






























































































TABLE 6.3: LITHOLOGY OF TUNNEL ROUTES 

Percent Tunnel Route in Each Lithologic Unit** 

Scheme(s) Alignment Lithologi: 
Rag Tbgd Tsmg Qs* 

1 '2, 4 Northern 31 11 10 48 

1, 2,4 Direct 13 29 31 27 

3 10 90 0 0 

NOTES: 

* The rock units below the Quaternary soils along the alignments are most 
likely Tsmg and Tbgd. 

** These percentages are based on surficial rock unit distributions. The actual 
length of tunnel in each unit is unknown. 
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7 - PREFERRED TUNNEL SCHEME 

7.1 - Introduction 

As outlined in Section 6, tunnel Scheme 3 was selected for more detailed study. 
The aim of the more detailed study is to further refine the engineering con­
cepts, to improve the accuracy of the cost estimate, and to evaluate the power 
and energy potential in more detail. This information is used for comparison of 
the tunnel scheme with the Devil Canyon dam scheme in Section 8. 

7.2 - Design and Operational Assumptions 

(a) Design Assumptions 

The design assumptions used in the more detailed study are essentially as 
previously outlined in Section 5.4 and the construction technique as in 
Section 5.5. 

The proposed alignment crosses the known joint sets to m1n1m1ze support and 
overbreak problems. Adequate cover is maintained along the entire route 
and the minimum tunnel depth of 250 feet is believed to be conservative. 
The lining requirements for the tunnel are as outlined in Section 5.4. 

Table 7.1 summarizes the rock quality observed in the drill holes at the 
Watana and Devil Canyon dam sites. If these rock qualities remain true 
along the Scheme 3 alignment, up to 50 percent to 80 percent of the tunnel 
could be unlined and 1 ightly supported, 20 percent to 40 percent may 
require rock bolts and shotcrete, and 10 percent to 20 percent may require 
rock bolts, shotcrete and a cast in place concrete lining. In view of 
these results, the lining and support requirements suggested in Table 6.1 
are conservative and were retained. 

As before, the tunnel size was selected on the basis of an economic 
analysis. The optimal tunnel size was determined such that the sum of the 
amortized tunnel cost and the value of energy lost due to friction is mini­
mized. The value of energy was based on a thermal coal-fired plant in the 
year 2000. Table 7.2 summarizes the results of the analyses and also 
indicates that tunnel sizes would not be significantly different for lower 
energy values or if the cost of energy produced by the tunnel had been 
minimized. 

The single tunnel diameter was taken to be 40 feet, which is relatively 
large. In view of the sparsity of geotechnical data, two smaller, parallel 
tunnels of similar total capacity were conservatively selected for study 
purposes. Such a concept also has security advantages, the optimum sizes 
of these tunnels being 30 foot diameter. 

For this study it has been assumed that the powerhouse is located at the 
downstream end of the tunnel. This does not necessarily imply that a 
powerhouse located at the upstream end would not be studied, with the 
tunnels being used for tailrace discharges. Further study would be 
required to determine the optimum location. 
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(b) Operational Aspects 

Minimum discharge of not less than 500 cfs from Watana and 1000 cfs from 
there-regulation dam were specified. No daily maximum limit on the dis­
charge from Watana was specified because of the downstream re-regulation 
dam. Constant daily discharges from the re-regulation dam and the Devil 
Canyon powerhouse were specified. 

The Devil Canyon powerhouse is assumed to be operated as a base load power 
facility. No daily discharge fluctuations are allowed at the Devil Canyon 
powerhouse and daily peaking power demands are supplied by the Watana 
powerhouse. Daily peak discharges from Watana are regulated at the 
re-regulation dam with a maximum fluctuation in there-regulation reservoir 
of less than four feet. A relatively small powerhouse at there-regulation 
dam operates as a base load power facility and supplies the required down­
stre~n compensation flow. 

7.3- Project Description 

Scheme 3 is composed of are-regulation dam, power tunnel, and powerhouse at 
Devil Canyon. Plates 2 and 3 illustrate the details. 

There-regulation dam is located approximately 15.8 miles downstream from the 
Watana darn site. Site selection was based on regional geologic mapping and air­
photo and topographic interpretations. The 245 foot high dam is assumed to be a 
rock fill dam with an impervious core. A spillway is located on the north abut­
ment, and a relatively small powerhouse with a capacity of 30 MW on the south 
side of the river.- The maximum normal operating reservoir level is 1475 feet. 

Power tunnel intakes are located on the south side of the river approximately 
2000 feet upstream from the re-regulation dam. The optimal power tunnel dia­
meter is 30 feet for each of the two power tunnels. 

