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ALASKA POWER AUTHORITY 

ANCHORAGE ALASKA 

CHAKACHAMNA HYDROELECTRIC PROJECT 

INTERIM FEASIBILITY ASSESSMENT REPORT, MARCH, 1983 

INTRODUCTION 

This report has been prepared in accordance with the 

terms of Contract 82-0294 dated August 3, 1981 between 

the State of Alaska/Department of Commerce and Economic 

Development/Alaska Power Authority and Bechtel Civil & 

Minerals, Inc. in connection with services for performing 

interim feasibility assessment studies of the Chakachamna 

Hydroelectric Project. As its title indicates, the 

report is of an interim nature. It is based upon 

previously published information regarding the project, 

and on data acquired and derived during a study period 

extending from the fall of 1981 to December 1982. Its 

objectives are to summarize the information derived from 

the studies, to provide a preliminary evaluation of 

alternative ways _of developing the power potential of the 

project, to define that power potential, and to report on 

the estimated cost of construction, and to provide a 

preliminary assessment of the effects that the project 

would have on the environment. 

The initial engineering, geological, and environmental 

studies were conducted during the fall of 1981, and the 

findings of these studies were summarized in an interim 

report dated November 30, 1981. Although the data 
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collected and study period up to that time were rather 

limited by the short time base, some rather clear 

indications emerged as to the manner in which it was 

considered that development of the project should proceed. 

One aspect that became evident was that a much more 

extensive and populous fishery uses the waters in the 

project area than had been earlier realized or 

anticipated. This led to an amendment of the above 

mentioned contract in which the requirements for 

completion of the feasibility report and application to 

the Federal Energy Regulatory Commission for a license to 

construct the project were deleted from the scope of 

work. Continuing studies of the fishery in the waters of 

the project area were authorized as were the development 

of conceptual designs for fish passage facilities at the 

outlet of Chakachamna Lake plus the preparation of 

estimates of their construction costs and those of the 

McArthur tunnel assuming that it could be excavated by 

tunnel boring machine. 

As may be seen by reference to Figure 1-1, Chakachamna 

Lake lies in the southern part of the Alaska Range of 

mountains about 85 miles due west of Anchorage. Its 

water surface lies at about elevation 1140 feet above 

mean sea level. 

The project has been studied and reported upon several 

times in the past. The power potential had been 

estimated variously from about 100,000 kw to 200,000 kw 

firm capacity, depending on the degree of regulation of 

the outflow from Chakachamna Lake and the hydraulic head 

that could be developed. 
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Two basic alternatives can be readily identified to 

harness the hydraulic head for the generation of 

electrical energy. One is by a twelve mile tunnel more 

or less parallel to the valley of the Chakachatna River. 

This river runs out of the easterly end of the lake and 

descends to about elevation 400 feet above sea level 

where the river leaves the confines of the valley and 

spills out onto a broad alluvial flood plain. A maximum 

hydrostatic head of about 740 feet could be developed via 

this alternative. 

The other alternative is for development by diversion of 

the lake outflow through a ten mile tunnel to the valley 

of the McArthur River which lies to the southeast of the 

~ lake outlet. A maximum hydrostatic head of about 960 

feet could be harnessed by this diversion. Various means 

of development by these two basic alternatives are 

discussed in the report on the basis of the present 

knowledge of the site conditions. 

The 1982 environmental studies confirmed the importance 

of the fishery using waters in the project area and 

expanded the data base concerning it. The basic elements 

of the recommended mode of development were conceived, 

these being for development via the McArthur River with a 

concrete lined machine bored tunnel and with fish passage 

facilities that would permit fish to ascend into the lake 

or to travel downstream from the lake into the 

Chakachatna River. Three samples of rock collected from 

the surface, two from the general vicinity of the 

proposed power intake site at Chakachamna Lake and one 

from near the powerhouse site by the McArthur River, were 

tested in The Robbins Company laboratory at Kent, 

Washington. The results indicated that the rock sampled, 
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would be suitable for boring, but since the test data 

from samples taken at the surface can sometimes be 

misleading, and since no geological studies have yet been 

performed along the planned tunnel alignment, it must be 

assumed at the present time that the tunnel can be bored 

and additional geological studies will be needed before 

it can be firmly recommended that the tunnel be bored by 

machine. The rock test data was used for guidance in 

estimating the cutter penetration rate in assessing the r 

estimated cost of excavating the tunnel by boring machine. ·· 

r ~ 
For the assessment of environmental factors and I . 
geological conditions in the project area, Bechtel 

retained the services of woodward-Clyde Consultants. (_ 
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2.0 SUMMARY 

2.1 Project Layout Studies 

The studies evaluated the merits of developing the 

power potential of the project by diversion of water 

southeasterly to the M~Arthur River via a tunnel about 

10 miles long, 'or easterly down the Chakachatna Valley 

either by a tunnel about 12 miles long or by a dam and 

tunnel development. In the Chakachatna Valley, few 

sites, adverse foundation conditions, and the nearby 

presence of an active volcano made it rapidly evident 

that the feasibility of constructing a dam there would 

be questionable. The main thrust of the initial 

studies was therefore directed toward the tunnel 

alternatives without consideration of raising the lake 

level above the present outlet channel invert, taken 

as El. 1128, and a minimum drawdown of the water level 

to El. 1014. 

Two alignments were studied for the McArthur Tunnel. 

The first considered the shortest distance that gave 

no opportunity for an additional point of access 

during construction via an intermediate adit. The 

second alignment was about a mile longer, but gave an 

additional point of access, thus reducing the lengths 

of headings and also the time required for construc

tion of the tunnel. Cost comparisons and economic 

evaluation nevertheless favored the shorter 10 mile 

25 foot diameter tunnel. 

The second alignment running more or less parallel to 

the Chakachatna River in the right (southerly) wall of 

the valley afforded two opportunities for intermediate 
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access adits. These, plus the upstream and downstream 

portals would allow construction to proceed simulta

neously in 6 headings and reduce the construction time 

by 18 months less than that required for the McArthur 

Tunnel. Economic evaluation again favored a 25 foot 

diameter tunnel running all the way from the lake to 

the downstream end of the Chakachatna Valley. 

If all the controlled water were used for power 

generation, the McArthur Powerhouse bould support 400 

MW installed capacity, and produce average annual firm 

energy of 1752 GWh. The effects of makiny a provi

sional reservation of approximately 19% of the average 

annual inflow to the lake for instream flow require

ments in the Chakachatna River were found to reduce 

the economic tunnel diameter to 23 feet. The in

stalled capacity in the powerhouse would then be re

duced to 330 MW and the average annual firm energy to 

1446 GWh. 

If a small rock dike were to be constructed at the 

outlet of the lake and the maximum lake level is 

raised to the natural maximum, El. 1155, this would 

allow 72 feet lake drawdown to accommodate fish 

passage facilities. If the tunnel diameter remained 

23 feet to avoid excessive losses, then the installed 

capacity in the powerhouse would be 330 MW and the 

average annual firm energy 1301 GWh. The reduction in 

firm energy is due to tl1e lesser vqlume of regulatory 

storage contained within the narrower range of lake 

level needed for gravity operation of the fish passage 

facilities. 
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For the Chakachatna Powerhouse, diversion of all the 

controlled water for power generation would support an 

installed capacity of 300 MW with an average annual 

firm energy generation of 1314 GWh. Provisional 

reservation of approximately 0.8% of the average 

annual inflow to the lake for instream flow require

ments in the Chakachatna River was regarded as having 

negligible effect on the installed capacity and 

average annual firm energy because that reduction is 

within the accuracy of the present study. 

The reasoning for the smaller instream flow releases 

considered in this alternative is discussed in Section 

2.5.3. 

Geological Studies 

At the present level of study, the Qu?rternary Geology 

in the Chakachatna and McArthur Valleys has been eval

uated and the seismic geology of the general area has 

been examined though additional work remains to be 

done next year. General observations as they may af

fect the project are as follows: 

The move of ice of the Barrier Glacier toward the 

river may be gradually slowing. However, no material 

change in the effect of the glacier on the control of 

the Chakachamna Lake outlet is anticipated. 

The condition of the Blockade Glacier facing the mouth 

of the McArthur Canyon also appears to be much the 

same as reported in the previous USGS studies. 
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There does not appear to be any reason to expect a 

dramatic change in the state of growth or recession of 

either of the above two glaciers in· the foreseeable 

future. 

Surface exposures on the left (northerly) side of the 

Chakachatna Valley consist of a heterogeneous mix of 

volcanic ejecta and glacial and fluvial sediments 

which raise doubts as to the feasibility of damming 

Chakachatna River by a dam located downstream of the 

glacier. 

The rock in the right wall of the Chakachatna Valley 

is granitic, and surface exposures appear to indicate 

that it would be suitable for tunnel construction if 

that form of development of the project were found to 

be desirable. 

No rock conditions have yet been observed that would 

appear to rule out the feasibility of constructing a 

tunnel between the proposed locations of an intake 

structure near the outlet of Chakachamna Lake and a 

powerhouse site in the McArthur Valley. It must be 

noted, however, that in the vicinity of the proposed 

powerhouse location in the McArthur Canyon, the 

surface expdsures indicate that rock quality apppears 

to improve significantly with distance upstream from 

the mouth of the canyon. 

The Castle Mountain fault, which is a major fault 

structure, falls just outside the mouth of the 

McArthur Canyon and must be taken into account in the 

seismic design criteria of any development of the 
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2.3 

2.3.1 

project whether it be via th~ McArthur or Chakachatna 

Canyons. Other significant seismic sources are the 

Megathrust Section of the Subduction Zone and the 

Benioff Zone. 

Environmental Studies 

Hydrology 

Field reconnaissances were conducted in Chakachamna 

Lake, several of its tributary streams, the 

Chakachatna and McArthur Rivers. Records of mean 

daily flows were initiated in mid-August 1982 at the 

site of the previously operated u.s. Geological Survey 

gage site and in the Upper McArthur River downstream 

from the powerhouse location. Data collected and 

developed are typical of glacial rivers with low flow 

in late winter and large glacier melt flows in July . 

and August. 

The water level in Chakachamna Lake when measured in 

1981 was elevation 1142 and is typical of the 

September Lake stage records in the 12 years preceding 

. the major flood of August 1971. Lake bottom profiles 

were surveyed at the deltas of the Nagishlamina and 

Chilligan Rivers, and the Shamrock Glacier Rapids. 

Reaches of the McArthur and Chakachatna Rivers vary in 

configuration from mountainous through meandering and 

braided. All except the most infrequent large floods 

are mostly contained within the unvegetated flood 

plan. Sedimentation characteristics appear to be 

typically those of glacial systems with very fine 

suspended sediments and substantial bed load transport. 
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2.3.2 Aquatic Biology 

Field observations identified the following specie~ in 

the waters of the project area: 

Resident: Rainbow trout 

Lake trout 

Dolly Varden 

Round Whitefish 

Pygmy Whitefish 

Anadromous: Chinook salmon 

Chum salmon 

Coho salmon 

Eulachon 

Longfin smelt 

Artie grayling 

Slimy sculpin 

Ninespine stickleback 

Threespine stickleback 

Pink salmon 

Sockeye salmon 

Dolly Varden 

Rainbow smelt 

Bering cisco 

Salmon spawning in the Chakachatna River drainage and 

its tributaries occurs primarily ~n tributaries and 

sloughs. A relatively small percentage of the 1982 

estimated escapement was observed to occur in mainstem 

or side-channel habitats of the Chakachatna River. 

The largest salmon escapement in the Chakachatna 

drainage was estimated to occur in the Chilligan and 

Igitna Rivers upstream of Chakachamna Lake. The 

escapement of those sockeye in 1982 was estimated to 

be approximately 41,000 fish, or about 70 percent of 

the escapement within the Chakachatna drainage. 

Chakachamna Lake is the major rearing habitat for 

these sockeye. It also provides habitat for lake 

trout, Dolly Varden, round whitefish, and sculpins. 
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2.3.3 

In the McArthur River over 96 percent of the estimated 

salmon escapement occurred in tributaries during 

1982. The estimated escapement of salmon of all 

species was slightly greater in the McArthur than the 

Chakachatna drainage. Other anadromous fish including 

eulachon, Bering cisco, longfin smelt and rainbow 

smelt have been found in the McArthur River. 

The contribution of salmon stocks originating in these 

systems to the Cook Inlet commercial catch is 

presently unknown. Although some commercial and 

subsistence fishing occurs, the extent to which the 

stock is exploited is also not known. 

Rearing habitat for juvenile anadromous and resident 

fish is found throughout both rivers, although the 

waters within the Chakachatna River canyon below 

Chakachamna Lake and the headwaters of the McArthur 

River do not appear to be important rearing habitat. 

There appears to be extensive movement of fish within 

and between the two drainages, and seasonal changes in 

distribution have also been noted. 

Terrestrial Biology 

On the basis of their structural and species composi

tions, eight types of vegetation habitats were deli

neated. These range from dense alder thickets in the 

canyons to vast areas of coastal marsh. The riparian 

communities are the most prevalent varying from rivers 

with emergent vegetation to those with broad flood 

plains scattered with lichen, willow and alder. 
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2.3.4 

Evaluation of wildlife communities in the project area 

identified seventeen species of mammals. Moose, 

coyote, grizzly bear and black bear ranges occur 

throughout the area. 

Birds also are abundant, fifty-six species having been 

identified with the coastal marshes along Trading Bay 

containing the largest diversity. 

None of the species of plants, mammals and birds that 

were found are listed as threatened or endangered 

although in May 1981 it was proposed that the tule 

whitefronted goose, which feeds and may nest in the 

area, be considered for threatened or endangered 

status. 

Human Resources 

These studies were organized into the following six 

elements: 

Archaeological and historical resources 

Land ownership and use 

Recreational resources 

Socioeconomic characteristics 

Transportation 

Visual resources 

Many contacts were made with both State and Federal 

Agencies and native organizations, as well as a 

limited reconnaissance of the project area. 
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No known cultural sites have been identified and the 

field reconnaissance indicates that the proposed sites 

for the power intake and powerhouses have a low po

tential for cultural sites. 

Land owners in the area comprise federal, state, and 

borough agencies, Native corporations and private 

parties. Land use is related to resource extraction 

(lumber, oil and gas), subsistence and the rural resi

dential village of Tyonek. 

Recreational activity takes place in the project area, 

but with the exception of Trading Bay State Game 

Refuge, little data is available as to the extent or 

frequency with which the area is used. 

