMUM FORIDAY_ _ |28 FT [2SHIFTS) | LAUNCH PAD
S Ae—— 48 F1  WEIGHT 66,000 LBS. ‘ FOR| SHIFT. &8 ET _
| XTHRUST.__220,000LBS | AVERAGE PER DAY__644 FT(2 SHIFTS) |
CUTTERS . oo oo I-TRICONE AND 20 DISC g PER SHIFT_ _______ 329 FT
HEAD ROTATED BY 2-100 HP £40 VOLT MOTORS , | PERCALENDAR DAY___424 FT
LASER BEAM GUIDANCE ! S Su—
WASTE DISPOSAL__ TRAILING CONVEYORB TRAIN |
* MAXINUM CAPAEBILITY
1967
' B CONTRACT DATA
Maciing:Haied CONTRACTOR WW CLYDE & Co
. YhendguiDas. 5, 16T o SPECIFICATION No DC-6489 %
"C00 ' ' 1 BID (TUNNEL PORTION: $ 870065 s 3
/ MACHINE HOLED THROUGH AT INLET PORTAL
MISCELLANEOUS DATA
e OVERALL AVERAGE TRACK GAGE____ _______24"
434 FT PER CALENDAR DAY7/ VEMTILATION LINE. _ ______p&"
VOLTAGE SUPPLY INTO TUNNEL _
4180 VOLTS
No OF MEI\. Tf" OPERATE MACHINE
: -4 PER SHIFT
HEGIN: MAGRIN MACHINE OPERATED 2-8 HOUR
e /
OPERATIONS AUGUST 4, 1967w / SHIFTS PER DAY 3 rd SHIFT
"SNOTICE TO PROCEED ey, 5345 Ft FOR MAINTENANCE
| MARCH 21,1967 : [ 1esDaxs AMBIFNT TEMPERATURE AT CUTTER
(o) o o #
Miihe M A M J J A S 0 N 0 HEAD—————%’ —————— [0°F g
i ¢ ) 200 z50 ROCK TEMPERATURE_ __ _ _ 5B°F - e p——
. SANDSTONE IN CROWN. SHALE BELOW

BEGINNING TO DETERIORATE

TIME-DATE AND DAYS

TUNNEL MACHINE - PROGRESS CHART 23



ELEVATION

11,000

10,000

9,000

8,000

LINEAL FEET OF TUNNEL

&eﬂuﬂ‘l

appport —Steel Mibs & Liner Plates in soft zones. Permonent

9-7"

Suppor t—Unreinforced Cast in Place Concrete ond 5 Miles Lined

With Precost Concrete Segments

Note ®1 Soft Rock Horseshoe 10-8 Excavated by Hand —487 Ft Hard Ro

TUNNEL PROFILE

30,000

20,000

10,000

0
MONTH

Drill gnd Blast 5694 Ft.

tk Horseshos 10-4

82 1983

STILLWATER TUNNEL

STRAWBERRY AQUEDUCT

CENTRAL UTAH PROIJECT

BONNEVILLE UNIT -UTAH

1984

19
45,000
40,000 ——MA
1977 1978 1979
: | OPER
0cT.
MACHINE * OUTLET
(92-192)

TOTAL EXCAVATION

GOVERNMENT TERMINATED

CONTRACT SEPT 4, 19798
/‘NOTlCE TO PROCEED ]_|)
JAN. 6, 1977 PROGRESS

CHINES 283

|
Holed Through
September 14, 1983

ACHINE *2 INLE

BEGIN MACHINE

ATIONS

CLEAN UP

7, 1982

MACHIN

(92-19

| A

BEGIN EXC#\MTPON
HAND, DRILL & BLAST

t TERMINATED
l

MAY 23 1977

EGIN MACHINE
OPERATJONS

TBM “=MACHINE STALLED
IN TUNNEL |
OTICE TO PROCEED AND CONTRACT

I JUNE ‘r—:wmn FEB. 16, 1982
LU IIIIH

I

BEGIN MACHINE *3
OPERATIONS JAN. 3, 1983
(92-192 MOD)