The underground Devil Canyon powerhouse has an installed capacity of 300 MW, 
with an assumed four generating units. Overland access to the powerhouse access 
adit area runs parallel to Cheechako Creek. A surge tank for each power tunnel 
is located just upstream of the powerhouse. Small cellular cofferdams are 
required along the south bank of the Susitna to allow construction of the tail­
race. 

As part of this tunnel scheme, the installed capacity at the Watana dam is 
increased by a small amount to reduce the overall system plant factor once the 
base load tunnel generating plant comes on line. A provision for an additional 
50 MW has been made in this study. 

7.4 - Cost Estimate and Construction Schedule 

(a) Cost Estimate 

The cost estimating methodology described in Section 6.2 was employed to 
develop cost estimates for the preferred scheme. However, as more detailed 
engineering layout drawings were available, it was possible to undertake a 
more detailed cost estimate than for the study described in Section 6. 
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Total project costs were re-estimated for both the two 30 foot diameter and 
the one 40 foot diameter schemes. These costs amounted to $1.50 billion 
and $1.34 billion, respectively. It should be noted that they are somewhat 
higher than the estimates associated with the conceptual tunnel schemes due 
to the higher level of detail involved. Summary cost estimates for the two 
schemes are shown in Tab 1 es 7. 3 and 7. 4. 

(b) Construction Schedule 

As shown in Figure 7.1, five yearswill be needed to complete construction 
of the Scheme 3 facilities. For the purposes of this study, the schedule 
is based on an assumption that access will be available from a previously 
constructed road from the Parks Highway to the Watana site. Underground 
work is assumed to be possible throughout the entire year, and rock 
placement only throughout the six months of summer. The exact timing and 
sequencing of the various 11 noncriticaP activities will be dependent upon 
resource and seasonal limitations and other factors. 

Initial work will be to construct several access roads of up to six miles 
in length to connect the Watana-Parks Highway to the re-regulation dam, 
Devil Canyon and intermediate access sites. It is expected that the 
construction of the Devi 1 Canyon powerhouse can start shortly thereafter 
with the power on line date approximately 52 months after work commences. 

Access to the main power tunnels will be through inclined access tunnels at 
two intermediate points. Additional tunneling will occur at both the power 
intake portal and at the main powerhouse. This will enable the tunnels to 
be driven from as many as six faces, resulting in an estimated maximum 
tunnel length of approximately five miles. 

The complete re-regulation dam wili take approximately three and one half 
years to construct with an estimated placement rate of approximately 
640,000 cubic yards/month during the two year placement period. 

As shown in Figure 7.1, the power on line date is approximately the s~1e 
for both the re-regul ation dam and the Devi 1 Canyon powerhouses. 

7.5 - Power and Energy 

Power and energy have been evaluated by a demand driven computer simulation 
model. The model is based on monthly average demands and 30 years of historical 
monthly inflows. Scheme 3 incorporated with the Watana dam has been simulated 
to accurately represent operation of the entire development. Powerhouses were 
sized to achieve an overall capacity factor of 53 percent which is within the 
desired plant factor range of the Watana-Devi 1 Canyon dam scheme. 

Power and energy production from a Susitna basin development composed of Watana 
and Tunnel Scheme 3 is summarized in Table 7.5. 

7.6 - Environmental Impact Assessment 

A more detailed assessment of the environmental aspects associ a ted with Scheme 3 
has been made (33). A comparative environmental analysis on the location of the 
Devi 1 Canyon powerhouse was also performed to determine the preferred powerhouse 
location. 
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(a) Location of Devil Canyon Powerhouse 

Alternative locations for the Devil Canyon powerhouse have been proposed. 
Two alternative locations have been determined by the ease of access to the 
tailrace and powerhouse access area. The two sites are an upstream loca­
tion about 0.3 miles above the Devil Canyon dam site and a downstream loca­
tion about 1.5 miles below Portage Creek. The major environmental consid­
eration is that a powerhouse upstream of Devil Canyon would preserve much 
of the aesthetic value of the canyon. In addition, the shorter tunnel 
would confine construction activities to a smaller area and may result in 
slightly less ground disturbance~ particularly if there are fewer access 
points as well as a smaller muck disposal problem. It is for these reasons 
that this powerhouse location is preferred. 

A downstrean powerhouse location, on the other hand, might create a mitiga­
tion opportunity by opening up a longer stretch of river that perhaps could 
be managed to create salmon spawning habitat due to the lower flows through 
the rapids. However, there is currently no data to confirm this and at 
this stage the downstream powerhouse location is considered less flexible. 