Regional data on population, employment and income 

characteristics are relatively good. Employment level 

and occupational skill data are limited and need to be 

developed together with information on local employ

ment preferences. 

Transportation facilities in the area are few and 

small in size. There are airstrips at Tyonek and on 

the shoreline at Trading Bay. A woodchip loading pier 

is located near Tyonek. Several miles of logging 

roads exist between Tyonek and the mouth of the 

Chakachatna Valley; many of these roads and bridges 

are being removed as timber activities are completed 

in specific areas. The Chakachatna River was bridged 

near its confluence with Straight Creek until 1982. 

There is no permanent road linking the project area 

with any part of the Alaska road system. 

2-9 



2.4 

The project area's scenic characteristics and prox

imity with BLM lands, Lake Clark National Park and the 

Trading Bay State Game Refuge make visual resource 

management a significant concern. 

Economic Evaluation 

The studies demonstrate that the project offers an 

ecomonically viable source of energy in comparison 

with the 55.6 mills/kWh which is the estimated cost of 

equivalent energy from a coal fired plant, apparently 

the most competitive alternative source. Taking that 

figure as the value of energy, the Chakachamna Hydro

electric Project could begin producing 400 MW at 50% 

load factor (1752 GWh) in 1990 at 37.5 mills/KWh if 

all stored water is used for power generation. If 

approximately 19 percent of the water is reserved for 

instream flow release to the Chakachatna River, the 

powerplant could still produce 330 MW at 50% load 

factor (1446 GWh) at 43.5 mills/KWh, which is still 

significantly more economical than the coal fired 

alternative. Assuming that the power tunnel were to 

be machine bored, if the maximum pool level of the 

lake is raised to .El. 1155 and can be drawn down to 

El. 108 3, the powerplan t will produce 3 30 HW ( 13 01 

GWh) at 44.·5 mills/KWh with 45% load factor. In all 

the cases above, the powerhouse would be located on 

the McArthur River. A powerhouse on the Chakachatna 

River as described in the report is barely competitive 

with the alternative coal fired source of energy. 
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2.5 Technical Evaluation and Discussion 

2.5.1 

2.5.2 

Several alternative methods of developing the project 

were identified and reviewed in 1981. Based on the 

analyses performed in 1982, the most viable 

alternative has been identified for further study. 

That is Alternative E in which water would be diverted 

from Chakachamna Lake to a powerhouse located near the 

McArthur River. 

Chakachatna Dam Alternative 

The construction of a dam in the Chakachatna River 

Canyon approximately 6 miles downstream from the lake 

outlet, does not appear to be a reasonable alterna

tive. While the site is topographically suitable, the 

foundation conditions in the river valley and left 

abutment are poor as mentioned earlier in Section 2.2. 

Furthermore, its environmental impact specifically on 

the fisheries resource will be significant although 

provision of fish passage facilites could mitigate 

this impact to a certain extent. 

McArthur Tunnel Alternatives A, and B 

Diversion of flow from Chakachamna Lake to the 

McArthur Valley to develop a head of approximately 900 

feet has been identified as the most advantageous as 

far as energy production at reasonable cost is 

concerned. 

The geologic conditions for the various project facil

ities including intake, power tunnel, and powerhouse 

appear to be favorable based on the limited 1981 field 
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reconnaissances. No insurmountable engineering pro

blems appear to exist in development of the project. 

Alternative A, in which essentially all stored water 

would be diverted from Chakachamna Lake for power 

production purposes could deliver 1664 GWh of firm 

energy per year to Anchorage and provide 4QO MW of 

peaking capacity. Cost of energy is estimated to be 

37.5 mills per KWh. However, since the flow of the 

Chakachatna River below the lake outlet would be 

adversely affected, the existing anadromous fishery 

resource which uses the river to gain entry to the 

lake and its tributaries for spawning, would be lost. 

In addition the fish which spawn in the lower 

Chakachatna River would also be impacted due to the 

much reduced river flow. For this reason Alternative 

B has been developed, with essentially the same pro

ject arrangement except that approximately 19 percent· 

of the average annual flow into Chakachamna Lake would 

be released into the Chakachatna River below the lake 

outlet to maintain the fishery resource. Because of 

the smaller flow available for power production, the 

installed capacity of the project would be reduced to 

330 MW and the firm energy delivered to Anchorage 

. would be 1374 GWh per year. The estimated cost of 

energy is 43.5 mills per KWh. The cost estimate 

included an allowance for facilities for downstream 

flow release and for passage of fish at the lake 

outlet. Layouts of these facilities were not 

prepared. Obviously, the long term environmental 

impacts of the project in this Alternative B are 

significantly reduced in comparison to Alternative A. 
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2.5.3 Chakachatna Tunnel Alternatives. C and D 

An alternative to the development of this hydro

electric resource by diversion of flows from 

Chakachamna Lake to the McArthur River is by construc

ting a tunnel through the right wall of the 

Chakachatna Valley and locating the powerhouse near 

the downstream end of the valley. The general layout 

of the project would be similar to that of Alterna

tives A and B for a slightly longer power tunnel. 

The geologic conditions for the various project 

features including intake, power tunnel, and power

house appear to be favorable and very similar to those 

of Alternatives A and B. Similarly no insurmountable 

engineering problems appear to exist in development of 

the project Alternative C, in which essentially all 

stored water is diverted from Chakachamna Lake for 

power productiori, could deliver 1248 GWh of firm 

energy per year to Anchorage and provide 300 MW of 

peaking capability. Cost of energy is estimated to be 

52.5 mills per KWh. While the flow in the Chakachatna 

River below the powerhouse at the end of the canyon 

will not be substantially affected, the fact that no 

releases are provided into the river at the lake 

outlet will cause a substantial impact on the 

anadromous fish which normally enter the lake and pass 

through it to the upstream tributaries. Alternative D 

was therefore·proposed in which a release of 30 cfs is 

maintained at the lake outlet to facilitate fish 

passage through the canyon section into the lake. In 

either of Alternatives C or D the environmental impact 

would be limited to the Chakachatna River as opposed 

to Alternatives A and B in which both the Chakachatna 
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2.5.4 

and McArthur Rivers would be affected. Since the 

instream flow release for Alternative D is less than 

1% of the total available flow, the power production 

of Alternative D can be regarded as being the same as 

those of Alternative C at this level of study (300 MW 

peaking capability, 1248 GWh of firm energy delivered 

to Anchorage). Cost of power from Alternative D is 

54.5 mills per KWh. 

The cost of energy from Alternative D is 25% greater 

than that for Alternative B and E and is close to the 

cost of alternative coal-fired resources. Therefore, 

it was decided to concentrate further studies on the 

McArthur River alternatives. 

Alternative E 

In the development of Alternative B, no specific 

method was developed for release of instream flows 

into the Chakachatna River immediately downstream from 

the lake outlet, and no specific facilities were 

developed for the passage of upstream and downstream 

migrant fish at the lake outlet. Instead a lump sum 

cost allowance was provided to cover these items for 

Alternative B •. 

However, in Alternative E which is a refinement of 

Alternative B, development by tunnel to the McArthur 

River, specific facilities for providing instream flow 

releases and fish passage facilities were developed 

and incorporated into the proposed project 

structures. To facilitate the arrangement of these 

facilities, it became evident that a more limited 

reservoir drawdown was essential. The range of 
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reservoir level adopted was maximum level El. 1155 

near the historical maximum level, and minimum level 

El. 1083 to permit gravity discharge of witer through 

the facilities at the lowest operating water level. 

With this operating range in the reservoir and with an 

installed capacity of 330 MW, the project can produce 

1301 GWh per annum at a 45% load factor. If a 50% 

load factor were to be retained, the installed 

capacity of the powerhouse would reduce to 

approximately 300 MW, which would reduce the overall 

project cost by about 5-10%. However, at this stage 

of the project development, such a refinement was not 

considered warranted, and the same installed capacity 

as developed for Alternative B was retained for 

Alternative E, i.e. 330 MW. Significant project data 

for Alternative E are set forth in Table 2-1. 

Alternative E is also based on the power tunnel being 

driven by a tunnel boring machine which resulted in a 

significant reduction in cost compared with conven

tional "drill and shoot" methods previously adopted 

for Alternatives A through D. In addition, the power 

tunnel profile in Alternative E was modified to a 

uniform grade from the intake at Lake Chakachamna to 

the powerhouse in the McArthur valley. The estimated 

cost of energy is 44.5 mills per kWh. 

It should be noted that the significant saving in 

tunnel cost for Alternative E, as compared with 

Alternative B, is offset by the increased cost of the 

fish passage facilities and slightly lower energy 

production, thereby yielding a firm energy cost 

slightly higher for Alternative E than for Alternative 

B. 
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TABLE 2-1 

RECOMMENDED ALTERNATIVE E 

PROJECT DATA 

Chakachamna Lake 

Maximum water level, natural conditions, (ft.) 
Minimum water level, natural conditions, 
approx. (ft.) 
Surface area at elevation 1155 (sq. mi.) 
Total volume at elevation 1155 (Ac. ft.) 
Drainage area (sq. mi.) 
Average annual inflow, 12 years (cfs) 

1,155 

1,128 
27 

Correlated average annual inflow, 31 years (cfs) 

4,483,000 
1,120 
3,606 
3, 7 81 

Reservoir Operation 

Normal maximum operating water surface 
elevation (ft.) 

Normal minimum water surface elevation (ft.) 
Active storage (Ac. ft.) 

1,155 
1,083 

1,105,000 

Dike 

Type 
Length, (ft.) 
Crest elevation (ft.) 
Maximum height (ft.) 
Volume (Cu. yd.) 

Spillway 

Type 
Crest elevation (ft.) 
Discharge capacity (cfs) 

Power Tunnel 

Type 
Diameter, internal (ft.) 
Hydraulic capacity (cfs) 
Surge chamber (Dia. x Ht. Ft.) 

2-16 

Overflow rockfill 
600 

1,177 
49 

250,000 

Free overflow 
1,155 

55,000 

Circular, concrete lined 
24 

7,200 
48 X 450 
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TABLE 2-1 (cont'd) 

Penstock 

Number/Type 

Diameter, internal (ft.) 
Concrete linea 
Steel lined 

Powerhouse 

Type 
Cavern size (L x W x H Ft.) 
Turbines 
Generators · 
Unit output (MW) 
Maximum net head (ft.) 
Minimum net head (ft.) 
Maximum discharge (cfs) 
Distributor centerline elevation (ft.) 
Installed capacity (MW) 
Average annual firm energy (GWh) 
Average annual secondary energy (GWh) 
Load factor 

Fish Passage Facilities 

Maximum release (cfs) 
Minimum release (cfs) 
Fish passage tunnel (L x W x H Ft.) 

Economic Parameters 

Estimated total cost $ billion 
Cost of energy (mills per kWh) 
Cost per installed kW ($) 
Construction period (Mos.) 

" , .., 

!-Circular, concrete lined 
4-Circular, steel lined 

24 
10 

Underground 
250 X 65 X 130 

4 Vertical Francis 
Synchronous 

82.5 
938 
866 

7,200 
190 
330 

1,301 
290 
.45 

1,094 
343 

7800 X 18 X 20 

1.31 
44.5 
3,985 

76 
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3.1 

PROJECT DEVELOPMENT STUDIES 

Regulatory Storage 

The existing stream flow records show a wide seasonal 

variation in discharge from Chakachamna Lake with 91 

percent of the annual discharge occurring from May 1 

through October 31 and 9 percent from November 1 

through April 30 when peak electrical demands occur. 

The storage volume iequired to regulate the flow h~s 

been-reported to be in the order of 1.6 million acre

feet (USBR, 1962). The elevation of the river bed at 

the lake outlet has been reported as 1127-1128 feet 

(Giles, 1967). This elevation is thought to have 

varied acco~ding to the amounts and sizes of solid 

materials deposited in the river bed each year by the 

melting toe of the glacier, and the magnitude of the 

annual peak outflow from the lake that is available to 

erode the solid materials away and restore the river 

channel. 

The above-mentioned volume of regulatory storage can 

be developed by drawing down the lake by 113 feet to 

Elevation 1014. The original studies performed in 

1981 adopted such a reservoir operating range in 

developing project alternatives A, B, C and D. 

However, when the 1982 studies for development of 

suitable fish passage facilities at the lake outlet 

were initiated, it became evident that a lake drawdown 

to El. 1014 was not suited to the provision of such 

facilities. Therefore a modified range of reservoir 

operating level was adopted as discussed below. 
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3.2 

If the maximum lake level is raised to El. 1155 and 72 

feet drawdown is considered, then a regulatory storage 

of 1,105,000 acre-feet is provided with increase in 

head. Although previous studies of the project have 

discredited the possibility of locatiny a control 

structure at the lake outlet because its left abutment 

would have lai11 on the toe of the Barrier Glacier, it 

is believed that a relatively low dike with 27 feet of 

hydraulic head plus freeboard could be constructed and 

maintained at this location. This is discussed 

further in Section 3.5.1. 

The Barrier Glacier ice thickness was measured in 1981 

by the USGS using radar techniques. The data has not 

yet been published but verbal communication with the 

USGS staff has indicated that the ice depth is 

probably 500-600 feet in the lower moraine covered 

part of the glacier near the lake outlet. Thus it 

would appear that the outlet channel from the lake may 

be a small gravel and boulder lined notch in a deep 

bed of ice. 

Chakachatna Dam 

The possibility of gaining both storage and head by 

means of a dam on the Chakachatna River was first 

posed in 1950 by Arthur Johnson (Johnson, 1950) who 

identified, though was unable to inspect, a potential 

dam site about 6 miles downstream from the lake outlet. 

Three years later, during the 1953 eruption of Mount 

Spurr, a mud flow descended the volcano slopes and 

temporarily blocked the river at this location, 

backing it up for about 4 miles until it overtopped 

the debris dam. At this location, the river today is 
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still backed up almost 2 miles despite the occurrence 

of the August 1971 lake breakout flood estimated to 

have peaked at about 470,000 cubic feet per second 

(Lamke, 1972). This flow is about twenty times larger 

than the maximum daily discharge that occurred during 

the 1959-1972 period of record. 

