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WATIVA ~ EED TECH AISUMIPTIons

| from b . /‘QC%@@‘,«!ATANA
/o)

STRUCTURE: 912 * HIGH ROCKFILL DAM

INVESTIGATICNS:

USBP. 1950-1953 RECONNAISSANCE

COE IC75 RECONNAISSANCE ACRES 1980 = ACPES 1081
2250C LF SEISMIC

COE 1978 26 BOREHCLES 3 HOLES Lt HOLES *
3C-€00 " DEEP 37€-752'DEEP ~ 300-955*
18 AUGER HOLES 21 AUGER 138 AUGER
27 TEST PITS 21 PITS *
L7€€5 LF SEISMIC 25800 LF 38200 LF

_ 10 PIEZOMETERS 1 PIEZC L FIEZOS*
13 TEMP. PROBES 1 THERMISTER 2 THERMISTERS*®

SIGNIFICANT FEATURES:

VALLEY 3007 AT BASE, €000‘ AT RIM, 30-60° SLOPES
10-40" OVERBURDEN

=-00" WEATHERED ROCK
ALLUVIUM - SANDS AND GRAVELS, SOME TALUS, POSSIBLY PARTLY FROZEN
PELICT CHANNEL UPSTREAM OF DAY, GLACIAL AND ALLUVIAL MATERIALS

UP TO 4EL’ IN DEPTH, | ,
MAJOR SHEAR ZGNES ("THE FINS”, “FINGERBUSTER) RORDER DAMSITE.
LOCALIZED NARROW ZONES OF SHEARING AND INTENSE THERMAL ALTERATION.
5 MAJOR JOINT SETS (PROMIHENT N30-£00W)
DAMSITE IN PLUTCN, BCUNDED BY VOLCANICS AND SEDIMENTS.

*NOTE: IN PROGRESS, NUFMBER MAY INCREASE,
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- MATERIALS SOURCES: .

CONCRETE ACGREGATE & FILTER MATERIALS AVAILABLE 2-4 RILES
DOWNSTREAM OF SITE,

ROCKFILL AVAILABLE FROM EXCAVATIONS AND IMMEDIATELY ADJACENT
TO LEFT END OF DAM CREST.

GRAVEL SHELL MATERIAL AVAILABLE IN RIVER WITHIN €-8 MILES
CPSTREAM AND DOWNSTREA! - STILL BEING EVALUATED FOR SUITABILITY.

[MPERVIQUS/SEMIPERVIOUS MATERIAL FOR CORE AVAILABLE 1-3 PILES
UPSTREAM OF AXIS, '

AREAS TO ADDRESS IN DESIGN:

MAJOR SHEAR ZONES LIMIT UPSTREAM AND DOWNSTREAM LAYOUT FLEXIRILITY.

LEFT ABUTMENT SHEAR ZONE AND ALTERED ZONE LIMIT STRUCTURES, WILL
REQUIRE ADDITIONAL GROUTING AND DRAINAGE PROVISION.

DEEP ALLUVIUM IN CHANNEL, OF UNKMOWN DYNAMIC (SEISMIC RESPONSE)
PROPERTIES MANDATES REMOVAL UNTIL PROVEN SUITABLE AS FOUNDATION.

LGCAL SHEAR ZONE INFLUENCE UNDERGROUND STRUCTURE ORIENTATION.

DEEP RELICT CHANNEL ALLUVIUM REQUIRES INVESTIGATICN FOR WATER-
TIGHTNESS AND SENSITIVITY TO HYDROSTATIC READ FROM RESERVOIR.

SPORADIC PERMAFROST WILL REQUIRE CONSIDERATION IN CONSTRUCTIOHN.

UNDERGROUND STRUCTURES:
ROCK QUALITY GCOD' BELOW 250 IN DEPTH, PERMEABILITIES LOY,
{

STRUCTURES REQUIRE CRIENTATION TO AVOID LOCAL JOINTING, SHEARS,

3



8) WATANA DAMSITE
FOUNDATIONS, EXCAVATION & ROCK MECHANCIS
GENERAL FEASIBILITY LEVEL DESIGN CRITERIA



SUSITNA HYDROELECTRIC PROJECT
WATANA DAM

o MAIN DAM
EXCAVATION
OVERBURDEN - AVERAGE 20 FEET DEPTH OVER ALL FOUNDATION AREA.
WEATHERED ROCK UNDER CORE AND FILTERS - 40° DEPTH.
WEATHERED ROCK UNDER SHELLS - 10° DEPTH.