DISASSEMBLED

E*3 SEPT 1983

MACHINE *3 OUTLET

2 MOD)

]II!'IIIIIII

W FMAMJJASONDJFMAMJ JASONDJFMAMIJA

JFMAMJJASONDJFMAMJJAS ONDJF MAMJ JASOND

DATES AND MONTHS

TUNNEL MACHINE-PROGRESS CHART

45,000

40,000

30,000

20,000

10.000

- . - = 11,000 B
5 Lorge Sink Holes—T~ /" /1 o A = MACHINE DATA
g > ~ - 1 2 3
=1 ]
= 5.1." - 10,000 MANUFACTURED BY_ROBBINS _ _ROBBINS__ _ROBHINS
o e 25 MODEL NUMBER ___92-192 __ __92-192(M)__93-203
= intic Formation m vt o LENGTH . _ ___ _ 23FT____WBFT.___ 45FT.
= ) =2l 4 9,000 WEIGHT____ 123 TONS__97 TONS___99 TONS
= e T Foult—] 3% | HYDRAULIC PROPERTIES : (5 —— 225,000 FT LBSIS7,500 FT LBS 353,113 FT LBS
Tunnel Invert Red Pine Shote TUNNEL Q| a | v n 5 d| D | STROKE _ — _40 |N.___|2 || P 43 |N
M. SRS ™ | N DO — B8.000 CAST IN PLACE CONCRE TE 285|3349( 8 5/|223| 013 | 00190|5 34750 BORE DIAMETER __9'-7" _lo'-3"__ __l10-0"&l0-6"
s T Uncensolidated Stope Was | PRECAST CONCRETE SEGMENTS |285/43.12|661|2 5060.018|00130}6 ;.25 | THRUST MAX. __500 TONS__969 TONS
STATIONS 200 360 200 | WORKING__250 TONS__482 TONS_ _360 TONS
Initial Machine *3 (Mod:fied 32-192) 358 3me Machine ®| TEM CUTTERS _ —__24-12°DIA.___23-12"DIA. _ _2-12° TWIN DISC
Controct [Mochine *2 24,696 F1, TBM 93-203 10-0 —10-6 Dio \ l5p-192 7668 Ft 4-12" GAGE LCENTER
putionc, Drill ond Beest Excovation BISIFY 20-14 DISC
iitial Contriitemtmt Bored Dic + 9~ 7' | ROTATION_ _____ 300 HP__ _ 300 HP___ 400 HP
Completion Controct — 28,579 Lin Ft 7TRPM___IORPM____83RPM
- - - LASER BEAM GUIDANCE
42398 Ft Finshed Dio 75-B.25 Shale Comoressive Strength
e e s g TBM 92-192 WAS USED FOR THE INITIAL CONTRACT THEN

MODIFIED FOR THE COMPLETION CONTRACT

PROGRESS

AVERAGE PER CALENDAR DAY

CONTRACT ™| TBM 92-192 — 29.0 LIN FT
HAND EXCAVATION — 9.6 LIN FT.
DRILL 8 BLAST — 27.4 LIN FT
CONTRACT "2
TBM 92—192 MODIFIED —30 LIN FT.
TBM 93—203 —I35 LIN FT.
MAXIMUM PER CALENDAR DAY
CONTRACT °1 92-192 115 LIN FT./DAY
CONTRACT ™2 93-203 227 FT./DAY
MODIFIED 92-192=103 FT./DAY

CONTRACT DATA
INITIAL CONTRACTOR —~HARRISON-
WESTERN CORP, JOHN W. COWPER
CORP. (JV) SPECIFICATION DC7246
COMPLETION CONTRACTOR—
TRAYLOR BROTHERS, INC. &
FRUIN — COLNON CONSTRUCTION
COMPANY, SPECIFICATION No. 40 C2035
INITIAL CONTRACT COST $19,552,549
BID COMPLETION CONTRACT
$41,000900

PLACING PEA GRAVEL BEHIND STEEL PLATE
LINERS USING THE SHOTCRETE MACHINE

MISCELLANEOUS DATA
TRACK GAGE__ 30"724"
VENTILATION LINE______ 30" DIA.
VOLTAGE SUPPLY INTO TUNNEL

_________ 440 VOLTS
No. OF SHIFTS PER DAY_ ___

ROCK TEMPERATURE_ __ __

WATER INFLOWS__ _
______ 0-50 GAL. PER MIN.