Examination of aerial photographs taken after the 1953 

eruption between 1954 and 1981 indicate that subse

quent mud flows, though of smaller magnitude, may have 

occurred but probably did not reach the river. Th~ 

source of this activity has been Crater Peak, an 

active volcanic crater on the southerly flank of Mount 

Spurr. It lies directly above and in close proximity 

to the postulated dam site and thus poses serious 

questions on the safety of this site for construction 

of any form of dam. At this location, generally from 

about 6 miles to 7 miles downstream from the lake 

outlet, the river is confined within a canyon. Both 

upstream and downstream, the valley substantially 

widens and does not appear to offer any topographicaly 

feasible sites for locating a dam. 

Within the canyon itself, conditions are rather 

unfavorable for siting a dam. Bedrock is exposed on 

the right abutment, making this the most likely site 

for a spillway, but the rock surface dips at about 

40-degrees toward the river channel. At this 

location, the peak discharge of the probable maximum 

flood calculated according to conventional procedures 

would be in the order of 100,000 cubic feet per second. 

The crest length of a spillway would have to be in the 

order of 200 feet and siting it on the steeply dipping 
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right abutment rock surface would be difficult and 

costly. 

surface examination-of the left abutment conditions, 

as discussed in section 5.2.3.2 of this report, 

indicates that they consist of deep unconsolidated 

volcanic materials. These would require a deep 

diaphragm wall or slurry trench cutoff to bedrock, 

or an extensive upstream foundation blanket to control 

seepage through the pervious materials lying ou this 

abutment. ·very high costs would also be attached to 

their construction. 

The presence of the volcano and its potential for 

future eruptions accompanied by mud flows as well as 

pyroclastic ash flows is probably the overriding 

factor in discrediting the feasibility of constructing 

a dam in this canyon location. Consequently, this 

concept has been temporarily set aside from further 

consideration at the present stage of the studies, and 

the main thrust has been directed toward development 

by gaining regulatory storage by drawiny down the lake 

water level and diverting water from a submerged 

intake in Chakachamna Lake through a tunnel to the 

McArthur river, or through a tunnel to the mouth of 

the Chakachatna Valley, as discussed in the next two 

sections of this report. 

McArthur Tunnel Devlopment 

Alternative A 

Initial studies have been directed toward development 

by means of a tunnel to the McArthur River that would 
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maximize electrical generat~on without regard to 

release of water into the Chakachatna River for 

support of its fishery. Two arrangements have been 

studied, the first being a tunnel following an 

alignment about 12 miles long designated Alternative 

A-1 and shown irr Figure 3-1. This alignment provides 

access for construction via an adit in the Chakachatna 

Valley about 3 miles downstream from the lake outlet. 

As discusssed in section 9.0 of this report, the 

tunnel would be 25 feet internal diameter and concrete 

lined throughout its full length. 

The second tunnel studied is designated Alternative 

A-2 and follows a direct alignment to the McArthur 

Valley without an intermediate access adit as shown on 

Figure 3-2. As further discussed in Section 9.0 of 

this report, this tunnel would also be 25 feet 

diameter and concrete lined. 

Although the tunnel for Alternative A-1 is about 1 mile 

longer than that for Alternative A-2, it would enable 

tunnel construction to proceed simultaneously in four 

headings thus reducing its time for construction below 

that required for the shorter tunnel in Alternative 

A-2. Nevertheless, the studies show that the 

economics favor the shorter tunnel and no other 

significant factors that would detract from it have 

been identified at this stage of the studies. There

fore the direct tunnel route was adopted and all 

further references in the report to Alternative A are 

for the project layout with the direct tunnel shown on 

Figure 3-2. 
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Typical sketches have been developed for the arrange

ment of structures at the power intake in Chakachamna 

Lake and these are shown on Figure 3-4 with typical 

sections and details on Figure 3-5r Similarly, lay

outs have been developed for structures located beyond 

the downstream end of the tunnel. These include a 

surge shaft, penstock, manifold, valve gallery, power

house, transformer gallery, access tunnel, tailrace 

tunnel and other associated structures as shown on 

Figure 3-6. 

For Alternative A, the installed capacity of the power

house derived from the power studies discussed in 

Section 4.0 of this report is 400 MW. For purposes of 

estimating costs, the installation has been taken as 

four 100 MW capacity vertical shaft Francis turbine 

driven units. 

It is to be noted that the layout sketches mentioned 

above and those prepared for other alternatives con

sidered in this report must be regarded as strictly 

typical. They form the basis for the cost estimates 

discussed in Section 8.0 but will be subject to re

finement and optimization as the studies proceed. For 

example, the lake tapping for the power intake is laid 

out on the basis of a single opening about 26- feet in 

diameter. This is a very large underwater penetration 

to be made under some 150-170 feet of submergence, and 

the combination of diameter and depth is believed to 

be unprecedented. In the final analysis, it may prove 

advisable to design for multiple smaller diameter 

openings: The information needed to evaluate this is 

not available at the present time. 
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In similar vein, ~he penstock is shown as a single 
inclined pressure shaft descending to a four-branched 

manifold at the powerhouse level with provisions for 

emergency closure at the upstream end.· Again, this is 

a very large pressure shaft, but the combination of 

pressure and diameter is not Ul~recedented in sound 

rock. Other considerations, such as unfavorable 

hydraulic transients in the manifold, or operational 

flexibility, may support the desirability of construc

ting a bifurcation at the downstream end of the tunnel 

with two penstocks, each equipped with an upper level 

shutoff gate, provided to convey water to each pair of 

turbines in the four-unit powerhouse. such an 

arrangement would cost more than the single penstock 

shaft. 

Turbine shutoff valves are shown located in a valve 

chamber separated from the powerhouse itself. Optimi

zation studies should be made in the future to evalu

ate whether these valves can be located inside the 

powerhouse at the turbine inlets, or whether a ring 

gate type instaliation inside the turbine spiral cases 

might be preferable. 

The powerhouse is shown as an underground installation. 

This appears to be the most logical solution for 

development via the McArthur River because of the 

steep avalanche and rock slide-prone slopes of the 

canyon wall. For the same reason, the transformers 

are shown in a chamber adjacent to the powerhouse 

cavern. A surge chamber is shown near the upstream 

end of the tailrace tunnel. It may prove more 

advantageous for this relatively short tailrace tunnel 
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to make it freeflowing in which case the tailrace 

surge chamber would not be required. 

The object of the above comments is to point out some 

of the options that are available. The arrangement of 

structures shown provides for a workable installation. 

Because of the limited engineering studies performed 

to date, it is not to be regarded as the optimum or 

most economical. Optimizdtion will be performed at a 

later date. The layout is a workable arrangement that 

gives a realistic basis on which to estimate the cost 

of constructing the project, and a separately identi

fied contingency allowance is provided in the estimate 

to allow for costs higher than those foreseen at the 

present level of study. 

Alternative B 

This alternative considers what effect a tentative 

allocation of water to meet instream flow require

ments in the Chakachatna River would have on the 

amount of energy that could be generated by Alterna

tive A which would use all stored water for energy 

generation. The tentative instream flow schedule is 

discussed in section 7.3.2 of this report. For diver

sion to the McArthur River, and reservation of water 

for instream flow releases, the tunnel diameter would 

be about 23 feet. Based on the power studies dis

cussed in Section 4.0, the installed capacity of the 

powerhouse would be reduced to 330 MW. The tunnel 

alignment and basic layout of structures generally is 

the same as that shown for Alternative A in Figure 3-2. 

The diameters of hydraulic conduits and the dimensions 

of the 330 MW powerhouse would be smaller than for the 
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400 MW powerhouse in Alternative. A and appropriate 

allowances for these are made in the cost estimates. 

When the various alternative arrangements of the 

project were developed in the 1981 study, no specific 

plan had been developed for the provision of releases 

of flow into the Chakachatna River immediately down

stream from the lake outlet nor for the provision of 

fish passage facilities at the lake outlet for upstream 

and downstream migrants. It was recognized that 

suitable structures would be difficult to develop and 

would be very expensive. It was also planned that, 

due to the presence of the glacier at the lake outlet, 

the fish passage facility would have to be constructed 

inside a tunnel within the massive rock mountainside 

forming the right side of the lake outlet. Since no 

plan for such facility had been developed at that 

stage of the studies, a provisional allowance of $50 

million was shown in the estimate for fish passage 

facilities. 

During the second phase of the study in 1982, the 

concept of fish facilities and operation of the lake 

has been further developed for this alternative and it 

is described at the end of this section as Alternative 

E, the recommended alternative. 

Chakachatna Tunnel Development 

Alternative C 

The initial studies of this alternative focused on 

development of the power potential by means of a 

tunnel roughly paralleling the Chakachatna River 
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without release of water for instream flow require

ments between the lake outlet and the powerhouse where 

the water diverted for power generation would be 

returned to the river. The tunnel alignment is shown 

on Figure 3-3. 

This alignment offers two convenient locations for 

intermediate access adits during construction. The 

first is about 3 miles downstream from the lake outlet 

in the same location as discussed in section 3.3.1 

above for Alternative A. The second adit location is 

about 7 miles downstream from the lake outlet. The 

total tunnel length in this arrangement is about 12 

miles and the adits would make it possible for 

construction of the tunnel to proceed simultaneously 

in six different headings. 

The arrangement of the power intake is essentially the 

same aud in the same location as for Alternative A as 

shown on Figures 3-4 and 3-5. The tunnel is also 25 

feet internal diameter, concrete lined, and penetrates 

the mountains in the right wall of the Chakachatna 

Valley. The arrangement for the surge shaft, pen

stock, valve gallery, powerhouse and asssociated struc

tures is similar to that for development via diversion 

to the McArthur River but is modified to fit the topo

graphy and lower head. The layout is shown on Figure 

3-7. The head that can be developed in Alternative c 
is roughly 200 feet less than in Alternatives A and B 

and the installed capacity in the powerhouse is only 

300 MW as determined from the power studies discussed 

in Section 4.0 of this report. 
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For purposes of estimating the present costs of con

struction, the powerhouse is taken as being located 

underground. If this Alternative were to be pursued, 

future studies would be made to determine if economy 

can be attained by locating it outside on the ground 

surface. Comments made in Section 3.3.1 regarding the 

layout sketches for the McArthur powerhouse in 

Alternative A apply equally to the powerhouse and 

associated structures for the Chakachatna Powerhouse 

considered in Alternative C. 

Alternative D 

Studies of this alternative take account of the effect 

on electrical generation of reserving water to meet 

instream flow requirements in the Chakachatna River. 

The tentative water release schedule is less than that 

condidered for development by power diversions to the 

McArthur River as discussed in section 7.1.5 of this 

report.' The reason for this is that in the lower 

reaches of the river, downstream from the proposed 

powerhouse location, the river flow will include those 

waters that were diverted for electrical generation. 

These lower reaches of the river are probably more 

important to the fishery than the reach of the river 

between the lake outlet and the proposed powerhouse 

location. This probability is suggested, though not 

fully confirmed, by observations made of fish runs 

during the 1981 and 1982 field studies. These have 

indicated that the Chakachatna River, between the lake 

outlet and the proposed location of the powerhouse, 

serves primarily as a travel corridor for fish passing 

through the lake to spawning areas furth~r upstream. 

The river itself, in this reach does not a~pear to 

offer much in the way of suitable spawning and 

juvenile rearing habitat. On the other hand, 
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significant numbers of fish and spawning areas were 

observed in the lower reaches of the river downstream 

from the proposed powerhouse locations. Consequently, 

the tentative instream flow releases are ~mall when 

compared with those considered for development via 

power diversions to the McArthur River, as discussed 

in Section 7.1.5 of this report. The tunnel diameter 

for development of the power potential via the 

Chakachatna Tunnel with provision for instream flow 

releases, is 25 feet, the same as that mentioned in 

section 3.4.1 without such releases. The installed 

capacity in the powerhouse also remains the same at 

300 MW. The layout sketches shown in Figures 3-3 and 

3-7 for Alternative C are equally applicable to 

Alternative D as are the comments set forth in 

Sections 3.3.1 and 3.3.2 regarding the layout sketches 

for de- velopment via the McArthur River. 

McArthur Development - Recommended Alternative E 

General 

This alternative is basically similar to Alternative 

B, but modified to include water release facilities 

into Chakachatna River, fish passage facilities at the 

lake outlet and modification of lake operating levels 

to accommodate these facilities. The power tunnel 

would have a 24-foot internal diameter circular 

section and the diameters of other hydraulic conduits, 

the powerhouse arrangement, sizing and location will 

be the same as described for Alternative B except as 

shown in Figures 3-2 and 3-6. It is to be noted 

that the emergency closure gate located at the head of 

the penstock in Alternative B cannot be retained in 
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r 
the layout for Alternative E. This results in a loss 

of a certain amount of operating flexibility to the 

extent that the penstock, upstream of the valve 

chamber, cannot be dewatered for inspection without 

dewatering the power tunnel. Likewise, in the event 

of a failure in the valves or the conduits upstream of 

the valves, the whole station would have to be shut 

down and the tunnel dewatered, before the rupture 

could be repaired. 

The operating range of the lake will be modified. The 

maximum level will be taken as the historical maximum 

evidenced by a white mark on the rock slopes of the 

lake shoreline at approximately El. 1155. A wide 

rockfill dike will be construdted at the lake outlet 

from the spoil material available from the spillway 

excavation described below to raise the lake outlet by 

approximately 27 feet. The reservoir level control 

will be established by an unlined spillway channel at 

El. 1155 excavated into the rock on the right side of 

the outlet. The layout is shown in Figure 3.8. The 

lake level operating range will be 72 feet down to El. 

1083 rather than the 113 feet that was previously 

available in the studies for Alternatives A through 

D. The power tunnel intake level is maintained at the 

level previously used to provide even greater 

submergence to reduce potential problems of attracting 

downstream migrant fish into the power tunnel. Most 

flood waters will be released via the unlined spillway 

channel cut through the granite in the right 

abutment. This unlined channel has a capacity of 

55,000 cfs, and will therefore handle all flood 

releases up to 55,000 cfs. Flows greater than this up 

to the presently estimated probable maximum flood of 
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100,000 cfs will pass both through the spillway and 

over the rockfill dike. It should be noted that the 

maximum peak discharge in the period of -record of 1959-

1971 was 23,400 cfs if the "dam-break" type of flood 

which occurred in August 1971 is disregarded. Future 

studies of the required spillway size may indicate 

that a reduction in size below the 55,000 cfs capacity 

may be possible. 