(b) Environmental Impacts 

The major adverse environmental impacts associated with the tunnel scheme 
are the inundation of 3900 acres by there-regulation reservoir, disruption 
during construction, disposal of tunnel muck, and bypassing the major por­
tion of river flows through the tunnel. The area to be inundated by the 
re-regulation reservoir includes known archeological sites in addition to 
wildlife habitat. 

The major beneficial environmental impact is the ability to regulate peak 
discharges from the Watana Dam. There-regulation dam would store the 
daily peak discharges from Watana and release a constant downstream flow. 
The re-regul at ion dam would eliminate the effects of Watana peaking opera­
tions on the Susitna River. This would allow Watana to produce the maximum 
amount of peak energy possible with no adverse impacts downstream. 

The compensation flow in the bypassed section of the Susitna River is 
totally controllable and could be varied seasonally. The controlability of 
the compensation flow could be an asset to the fisheries and wildlife in 
the stretch of the river bypassed by the tunnel. 

(c) Disposal of Tunnel Muck 

It is important to note that cost estimates for tunne 1 schemes are current­
ly based on minimal requirements for transportation and disposal of excava­
ted materials by whatever means are finally selected. If a costly disposal 
method is selected, total project costs could increase as much as 1 
percent. The total volume of excavated material from the two 30 foot 
diameter tunnels anounts to 3.7 million cubic yards. Allowing for a 
bulking factor of 1.5 this would amount to approximately 5.6 million cubic 
yards of muck. 
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There are a number of options which may to be considered for environmen­
tally acceptable disposal of the rock removed in excavating the tunnel. 
All of these will probably involve a small additional transportation and/or 
disposal cost, and include: stockpiling the material for use in access 
road repair, construction of there-regulation dam (total volume= 7.7 
million cubic yards), or stabilization of the reservoir shoreline; disposal 
irr Watana reservoir; dike construction; disposal in a borrow pit created in 
dam constructions; sculpture, cover, and seed the pile; and disposal in a 
ravine or other coRvenient location. It is unlikely that the most environ­
mentally acceptable option will also be the most economical. Because many 
unknown factors now exist, a firm recommendation cannot be made without 
further evaluation. It is quite likely, however, that a combination of 
disposal methods will be the best solution. 

Stockpiling at least some of the material for access road repairs is 
believed to be environmentally acceptable provided a suitable location is 
selected for the stockpile. The material could possibly be utilized for 
construction of any of the access road spurs or temporary roads that are 
not already completed at the time the tunnel is excavated. 

Another acceptable solution might be to stockpile the material for use in 
construction of the re-regulation dam. This rock could also be a potential 
source of material for stabilization of reservoir shorelines if required. 
As with the previous option, an environmentally acceptable stockpile loca­
tion would be required. Material disposal in Watana Reservoir might also 
be environmentally acceptable. A small amount of tunnel muck could 
possibly also be used for stream habitat development. With any of these 
options, the possible toxicity of minerals exposed to the water should be 
first determined by assay, if there is any reason to suspect the occurrence 
of such materials and minerals. 

Two environmental problems might be solved by disposing of the material in 
a borrow pit created in dam construction. 

To sculpture, cover, and seed the material is worthy of further considera­
tion, and would require proper planning. For example, borrow areas used in 
dam construction could, perhaps, be restored to original contour by this 
method. The source of soil for cover is a major consideration as earth 
should only be taken from an area slated for future disturbance or inunda­
tion. 

The most economical solution might be to fill a ravine with the material or 
to dispose of it in another convenient location. Unless the chosen dispos­
al site will eventually t:>e inundated, however, such an arrangement is 
environmentally unacceptable, especially since better options are obviously 
av ai 1 ab 1 e. 
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TABLE 7.1: DRILLING RESULTS AT WATANA AND DEVIL CANYON DAM SITES 

Percent of Core 
Drill Hole Depth ( ft) RQ0580 :50<: R 00 <: 8lJ Raooo 

BH-4 486 76 16 8 

BH-2 653 89 8 3 

BH-1 738.4 87 9 4 

BH-2 391 46 28 26 

BH-6 732.4 78 19 3 

BH-8 736.7 70 21 9 
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TABLE 7.2 -OPTIMIZATION Of TUNNEL DIAMETER 

Installed Ca~acit~ 
Devile-regulation Maximum Maximum Tunnel Alternative Tunnel Alternative Cost of Energy 

Diameter Watana Canyon Dam Head Loss Velocit~1} Annual Net Benefif2) Annual Net Benefi f3) Produced 

( ft) __111!'!2_ ~ (MW) ( ft) ( f~s) ($ X 106 ) ($ X 106) (mills/kwh) 