WASTE DISPOSAL—-MUCK CARS
EMPTIED BY ROTARY CAR DUMP

COMPLETED INTERIOR, UTILITIES
REMOVED LATER

VIEW OF TBM 92-192 (m) WITH NINE
OF THE TWELVE GRIPPER BLADES INSTALLED
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50+ 00 STATIONS 60+00 TO400 (xR a+00
Machine Bored
* Completed tunnel Machi , EL. 7500596
ach 10 Feet, 125 Drill ond Blast
connected o existing~e—— foching: Bored 2310 Feat; 12: = - -
ondstone

STRAWBERRY TUNNEL INLET REHABILITATION

CENTRAL UTAH PROJECT

BONNEVILLE UNIT, UTAH

reseryoir by excavaTing

= 5ondstone
——

o,
_.[

z:’:ﬁ:gﬁm: o Siltstone Interbedded Sandstone, Siltstone ond Shale ___\ -
Compress.-va Strengths: Silty Sandstone BOOO Ib./in®
Sondstone 930-6000 Ib /in?
Shale 11000 -14000 Ib./in?
r=r: 1 p— — ——
Supports: New [nlel IB% Steel Rib, B2% Rock Bolt
Connecting Tunne! IOD'I. Rock Boit
1981 1982 1983
3000
HOLED THROUGH (QUTLET ENDI NOV €, '982/"'":
— TOTAL EXCAV&TIOM""‘-—-/
ld
% 2000 | | TUNNEL EXCAVATION —
£ NEW STRAWBERRY
= e NOTICE TO PROCEED N
= NOV. 18, (98 |
(=
o
— BEGAN MACHINE OPERATIONS
w {INLET END)
A 1000 MARCH 29, 1982
—
5 —=mSEGAN WORK
= DEC. 7, 198!
=
I |
N ] J F

DATES AND MONTHS

TUNNEL MACHINE-PROGRESS CHART

Wye ond
connecting
Tunne! 282 Ft

|/4»-—"- L 750058 ==

HYDRAULIC PROPERTIES
TL.WEL secTion [reack[ o [ 4 [ vV [ f Tal s T4 DiA
T CIRCUL Ti=-1 |550] 5076 | €06 | 269 | o3| 00075 | 1075 | mrs |
* CRCLUI AR IT=2 | 550 | GRADUALLY VARIED FLOW | 03 | WARIES | VARIES 1075
CRCULAR CT=1 | 555 .GR.QE'L,'A'__Y \r;f-‘('ED FLOW I3|3| \)ﬂRIES_ VJL_P:ES 075
MODIF [EC WORSESMOE _GT-2 | 550 | BRADUALLY VARIED FLOW | 013 | VARIES | VARIES | 1075¢7 0w |
* Hyd"guaC JuTD DECUTS W TS reech
MACHINE DATA_

MANUFACTURED BY MITSUI MIIKE MACHINERY CO,

=l

MCDEL NO MRH-5-125-22

LENGTR _______45 FT  WEIGHT_____30 TONS |

TORQUE - ___ HORSEPOWER __ _____ ROTATION
19125 FT LBS.___ 68 HP____ 46 RPM
SIS ETAL B 2 DO e oo PR RPM

ST HI'KE - 1969 IN  BORE DIAMETER_ _i2—7"

CUTTER TYPES_ __PICKS

MACHINE TYPE ROAD HEADER (RIPPER|
CUTTING DIMENSIONS
HEIGHT S8 FEET—141 FEET
WIDTH 105 FEET— 16 & Fre~
DIAMETER OF CUTTERHEAD _______ 256 INCHES
CAPACITY TO CUT UP TO 4500 P3| ROCK
PERFORMANCE - 500D IN 8000 - 11000 B$! ROCK
JSED BEFORE IN DOLORES TUNNEL

CONTRACT DATA
CONTRACTOR - OHBAYASHI-GUMI LTD.

SPECIFICATION No.
BID $i1,204,190.04

TOTAL COST $11,692,888.13
TUNNEL COST $5 045 977.64

“PROGRESS —

AVFRAGE RATE PER DAY/
ROCK BOLTED ZONE

AVERAGE RATE PER DAY/

STEEL RIBBED ZONE _ .