MAXIMUM SLOPES - 1H:2V BELOW 1300° ELEVATION
1H:1V ABOVE 1800' ELEVATICN

4 CONSGLIDATION'GROUTING
107 X 10° GRID OF HOLES 30 DEEP OVER AREA OF CORE AND FILTERS,

- 9/16/81 5



SUSITNA HYDROELECTRIC PROJECT
WATANA DAM

CURTAIN GROUTING

DOUBLE ROW CURTAIN - VERTICAL..
350" MAXIMUM DEPTH (AT MAXIMUM HEAD).
50 MINIMUM DEPTH IN ABUTMENTS.

HOLE SPACING PRIMARY 40,

SECONDARY
TERTIARY SPLIT SFACING TO GIVE
QUATERNARY FINAL SPACING 5,

GALLERIES FULL LENGTH OF DAM, APPROXIMATE SIZE 10‘ X 10°.

DRAINAGE
. 50’ DEEPER THAN GROUT CURTAIN,

~ HOLE SPACING 10, |
DRILLED FROM GROUT GALLERIES.
FULL LENGTH OF DAM, EXTENDING 600’ INTO LEFT ABUTMENT.
'CONNECTING TG INTAKE AND SPILLWAY STRUCTURES RIGHT ABUTMENT.
HOLES INCLINED DOWNSTREAM 15° FROM VERTICAL.

a/1€/81



SUSITNA HYDROELECTRIC PROJECT
WATANA DA¥
CURTAIN GROUTING

DOUBLE ROW CURTAIN - VERTICAL..
350° MAXIMUM DEPTH (AT MAXIMUM HEAD),
50¢ MINIMUM DEPTH IN ABUTMENTS.

HOLE SPACING PRIMARY 40°,

SECONDARY
TERTIARY SPLIT SPACING TO GIVE
QUATERNARY FINAL SPACING 5'.

GALLERIES FULL LENGTH OF DAM, APPROXIMATE SIZE 10' X 10'.

DRAINAGE
50 DEEPER THAN GROUT CURTAIN.

" HOLE SPACING 107,
DRILLED FROM GROUT GALLERIES.

FULL LENGTH OF DAM, EXTENDING 600’ INTO LEFT ABUTMENT.
CONNECTING TO INTAKE AND SPILLWAY STRUCTURES RIGHT ABUTMENT.

HOLES INCLINED DOHNSTREAM 15° FROM VERTICAL.

N/Me et




SUSITNA HYDROELECTRIC PROJECT
WATAHA DAM

SURFACE STRUCTURES
INTAKE AND SPILLWAY

EXCAVATION - OVERBURDEN - AVE 10°
WEATHERED ROCK - AVE 40’ (MINIMUM).

CONSOLIDATION GROUTING - 10’ X 10 GRID OF HOLES 30" DEEP. .

CURTAIN GROUTING - CONTINUATION OF DAM CURTAIN. 50" MINIMUM
DEPTH., SPLIT SPACING AS MAIN DAM,

DRAINAGE - FROM GALLERIES IN BASE OF STRUCTURES.

TUNNEL "PORTALS (TUNNEL SPAN = D)

~ COVER TO TOP SOUND ROCK 1.5D.

SPACING CENTER TC CENTER 2.5D. WHERE TUNMEL IS STRUCTURALLY
REINFORCED, SPACING MAY BE REDUCED TO 2.0D.