Two Tunnels 

20 850 115 100 97.5 5.6 1. 0 (17 .3) 45.2 

25 850 220 50 88.0 6.8 29.9 1.5)* 30.8* 

30 850 300 30 45.6 5.9 34. 7* ( 1. 7) 30.8* 

35 BOO 400 30 30.5 5.6 29.4 ( 9.0) 34.0 

One Tunnel 

30 875 190 50 86.0 8.1 31.9 3.1 28.2 

---1 35 880 310 30 94.0 9.9 44.7* 9.3* 25.5* 
I 

---1 40 800 300 30 33.4 6.5 44.7* 7.1 26.8 

45 900 375 30 19.9 6.3 42.9 3.4 28.5 

50 900 380 30 9.8 5.0 35.8 ( 3.9) 31.7 

Notes: -n) 
(2) 

Velocity in unlined tunnel section. 

Based on an 
(3) 

energy value of 47 mills/kwh, (i.e. the thermal system cost in the year 2000). This value used in this study. 

Based on an energy value of 30 mills/kwh, (the average Watana-Devil Canyon Dam hydrosystem cost in the year 2000). 

( )Denotes a loss in annual net benefit. 

* Optimum tunnel diameter. 



TABLE 7.3: COST EST!MATE FOR DEVIL CANYON TUNNEL SCHEME 
(TWO 30-FOOT DIAMETER TUNNELS) 

1980 PRICE LEVELS 

Item 

Land and Damages ••.•.•••.•••..••••.••.••.••. 
Reservoir Clearing .••••.••••••••••.••...•••. 
Re-Regul at ion Dam ••••••.•.•••••.••...••••.•• 
Spill way ••.••••••.•••••••.•••..•••..•••••••• 
Diversion Works ....•••.••••.••..•••.•.•••••• 
Intake War ks - Main •••.•••••••••.••••••••.•. 
Power Tunnels ••••.•••••.••••..••••...•....•. 
Powerhouse - Main •.•••••••••..••••••.••.•••• 
Tailrace- Main ••••••.••••.•••••••..•••...•• 
Switchyard •••••••••••••••••••••.••••••.••.•• 
Transmission Lines •••..••••••••••.•.•..••.•• 
Roads and Bridges •••.•••••.•.••••.•••.•••..• 
Recreational Facilities ••••.•••••..•••.••.•• 
Building and Grounds .••.••••..•••...••..••.• 
Permanent Operating Equipment ••••.•..••••••. 
Secondary Power Station ••.•••••••••.••••.••• 

Subtotal •••....•••.•...•••...•..•••••..••..• 

Camp Facilities and Support ..••••••••.••..•• 
Mobilization ••.••..••....••.•.••••••••.••.•• 

TOTAL CONSTRUCTION COST .................... . 

Engineering, Construction, Management and 
Owner's Costs •.••••••••..•••...•••.••••••••• 
Contingencies •••••••.•••••••••.••••.••••••.• 

TOTAL PROJECT COST .•.••••.•••••.•.••••.••••• 
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Cost 
($1,000) 

$ 1 o, 200 
3,300 

101,900 
41 '700 
34,800 
26,000 

556,600 
80,300 
13,000 
3,500 

15,000 
42,000 

1,000 
4,000 
3,000 

21,400 

$ 957,700 

130,700 
47,000 

$1 '136,300 

136,400 
227,300 

$1,500,000 



TABLE 7.4: COST ESTIMATE FOR DEVIL CANYON TUNNEL SCHEME 
(ONE 40-FOOT DIAMETER TUNNEL) 

1980 PRICE LEVELS 

Item 

Land and Damages • • • • • • . • . • . • • • • • . . • • • • • . . . • • . $ 
Reservoir Clearing ••••.••••••••••.•••••••.••• 
Re-regulat ion Dam ••••••••.••••.•.•••••••••••• 
Spillway ••.•••••••••••.•••••••••••••••••••••• 
Diversion Works •••.•••••••••••••••••••••••.•• 
Intake Works - Main ••••••••••••••••.•.••••••• 
Power Tunnel ••••••.•.•••••••••••••••.•••••.•• 
Powerhouse - Main •••••••••••••••••.•••••.•••• 
Tailrace - Main ••.•.••••••••••••••••••••••••• 
Switchyard •••••••••••••••••••••••••••••••.••• 
Transmission Lines •••••••••••••••.••••••••••• 
Roads and Bridges .•••••.•••••.••••••••••••••• 
Recreational Facilities •••••••••••••••..••• , • 
Building and Grounds ••.••••••• , •• , •••.••••••• 
Permanent Operating Equipment ••••••••.•••••.• 
Secondary Power Station •••••••••••••••••••••• 