It is considered that since overtoppin~ of the rock 

dike will be a very infrequent occurrence, repair of 

the dike after such an event would be an acceptable 

maintenance procedure. such repair can be scheduled 

in the spring before the lake rises to the level of 

the dike in July or August. Periodic maintenance will 

also probably be re~uired to repair damage to the dike 

caused by movement of the ice in the toe of the 

glacier. 

water Releases and Fish Passage Facilities 

To provide instream releases into the Chakachatna 

River and arrange for both upstream and downstream 

migration of fish between the river and the 

Chakachamna Lake, a concept for a conveyance system 

was developed which consisted basically of fish 

ladders at the upstream and downstream ends of two 

interconnecting channels located in a tunnel. The 

system is a gravity flow system and does not rely on 

any pumping for its operation. The layout is shown in 

Fig. 3-8. The facilities will be located in the right 

bank granitic rock abutment to provide a secure 

structure protected against avalanches and rockfalls 

and to minimize the length of the tunnel. A deep 
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approach channel will be excavated in the alluvial 

deposits on the right side of the lake outlet to 

convey water from the lake to the fish release 

facilities located in an excavated cavern in the right 

abutment near the lake outlet. 

Upstream Higrants Facility 

The facility for upstream passage of adult migrant 

fish would consist of a conventional fish ladder with 

overflow weirs having 1 foot difference in elevation 

between each pool. Alongside each tier of ladder 

pools is a water supply chamber that serves a 10 foot 

interval in the range of lake level. Each pool in a 

given tier would have a gated connection to the water 

supply chamber, so that for a given lake level, the 

gate leading to the pool whose water level is 1 foot 

lower than the reservoir would be open, thus letting 

water run from the supply chamber into the ladder. 

All other gates between the supply chambers and pools 

would be closed. As the lake level changes, the gates 

would be manipulated accordingly. At this stage it is 

assumed that these gates would be operated manually 

although it would be possible to automate their 

operati6n, with the selection of "open" gat~ tied to 

lake level. A control gate is also shown between each 

water supply chamber and the lake. Fish ascending the 

ladder would rise through the pools until they reached 

the one receiving water from its supply chamber. The 

fish would then pass into the supply chamber and exit 

into the lake through the control gate opening. This 

upstream migrant structure would be constructed in an 

underground chamber excavated in the rock mountainside 
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adjacent to the existing natural lake outlet. The 

·concept is shown in Figures 3-9 and 3-10. 

Downstream Migrants Facility 

The facility for downstream passage of out-migrants 

and for provision of minimum downstream flow releases 

is shown in Figure 3-11. The concept consists of 

three, 15 feet wide fixed wheel type gates stacked one 

above the other. The proposed mode of operation is 

that when the water level is between El. 1155 and El. 

1127, the top gate would be lowered the amount 

necessary to discharge the desired amount of water 

that would plunge into a stilling basin and return to 

the river through the discharge tunnel. The middle 

and bottom gates would be closed. When the lake level 

falls to.El. 1127, the top gate would be raised above 

the water surface and the middle gate would be lowered 

to discharge the desired amount of water. As the 

water level descends below El. 1001, the middle gate 

would be raised and the lowest gate would take over 

the control of discharge. This gate will be 

progressively lowered below the invert of the outlet 

channel as the lake level falls. Manipulation of the 

gates would be in the reverse sequence during the 

condition with a rising lake water level. The depth 

of flow in the stilling basin immediately downstream 

from the gates is relatively shallow in order to 

prevent entrainment of air at depths and pressures 

which could result in nitrogen saturation harmful to 

the fish. 
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3.5.6 

Conveyance Channel 

~oth upstream and downstream migrants will travel in 

separate channels located in a common tunnel. The 

upstream migrants would utilize a 6' x 4' channel 

dimensioned for the fish ladder discharge of 40 cfs. 

The out-migrants would use the main channel 18' x 7' 

dimensioned for maximum required mcinthly release minus 

the flow in the small channel. (This maximum 

downstream release as presented in Section 4 has been 

set tentatively at 1094 cfs.) The small channel would 

be located at one side of the tunnel above the main 

channel with a road access provided on the other 

side. A typical section of the tunnel is shown in 

Fig. 3-9. Both channels would be free flowiny with 

freeboard provided. Only the main channel which has a 

maximum velocity of 8 feet/sec., would be fully lined 

to reduce head loss. In order to keep velocity in the 

small channel for the upstream migrants at 2 

feet/sec., the floor of the channel would have a 

slightly less gradient than the large channel and 5 

drops of 1 foot each will be provided at regular 

intervals down the tunnel. 

Outlet Structure 

A ladder is required at the downstream end of the 

tunnel to provide a means for the upstream migrants to 

reach the upper trausportation channel inside the 

tunnel. This ladder will be partially submerged at 

high releases since the river level rises by an 

estimated 4 feet when the discharge from the facility 

is increased from the minimum flow of 343 cfs to the 

maximum of 1094 cfs. Another 6 ft vertical rise in 
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the ladder is provided to accommodate the difference 

between the water surfaces in the two channels in the 

tunnel so that a total of 10 ladder pools would be 

provided. A horizontal submerged screen would allow 

the out-migrants to reach the main discharge channel 

while its presence and a velocity of around 1/2 ft/sec 

through the bars would prevent the large fish from 

entering the main tunnel discharge channel. The 

attraction flow coming down the ladder would be 40 cfs. 

The layout is shown in Figure 3-12. 

A floating ice barrier installed in the approach 

channel just upstream of the fish passage facility 

will prevent most of the ice from passing into and 

through the facility during the breakup period. 

However, as a precaution, since it will be very 

difficult to ensure the complete elimination of the 

entrance of ice into the facility, it is planned to 

remove a stoplog barrier which normally diverts the 

flow through the horizontal screen,. thus allowing the 

flow and ice to continue straight into the side outlet 

channel and the Chakachatna River, and thereby by

passing the horiiontal screen through which the flow 

normally passes. This should be an acceptable 

procedure because the upstream migrants do not travel 

upstream until after breakup occurs. 

A small rockfill dike will be constructed across the 

river channel just upstream of the downstream entrance 

to the outlet facility so that the upstream migrants 

will be prevented from entering the section of the 

river between the fish facility and the lake outlet. 

Any small inflow into the river between the lake 
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outlet ahd the fish facilities outlet will filter 

through the rock dike. 

3.6 Transmission Line and submarine Cable 

At the present stage of the project development 

studies, no specific evaluation has been made of 

transmission line routing. Whether development should 

proceed via the proposed McArthur or Chakachatna Power

house locations, it is assumed for the purposes of the 

costs estimates that the transmission lines would run 

from a switchyard in the vicinity of either powerhouse 

site to a location in the vicinity of the existing 

Chugach Electric Association's Beluga Powerplant. The 

general routing of the proposed lines is shown on 

Figure 3-13. At Beluga, an interconnection could be 

made through an appropriate switching facility with 

the existing Beluga transmission lines if a mutually 

acceptable arrangement could be negotiated with the 

owners of those lines. This would enhance reliability 

of the total system, but for purposes of this report 

no such interconnection has been assumed. Beyond 

Beluga, it is assumed for purposes of the estimate, 

that the new transmission lines for the Chakachatna or 

McArthur Powerhouses would parallel the existing trans

mission corridor to a terminal on the westerly side of 

Knik Arm and cross that waterway by submarine cables 

to a terminal on the Anchorage side. Beyond that 

point, no costs are included in the estimates for any 

further required power transmission installations. 

In the project alternatives thus far considered, the 

cost estimates are based on power transmission via a 

pair of 230 KV single circuit lines with capacity 
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3.7 

matching the peaking capability of the respective 

power plants. Optimization studies to determine 

whether transmission should be effected in that manner 

or by a single line of double circuit towers should be 

performed in the future. 
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4.0 HYDROLOGICAL AND POWER STUDIES 

4.1 Introduction 

River flow records from a gaging station are usually 

accepted as the best indicator of future runoff from a 

drainage basin. The longer the period of record is, 

the more reliable it is assumed to be in forecasting 

future runoff. For Chakachamna Lake, the records of a 

gage located near the lake outlet cover only a 

relatively short period of time, May 1959 to September 

1972. During that time some periods occurred during 

which flow rates were not obtained, reducing the 

continuous record to a period dating from June 1959 to 

August 1971. 

There are no records of inflow to Chakachamna Lake, 

and since that information is needed to perform 

reservoir operation and power studies, inflows were 

calculated for the continuous period of record by 

reverse routing of outflows and making appropriate 

adjustments for changes in water levels. Calculated 

inflows for the 11 calendar years 1960 through 1970 

were used in the power studies conducted during 1981 

for Alternates A, B, C and D. 
I 

In order to develop a longer series of inflows to 

Chakachamna Lake, the lake inflows were statistically 

correlated with hydrometeorological records from other 

stations. Using the resulting correlation, inflows 

were calculated to produce a total period of 31 years 

of recorded and synthesized records. That 31-year 

sequence was used to determine the energy-generating 

potential for the recommended project, Alternative E, 

during the studies conducted during fiscal year 1982. 
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4.2 Historical Data 

Hydrometeorological data from several stations in the 

Cook Inlet Basin were used for the derivation and 

extension of estimated lake inflow records. 

Streamflow records included the following furnished by 

U. s. Geological Survey: 

Station No. 

15294500 

15284000 

15284300 

15292000 

Description 

Chakachatna River near Tyonek 

(the lake outlet gag e) 

Matanuska River near Palmer 

Skwentna River near Skwentna 

Susitna River at Gold Creek 

Gaging Station No. 15294500 is located on the right 

bank of the Chakachatna River close to the outlet of 

Chakachamna Lake. The gage records include 13 years 

and 5 months from May 21, 1959 to September 30, 1972. 

The gage however, was destroyed by a lake outbreak 

flood on August 12, 1971 and the records between that 

date and June 20, 1972 are estimated rather than 

recorded flows. Thus, the period of actual record 

extends only from May 21, 1959 to August 12, 1971 and 

from June 20, 1972 to September 3 0, 197 2. 

Furthermore, during that period, several of the 

winter-month flows were estimated because of icing 

conditions and instrument failure. Inaccurate winter 

records are not a serious engineering concern, because 

only ll% of the average annual flow normally occurs 

during the seven months from November through May. 
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4.3 

+n addition to the streamflow data, records of the 

water surface elevation at Station No. 15294500 were 

also obtained from the u. S. Geological Survey in 

Anchorage. 

Available meteorological data consist of daily 

temperature and precipitation data obtained from the 

U. S. National Oceanic and Atmospheric Administration, 

National Climatic Center, Ashville, N.C. for stations 

at Kenai, Anchorage, and Sparrevohn. 

The locations of these three meteorological stations 

are shown on Figure 4-1. A bar chart showing the 

periods of record for these stations is plotted on 

Figure 4-2. 

Derived Lake Inflows 

Chakachamna Lake with its surface area of about 

26-square miles stores runoff and provides natural 

regulation of flow to the Chakachatna River. In order 

to derive a record of inflows to the lake, the 

regulating effects of the lake were removed from the 

outflow records using a reverse routing procedure 

which uses the basic continuity equation 

It - ot = L1s 

Where 

It is the inflow volume during month t 

Ot is the outflow volume during month t 

6 s is the change in lake storage during month t 

For all practical considerations, the Chakachatna 

River near Tyonek gage is, in effect, located at the 

lake outlet and field observations confirmed that gage 
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4.4 

readings closely represent the lake water-surface 

elevation. Hence, it was assumed for the reverse 

routing computations that the two were the same. 

Evaporation, seepage and other losses of water from 

the lake were assumed to be small and effectively 

compensated for by direct precipitation onto the lake

surface. 

The lake stage-storage curve used in the computations 

is shown on Figure 4-3. This is based on data 

measured by the USGS and recorded on the USGS maps 

Chakachatna River and Chakachamna Lake Sheets 1 and 2, 

dated 1960. 

Average monthly inflows were calculated for the period 

June 1, 1959 through August 31, 1971, and are 

presented in Table 4-1. The calculated inflows for 

the 11 calendar years January 1, 1960 through December 

31, 1970 were used in the power studies for Alternates 

A, B, C and D of the project layouts during 1981. 

Synthesis of Long-Term Lake Inflows 

In order to develop a long-term estimate of 

energy-production, methods for extending the inflow 

record were investigated. Transposition of records 

from other rivers in the region, correlation with 

meteorological data from nearby long-term stations, 

and combinations of both, were studied using 

regression analysis. 
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TABLE tt..: 1 

LAKE CHAKACHAMNA INFLOWS (cfs) 

YEAR JAN FEB "'AR APR MAY JUN JLY AUG SEP OCT 'IIOV DEC MEAN 

1959 9459. 1031\llo 11731. 3662. 13 70. 654. 5 08. 
1%0 400. 307. 267. 393. 3637 0 61137. 11209. 9337. 3145. 1'139. 799. 870. 3220. 
l%1 1\11. 589. 470. 346. 1 ~ 81. 7983. 12808. 10699. 6225. 1586. 6lt3o 696. 3767. 
1962 633. 541. 4 71. 47(1. 1265. 7925. 13149. 10411. 55'12. 1197. 1!63. 613. 359C. 
1%3 496. ~·'i 7. 315. 337. 1801. '1735. 13249. 12208. 58'17. 2056. 930. 710. 3587. 
1964 364. 435. 332. 477. 11130. 8093. 10700. 117'}8. '1246. 12'15. 909. 662. 3lt2tt. 
1965 41q. 219. 331. 398. 1286. 3490. 13C46. 10516. 10802. 2114. 597. 466. 36'11. 

""' 1966 31l8o 336o 350. 410. 11!93. 8072. 10303. 997'1. 6608. 1953. 910. 313. 3'1~9. I 
I-' 1967 531. 449. 304. 1180. 2'130. 8761. 14931. 15695. 6191. 2040. 1215. 571. '1473. 
I-' !968 534. 510. 467. 630. 2996. 71:100. 13117. 11257. 27"93. 976. 689. 612. 3532. 

1%9 485. 486. 500. 652. 19'1'1. 9271. 12510. 7297. 2793. 3057. 1215. 5'11. 3396. 
1970 497. 5 04. 550o 899. 2265. 670'J. 10360. 7966. 2734. 1359 •. 7'12. 460. 2"129. 
1971 394. 441. 513. 1275. q ·] 63. 12672. 13f.95. 16680. 

MEAN 5il2o 431. 413. '597. 2241. 71138. 12261. 11215. 5049. 1699. 664. 585. 3606. 