ALL TUNNEL LININGS CONTACT GROUTED.
DRAINAGE PROVIDED IN LININGS OF DIVERSION TUNNELS. -

9/1€/81
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SCHEDULE 1

SUSITNA HYDROELEGCT JECT

UNDERGROUND(BOCK BOLTING |
WATANA
STRUCTURE LOCATION SIZE SPACING/PATTERN
38% 21% 21% 11% 9%
PERCENT TUNNEL LENGTH BOLTED

TUNNELS
Diversion Ceiling 1" x 12! NA 1 Bo1t/10 LF Tunnel 5' x 5' 3' x 3' NA

Walls 1" x 9' NA NA 1 Bolt/10 LF Tunnel 6' x 6' NA
Main Ceiling 1" x 12 NA 1 Bol1t/10 LF Tunnel 6' x 6 3' x 3' NA
Access* Walis 1" x 9 NA NA -1 Bolt/10 LF Tunnel 6' x 6' NA
Penstock Ceiling 1" x 6' NA NA NA 3'' x3' 3 x3
Tailrace Ceiling 1" x 12 NA NA 5' x 5! 3' x 3' NA

Halls 1" x 9 NA NA 1 Bolt/10 LF Tunnel 6' x 6' NA
Grout & Ceiling 3/4" x 6' NA 4 Bolts/3 LF Tunnel NA NA NA
Drainage** '
CHAMBERS 40% 20% 30% 10%

PERCENT AREA BOLTED

Powerhouse Ceiling 1" x 25' 6' x 6'H.Y. 6' x 6' H.Y. 6' x 6' H.Y. NA

Walls 1" x 15' NA ' x 5' 5 x §° NA
Surge Ceiling 1" x 25 6' x 6'H.Y. . 6' x 6' H.Y. 6' x 6' H.Y. NA
Chamber Walls 1" x 15' NA 5' x §' 5' x 5' NA
Transformer Ceiling 1" x 25! 6' x 6'H.Y. 6' x 6' H.Y. 5' x 5' H.Y. NA
Gallery Walls i" x 15 NA 1/360 SF 6' x 6' NA



SCHEDULE 1 (continued)

SHAFTS LOCATION
‘Cable Walls
Main Access Walls
Grout & Drainage Halls

ADDITIONAL BOLTS AT OPENINGS

Bus Gallery 18 Bolts
Draft Tube 24 Bolts
Penstocks 24 Bolts

SUSITNA HYDROELECTRIC PROJECT
UNDERGROUND [ROCK BOLTING
WATAN |

SIZE

3/4" x 6' 4' x 4' pattern
3/4" x 6' 4' x 4' pattern
3/4" x 6' 6 Bolts/3 LF shaft

1" % 25°

1" x 25'

1" x 25'

*  For A1l Access Tunnels Greater Than 10' In Diameter.
** For A1l Access Tunnels Less Than or Equal to 10' In Diameter.

All Bolts Grade 60 Unless Noted As H.Y.

(High Yield).

25% of shatt length
25% of shaft length
25% of shaft length
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SCHEDULE 2

STRUCTURE

Diversion Tunnels
Main Access Tunnels
Penstocks

Tailrace Tunnels
Groutd Drainage
Galleries
Powerhouse

Su~ge Chamber

Transformer Gallery

SUSITNA HYDROELECTRIC_PROJECT
UNDERGROUND ROCK,STEEL

WATANA s

PERCENT OF EXCAVATION SPACING

LENGTH_SUPPORTED BETWEEN SETS

9 4!

9 3"

NA NA

9 4

5 3'

10 3!

10 3!
10 3

* Includes 10 percent allowance for hardware and tiebacks.

SET
SECTION

10" x 10" Column
10" x 10" Column

10" x 10" Colums

4" x 4" Column

16" 1-BEAM
Heavy Section

16" I-BEAM

Heavy Section

10" x 10" Column

/]

WEIGHT *
1b/LF

36
36

36

90

90
36
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SHEDULE 3 ' SUSTTNA HYDROELECTRIC PROJECT

%W‘)
TANA
.~~~ THICKNESS SHOTCRETE
56% 21% J11% 9%

STRUCTURE LOCATION PERCENT OF TUNNEL LENGTH |

" Diversion® Ceiling ' NA 2" 2" 'g'

Wails NA NA . NA "

Main Access Ceiling NA 2" 2", '
Tunnels™ Walls NA NA NA '
Penstock Ceiling NA NA 2" 3"
Tunnels™ Walls NA NA ‘NA 3"
Tailrace Ceiling NA 2n n 55
Turmels™ Walls © NA NA NA :
Grout & Drainage o
Tunnels *** Ceiling NA NA A 2§!§L