Cost 
($1 ,DOD) 

10,200 
3,300 

101,900. 
41 '700 
34,800 
26,000 

453,100 
80,300 
13,000 

3,500 
15,000 
42,200 

1,000 
4,000 
3,000 

21;400 

Subtotal • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • . • • • • $ 854,400 

Camp Facilities and Support ••••••••.••••.•••• 117,000 
Mobilization .•••.••••••••••••• , ••..••••.••••• __ 4_2_,_,_7_0_0 

TOTAL CONSTRUCTION COST •••••••••••••••••••••• $1,014,100 

Engineering, Construction, Management and 
Owner's Cost ................................ . 
Cant ingencies ••••.••••••••••••..••••••••.••.• 

121,700 
202,800 

TOTAL PROJECT COST ........................... $1,338,600 
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TABLE 7. 5: POWER AND ENERGY PRODUCTION FROM TUNNEL SCHEME 

Oeser ipt ion 

Installed Capacity: 

Watana Dam ••••••••.••••••••••• 
Devil Canyon •••••••••••••••••• 
Re-regulation Dam ••••••••••••• 

TOTAL ••••••••••••••••••••••••• 

Average Annual Energy: 

Watana Dam ••••••••••••••••••• 
Devil Canyon ••••••••••••••••• 
Re-regulation Dam •••••••••••• 

TOTAL ••••••••••••••••••••• , •• 

Annual Firm Energy: 

Watana Dam ••••••••••••••••••• 
Devil Canyon ••••••••••••••••• 
Re-regulat ion Dam •••••••••••• 

TOTAL •••••••••••••••••••••••• 

1-40 Ft Diameter 
Tunnels 

850 MW 
300 MW 

30 MW 

1,180 MW 

3,194 Gwh 
2,064 Gwh 

195 Gwh 

5,453 Gl'k1 

2,810 Gwh 
1,927 Gwh 

127 Gwh 

4,864 Gwh 
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2-30 Ft Diameter 
Tunnels 

850 MW 
300 MW 

30 MW 

1,180 MW 

3,192 Gwh 
2,053 Gwh 

188 Gwh 

5,433 Gwh 

2,833 Gwh 
1,925 Gwh 

127 Gwh 

4,885 Gwh 
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8 - COMPARISON WITH DEVIL CANYON DAM SCHEME 

This section outlines a brief comparison of the preferred tunnel scheme with the 
Devil Canyon dam scheme. The schemes are compared from economic, environmental, 
and scheduling points of view . 
. 

8.1 - Economic Comparison 

Table 8.1 summarizes the results of the comparative economics of the two 
versions of the tunnel scheme involving either one or two tunnels and the Devil 
Canyon dam scheme~ The economic parameters use<i are as follows: 

Interest rate = 3%. 

Escalation rate = 0%. 

Economic life = 50 years. 

- Annual cost factor = (3.00 interest 
+0.89 - sinking fund 
+0.10 - insurance) 

= 3.99 

Operation and maintenance= $11/kW/year. 

- Allowance for funds during construction was based on an assumed S-shaped dis-
tribution of cash flow throughout the construction period. 

The average annual energy yields in Table 8.1 represent the net increases over 
the first stage Watana dam in each case. It wi 11 be noted that the one and two 
tunnel schemes can deliver energy at a cost of $29 or $33 per 1000 kWh, respec­
tively. The equivalent cost associated with the Devil Canyon dam is $15 per 
1000 kWh. The tunnel scheme represents a 93 or 120 percent increase in cost. 
It should also be noted that the tunnel schemes annually yield between 770 and 
790 Gwh less energy than the Devil Canyon dam scheme. This represents about 26 
percent. 

A further factor that should be taken into consideration in the economic compar­
ison of the tunnel and dam schemes is the lower reliability associated with the 
capital cost estimate of the tunnel scheme. Because of the uncertainty associ­
ated with the geologic conditions as well as the probable availability of more 
sophisticated tunnel construction methods in the next decade, it is conceivable 
that the tunnel costs estimates could vary widely. For purposes of this study, 
sensitivities have been checked by assuming that tunnel costs could be doubled 
or halved. Allowing for this potential range in tunnel construction costs and 
still incorporating a 20 percent general contingency the economic analyses shown 
in Table 8.1 were repeated and the results are summarized on Table 8.2. 