AVERAGE RATE PER DAY/

CONNECTING TUNNEL _ _ _ _

MISCELLANEOUS DATA
TRACK GAGE ____________
VENTILATION LINE —___I2"~ 24
VOLTAGE SUPPLY INTO TUNNEL

___________ _480 VOLTS
ELECTRIC REQUIREMENT _ ___.
_415V AT 50 CYCLES

1 ROCK TEMPERATURE ____32°F
WATER FLOWS (MAX )__100gpm

4D-CT7479

o XA ET LASER BEAM GUIDANCE
WASTE DISPOSAL-GATHERING
—NSFT ARMS, CONVEYOR SYSTEMS,
P AND ELECTRIC TRAIN SYSTEMS

\]

VIEW OF CONCRETE BEING CONVEYED TO
THE PUMP AFTER BEING
DISCHARGED FROM MORAN CARS

CONCRETE MIXER AND DISCHARGER

TYING REINFORCING STEEL
IN WYE “A” CONNECTION

WYE “A” BRANCHES TO THE RIGHT
OF NEW INLET TUNNEL AND CONNECTS
TO EXISTING STRAWBERRY TUNNEL
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ELEVATION

LINEAL FEET OF TUNNEL

TUNNEL NO. I

NAVAJO INDIAN IRRIGATION PROJECT

NEW MEXICO

TUNNEL PROFILE

7000 N 7000
= | _ HYDRAULIC PROPERTIES
2 A [ TUNNEL g/ Aa[v] r]n] s |d =l 1
= o T m——— _ 1
E e L Bnzo BRCUCRETE iacopaiss| 812 | 48| a13 ooos24| 1463 d:
= L >
6500 |- S + of + 6500
T @ r——~—1— ! —[ ! oo
= 3 4 - ?C._
3 7 —\-\’\H _ | N— ®
o o
i =
£1.5972.04 : e
6000 | i 5:.000524 : El&gﬁfh 6000
3 STATION 1D 20 10 40 50 &0 70 83 30 100 I

|
STA 7+45 = Machine Bored Tunnel 9879 FT. — = STL [0T+24

Machine Holed |« Digmeters Bored 9'-10" and 20™-10" 57% Unsupported; 39% Light Rib Support; 4% Rock Bolt ——= Begin Machine
Tmﬂ“@"'/i- Sandstone 4000 to BO0Q psi. Compressive Strength and Minor amounts of Shale — Operations

5 MACHINE DATA

MANUFACTURED BY HUGH B.WILLIAMS MFG. Ca.
(A SUBSIDIARY OF HUGHES TOOL Co) MODEL BETTI I
LENGTH_ _____ 64 FT  WEIGHT 560,000 LBS.

ETHRYST e s s S 1,400,000 LBS.
CUTTERS-43 ROLLING TEETH & ROLLING DISCS __37IFTPER CALENDAR DAY
HEAD ROTATED BY 5-200 HP 2300 V.ELECTRIC MOTORS __51.5 FT PER WORKING DAY | |
LASER BEAM GUIDANCE } — !
WASTE DISPOSAL ____TRAILING CONVEYOR & TRAIN

PROGRESS

MAX FORONE DAY_ _ _ _ _ _ __ 160 FT
UNSUPPORTED & 97 FT IN A
SUPPORTED SECTION |

AVERAGE . _ '

¥MAXIMUM CAPABILITY

10,000 |964 T lgss T T [966 0,000
MACHINE HOLED THROUGH MARCH 19,1966 '
[ OVERALL AVERAGE 37| FT F'ER CALENDAR DM”‘/
[ ‘ /
' Maintenance Overhaul 17 Days
|
5000 —— ! | 5,000
|
Assemble and Test
Machine 55 Days / '
| |
| N
|
BEGIN MACHINE |
OPERATIONS JUNE 23,1965 —_— 9979 FT 2639 DAYS ————
|
/NOTICE TO PROCEED MAY 5,1964
o | .
M..»,TLMuunsochanMJaasowoJFMnD
DAYS =CI 100 200 3?3 400 5?3- 80 700
| 1 |

TIME-DATE AND DAYS

TUNNEL MACHINE-PROGRESS CHART

CONTRACT DATA
CONTRACTOR-FENIX &SCISSON INC
SPECIFICATION No.DC-607T
BID -$ 324 50 PER LINEAR FOOT
TOTAL COST TO CONSTRUCT
TUNNEL $ 3,257,980