}%4;// /%;é( (ezlmg, 4 207 nts (pvew o WJ
2076 ﬁ&(é:ui 1044 fowdep

OTHER

A1l shafts 25% of length 2" Shotcrete

Powerfiouse & ) 30% of éei]ing area ‘4" Shotcrete

Surge Chamber: ) 30% of wall area 4" Shotcrete

Transformer Gallery: NA |

* Tunnels are concrete lined; shotcrete used as protective measure during construction until covered

. by concrete Tining.
*k For all access tunnels greater than 10' diameter.
***  For all access tunnels less than or equal to 10' diameter.
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2A

2B

2C
2D

4A
4B
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SUSTTNA HYDROELECTRIC PROJECT
Reinforcing Steel Ratio's 1b/cy

T, o i
RN et
AL

DESCRIPTION

Deversion Tunnels

Piilar E' Roliway

Apron Slab, Guide
Wall Downstream
Against Rock.
Upstream Guidewall

Gravity Type
Retaining Wall

Intake & Portal
Structure
Primary Concrete
Siabs

Devil Canyon Dam

Access Tunnels

4‘*)ﬁumw¢4jf; Saflepres

REINFORCING
STEEL/CY YD

75 1b ' —=
130 1b

80 1b

-80 1b

70 1b

130 1B

100 1b
| co—106-1b

7
70 1%/:) ‘

REMARKS

Reinforcement shall be used
for 2 D length at exit end
only.

To be used for thickness over
4'-0 and exposed to weather.

Wall & Slab thickness 4' or
more.

40% 4000 PSI Concrete.
60% 3000 PSI Concrete.

Walls & STab thickness 4' or
more,

Walls & Slab 1'-0 to 4'-0 thick.
Walls & Slab over 1'-6 thick.

Slab less than 18" thick.

=) 5{0/.?6
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DESCRIPTION

Diverson Tunnels &
Other Water Passages

Spi#liway
Pillar & Rollway

Apron, Slab, Guide
Wall Downstream
Against Rock

Upstream Guidewall

Gravity Type
Retaining Wali

~ T Intake & Portal
. Structure

Powerhouse Concrete
DRATT TR e
Devil Canyon Dam

Access Tunnels

SUSITNA HYDROELECTRIC PROJECT
Reinforcing Steel Ratio's 1b/cy
WATANA & DEVIL CANYON

REINFORCING
STEEL/CY YD

75 1b

130 1b

80 1b
80 1b
70 1b

130 1b

100 1b
15 LB

7 1b
70 1b

REMARKS

Reinforcement shall be
used for 2 Diameter 1engths
at exit end only.

To be used for thickness
over 4'-0 and exposed to
weather.

Wail & Slab thickness 4'
or more.

Walls & Slab thickness 4'
or more.

Walls & Slab 1'-0 to 4'-0

thick.

Throughout

(EH=3med) <(gBs
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SCHEDULE 1
STRUCTURE LOCATION
TUNNELS
Diversion Ceiling
Walls
Main Ceiling
Access Walls
Penstock Ceiling
Tailrace Ceiling
Walls
Grout & Ceiling
Drainage
CHAMBERS
Powerhouse Ceiling
Walls
‘Surge Ceiling
Chamber Wells
Transformer Ceiling
Gallery Walls
SHAFTS Cable:

Main Access:

SIZE

1" x 12°
1" x 9¢
1" x 12
11! X 9!
1" X 6!
" x 12!
1" x gl
3/4" x 6!
1" x 25'
1" x 15!
1" x 25°
1" x 15"
1" x 25°
1" x 15!