Examination of the inflows to Chakachamna Lake in 

Table 4-1, indicated that, for this watershed, the 

hydrological year (water year) should be defined as 

the period from May to April to minimize the overall 

basin-storage effects. The majority of the lake 

inflow, 93% of the annual runoff volume, occurs during 

May through October, while flow recession starts in 

November. Flows recorded at the lake outlet from 

November to May were, in general, estimated by USGS 

personnel using personal judgment because ice cover 

prevented proper functioning of the stage recorder 

during that period. The accuracy of the recorded 

winter streamflow is, therefore, questionable, but 

estimated total outflow volume during the low-flow 

winter months is thought to be reasonable. Because of 

their different hydrologic characteristics, it was 

decided that regression analyses should be performed 

separately for the periods, May to October, and 

November to April. In so doing, the less-accurate 

monthly-flow estimates for the winter period would not 

unduly influence calculations for flows during the 

remainder of each year. 

The initial selection of independent variables to be 

used in the regression analyses was based on the 

lengths of the available hydrometeorolog ic records in 

the region, as well as the potential physical 

relationship with the inflow regime of Lake 

Chakachamna. Since Chakachamna Lake is glacially-fed, 
\ 

a heat-input index, such as monthly degree-days above 

32°F recorded at Kenai and Anchorage, could be an 

important independent variable. Monthly streamflow 

records from nearby watersheds which are considered to 

have hydrologic characteristics similar to that of the 
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Chakachamna basin were also incorporated in the 

study. These include the streamflows of Matanuska 

River at Palmer, Susitna River at Gold Creek and 

Skwentna River near Skwentna. In addition, monthly 

precipitation at Kenai and Anchorage were also 

considered. The final selection of the independent 

variables used for the lake-inflow synthesis was based 

on the results of the preliminary analyses. 

The final regression analyses were performed 

systematically using different combinations of the 

pre-selected independent variables in a step-wise 

regression-analysis program (Bechtel TM 750). The 

regression equations obtained were evaluated on the 

basis of probable physical relationships to 

topographic, meteorological and hydrologic conditions 

as well as the computed level of statistical 

significance of the correlation. It was found that 

for both the high and low-flow periods, May to October 

and November to April respectively, the monthly 

streamflow records for the Matanuska River at Palmer 

correlate well with the historical monthly Chakachamna 

lake inflows. The regression equations obtained were: 

May- October: 

November - April: 
QLake = 595.0 + 0.8967 QPalmer 

Q k = 265.3 + 0.4597 Qp 1 La e a mer 

Correlation coefficients for these two regression 

equations were found to be 0.89 and 0.40 respectively 

and are well within the 95 percent significance 

level. However, the Matanuska gage was discontinued 

in September of 1973. Another set of regression 

equations was therefore required for the flow 

synthesis for the period after September 1973. New 
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correlation studies were performed. It was found that 

recorded streamflows for Skwentna River near Skwentna 

were a good substitute for those at the Matanuska 

gage. The regression equations obtained were: 

May - October: QLake = 674.67 + 0.5233 QSK 

November - April: QLake = 283.27 + 0.2690 QSK 

The correlation coefficients for these two regression 

equations were found to be 0.73 and 0.45 respectively 

and are well within the 95 percent significance level. 

The correlation coefficients for the regression 

equations for the low-flow season are relatively low. 

This was to be expected, because, as discussed 

earlier, streamflow values for this period were known 

to be inaccurate since they had to be estimated by 

personnel from the U.S. Geological .Survey on the basis 

of regional streamflow aata and/or personal judgment 

because of frequent malfunctioning of gages during 

winter. However, the streamflow volume in this period 

represents only about 7 percent of the total annual 

runoff volume. Because the operation study used 

monthly flow volumes, inaccuracies inherent in the 

flow synthesis for the winter months do not 

significantly affect the overall accuracy of the study 

and the respective regression equations are therefore 

regarded as acceptable for use in the derivation of 

the long-term streamflow record. Table 4-2 presents 

the lake inflows synthesized by using these equations 

and the reverse-routing procedure. The 31 year 

sequence of inflows includes the June 1959 through 

August 1971 inflows calculated by reverse-routing of 

outflows plus the May 1949 through May 1959 and the 
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PROJECT 14879001 

INFLOVJS TO THE LAKE IN CFS 

YEAR MAY JUNE JULY AUG 

1 4513. 10728. 15220. 11615. 
2 2055. 8572. 13194. 10548. 
3 3801. 10719. 13095. 8831. 
4 2027. 8204. 12575. 9431. 
5 3992. 13247. 13355. 10808. 
6 3434. 9002. 12091. 12046. 
7 2193. 6826. 12996. 9983. 
8 2936. 7475. 14601. 10235. 
9 4393. 14817. 13149. 10405. 

10 2496. 9930. 10163. 8691. 
11 3120. 9459. 10388. 11731. 
12 3637. 6837. 11209. 9337. 
13 1881. 7983. 12808. 10899. 
14 1265. 7925. 13149. 10411. 
15 1801. 4735. 13249. 12208. 
16 1830. 8093. 10700. 11798. 
17 1286. 3490. 11633. 11929. 

""" 18 1893. 8072. 10303. 9974. 
I 

1-' 19 2030. 8761. 14931. 15695. 
lJ1 20 2996. 7808. 13117. 11257. 

21 1948. 9271. 12478. 7297. 
22 2265. 6789. 10360. 7986. 
23 4063. 12672. 13695. 16680. 
24 3468. 8228. 13490. 9263. 
25 2131. 7457. 8850. 7809. 
26 4215. 6248. 6781. 6159. 
27 4784. 10649. 10889. 6802. 
28 5283. 8587. 8304. 6494. 
29 5335. 19864. 13898. 11224. 
30 5387. 7917. 10146. 7865. 
31 6776. 8514. 8958. 9157. 

MEAN 3201. 8996. 11928. 10147. 

MAX 6776. 19864. 15220. 16680. 
MIN 1265. 3490. 6781. 6159. 

[ ! 

TABLE 4-2 

-' 

CHAKACHAMNA PROJECT OPERATION STUDY 
H/H,H&CF,BECHTEL CIVIL&MINERALS INC .. SF. 

·ALASKA POWER AUTHORITY 

ALTERNATIVE E: MCARTHUR SHORT TUNNEL. WITH 

SEPT OCT NOV DEC JAN 

6305. 2689. 802. 636. 542. 
4521. 1761. 569. 532. 495. 
8635. 3216. 842. 699. 630. 
3562. 2712. 865. 642. 523. 
4505. 2002. 629. 550. 527. 
6075. 2787. 755. 619. 578. 
5068. 1988. 595. !332. 504. 
5940. 2053. 583. 565. 569. 
6910. 2707. 793. 562. 569. 
3452. 1896. 526. 483. 426. 
3662. 1370. 654. 508. 400. 
3145. 1439. 799. 870. 877. 
6225. 1586. 843. 696. 633. 
5542. 1197. 863. 613. 498. 
5847. 2086. 930. 710. 364. 
4246. 1245. 909. 662. 419. 

10802. 2114. 597. 466. 388. 
6608. 1953. 910. 313. 531. 
6191. 2040. 1215. 571. 534. 
2793. 976. 689. 612. 485. 
2793. 3057. 1215. 601. 497. 
2734. 1359. 742. 460. 394. 
5075. 3181. 1090. 736. 581. 
5012. 2396. 679. 514. 495. 
2794. 2527. 740. 623. 558. 
6850. 3059. 909. 530. 498. 
5107. 3136. 814. 622. 544. 
4947. 3917. 1058. 1055. 1044. 
6059. 3709. 922. 700. 609. 
4513. 3258. 708. 701. 597. 
4572. 4471. 1412. 882. 762, 

5177. 2383. 828. 621. 551. 

10802. 4471. 1412. 1055. 1044. 
2734. 976. 526. 313. 364. 

- J 

DATE 11783 PAGE 3 

FISH· RELEASES 

FEB MAR APR AVEYR CALYR 

488. 493. 541. 4548. 1950 
472. 450. 631. 3650. 1951 
495. 467. 510. 4328. 1952 
477. 477. 641. 3511. 1953 
472. 458. 541. 4257. 1954 
507. 466. 487. 4071. 1955 
475. 449. 496. 3509. 1956 
536. 505. 598. 3883. 1957 
510. 489. 675. 4665. 1958 
468. 44'3. 526. 3292. 1959 
307. 267. 393. 3522. 1960 
589. 470. 346. 3296. 1961 
541. 471. 470. 3753. 1962 
357. 315. 337. 3539. 1963 
435. 332. 477. 3598. 1964 
219. 337. 398. 3405. 1965 
336. 350. 410. 3650. 1966 
449. 384. 880. 3523. 1967 
510. 467. 630. 4465. 1968 
486. 500. 652. 3531. 1969 
504. 550. 899. 3426. 1970 
441. 513. 1275. 2943. 1971 
531. 492. 479. 4940. 1972 
492. 480. 586. 3759. 1973 
526. 501. 554. 2923. 1974 
485. 485. 489. 3059. 1975 
524. 498. 625. 3750. 1976 
773. 606. 606. 3556. 1977 
537. 509. 558. 5327. 1978 
562. 547. 713. 3576. 1979 
718. 647. 810. 3973. 1980 

491. 465. 588. 3781. 

773. 647. 1275. 5327. 
219. 267. 337. 2923. 



4.5 

September 1971 through April 1979 inflows calculated 

from the regression equations. 

Power Studies· 

During the 1981 project studies four basic alternative 

project layouts were developed and designated 

Alternatives A, B, C and D as described in Section 3.3 

of this report. Power studies also performed during 

1981 for these four alternates were based on the ll 

complete calendar years (January l, 1960 through 

December 31, 1970) of Chakachamna Lake inflow .set 

forth in Table 4-l. During the 1982 studies, the 

recommended Alternative E, also described in Section 

3.3, was developed, as was the 31 year sequence of 

inflow to Chakachamna Lake which was used during the 

1982 power studies for each of the alternatives A 

through E. The power operation studies were performed 

to determine generated firm and secondary energy, flow 

releases, and the fluctuations in the wate.r surface 

elevation of Chakachamna Lake for a range of installed 

capacities for each of the five project alternatives. 

The studies were made using a computer program that 

performs sequential routing of the derived monthly 

inflows while satisfying power demands, projected 

in-stream flow require~ents, and physical system 

constraints. Power demands were in accordance with a 

plant load factor of 0.5, and the monthly variations 

in peak demand listed in Table 4-3. As advised by 

APA, these demands are those being used in the 

evaluation of sources of power alternative to that of 

the Chakachamna Hydroelectric Project. 

The in-stream flow requirements, listed in Table 4-4, 

represent provisional minimum monthly flows to be 
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TABLE 4-3 

MONTHLY PEAK POWER DEMANDS USED IN POWER STUDIES 

MONTH 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

Decemb~r 

MONTHLY PEAK DEMAND 

(Percent of Annual Peak Demand) 

92 

87 

78 

70 

64 

62 

61 

64 

70 

80 

92 

100 

Source: Susitna Hydroelectric Project Development Selection 

Report Appendix D, Table D.l (Second Draft, July 1981) 
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TABLE 4-4 

PROVISIONAL MINIMUM RELEASES FOR INSTREAM FLOW IN 

CHAKACHATNA RIVER DOWNSTEEAM FROM CHAKACHAMNA 

LAKE OUTLET FOR USE IN POWER STUDIES 

MONTH MC ARTHUR TUNNEL CHAKACHATNA TUNNEL MCARTHUR TUNNEL 

DEVELOPMENT DEVELOPMENT DEVELOPMENT 

ALTERNATIVE B ALTERNATIVE D ALTERNATIVE 

(CFS) * (CFS) (CFS) * 

January 365 30 365 

February 343 30 357 

March 345 30 358 

April 536 30 582 

May 1,094 30 1,094 

June 1,094 30 1,094 

July 1,094 30 1,094 

August 1,094 30 1,094 

September 1,094 30 1,094 

October 365 30 365 

November 365 30 365 

December 360 30 363 

* Criteria used to determine fish instream flow release: 

April through September - 1094 cfs or inflow to lake 

whichever is less 

October through March - 365 cfs or inflow to lake 

whichever is less 
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4.6 

released into the Chakachatna River near the lake 

outlet as further discussed in Sections 7.3.2 and 

7.3.3 of this report. 

The physical system constraints, set forth in Table 

4-5, are the overall plant efficiency, tailwater 

elevation, and head loss for the hydraulic conduits. 

In the power studies water was drafted from lake 

storage whenever the monthly inflows were insufficient 

to meet the power demand. It was assumed that spill, 

or discharge of water from the lake into the 

Chakachatna River in excess of the tentative instream 

requirements would occur whenever the lake water level 

exceeded elevation 1,128 feet, for alternatives A 

through D, and 1155 for alternative E. The secondary 

energy -is that which can be generated by plant 

capacity in excess of that needed to meet the load 

carrying capability, using water which otherwise would 

have spilled. 

For each of the alternatives considered for 

development of the projecti a range of installed 

powerplant capacities was tested in order to establish 

the installed capacity that would make the most use of 

all water available for power generation without 

drawing the lake level below a given minimum 

elevation. This minimum was taken as elevation 1,014 

feet for alternatives A through D and elevation 1,085 

for alternative E respectively. The lake was assumed 

to be full at the beginning of each run. 

Results 

The results of the power studies listed in Table 4-6 

show that, on the basis of the 11 calendar years of 

4-19 



TABLE 4-5 

POWERPLANT SYSTEM CONSTRAINTS FOR 

ALTERNATIVE PROJECT DEVELOPMENTS 

ALTERNATIVE PLANT PLANT AVERAGE HEAD LOSS IN 
EFFICIENCY FACTOR TAILWATER HYDRAULIC CONDUITS 

(%) ELEVATION (FT.) 
(FT.) 