MISCELLANEOUS DATA
TRACK GAGE ___ ________3§"
VENTILATION LINE ______ _4?2"
POWER SUPPLY INTO TUNNEL _

___________ 2300 VOLTS
AMBIENT TEMPERATURE AT CUTTER
HEAD_ __ __ ____ABOUT 70°F
ROCK TEMPERATURE _ABOUT 65°F
STRUCTURAL STEFL RIB SUPPORT
USED WAS HALF CIRCLE 4" 1
PINNED ATOR NEAR SPRINGLINE

PORTION OF MACHINE ARRIVING AT

JOB SITE FROM DALLAS TEXAS

ASSEMBLING MACHINE
NEAR TUNNEL PORTAL

RESULT OF PINNING SUPPORTS
IN SHALE

29

FINAL ADJUSTMENT PRIORTO

ENTERING PORTAL

CAR IN LOADING POSITION
NOTE HALF CIRCLE SUPPORTS
PINNED AT SPRINGLINE IN
SANDSTONE



TUNNELS NO. 3 & 3A

NAVAJO INDIAN IRRIGATION PROJECT

% 7100 2 |
S5 3l=
i TUNNEL NO. 3 e
(=%
6700 6700 k4
= =
© 6500 6500
o 610017 — \\_\ p——
Ll El. 5937.8%9 EL 5929.89
5900 r‘h e e m— e e - N iy [P
720 STATION 730 740 750 760 770 B850 BEO a70 BBO
[
i — Mochine Bored Tunnel 15,98 FT. - Bg;m;gm
Through mee [~ Diometer Bored 20-6", 100% Rock Bolt Supported b
Sandstone 630-2920 psi Compressive Strength; Siltstone 2100 -6600 psi. Compressive Strength -

LINEAL FEET OF TUNNEL

TUNNEI. PROFILES

mrwmrerr MACHINE DATA &= s — PROGRESS == CONTRACT DATA
MANUFACTURED BY DRESSER INDUSTRIES INC __MODEL205 TUNNEL NO.3 TUNNEL NO.3A CONTRACTOR-FLUOR UTAH ENGINEERS AND
LENGTH = 58— ____ WEIGHT 460,000 LBS, MAX. RATES CONSTRUCTORS INC. .
FORWARD THRUST CAPABILITY_ _ __ _ _ _ 600000 LBS. SHIFT. ______ 94 FT._________78FI SPECIFICATION NO. DC - 6849
AVAILABLE TORQUE __ _ _ ___ 880,000 FT.LBS.(@ 6 RPM DAY: o PEOFT ceaased IBOFE: || Bil-feiia o0 M&& M
EUTTERS ______ 36 DOUBLE DISC 832 cowm_mcxs ﬂVERAéSI_I;ZI IE(#TES e i BID- 52,174 U -
TROKE _____________________4FEET J| [  SHFT_______ 66 EL o ncem 9FT MISCELLANEOUS DATA
4-180 H.P. D.C. MOTORS TO ROTATE HEAD DAY________ SOFT - 86.6FT VENTILATION LINE_ __ 30"
LASER BEAM GUIDANCE AVERAGE PER CALENDERDAY 39FT. _ _ _____ 66FT || POWER SUPPLY INTO TUNNELS___4160 VOLTS |
WASTE DISPOSAL . _ _ - TRAILING CONVEYOR & TRAIN ~ LAY ———————a| AMBIENT TEMPERATURE AT CUTTER HEAD
AVERAGE AVAILABILITY_ _ __ _______ 79 % : — ' = 70°F TO 100° F
SAME EQUIPMENT USED IN BOTH TUNNELS HYDRAULIC f“ﬁ"“"fs — ROCK TEMPERATURE.___61°F TO 70° F
i =i __TUNNEL__ JO AV e 0 s PRIVARY SUPPORT._RESIN ANCHORED ROCK BOLTS |
S8 CNTERE Jooofeis aiz | seel o pooseeda.ss AVERAGE PER CALENDARDAY___39FT___66FT |8
mngg WATER___CAUSED ROCK %ETERFtEgg_:I?:hTJ
| OF MEN TO OPERATE MACHINE__3 5
R TUNNEL NO.3 TUNNEL NO.3A
1970 1971 1972 | =+
15.000 | 1 I | 1 | | -[ | ] | [ 1 l 15,000
" | MACHINE HOLED THROUGH JULY s, 1972 -f | ‘
| ]
10,000 ‘ | | - l 10,000
| PER CALENDAR DAYA - “/”‘ S ““FYSE._J'
o2 T“H /)’ S| | ‘ |
L |1 |
e MACHINE ASSEMBLY M v 4 MACHINE HOLED THROUGH oc*r i3, I972 ' e
SO | / | |BEGIN MACHINE | |
|AaNOTICE TO PROCEED g OPERATIONS AUG. 24, |9'rz
OCT. 23, 1970 ‘ / OVERALL AVERAGE 66 FT. |
| | > . PER CALENDAR DAY
15,198 FT.-389 DAYS i
ol | ‘ ‘ ‘ | I | | =11 l l I 0
MONTH| O N D J F M A M J J A S 0O N J F M A M J J 0
DAYS ? , I?O . 2?0 500 400 5?0 ; 5?0 7 )