Table 8.2 clearly indicates that even allowing for the uncertainty associated 
with the costs of the tunnel scheme, the Devil Canyon dam scheme is still 
economically superior. 
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8.2 - Environmental Comparison 

At present, many gaps exist in the available environmental data. Additional 
information, combined with environmental field investigations would permit a 
much more detailed comparison of these two development alternatives. Neverthe­
less, from what is presently understood about Scheme 3, it is believed that it 
is environmentally superior to the Watana-Devil Canyon dam scheme. By virtue of 
size alone, construction of the smaller re-regulation dam (245ft) would have 
less environmental impact than the Devil Canyon dam. The river miles flooded 
and the reservoir area created by the Scheme 3 re-regulation dam would be about 
half those of the Devil Canyon dam, thereby reducing negative consequences such 
as loss of wildlife habitat and possible archeological sites. In addition, the 
adverse effects upon the aesthetic value of Devil Canyon would be substantially 
lessened with Scheme 3, particularly with the powerhouse location upstream of 
the Devil Canyon dam site. Furthermore, Scheme 3 may possibly present a rare 
mitigation opportunity by creating new salmon spawning habitat that could be 
actively managed. With the increase in riparian zone vegetation allowed by 
Scheme 3 the wildlife habitat in the stretch of river bypassed by the tunnel 
might be temporarily improved. It is believed that the impacts associated with 
tunnel access and disposal of tunnel muck would be offset by the plan's advan­
tages. 

8.3 - Comparison of Construction Schedules 

As shown in Figure 8.1, the construction duration of the tunnel scheme is 
approximately one year shorter than the dam scheme. Construction startup to 
power on line for the dam scheme is approximately 66 months while the tunnel 
scheme is 52 months. The dam scheme's critical path is controlled by dam con­
struction and the tunnel scheme is controlled by powerhouse construction. There 
is about a 6 month float period in the construction associated with the tunnel 
and this could accommodate some of the potential construction delays which are 
more likely with the tunnel than the dam scheme given the limited geologic 
information. 

The construction schedule for the tunnel alternative is based on the assumption 
that an access road from the Parks Highway to Watana is avail able. Should this 
not be the case, access by a new route from Watana, presumably via the Denali 
Highway, will be required. The same is clearly true for construction of the 
Devil Canyon. However, additional costs will arise due to a considerably longer 
haul distance for equipment and materials from Anchorage and/or Fairbanks. 

8.4 - Summary 

The comparison of the tunnel schemes with the Devil Canyon dam scheme indicate 
that the dam would yield approximately 36 percent more energy at a 49 to 54 
percent lower energy cost. From an environmental viewpoint, the tunnel scheme 
has advantages, however, these do not appear to outweight the economic benefits 
of the dam schemes. From a construction schedule point of view there is little 
difference between the schemes. 

It should be borne in mind that the reduced environmental impact outlined in 
Section 8.2 would have to be traded off ag~inst the higher cost and lower 
energy production of the tunnel scheme. This can be quantified in two ways as 
outlined below. 
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(a) Environment a 1-Capita 1 Cost Tradeoff 

The total increase in capital cost between the Devi 1 Canyon Dam Scheme and 
the more expensive tunnel scheme amounts to $500 to $700 mi 11 ion. These 
figures are derived by assuming a base fixed cost of 30 percent and 
prorating the remaining 70 percent of the Devil Canyon dam costs downwards 
by the ratio of the average annual energy yield of the tunnel schemes to 
that of the dam scheme. (This hypothetically results in a Devil Canyon Dam 
capable of producing energy equal to the tunnel scheme for a capital cost 
of $0.80 bill ion.) The environmental benefits to be gained in terms of 
about 16 miles of Susitna River and Devil Canyon which would not be 
inundated~ would not appear to be justified by this additional cost. 

(b) Environmental-Energy Tradeoff 

The tunnel schemes yield approximately 770 Gwh less energy on an annual 
basis than does the dam scheme. In the long term this implied that an 
additional generating facility would have to be provided to generate this 
energy when required and this would create an additional source of 
environment a 1 impact and cost which has not been factored into the 
comparison at this time. 
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TABLE 8.1: SUMMARY OF ECONOMIC EVALUATIONS 

Total Investment Cost: 

.Total Project Cost 
Construction Period (years) 
Allowance for Funds During Construction 

( i = 3%, e = 0%)* 

Annual Cost: 

Amortized Cost ( i = 3%, 50-year economic 
life) 

Operation and Maintenance Cost (® $11/kV) 

Cost Per kWh! 