A 85 0.50 210 0.0000024 X Q2 

B 85 0.50 210 0.0000024 X Q2 

c 85 0. 50 400 0.0000028 X Q2 

D 85 0.50 400 0.0000028 X Q 2 

E 85 0.45 210 0.0000024 X Q2 

Note: Q = Flow in cubic feet per second. 
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TABLE 4-6 

POWER STUDIES SUMMARY 

Development Installed Average Annual Energy Average Annual Flow 
Alternative Capacity F1rm Secondary Power D1version Provisional 

A 

B 

c 

D 

E 

Note: 

.(MW) (GWh) (GWh) (CFS) Instream (CFS) 

400 1752 153 3322 0 

330 1446 124 2701 679 

300 1314 139 3230 0 

300 1314 130 3239 30 

330 1301 290 2274 685 

Period of record January 1, 1960 to December 31, 1970 
Average annual inflow to Chakachamna Lake 3547 cfs (2.6 million AF) 
Alternatives A, B - Development via McArthur tunnel 
Alternatives C & D - Development via Chakachatna tunnel 

Period of record May 1, 1949 to April 30, 1979 
Average annual inflow to Chakachamna Lake 3781 cfs (2.7 million AF) 
Alternative E - Development via McArthur Tunnel 

-

Power diversion flows are the flows needed to meet firm energy requirements. 



inflow, and with the parameters used in the studies, 

the optimum development via the McArthur Tunnel could 

support a powerplant of 400 MW installed capacity when 

all controlled water is used for power generation as 

in Alternative A. At 50% plant factor, this provides 

an average annual 1,752 GWh of firm energy. The 

provisional instream flow requirements of Alternative 

B discussed in Section 7.3.2 of this report represent 

about 19% of the average annual flow in the 

Chakachatna River during the period of record. If 

that amount of water is reserved for instream flow, 

the installed capacity of powerplant that could be 

justified at the McArthur River would be reduced to 

330 MW and the firm average annual energy would be 

1446 GWh. 

For development via the Chakachatna tunnel, the optimum 

power development using all controlled water for power 

generation, Alternative c, would have an installed 

capacity of 300 MW and firm annual average energy 

would be 1314 GWh for a 50% plant factor. The 

provisional minimum instream flow reservations in 

Alternative D, discussed in Section 7.3.3 of this 

report, represent less than 1% of the average annual 

flow during the period of record. Thus, the installed 

capacity and firm energy in Alternative D for 

practical purposes would remain the same. There would 

however be about 15% reduction in the amount of 

secondary energy that could be generated. 

Alternatives A through D cannot firmly support the 

capacities determined from the 11 years of inflow 

during the 1981 studies and the recommended 

Alternative E cannot firmly support 330 MW at 50% 

plant factor due to two consecutive dry years 

(1973-74) that occur during the 31 years of 
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correlated lake inflow. These two years do not occur 

in the 11 calendar years (1960-1970) of inflow used in 

the 1981 power studies for Alternates A through D and 

some additional analyses should be made in future 

studies of the project. Using the 31 years of inflow, 

and 330 MW installed capacity, Alternate E could 

produce 1301 GWh at 45% load factor. 

Variations in Lake Water Level 

The variations in lake water-surface elevation 

calculated at the end of the month during the course 

of the power studies for each of the five alternatives 

and cases listed in Table 4-6 are shown in the 

computer output included in the Appendix to Section 

4.0, and are also plotted in Figures 4-4 and 4-5. 
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5.0 

5.1 

5 .1.1 

GEOLOGIC INVESTIGATIONS 

Scope of Geologic Investigations 

Technical Tasks 

The scope of the geologic investigations planned for the 

Chakachamna Hydroelectric Project Feasibility Study 
' 

includes five technical tasks: 

(1) Quaternary geology, 

(2) Seismic geology, 

(3) Tunnel alignment and powerplant site geology, 

(4) Construction materials geology, and 

(5) Road and transmission line geology. 

These tasks were identified and scopes defined so that, 

upon completion of the investigations, the information 

needed to assess tpe potential impact of a range of 

geologic factors on the feasibility of the proposed 

project will be available. If the Chakachamna Project is 

judged to be feasible, additional geologic investigations 

will be required subsequent to the feasibility study in 

order to provide the detailed information appropriate for 

actual design. 

At the feasibility level, it is appropriate to gather 

information regarding the general character of the 

geologic environment in and around the project area, with 

particular attention to geologic hazards and the geology 

... . 



5.1.1.1 

of specific facilities siting locations. The Chakachamna 

Project, as presently conceived, does not include 

facilities such as large dams that would increase the 

risks associated with geologic hazards that are naturally 

present in the project area. The geologic tasks were 

planned in recognition of the above and were designed to 

focus on geologic factors that may influence the 

technical feasibility, the operating reliability, and/or 

the cost of the proposed project. 

The work on the geology tasks began in August 1981 but 

the majority of the work will take place in future 

feasibility level investigations. This report includes a 

summary of the work planned for the geologic investi

gations (Section 5.1.1) and the schedule for each geology 

task (Section 5.1.2), summaries of the work completed for 

the Quaternary geology (Section 5.2) and seismic geology 

(Section 5.3) tasks, and some preliminary commentary on 

geologic conditions in the project area in Section 7.0. 

The commentary and any tentative conclusions presented 

here are subject to revision as the project work 

continues in the future. 

Quaternary Geology 

The Quaternary geology task was designed to include an 

assessment of the glaciers and glacial history of the 

Chakachamna Lake area, an investigation of the Mt. Spurr 

and associated volcanic centers, and a study of the slope 

conditions near sites proposed for project facilities. 

A study of the glaciers was judged to be appropriate 

because: 
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movement of the terminus of Barrier Glacier 
influences the water level in Chakachamna Lake 

and any structures to. be built near the lake 

outlet; 

the possibility that changes in the terminal 

position of Blockade Glacier could alter the 

drainage at the mouth of the McArthur River 

Canyon; and 

(3) questions regarding the influence of other 

glaciers in the study area on the size and 

hydrologic balance of Chakachamna Lake. 

In addition, knowledge of the ages of geomorphic surfaces 

is important to the assessment of possible seismic 

hazards and such knowledge depends on an understanding of 

the glacial geology. 

The simple presence of Mt. Spurr, an active volcano, at 

the eastern end of Chakachamna Lake provides a clear 

rationale for investigating the volcanic history and 

potential volcanic hazards of the project area. Of 

particular interest is the possibility that lava flows or 

volcanic mudflows (a possibility increased by the glacier 

ice on Mt. Spurr) could enter the lake and produce large 

waves, an increase in lake level, and/or a change in 

conditions ~t the lake outlet or on the upper reaches of 

the river. In addition, the possible impact of a dark, 

heat-absorbing layer of volcanic ejecta on the glaciers' 

mass balance, and thus the lake's hydrologic balance is 
of interest. 
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5.1.1.2 

Chakachamna Lake, Chakachatna River Canyon, and McArthur [. 

River Canyon are all bordered by steep slopes that may be 

subject to a variety of types of slope failure. A large 

landslide-into the lake could change the usable volume of 

water stored in the lake and could alter conditions at 

the proposed lake tap and at the natural outlet from the 

lake. Potential outlet portal and surface powerhouse 

sites in the river canyons are all on or immediately 

adjacent to steep slopes. Both the integrity of and 

access to these facilities could be impaired in the event 
of landslide and rockfall activity. 

Because of the concerns indicated above, the Quaternary 

geology task was designed to investigate the timing and 

size of past glacial fluctuations, the frequency and type 

of volcanic activity, and the slope conditions in order 

to provide an estimate of possible future events that 

could influence the costs and operating performance of 

the proposed hydroelectric project. In addition, this 

task should provide information regarding the possibility 

of the project destabilizing the lake outlet by producing 

or allowing changes in Barrier Glacier. 

Seismic Geology 

The seismic geology of the Chakachamna Lake area is of 

interest because southern Alaska is one of the most 

seismically active areas in the world. Potential seismic 

hazards of direct concern to the proposed hydroelectric 

project include surface faulting, ground shaking, 
seismically-induced slope failure, lake seiche, and 

liquefaction. Specifically, the seismic geology task was 
designed to investigate the possibility of active faults 

in the immediate vicinity of the proposed facilities, to 
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assess the location and activity of regional faults 
(e.g., Castle Mountain, Bruin Bay), and to estimate the 

type and intensity of seismic hazards that may be 

associated with these faults and with the subduction zone. 

The seismic geology investigations were planned to maxi

mize the use of existing information by following a 
sequence of subtasks that become increasingly site 

specific as the work proceeds. The primary elements in 
the sequence are: 

0 literature review 

0 remote sensing imagery analysis 

0 field reconnaissance 

0 low-sun-angle air photo acquisition and analysis 

o detailed field studies 

The data produced by the above sequence is required to 

assess directly the surface faulting hazard and for input 

to the probabilistic assessment of ground motion para
meters. 

In order to develop approximate ground motion spectra for 

the various elements of the project, existing ground 

motion information developed for other projects in 

southern Alaska will be reviewed and modified, as 

appropriate. A simplified evaluation of the liquefaction 

potential of the transmission line alignment should also 

be carried out. 
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5.1.1.3 

5.1.1.4 

Tunnel Alignment and Powerplant Site Geology 

The scope of work for this task should be based on the 

need to assess the feasibility of constructing a lake tap 

in Chakachamna Lake, a long tunnel, and a powerhouse as 

the primary components of the proposed hydroelectric 

development. Because of the steep mountainous terrain 

above the tunnel alignment, the tunnel feasibility study 

should be planned around the mapping of bedrock exposures 

in the mountains and production of a strip map; drilling 

would be limited to the powerhouse site during the feasi

bility investigations. The strip map should focus on 

those bedrock characteristics that determine the 

technical and economic feasibility of tunnelling. 

Geophysical techniques should be used to assess the lake 

bottom bedrock and sediment characteristics at and near 

the proposed lake tap and subsurface conditions at the 

proposed powerhouse site. 

All reasonably possible surface powerplant and outlet 

portal sites are on or adjacent to high, steep slopes. 

Hazards such as landslides, rockfalls, and avalanches, 

which are a particular concern in seismically active 

areas, should be assessed during the feasibility study. 

Construction Materials Geology 

The proposed Chakachamna Hydroelectric Project will, if 

constructed, require aggregate for concrete, road con

struction, and construction of the transmission line. In 

addition, rockfill will be required for the low dike at 

the lake outlet and boulder rip-rap may be required at 

the outlet portal and outfall from the powerhouse. This 

task should be planned to yield information about 

potential 
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5.1.1.5 

5 .1. 2 

5.1.2.1 

aggregate sources at the powerhouse-outlet portal site, 

along the road, and along the transmission line alignment. 

Road and Transmission Line Geology 

Geologic considerations will be important in the 

assessment of the road and transmission line routes. 

This task will use aerial photograph analysis and 

reconnaissance-level field studies in order to provide 

information on the general character of the alignments. 

The task plans should give particular attention to river 

crossings, which may be subject to large floods, and to 

wetland areas where special construction techniques may 

be required. 

Schedule 

The 1981 geologic field program did not commence until 

late August that year and was therefore relatively 

limited in scope, covering only the Quaternary geology 

and part of the seismic geology tasks. Future 

investigations should concentrate on the remaining 

geologic tasks as discussed below. 

Quaternary Geology 

All of the Quaternary geology field studies were either 

of a regional nature or directed at targets that would 

not vary as a function of final configuration of the 

project facilities. Therefore, it was possible to 

complete the field work planned for this task. Some 

additional review of unpublished data, such as that held 

by the u.s. Geological survey in Fairbanks, and 

discussions with geologists who have worked in the 



5.1.2.2 

5.1.2.3 

Chakachamna area remain to be completed. Although 

several important implications with respect to the 

proposed hydroelectric project have been identified and 

some tentative conclusions may be drawn~ additional 

analyses and discussions are needed before the 

conclusions can be finalized. 

Seismic Geology 

As discussed in Section 5.1.1.2, the seismic geology task 

is des~gned around a sequence of investigations, each of 

which builds on the preceding ones. Because of this 

characteristic, the seismic geology task demands a 

certain amount of elapsed time and cannot be speeded up 

by adding additional staff. 

During 1981 it was possible to complete the literature 

review, analysis of existing remote sensing imagery, 

field reconnaissance, and the acquisition and initial 

analysis of the low-sun-angle aerial photography. The 

detailed field studies and ground motion assessment will 

be conducted during future feasibility study work. 

Tunnel Alignment and Powerplant Site Geology 

No field investigations were conducted for this task in 

1981 because the various tunnel alignment locations and 

configurations to be studied were not identified prior to 

completion of the 1981 field season. All of the geologic 

and geophysical investigations planned for this task 

should be completed during future feasibility study work. 
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5.1.2.4 

5.1.2.5 

5.2 

construction Materials Geology 

The work for this task will be conducted during future 

feasibility study work. 

Road and Transmission Line Geology 

The work foi this task will be conducted during future 

feasibility study work. 

Quaternary Geology 

The Quaternary, approximately the last 2 million years of 

geologic time, is commonly subdivided into the 

Pleistocene and the Holocene (most recent 10,000 years). 

Although the Pleistocene is generally equated to the 

glacial age and the Holocene with post-glacial time, such 

a distinction is less clear in southern Alaska where the 

mountains still contain extensive glaciers. 

The Quaternary was a time of extreme and varied geologic 

activity in southern Alaska. In addition to the 

extensive glacial activity and associated phenomena, the 

Quaternary was also a time of mountain building and 

volcanic activity. The products of these and other 

geologic processes that were active during the 

Quaternary, and are still active today, are broadly 

present in the Chakachamna Lake area. Although the 

geologic investigations for this feasibility study 

consider a broad range of topics that fall under the 

general heading of Quaternary geology, this task was 

planned to address three specific topics: 

5-9 
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5.2.1.1 

(1) glaciers and glacial geologyi 

( 2 ) Mt. Spurr volcano; and 

( 3 ) slope conditions. 

In addition, the seismic geology task (Section 5.3) is 

designed to focus on Quaternary and historic fault 

activity and seismicity and is highly dependent on an 

understanding of the ~lacial history o~ the area for 

temporal data. 

For the Quaternary geology task of the Chakachamna study, 

field work consisted of a twelve-day reconnaissance 

during whi~h all three primary topics of interest (above) 

were studied. When combined with information available 

in the open literature and that gained through 

interpretation of aerial photography, the field 

reconnaissance provides a basis for assessing the 

potential impact of the glaciers, volcano, and slope 

conditions on the proposed hydroelectric project. 

Glaciers and Glacial Geology 

Regional Glacial Geologic History 

At one time or another during the Quaternary, glaciers 

covered approximately half of Alaska (Pewe, 1975). 

Previous investigations have demonstrated that the Cook 

Inlet region has had a complex history of multiple 

glaciation (Miller and Dobrovolny, 1959; Williams and 

Ferrians, 1961; Karlstrom, 1964; Karlstrom and others, 

1964; Trainer and Waller, 1965; Pewe and others, 1965; 
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Schmoll and others, 1972). The current understanding of 

the region's glacial history is based on interpretation 

of the morphostratigraphic record in association with 

relative and absolute age dating and other Quaternary 

studies. The complex history is recorded in glacial, 

fluvial, lacustrine, marine, and eolian sediments that 

have been studied primarily in their surface exposures 

where they can be associated with specific landforms. 