TIME DATE AND DAYS$

TUNNEL MACHINE-PROGRESS CHART

-
TUNNEL NO. 3A =
=
5 3.
=l P ot
e <z
HE HE
.“'_; a
= =
6100 7 1
El.592712 o = O lgFl 592537
5300555 990 STATION |000 1010 1020
STA.985+50 |y Machine Bored Tunnel 3289 FT. — A STA 1018+33 Machine Holed
Begin Machine Diometer Bored 20-6"100% Rock Through
Operotions ==
Boft Supported
Sandstone 300-9700 psi Comp.Strength

Siltstone 640-1760 psi Comp. Strength

OUTLET PORTAL TUNNEL NO.3

TYPICAI. CROSSBEDUM & LENSESOFFORMATIONS
ENCOUNTERED IN TUNNELS NO. 3 & 3A

?N I.OADI AND CAR TRANSFEIf STAfION
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TUNNEL NUMBER 5

NAVAJO INDIAN IRRIGATION PROJECT

l=
5 2 NEW MEXICO
B0 HYDRAULIC PROPERTIES =
:?EE HE TUNNEL Q] A v]r[n] s |4 pur ®
a2 10'-6" DIA. CONCRETE 610(76.00(8.03[3.20| 013 [001044 8 61 ==1
P A LINED CIRCULAR ‘31:'—_—'3
€050 ~ HE 2+ MACHINE DATA
e P i o= MANUFACTURED BY TERRA FORM FITTINGS CORP.
~_ S MODEL NO.__SERIAL®35 SCOTTWHEEL EXCAVATOR
6030 —— N LENGTH_ _____2I FT WEIGHT_____ 24 TONS
6020 —— _ | €020 TORQUE MAX. ___ _485,000 FT-LB. AT I.5 RPM's
6010 }— —C H 60I0 WORKING __315,000 FT-LB. AT 30 RPM's
> 6000 p—— ~—_] H 6000 STROKE ____ _ _ 36 IN. HORSE POWER__200 H.P
o 5990 F—— — ii 5990 BORE DIAMETER _|3'-0", 12'-6" THRUST__85 TONS
= 5980 —— Originol Ground Surfoce—)\*“\ { 5980 CUTTERS _ngch)\yri (IJ: s&r&mﬁ@ CUTTER TEETH
5970
e 5970 — S s ROTATION _ ____ _____ VARIABLE 0-3 RPM's
= 5960 rq/
: 5950 H_ 5950
) WA 210 Ft. Section Shotcreted o930
5930 5930
Saie [l: to the top 3 of the Tunnel :'l:ll 2220
5910 (- 4 s910
5900 |- i -1 5900 PROGRESS
5830 =1 s I [ — 3 5890 MAXIMUM RATE OF PROGRESS  SHIFT 95 FT
5880 400 STATIONS 40 220 430 440 a%0 260 5880 DAY |67 FT
) AVERAGE RATE OF PROGRESS SHIFT 47 FT
Sandstone, Shale ond Si
m::g L Siltstone M:%:‘:ne DAY 845 FT.
tol t Strips gnd Cost —in- Opsrotions
red Tun 7 _Feet = Digmet -g"
TUNNEL PROFILE CONTRACT DATA MISCELLANEOUS DATA_
CONTRACTOR—BALL, BALL AND TRACK GAGE 36_
BROSAMER, INC. AND GORDON VENTILATION LINE — ———___ 30
H. BALL, AS AN INDIVIDUAL VOLTAGE SUPPLY INTO TUNNEL
1976 SUB—-CONTRACTOR—GATES AND 480 VOLTS
8000 8000 FOX COMPANY, INC. No. OF SHIFTS PER DAY
[ { SPECIFICATION No. DC-7146 oo o ona 2 SHIFTS
95 FT. MAXIMUM RATE BID (TUNNEL ONLY) $3,891,820 ROCK TEMPERATURE —___5I°F
OF PROGRESS IN | TOTAL COST (TUNNEL ONLY). WATER FLOWS____NEGLIGIBLE
SHIFT JULY 27, |9?5——\| 43,697,380 LASER BEAM GUIDANCE
e €000 WASTE DISPOSAL —TRAILING
; fokd Thvough CONVEYOR AND TRAIN
=z Aug. 31, 1976
= (Inlet End)m=—
-
™. 4000 4000
(=] EGAN MACHINE EXCAVATION
b OF PROGRESS IN | DAY
- gﬁi‘rﬂ;w SECO? JULY 14, 1976
E 2000 MAY 17, 1976 2000
=
=
o APRIL - MAY JUNE JULY AUGUST 0