Grout & Drainage:

Additional Bolts at Openings

* f%hnne]s > 10' Diameter
"% Tunnels < 10* Diameter

A1l Bolts Grade 60 Unless Noted

WE A
SUSITNA HYDROELECTRIC PROJECT
UNDERGROUND ROCK BOLTING
WATANA
PERCENT TUNNEL |
LENGTH BOLTED SPACING/PATTERN
38 28 7 11 9
NA 1 Bo1t/10 LF Tun 5' x 5! 3' x
NA NA 1 Bolt/10 LF Tun 6*' x 6 3' x
NA 1 Bolt/10 LF Tun 6' x6' - ''x 3 3' x
NA NA 1 Bolt/10 LF Tun 6' x 6 3 ¥
NA NA NA ' 3' x 3 3' x
NA NA 5' x 5' 3' x 3 3' x
NA NA 1 Bolt/10 LF Tun 6' x 6° 3' x
NA 4 Bolts/3 LF Tun NA NA NA
40 20 30
6' x 6' 6' x 6' (High 6' x 6'(High |
NA 5' x 5' VYield) 5' x 5° Yield) ’
6' x 6' 6' x 6' (High 6' x 6'(High
NA 5" x 5' Yield) &' yx 5' Yield)
6' x 6' 6' x »° 5' x 5!
NA 1 1/360 SF 6' x 6
3/4" x 6 4' x 4' pattern 25% of tunnel length
3/4" x 6' 4° x 4' pattern 25% of tunnei length
3/4" x 6 6 Bolts/3LF shaft 25% of tunnel length
Bus Gallery 18 Bolts 1" x 25'
Draft Tube 24 Bolts 1" x 25!
Penstocks 24 Bolts 1" x 25

3i
31

3!
3!

3!
3!

10 -

, NA

NA

NA
[ {1
HN
i

nee
? <%

\
b =
e Y
. '\\q
)
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SCHEDULE 2

| ——
e

STRUCTURE
Diversion Tunnels
Main Access Tunnels
Penstocks

Tailrace Tunnels

Grout & Drainage
Galleries

Powerhouse
Surge Chamber

Transformer Gailery

SUSITNA HYDROELECTRIC PROJECT
UNDERGROUND ROCK STEEL SUPPORT

WATANA

PERCENT OF TUNNEL
LENGTH SUPPORTED

NA
NA .
NA
NA

10
10
10

Assume each set 4ft x 4" coiumns at 13 1b/LF
plus 10% additional weight for tiebacks and hardware.

k]

o

SPACING
BETWEEN SETS

NA
NA
NA
NA
3



g
%ﬁé

SCHEDULE 3 SUSITNA HYDROELECTRIC PROJECT
SHOTCRETE
WATANA

THICKNESS SHOTCRETE
PERCENT OF TUNNEL LENGTH

 STRUCTURE - LOCATION T3 78 7 11 5
Diversion* Ceiling WA NA 2 2 6"
Walls NA NA NA NA 6"
Main Access Ceiling NA NA 2" 2" 6"
Tunnels*+* - Walls NA NA NA NA 6"
Penstock Ceiling NA NA NA 2" 3
Tunnels¥* Walls NA . NA NA NA 3"
Tailrace Ceiling NA NA 2" 2" 6"
Tunnels* Walls NA NA NA NA 6"
Grout & Ceiling NA NA NA 2" 2"
Drainage '
Tunnels**

A1l shafts 2" thick shotcrete 25% of length

Powerhouse & 30% of ceiling area
Surge Chamber: 30% of wall area
Transformer Gallery: NA

*  Tunnels are concrete 1ined; shotcrete used as protective measure during construction until covered by
concrete iining

** Grout & Drainage tunnels (tunnels <10 diameter) - 20% of shotcrete area to have steel mesh

*** Includes all tunnels >10' diameter

-~ . S w7 / L -
-~ s 7 - . PR PO / P RV A 4 D
- e £ //(ﬂf‘f ¢

R 7 f
¥ . S /’
- ; -



I

*  Tunnels > 10° Dlameter
¥ Tunnels < 10' Diameter

411 Bolts Grade 60 Unless Noted " AN TER
-

e -

g/

24 Bolts

. ™
SCHEDULE 3 b sustm HYDROELECTRIC PROJECT A
P 3 O UNDERGROUND ROCK BOLTING

@“ y \ MATANA
)
PERCENT TUNNEL
STRUCTURE LOCATION SIZ Z{;ENGTH BOLTED SPACING/PATTERN
TUNNELS 2 -
b 3/ 4 e 2 n% . ez

Diversion  Ceiling 1" x 12 ‘“’NA "1 Bolt/10 LF Tun  5' x 5° 3'x3’ :gq-fg

Walls 1" x 9! NA 1 Bo{§/10 LF Tun &' x &° e e
Main Ceiling 1" x 12¢ NA 1 Bolt/10 LF Tun ?%‘ X 3' x 3 g3
Access # Walls 1" x 9 NA NA 1 Bolt/10 LF Tun 6' x 6'  Sb=s”
Penstock Ceiling 1" x 6 NA NA NA 3' x 3° 3' x 3¢
Tailrace Ceiling 1" x 12! NA NA 5' x 5! 3' x 3 -3’