Although more recent work has led to modification and 

refinement of Karlstrom's (1964) history of glaciation in 

the Cook Inlet region, that work still provides a good 

general overview and, except where noted, serves as the 

basis for the following summary. 

On at least five separate occasions during the 

Quaternary, the glaciers in the mountains that surround 

Cook Inlet have expanded onto the Cook Inlet lowlands 

where they coalesced to cover much or all of the lowland 

with ice. Evidence for the two oldest recognized 

glaciations (Mt. Sus{tna, Caribou Hills) consists 

dominantly of erratic boulders and scattered remanants of 

till at high elevation sites around the margins of the 

lowland. Evidence for the next glaciation, the Eklutna, 

includes moraines and till sheets that demonstrate the 

coalescence of ice from various source areas to form a 

Cook Inlet piedmont glacier. The available evidence 

suggests several thousand feet of ice covered virtually 

all of the Cook Inlet lowland during these early 

glaciations. 

The next two glaciations, the Knik and the Naptowne, 

correspond to the Early Wisconsin and Late Wisconsin 

glaciations of the midwestern United States, 

respectively. Thus, the Naptowne glaciation of the Cook 

5-11 



Inlet region correlates, in general,. with the Donnely 

(Pewe, 1975) and McKinley Park (TenBrink and Ritter, 

1980; TenBrink and Waythomas, in preparation) glaciations 

reported from two areas on the north side of the Alaska 

Range. During the Knik and Naptowne glaciations ice 

again advanced onto the Cook Inlet lowland, but the ice 

did not completely cover the lowland as it apparently did 

during the earlier glaciations. Even at the glacial 

maxima, portions of the lowland were ice free; such areas 

were commonly the sites of large ice-dammed lakes that 

have been studied in some detail (Miller and Dobrovolny, 

1959; Karlstrom, 1964). 

The maximum ice advance during the Naptowne glaciation is 

recorded by distinct end moraine complexes located near 

the mouths of the major valleys that drain the Alaska 

Range and by moraines on the Kenai lowland. The moraines 

on the Kenai lowland are of particular interest because 

they were, at least in part, formed by the Trading Bay 

ice lobe, which originated in the Chakachatna-McArthur 

rivers area and advanced across Cook Inlet at the time of 

the Naptowne maximum. Karlstrom (1964) reported on these 

features on the Kenai lowland in some detail. 

Karlstrom (1964) used a combination of radiocarbon dates 

and relative-age dating techniques to develop a 

chronology for the Cook Inlet glaciations. According to 

Karlstrom, the Naptowne glaciation continued, although 

with decreasing intensity, past the Pleistocene-Holocene 

boundary (generally taken as being near 10,000 years 

before present [ybp]), through the Climatic Optimum, to 

the beginning of Neoglaciation (see Porter and Denton, 

1967). Recent work on the north side of the Alaska Range 

has produced a well-dated chronology for the McKinley 
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Park 9laciation (TenBrink and Ritter, 1980; TenBrink and 

Waythomas, in preparation). That chronology shows major 

stadial events at: 

(1) 25,000-17,000 ybp (maximum advance at about 

20,000 ybp); 

(2) 15,000-13,500 ybp; 

(3) 12,800-11,800 ybp; and 

(4) 10,500-9,500 ybp. 

Recognizing the differences in ice extent and other 

factors between the Cook Inlet region and the north side 

of the Alaska Range, the TenBrink chronology is probably 

reflective of the timing of the primary Naptowne stadial 

events. Dates from the Cook Inlet region proper have yet 

to yield such a clear picture, probably because of the 

greater complexity of the condition~ and thus the record 

there. 

Following the Naptowne glaciation (about 9,500 ybp by 

TenBrink's chronology, as late as 3,500 ybp according to 

Karlstrom, 9164), glacial advances in the Cook Inlet 

region have been limited to rather small-scale 

fluctuations that have extended only up to a few miles 

beyond present glacier termini. Karlstrom (1964) 

referred to these Neoglacial advances as the Alaskan 

glaciation, which he divided into two distinct periods of 

advance (Tustumena and Tunnel) and further subdivided 

into three and two short-term episodes, respectively. 

According to Karlstrom (1964) these Neoglacial events 

range in age from approximately 3,500 ybp to historic 

fluctuations of the last several decades. 
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5.2.1.2 

Two points of particular interest regarding Neoglaciation 

in Alaska emerged from the literature review: 

( 1) 

( 2) 

the idea that " the youngest major advance 

typically was the most extensive of the 

Neoglaciation" (Porter and Denton, 1967, p. 187), 

and 

Karlstrom's (1964) suggestion that, at least in 

the mountains around the margins of the Cook 

Inlet region, there was no distinct hiatus 

between the last small Naptowne readvance and the 

first Neoglacial advance. 

These points will be addressed in the following section. 

Project Area Glacial Geologic History 

The reconnaissance-level investigations conducted for the 

Chakachamna study confirm the general picture for the 

project area presented by Karlstrom (1964). The area 

examined during the field reconnaissance is indicated on 

Figure 5-l. Although a rather broad area was included in 

the study area, most of the field work took place in the 

Chakachamna Lake basin, along the Chakachatna River, and 

on the southern slopes of Mt. Spurr. 

Most of the study area was covered by glacier ice during 

the maximum stand of the Naptowne-age glaciers. Based on 

Karlstrom's (1964) work, it would appear that only high, 

steep slopes and local elevated areas were not covered by 

Naptowne ice. Within the area examined in the field, the 

upper limit of Naptowne ice is generally clearly defined, 

particularly in the area between Capps Glacier and 
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Blockade Glacier, at and east of the range front (Figure 

5-l). In this area lateral moraines produced during the 

maximum stand of Naptowne ice (25,000-17,000 ybp) are 

distinct and traceable for long distances; younger 

Naptowne lateral and terminal moraines are also present. 

The largest area that was not buried by Naptowne ice and 

which was observed during field reconnaissance is located 

high on the gentle slopes east of Mt. Spurr, between 

Capps Glacier and Straight Creek. The two older surfaces 

(Knik and [?] Eklutna) observed in this area (Figure 5-l) 

correspond well to the ideas presented by Karlstrorn 

(1964). 

Not only are moraines marking the Naptowne maximum 

present, but a large number of moraines produced during 

subsequent stadial advances or recessional stillstands 

are also present. These features demonstrate that even 

at the Naptowne maximum, ice from Capps Glacier and other 

glaciers to the north did not coalesce with ice corning 

from the Chakachatna canyon, except possibly near the 

coast. The Chakachatna ice and that issuing from the 

McArthur River Canyon and Blockade Glacier did join, 

however, to produce Karlstrorn's (1964) Trading Bay ice 

lobe. That ice lobe covered the alluvial flat that, at 

the coast, extends from Granite Point to West Foreland. 

From the present coast, the Trading Bay lobe (according 

to Karlstrorn, 1964) extended across Cook Inlet to the 

Kenai lowland. 

The complex of moraines located between Blockade Glacier 

and the Chakachatna River area allow one to trace the 

slow retreat of Naptowne ice. As the Trading Bay lobe 

retreated westward across the inlet and then across the 

Trading Bay alluvial flats to the mountain front, 

5-17 



separate ice str~ams became distinct. As the Naptowne 
ice continued to retreat up the Chakachatna Canyon more 

and more individual glaciers became distinct from one 

another. For example, Brogan Glacier (informal name, 
Figure 5-l), separated from the Chakachatna River by a 

low volcanic ridge, produced a recessional sequence that 

is independent of that formed by ice in the Chakachatna 

canyon. Such a sequence of features is less distinct or 

absent for the other glaciers between Brogan Glacier and 
Barrier Glacier. 

Within the Chakachamna Lake basin, the evidence of 
Naptowne and older glaciations is largely in the form of 
erosional features and scattered boulders. Naptowne-age 

till apparently occurs only in isolated pockets within 

the lake basin and its major tributary valleys. The 

Naptowne-age surfaces in the basin are mantled with a 

sequence of volcanic ashes that averages two to three 

feet in thickness. The solids are typically developed on 

these volcanics rather than on the underlying 

glacially-scoured granitic bedrock or till. 

In contrast to the erosional topography that 

characterizes the Naptowne and older surfaces within the 

Chakachamna Lake basin, Neoglacial activity produced 

prominent moraines and outwash fans. Neoglacial features 

were examined at or near the termini of the following 
glaciers; 

(1) all glaciers along the south shore of the lake 

from Shamrock Glacier to the lake outlet; 

(2) Barrier Glacier; 
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( 3) 

( 4) 

( 5) 

Pothole and Harpoon Glaciers, where they enter 

the Nagishlamina River Valley; 

all of the glaciers that flow to the south, 

southeast, and east from the Mt. Spurr highland 

(Alice Glacier to Triumviarte Glacier, Figure 

5-l); and 

Blockade Glacier. 

The Neoglacial history of several of these glaciers is 

discussed in more detail in Sections 5.2.1.3 through 

5.2.1.5. The Neoglacial record is of particular 

importance to an assessment of possible glacier 

fluctuations over the next several decades. 

Returning to the two points raised at the end of section 

5.2.1.1: 

(1) In most cases observed in the study area, it appears 

that the latest Neoglacial advance was an extensive 

or more extensive than earlier Neoglacial advances. 

This is in agreement with the Porter and Denton 

(1967) general conclusion for southern Alaska. 

(2) Karlstrom•s (1964) chronology suggested a continuous 

sequence of decreasing glacial advances leading from 

Naptowne to Neoglacial time. In most parts of the 

study area it was not possible to assess this 

suggestion. However, the morainal sequence produced 

by Brogan Glacier (Figure 5-l) and the difference in 

the topographic characteristics of those moraines 

suggest that there was little, if any, hiatus 

between the youngest Naptowne moraine and the oldest 

Neoglacial moraine. 
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5.2.1.3 Barrier Glacier 

Barrier Glacier originates in the snow and ice field high 

on the slopes of Mt. Spurr. From there it flows down a 

steep, ice-carved canyon to the shore of Chakachamna Lake 

where its piedmont lobe forms the eastern end of the lake 

(Figures 5-2a, 5-2b). Barrier Glacier is of particular 

interest to this study because the glacier forms the 

eastern end of the lake and influences the size and 

character of the outlet from the lake. 

Barrier Glacier was described by Capps (1935) in his 
report on the southern Alaska Range and was considered in 
several reports on the hydroelectric potential of 

Chakachamna Lake (Johnson, 1950; Jackson, 1961: Bureau of 

Reclamation, 1962). Giles (1967) conducted a detailed 

investigation of the terminal zone of Barrier Glacier. 

Most recently, the U.S.G.S. investigated Barrier Glacier 

as a part of a volcanic hazards assessment program at Mt. 

Spurr (Miller, personal communication, 1981). 

Giles' (1967) investigation of Barrier Glacier was the 

most comprehensive to date and was specifically designed 

to assess the possible impact of the glacier on hydro

electric development of Chakachamna Lake, and vice 

versa. That work, which took place between 1961 and 

1966, included mapping of the lake outlet area and 

measurements of horizontal and vertical movement and of 

ablation on various portions of the glacier. Those 

measurements indicated that: 
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( 1 ) 

( 2) 

horizontal movement is in the range of 316 to 125 

ft/yr on the debris-free ice and ~8 to 1 ft/yr on 

the debris-covered lobe of ice that forms the 

southernmost component of the glacier's piedmont 

lobe complex; and 

surface elevation changes were generally small 

(+0.8 to -2.9 ft/yr), but ablation on the 

relatively debris-free ice averaged about 35 

ft/yr in the terminal zone. 

Giles (1967) identified five ite lobes, two on the 

debris-covered ice and three on' the exposed ice, in the 

terminal zone of Barrier Glacier. Examination of color 

infrared aerial photographs for the current study 

suggests that he defined topographic, but not necessarily 

glaciologically-functional lobes or ice streams. For 

example, on the debris-covered portion of the piedmont 

zone, Giles identified two lobes on the basis of a deep 

drainage that cuts across that zone. On the air photos 

it is clear that the drainage in question parallels and 

then trends oblique to the curvilinear flow features 

preserved in the debris mantle. The drainage does not 

appear to mark the boundary between two ice streams. 

Giles (1967) concluded that the level of Chakachamna Lake 

is controlled by Barrier Glacier, specifically by one 

900-ft wide portion of debris-covered ice along the 

river; that zone reportedly ~dvances southward, into the 

. river channel, at a rate of about 25 ft/yr. Although the 

rate of ice movement was apparently relatively constant 

throughout the year, the low stream discharge in the 

winter allows the glacier to encroach on the channel but 

the ice is eroded back during the summer. Thus, Giles 
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suggested that there is metastable equilibrium in the 

annual cycle. The annual cycle appears to be super

impos-ed on a longer-term change such as that suggested by 

Giles' measurements. 

Observations made during analysis of the color infrared 

(CIR) aerial photographs and during the 1981 field recon

naissance lead to general agreement with the conclusions 

produced by previous investigations. Nonetheless, the 

CIR air photos and extensive aerial and ground-based 

r 
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observations have allowed for the development of several r 
apparently new concepts regarding Barrier Glacier; those 

new ideas may be summarized as follows: 

(1) All of the moraines associated with Barrier Glacier 

are the products of late Neoglacial advances of the 

glacier and subsequent retreat. The large, sharp

crested moraines that bound the glacier complex on 

the eastern and a portion of the western margin 

(Figure 5-2a) mark the location of the ice limit as 

recently as a few hundred years ago (maximum 

estimate) and perhaps as recently as the early to 

middle part of this century. Cottonwood trees, 

which are the largest and among the oldest of the 

trees on the distal side of the moraine are 

approximately 300 to 350 years old based on tree 

ring counts on cores collected during the 1981 field 

work (location of trees on Figure 5-2a). Those 

dates provide an upper limit age estimate. The 

vegetation-free character of the proximal side of 

the moraine and the extremely sharp crest suggest an 

even more youthful ice stand. 
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(2) When Barrier Glacier stood at the outermost moraine 

(no. 1 above), the terminal piedmont lobe was larger 

than that now present and probably included a 

portion that floated on the lake; the present river 

channel south of the glacier could not have existed 

in anything near its present form at that time. The 

extent of the piedmont lobe, as suggested here, is 

based on interpretation of the flow features 

preserved on the debris-mantled portion of the 

terminal lobe and the projected continuation of the 

outermost moraine (no. 1 above). 