DATES AND MONTHS

TUNNEL MACHINE - PROGRESS CHART

CONCRETE BEING PUMPED

LASER, SUPPORTS AND VENT PIPE

33



VAT TUNNEL

CENTRAL UTAH PROJECT
BONNEVILLE UNIT, UTAH

HYDRAULIC PROPERTIES MACHINE DATA__————
. e ST A Tvle al 5 T4 s MANUFACTURED BY ROBBINS ~ MODEL NO. I0I0-179
8'-3" DIA. PRECAST INVERT 475 [43.01|10442 49| 013[00277]6.19 %E:ﬁ;# _______ 22 FT WEIGHT 75 TONS
CONCRETE LINED CIRCULAR | 1000 TONS . TORQUE 333,000 FT II_EIS".
10,000 STROKE ___ ____ 27 BORE DIAMETER__10-8

HORSEPOWER ___400 ROTATION _____ 6.3 RPM's
CUTTERS 26-DISKS 4—12" 22-14"

P

ELEVATION
- @ @ w0 (=] [=]
§ 82 8 8 8 8 3
s
447997
9
2
¢
QUTLET PORTAL

o
I 3 8500
od
Tunnel Invert :
EL. 7786.20 ~ R EL. 76789 i s PROGRESS
[ I I T MAXIMUM ADVANCE DAY 160 FT.
1000 STATIONS 1100 1200 1300 1200 00 AVERAGE ADVANCE DAY 50 FT
/- ™=Sandstone/Limestone Siltstones, Sandstones & Shale | Sandstone
) [ N
:“h‘:::"g"he holed: - 38760 Lin. Ft ~~=Began machine
operations
Steel Rib; 50% Wood ond 50% Steel Lagging, Shotcrete — Outlet Portal 50 Ft.
Unconfined Compressive Strengths -Sandstone 1857.2 —-8260 psi; Limestone 14000 psi, Shale 7700psi
TUNNEL PROFILE CONTRACT DATA MISCELLANEOUS DATA
CONTRACTOR-J.F. SHEA 8 Ca., INC. TRACK GAGE . 24"
SPECIFICATION No. DC-7150 VENTILATION LINE —___ _ 36"
BID $26,992,662 VOLTAGE SUPPLY____480 VOLTS
TOTAL COST $51,107,787.55 No. OF SHIFTS PER DAY _ _ _ _
___________ 3 SHIFTS
1976 1977 1978 1979 1980 1981 ROCK TEMPERATURE (AVE.)_44°
40000 40,000 WATER FLOWS _622-2563 GPM
| LASER BEAM GUIDANCE
SOFT GROUND corwzNT|<)N.e.|_---""_1 WASTE DISPOSAL TRAILING
CONVEYOR 8 TRAIN CUTTER HEAD BEING MOVED
o 30000 A SLOW DOWN OF EXCAVATION DUE TQ 30,000 INTO POSITION FOR ASSEMBLY
=z I™ INCREASED WATER & GROUTING
= HOLED THROUGH
= JULY 28, 98] mm—
S
20000 " WORK BEGAN 7 20.000
= /:3& e \ﬂspmlas AND TBM STALLED
g —==aEQUIPMENT PROBLEMS
- [
5 10,000
x R 7—-BEGAN MACHINE ‘
= OPERATIONS
OCT. 4, 1976
5 DA D LTy
ASONDJ FMAMJ JASONDJFMAMJJ ASONDJFMAM) JASONDJFMAM] JASONDJFMAMJJASOND