Increase in Average Annual Energy (Gwh)** 
Cost of Additional Energy ($/1000 kWh) 
Relative Cost of Power (Devil Canyon 

Dam = 100%) 

* i = interest rate, e = escalation rate 

Scheme 3 
2-30 Foot Tunnels 

$ 

$ 

$ 

$ 

1,500 
5 

121 

1,621 

65 
6 

71 

2,183 
32.5 

217 

(Million Dollars) 

Scheme 3 
1-40 Foot Tunnel 

$ 

$ 

$ 

$ 

1,339 
5 

108 

1,447 

58 
6 

64 

2,203 
29.1 

194 

** Increase over single Watana dam, 800 MW developed with an average annual 
production of 3250 Gwh 
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Devil Canyon 

$ 

$ 

$ 

$ 

Dam 

903 
6 

81 

984 

39 
6 

45 

2,997 
15.0 

100 



TABLE 8.2: SUMMARY OF ECONOMIC SENSITIVITY EVALUATIONS (Million Dollars) 

Total Investment Cost 
Including AFDC 

- maximum* 
- minimum** 

Cost per kWh 
($ per 1000 kWh) 

- maximum 
- minimun 

Relative Cost of Power 
(Devil Canyon Dam = 100%) 

- maximum 
- minimun 

*Based on doubled tunnel costs. 
**Based on halving tunnel costs. 

Scheme 3 
2-30 Foot Tunnels 

$ 2,563 
$ 1 '150 
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48.7 
22.9 

341 
160 

Scheme 3 
1-40 Foot Tunnel 

$ 2,213 
$ 1,063 

41.9 
21.1 

293 
148 
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I 
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IMPOUNDMENT -
TEST AND COMMISSION 

UNIT I ON-LINE+ 

CONSTRUCTION SCHEDULE COMPARISON • FIGURE 8.1 
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9 - CONCLUSIONS AND RECOMMENDATIONS 

9.1 - Conclusions 

The conclusions of this study are: 

- A base load tunnel scheme incorporating a re-regul at ion dam downstream from 
the Watana dam site and developing the head that could be developed by the 
Devil Canyon dam is the most economic type of tunnel scheme. 

- There is no evidence that the tunnel scheme is not technically feasible. How­
ever, a substantial amount of additional field data would be required to 
firmly establish feasibility. 

- The estimated capital cost (excluding AFDC) for the selected tunnel schemes 
varies from $1.34 to $1.50 billion depending on whether one or two tunnels are 
required. The range of capital costs associated with a tunnel scheme could be 
as high as $2.37 billion or as low as $0.98 billion, i.e. from $1.06 to $2.37 
billion or from $0.98 to $2.05 billion for the two and one tunnel schemes, 
respectively. 

- The total average energy yield from the tunnel scheme is approximately 22QO 
Gwh over and above that obtained from the Watana dam. 

-A comparison of the tunnel scheme with the Devil Canyon dam scheme indicates 
that it yields less (26 percent) and more costly (93 percent to 120 percent) 
energy. The potential environmental impact associated with the tunnel scheme 
is less than that of the dam scheme, but it is believed that this reduced 
impact is not sufficient to outweigh the economic advantages enjoyed by the 
dam scheme. 

9.2 - Recommendations 

The recommendations resulting from this study are: 

- In order to confirm the economic comparisons with the dam scheme the preferred 
tunnel scheme should be incorporated in the Susitna Basin development selec­
tion studies. These studies incorporate a systemwide generation planning 
model which will allow a more realistic assessment of the economics of the 
tunne 1 scheme to be made. 

- Additional field or office studies of the tunnel scheme should nbt be under­
taken at this stage. 
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ROCK UNIT DESCRIPTIONS (40) 

Tbgd 

Tsmg 

BIOTITE GRANODIORITE (Paleocene, in part may be Eocene) -- Biotite 
granodiorite and adamellite in approximately equal proportions. 
Biotite is the chief mafic mineral, hornblende is occasionally 
present. Color is light to medium gray, grain size is from medium 
to coarse, texture is granitic to seriate. Very faint flow struc­
tures have developed only locally. These rocks occur in shallow, 
forcibly emplaced epizonal plutons in the northwestern Talkeetna 
Mountains. Aplitic and pegmatitic dikes are common in all the 
plutons. Just north of the map area, these plutonic rocks grade 
into felsic volcanic rocks. Potassium-argon age determinations 
(see Table 1} indicate that the biotite granodiorite and adamel-
1 ite of the present unit are essentially of the same age as the 
biotite-hornblende granodiorite (unit Thgd). Thus, the rocks of 
these two units, in view of their spatial proximity, probably are 
the products of differentiation of the same parent magma, either 
in situ or at some deeper levels in the Earth 1 s crust. The 
biotite granodiorite intrusives are also considered to be the 
plutonic equivalents of some of the felsic volcanic rocks in the 
lower portion of the unit Tv. 