Walis 1" x 9! NA NA 1 Bolt/10 LF Tun 6' x 6 3
Grout & Ceiling 3/4" x 6 NA 4 Bolts/3 LF Tun  NA NA NA
Drainage ="
CHAMBERS FERCENT FrE4 — y

BOLTEOD —> 40% 207, /;U- 30.% /H"‘ 10Z

Powerhouse  Ceiling 1" x 25° 6' x 6' 6' x 6' (High” 6' x 6" (g™ NA

Walis 1" x 15! NA 5' x 5! Kieiyg' 5' x 5' Yle}dj;; NA
Surge Ceiling 1" x 25' 6' x 6' 6' x 6' (Wigh~ 6 x 6' ISy "
Chamber Walis 1" x 15 NA 5' x §' Vield) 5' x 5' Yiekd) 44;
Transformer Ceiling 1" x 25 6' x 6 6' x 6' 5' x 5! v
Gallery Walls 1" x 15° NA 1/360 SF 6' x 6' A
SHAFTS Cable: 3/4" x 6 4' x 4' pattern 25% of tunnel length

Main Access: 3/4" x & 4' x 4' pattern 25% of tunnel Tength

Grout & Drainage: 3/4" x 6 6 Bolts/3LF shaft 25% of tunnel length

= Additional Bolts at Openings Bus Gallery 18 Bolts 1" x 25° o o
(h Draft Tube 24 Boits 1" x 25° | g S
Penstocks 1" x 25°

pmd o gral“w»e

- «n;“



- SCHEBULE 2

SUSITNA HYDROELECTRIC PROJECT
UNDERGROUND .OCK STEEL SUPPORT

WATANA
. PERCENT OF TUNNEL SPACING

STRUCTURE LENGTH SUPPORTED BETWSEN SETS

{
Diversion Tunnels NA . NA & 1
N ‘ Joys0" @ o ?J‘L:/#'
Main Access Tunnels NA NA 3
Penstocks NA NA {
Tailrace Tunnels NA NA &' }
Grout & Drainage , 5 % 3 ATAREINIILY} 2
Galleries

| 6 | =

Powerhouse 10 A ; s beem  hewm ocfiin
Surge Chamber 10;%
Transformer Gallery 10 C/D 31 Em'

Assume each set 4' x 4' columns at 13 1b/LF -
Plus 10% additional weight for tiebacks and hardware.



~ SCHEDULE 3

STRUCTURE
Diversion¥*
Main Access
Tunnel:

Penstock
Tunnels*

Tailrace
Tunnels*

Grout &
Drainage
Tunnels** #

LOCATION

Ceiling
Walls

Ceiling
Walls

Ceiling
Walls

Ceiling
Walls

Ceiling

SUSITNA HYDROELECTRIC PROJECT

SHOTCRETE
WATANA

THICKNESS SHOTCRETE
PERCENT OF TUNNEL LENGTH

45"

Powerhouse &
Stirge Chamber:

Transformer Gallery:

*  Tunnels -are concrete lined; shotcr
- concrete lining
9 (%

30% of ceiling area
30% of wall area

NA

25% of length

38 % 28 % 7% 11 % g %
NA NA 2" 2" 3
NA NA NA NA iy
NA NA 2" 2" :
NA NA NA NA "
NA NA NA 2" 3"
NA NA NA NA 3"
NA NA 23! 2" L
NA NA NA NA "
NA NA NA 2" 2"
/
27 )
7
I e
24
amd vk Lotk f»:wnw\t
eteAused as proteetive measure during construction until covered by

Grout & Drainage tunnels {tunnels <10° diameter
. ** Inciudes all tunnels >10' diameter

) - 20% of shotcrete area to have steel mesh
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