BKTES AND:MONTHS MACHINE TUNNELING TRANSITIONING FORMS FOR CONCRETING OPERATION OF HYDRAULIC JUMBO

TUNNEL MACHINE-PROGRESS CHART 2 EEBEERTIANAL AR HOTE; EXPANED ERSEIINREL SRR
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WATER HOLLOW TUNNEL

CENTRAL UTAH PROJECT
BONNEVILLE UNIT-UTAH

TUNNEL PROFILE

9500 5 9500
e 2
= o =
2 = Ta &z
| et o - — g__-
= s HYDRAULIC PROPERTIES — Wy —| 8990
w 94- — TUNNEL QlA|[Vv]r]n]| s d §§ 5000
: e = Ifn;c‘z om@int;:ouNLc:prE 620 (7210{860| 3.14 | 013 |00123 | B.29 ﬁ»—\]
] 5=00123
| T T T T — 7500
1780 | sTATION 1840 1890 1940 1990 I 2020
Mochine Holed F~—Machine Bored Tunnel 21,043 FT.— Diameter Bored 12™-11", 100% Steel Rib Supported—="=Begin Machine
Through Sfu|795*73’|-<i Rock Types - Sandstone, Siltstone, Shale ond Conglomerate Operations $t0.2006+16

MACHINE DATA PROGRESS

MANUFACTURED BY ROBBINS. THIS MACHINE USED IN MAXIMUM FOR | DAY o ___ 180 FT. A ; 5 i

AZOTEA TUNNEL (MODIFIED FOR THIS JOB) FOR | SHIFT_ ——_ ___ 77 FT

LENGTH__666_8_535 FT  WEIGHT |926%00 LBS. AVERAGEPEERRSB;% _______ gg H GAPIN CUT AND COVER SECTION AT PORTAL FOR
*THRUST 477, LBS. % TORQUE 300,000 FT, LBS. T4 :

CUTTERS_ _ _ _ _ ____ I-TRICONE AND 29 DISC PER CALENDAR DAY__42.8FT. INSTALLATION OF MACHINE CUTTER HEAD

HEAD ROTATED BY 4-100 HP, 440 VOLT MOTORS

LASER BEAM GUIDANCE

WASTE DISPOSAL___TRAILING CONVEYOR 8 TRAIN

*¥MAXIMUM CAPABILITY

| 1968 | 1969 | 1970 | CONTRACT DATA
| ! [ ' | CONTRACTOR-BOYLES BROS
. Through March 12,1970 SPECIFICATION No.DC-6575
| | TUNNEL SCHEDULE BID $5,236,142
|
- L] | /
W00 | ' I | f Foulted Zone ,/
= | I / MISCELLANEOUS DATA
- | 7 = e o BORING THROUGH ZONE OF WET
S ' / VOLTAGE SUPPLY INTO TUNNEL_ INGOMEETENT ROLE
[ 7
= | | AL L L L L L LY ey 4160 VOLTS
= | ot e eorroen No.OF WEN T0 OPERATE WACHIE
L N | .~
! ‘ // I ' AMBIENT TEMPERATURE AT CUTTER
i | HERADL oo sz 62°F
z [ ] MACHINE OPERATED_______ _
= oD l W/ [ - _3 SHIFT DAY, 4 DAY WEEK
1 7
BEGIN MACHINE 7
OF"ERA‘TION|S NOV6,1968m A/ 21043 FT. | |
D5 ¢ 491 DAYS .
NOTICE TO PROCEED ‘ L/
o L MAYL9€8 | (LA
MONTH M J J A S 0 N D J F M A M J J A S 0 N D J F M

DAYS © 100 200 300 400 500 600 70
: i | I L# ] TR
TIME -DATE AND DAYS SUBINVERT CONCRETE PLACED

TUNNEL MACHINE-PROGRESS CHART 10 PROTECT INVERT kock

37