SCHIST, MIGMATITE, AND GRANITE (Paleocene intrusive and metamor­
phic ages) --Undifferentiated terrane of andalusite and (or) 
sillimanite-bearing pelitic schist, lit-par-lit type migmatite, 
and small granitic bodies with moderately to well-developed flow 
foliation. These rocks occur in approximately equal proportions, 
and the contacts between them are generally gradational, as is the 
contact between the schist and its unmetamorphosed pelitic rock 
equivalents (unit Kag} outside the present map unit. 

The pelitic schist is medium to dark gray, medium grained, has· 
well-developed but wavy foliation, and contains lit-par-lit type 
granitic injections in greatly varying amounts. Rock forming 
mateials of the schist include biotite (pleochroism Nz =dark 
reddish brown, Nx = pale brown), quartz, plagioclase, minor 
K-feldspar, muscovite, garnet, and sillimanite which locally 
coexists with and a 1 us i te. 

The lit-par-lit type granitic injections within the schist are 
medium gray, medium grained, and consist of feldspar, quartz, and 
biotite. 

The rocks of the small, granitic bodies range in composition from 
biotite adamellite to biotite-hornblende granodiorite. They are 
medium gray and medium grained, generally have granitic textures, 
and, in addition to the flow foliation, locally display flow band­
ing of felsic and mafic minerals. These granitic bodies appear to 
be the source of the lit-par-lit intrusions. 
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Tsmg 
(Cant • d) 

Kag 

The proximity of the schist to the small granitic bodies, the 
occurrence of the lit-par-lit injections, and the presence of 
andalusite in the schist indicate that the schist is the result of 
contact metamorphism. Perhaps this metamorphism took place in the 
roof zone of a large pluton, the cupolas of which may be the small 
granitic bodies. 

ARGILLITE AND LITHIC GRAYWACKE (Lower Cretaceous) These rocks 
occur in a monotonous, intensely deformed flyschlike turbidity 
sequence, probably several thousand meters thick~ in the northwest 
part of the mapped area, north of the Ta·r keetna thrust fault. The 
whole sequence has been compressed into tight and isoclinal folds 
and probably has been complexly faulted as well. The rocks are 
highly indurated, and many are sheared and pervasively cleaved as 
a result of low-grade dynamometamorphism, the intensity of which 
is only locally as high as the lowermost portion of the 
greenschist metamorphic facies of Turner (1968). Most of the 
cleavage is probably axial plane cleavage. Neither the base nor 
the top of the sequence is exposed and, because of the intense 
deformation, even its minimal thickness is only an estimate. 

The argillite is dark gray or black. Commonly it contains small 
grains of detrital mica as much as 1 mm in diameter. Because of 
the dynamometamorphism, in 1 arge areas the argillite is actually a 
slate or fine-grained phyllite. This sections show that some the 
argillites are derived from very fine grained siltstone and that 
they contain considerable carbonaceous material. 

The typical lithic graywacke is dark to medium gray, fine to 
medium grained, and occurs intercalated with the argillite in 
graded beds ranging in thickness from laminae to about 1.5 m. The 
individual graywacke beds are not uniformly distributed throughout 
the whole sequence, of which they comrpise about 30 to 40 percent 
by volume, but tend to be clustered in zones 1 to 5 m thick. Thin 
sections of graywacke samples show them to be composed of angular 
of subrounded detrital grains of lithic fragments, quartz, 
moderately fresh plagioclase, and some, generally altered, mica in 
a very fine grained matrix; euhedral opaque grains, probably 
authigenic pyrite, are present in most thin sections. The 1 ithic 
fragments consist in various proportions of little altered, 
fine-grained to aphanitic volcanic rocks of mafic to intermediate 
composition; fine-grained, weakly foliated low-grade metamorphic 
rocks; chert; and some fine-grained unmetamorphosed sedimentary 
rocks possibly of intraformational origin. No carbonate grains 
were seen. The matrix constitutes about 20 to 30 percent of the 
rock by volume, generally contains some secondary sericite and 
chlorite, and, in the more metamorphosed rocks, biotite and 
possibly some amphibole. 
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Kag 
(Cont'd) 

Analyses of paleocurrent features, such as small-scale cross­
stratification, found in several exposures near the western edge 
of the mapped area, suggest that depositional currents came from 
the east or northeast (A.T. Ovenshine, oral commun., 1974). 

Because fossils are extremely sparse, the exact age of the 
argillite and lithic graywacke sequence is imperfectly known. A 
poor specimen of Inoceramus sp. of Cretaceous age was found just 
west of the map area between the Chulitna and Susitna Rivers, and 
a block of Buchia-bearing limestone of Valanginian age was found 
in float near Caribou Pass in the Healy quadrangle north of the 
mapped area (D.L. Jones, oral commun., 1978). 
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