(3) The most recent advance of Barrier Glacier did not 

reach the outermost moraine. It appears that the 

flow of ice was deflected westward by pre-existing 

ice and ice-covered moraine at the point where the 

glacier begins to form a piedmont lobe. This pulse 

was responsible for the vegetation-free zone of till 

that mantles the ice adjacent to the debris-free ice 

and for the large moraines that stand above the 

delta at the northeast corner of the lake. 

(4) The presently active portion of Barrier Glacier has 

the same basic flow pattern as that described in no. 

3, above, but the terminus appears to be retreat

ing. The flow of ice is deflected westward as it 

exits the canyon through which the glacier descends 

the slopes of Mt. Spurr. The flow pattern is 

clearly visible on and in the debris-free ice and is 

further demonstrated by the distribution of the 

distinct belt of volcanic debris present along the 

eastern margin of the glacier. 

5-27 



( 5) All of the above may be combined to· suggest that the 

large debris-mantled (ice-cored) lobe that forms the 

most distal portion of the glacier complex, and 

which borders the river, is now, at least in large 

part, decoupled from the active portion of the 

glacier. This interpretation in turn suggests that 

the movements measured by Giles (1967) are due to 

adjustments within the largely independent debris

mantled lobe and to secondary effects transmitted to 

and through this lobe by the active ice upslope. 

(6) In spite of the fact that disintegration of the 

debris-mantled lobe is extremely active locally, the 
lobe appears to be generally stable because remnant 

flow features are still preserved on its surface. 

The debris cover shifts through time, thickening and 

thinning at any given location as topographic 

inversion takes place due to melting of the ice and 

slumping and water reworking of the sediment. It 
appears that the rate of melting varies as a 

function of the thickness of the debris cover, with 
a thick cover insulating the ice and a thin cover 

producing accelerated melting. Removal of the 

covering sediment along the edge of the river leads 

to slumping and exposure of ice to melt-producing 

conditions. Thus the distal portion of the debris

mantled lobe that borders the river is one site of 

accelerated melting. Other areas of accelerated 

melting are concentrated along drainages that have 

developed within the chaotic ice-disintegration 

topography. 
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(7) There is no ice now exposed along the lake shore or 

around the lake outlet, at the head of the 

Chakachatna River, as was the case as recently as a 

few decades ago (Giles, 1969). These areas are 

rather uniformly vegetated and the debris mantle 

over the ice appears to be relatively thick compared 

to areas where accelerated melting is taking place. 

These areas appear to be reasonable models of what 

to expect when melting of the ice and the associated 

sorting and readjustment of the overlying debris 
have produced a debris cover thick enough to 

insulate the ice. 

(8) If the debris-mantled ice lobe is functionally 

decoupled from the active ice, as suggested above, 

the move of ice toward the river is likely to 

gradually slow in the near future. The Giles' 

(1967) data suggest that this slowing may be 

underway; the 1971 flood on the Chakachatna suggests 

that the ice movement is still occasionally rapid 

enough to constrict the river channel, however. 

Nonetheless, it appears likely that, barring a 

dramatic or catastrophic event, the degrading 

portion of the ice lobe along the river will slowly 

stabilize to a condition similar to that along the 

lake shore. This will probably lead to a channel 

configuration som~what wider than at present but the 

channel floor elevation is unlikely to change 

significantly. This scenario ass.umes that the 
discharge will remain relatively similar to that 
today. If discharge increases, then a channel 

deepening, as suggested by Giles (1967), may occur. 
If discharge decreases, the available data suggest 
that the outlet channel is likely to become more 
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5.2.1.4 

narrow and perhaps more shallow as the 
debris-covered ice continues to stabilize (see 
Section 7.0). 

(9) Over the long term the possible changes along the 

uppermost reaches of the Chakachatna River, where 

the lake level is controlled, are potentially more 
varied and more difficult to predict. One reason 

for this is that the longer time frame (i.e., 
centuries vs. decades) provides an increased 

probability for both dramatic (e.g., marked warming 

or cooling of the climate) and catastrophic (e.g., 

large volcanic eruption) events. In this regard, it 

should be noted that Barrier Glacier and the lake 

outlet appear to be within the zone of greatest 

potential impact from eruptions of Mt. Spurr volcano 

(see Section 5.2.2). 

Post and Mayo (1971) listed Chakachamna Lake as one of 

Alaska's glacier-dammed lakes that can produce outburst 

floods. They rated the flood hazard from the lake as 
nvery lown unless the glacier advances strongly. The 

1971 flood on the Chakachatna (Lamke, 1972) was 

attributed to lateral erosion of the glacier terminus at 

the lake outlet. This flood may have, in fact, been 
triggered by waters from an outburst flood at Pothole 

Glacier, a surging glacier (Post, 1969) in the 
Nagishlamina Riv~r Valley (Section 5.2.1.5). 

Blockade Glacier 

Blockade Glacier (Figure 5-l) originates in a very large 

snow and ice field (essentially a mountain ice cap), high 
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in the Chigmit Mountains south of Chakachamna Lake. This 
same ice cap area is also the source of several of the 

glaciers that flow to the south shore of Chakachamna Lake 

(e.g., Shamrock, Dana, and Sugiura Glaciers; Figure 

5-l). Blockade Glacier flows southward out of the high 

mountains into a long linear valley, which trends NE&SW 

and which is apparently fault controlled (Section 5.3). 

Once in th~ linear valley, Blockade Glacier flows both to 

the northeast and to the southwest. The southwestern 

branch terminates in Blockade Lake, which is one of 
Alaska's glacier-dammed lakes that is a source of 

outburst floods (Post and Mayo, 1971). The northeastern 
branch of the glacier terminates ~ear the mouth of the 

McArthur River Canyon and melt water from the glacier 

drains to the McArthur River. 

Blockade Glacier is of specific interest to the 

Chakachamna feasibility study because one of its branches 

does terminate so near the mouth of the McArthur River 

Canyon, and a likely site for the powerhouse for the 

hydroelectric project is in the lower portions of the 

canyon (Section 3.0). Changing conditions at the 

northeastern terminus of Blockade Glacier could 

conceivably change the drainage of the McArthur River to 

a degree that may influence conditions in the canyon, 

i.e., at the proposed powerhouse sites in the canyon. 

Blockade Glacier has not been the subject of previous 

detailed studies such as those for Barrier Glacier 

(Section 5.2.1.3). Observations made during the 1981 
field reconnaissance covered the lower-elevation portions 

of the source area and both terminal zones, but were 
concentrated around the northeastern terminus, near the 
McArthur River. 
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At its northeastern terminus Blockade Glacier is over two 
miles wide. Over about half of that width (the northern 

half) the glacier terminates in a complex of melt -water 

lakes and ponds that are dammed between the ice and Neo

glacial moraines. The melt water from the lake system 

drains to the McArthur River via one large and one small 
river that join and then flow into the McArthur about 2.5 

miles downstream from the mouth of the McArthur River 

Canyon. A complex of recently abandoned melt water 
channels formerly carried flow to the McArthur at the 

canyon mouth. A small advance of the ice front would 

reinstitute drainage in these now dry channels. 

Melt water issuing from the southern half of the ice 

front flows to the McArthur River in braided streams that 

cross a broad outwash plain. Whereas the northern 

portion of the terminus is very linear, the southern 

portion includes a distinct lobe of ice that is more than 

a half mile wide and protrudes beyond the general ice 

front by more than three-quarters of a mile. Another 

notable characteristic of this zone is that the Neo

glacial moraines, which are so prominent to the north, 

have been completely eroded away by melt water along the 

southern margin of the glacier. 

On the basis of the above observations and the report 

that Blockade Lake produces outburst floods (Post and 

Mayo, 1971), it appears that the distinct features in the 

southern portion of the northeast terminal zone are 
present because this is the area where the outburst 

floods exit the glacier front. The broad outwash plain 

and the removal of the Neoglacial moraines are probably 

both due to the floods; the vegetation-free (i.e., 

active) outwash plain is much larger than the size of the 
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melt water streams would suggest. The distinct lobe of 

ice that protrudes beyond the general front of the 

glacier probably marks the location of the sub-ice 

channel through which the outburst floods escape. 

The outermost Neoglacial moraines ~resent near the 

northeastern terminus lie about three-quarters of a mile 

beyond the ice front. With the exception of the distinct 

ice lobe, the general form of the ice front is mirrored 

in the shape of the Neoglacial terminal moraines. The 

outermost end moraine, which stands in the range of 20 to 

40 ft above the surrQunding outwash plain (distal) and 

ground moraine (proximal), is in the form of a continuous 

low ridge with a gently rounded crest. Three oi four 

less distinct and less continuous recessional moraines 

are present between the ice and the Neoglacial maximum 

moraines. Distinct glacial fluting is present in the 

till in this area. 

The Neoglacial end moraine can be traced to a distinct, 

sharp-crested Neoglacial lateral moraine that is 

essentially continuously present along the glacier 

margins well up into the source area for Blockade 

Glacier. The proximal side of the lateral moraine is 

steep and vegetation-free, suggesting ice recession in 

the very recent past. The crest of tne lateral moraine 

stands about 40 or 50 ft (estimate based on observations 

from the helicopter) above the ice along the lower 

~ortions of the glacier. 

A readvance of Blockade Glacier's northeastern terminus 

on the order of one-quarter to one-half a mile would 

reestablish drainage through the abandoned channels near 

the mouth of the McArthur River Canyon. such a change is 
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unlikely to significantly impact conditions within the 
canyon but would disrupt facilities (e.g., roads) on the 

south side of the McArthur River, immediately outside the 

mouth of the canyon. The glacier will have to advance 

about three-quarters of a mile before conditions in the 

canyon are likely to be seriously affected. An advance 

of a mile and a half would essentially dam the mouth of 

the canyon and would flood a major portion of the lower 

reaches of the canyon, including the sites under con

sideration for the powerhouse. Such a glacier-dammed 
lake would likely produce outburst floods. 

There is no evidence that any of the Neoglacial a~vances 

of Blockade Glacier were extensive enough to dam the 

McArthur River Canyon. The outmost of the Neoglacial 

moraines lies at least one-quarter of a mile short of the 

point where ice-damming of the canyon would begin, how

ever. Outwash fans on the distal side of the moraine may 

have produced minor pending in the lowermost reaches 

observed in the field and on the color infrared air 

photos suggest that the last time that Blockade Glacier 

may have dammed the McArthur Canyon was in late Naptowne 

time, approximately 10,000 years or more ago. 

The only reasonable mechanism that could produce an 
advance of Blockade Glacier that would be rapid enough to 

impact on the proposed hydroelectric project is a glacier 

surge; a surging glacier could easily advance ~ mile or 

more within a period of a few decades. Evidence for 
surges in the recent past might include an advancing 

glacier front in an area where glaciers are generally in 

recession and/or distorted medial moraines or long

itudinal dirt bands on the glacier surface (Post, 1969; 

Post and Mayo, 1971). It is clear that Blockade 
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Glacier's recent history has been one of recession, as is 
the case for all other glaciers examined during the 1981 

field reconnaissance. There are many distinct longitudi

nal dirt bands and small medial moraines visible on the 

surface of Blockade Glacier. If one or more of the indi

vidual ice streams that comprise Blockade Glacier had 

recently surged, such activity should be reflected in 

contortions in the dirt bands and medial.moraines. 

Visible deformation of the surface features on the 

glacier is very subtle and not suggestive of recent 

surging of even individual ice streams in the glacier. 
Thus, there is no evidence of a general surge of Blockade 

Glacier in the recent past. 

In summary, it appears that Blockade Glacier began to 

withdraw from its Neoglacial maximum within the last few 

hundred years. At that maximum stand, melt water drain

age joined the McArthur River at the canyon mouth and 

outwash may have produced some ponding and sediment 

aggradation in the lower reaches of he canyon, but the 

glacier was not extensive enough to have dammed the 

canyon. surging is the most reasonable mechanism that 

could produce a future advance large enough and rapid 

enough to impact on the proposed powerhouse sites in the 

McArthur Canyon. No evidence suggestive of surging of 

Blockade Glacier was identified during this study. 

Currently, melt water is carried away from the canyon 

mouth. Even markedly accelerated melt water production 

from Blockade Glacier is unlikely to change this 

condition or to have a negative impact on the proposed 

hydroelectric project. 
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5.2.1.5 Other Glaciers 

In order to get a reasonably broad-based sense of the 

glacial record and history of recent glacier behavior in 

the Cakachamna Lake region, the field reconnaissance 

included aerial and ground-based observations of a number 

of the glaciers in the region in addition to Barrier and 

Blockade Glaciers~ Those glaciers included: 

(1) Shamrock Glacier, Dana Glacier, Sugiura Glacier, and 

First Point Glacier along the south shore of 

Chakachamna Lake (see figure 5-l for locations); 

(2) Harpoon Glacier and Pothole Glacier in the 

Nagishlamina River Valley; 

(3) Alice Glacier, Crater Peak Glacier, and Brogan 

Glacier on the slopes of Mt. Spurr, above the 

Chakachatna River; 

(4) Capps Glacier and Triumvirate Glacier on the eastern 

slopes of Mt. Spurr; and 

(5) McArthur Glacier in the McArthur River valley. 

Post (1969) surveyed glaciers throughout western North 

America in an effort to identify surging glaciers. Four 

of his total of 204 surging glaciers for all of western 

North America are in the Chakachamna study area (Figure 

5-l). Three, including Pothole Glacier and Harpoon 

Glacier, are located in the Nagishlamina River Valley, 

tributary to Chakachamna Lake, and one, Capps Glacier, is 

on the eastern slope of Mt. Spurr. surface features 
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indicative of surging are clearly visible on the color 

infrared aerial photographs used in this study and were 

observed during .field reconnaissance. 

Specific observations pertinent to an understanding of 

the glacial history of the area include: 

(1) All of the gl~ciers listed above appear to have only 

recently withdrawn from prominent Neoglacial 

moraines, which in most (if not all) cases mark the 

Neoglacial maximum advance positions of the 

glaciers. These moraines and younger recessional 

deposits are generally ice-cored for those glaciers 

in groups 1 through 3 (above), but have little or no 

ice core in groups 4 and 5, which terminate at 

slightly lower elevations. 

(2) Ponding and sudden draining of the impoundment 

upstream of the Pothole Glacier (a surging glacier) 

end moraine complex in the Nagishlamina River valley 

may be an episodic phenomena that can produce 

flooding in the lower portions of that valley and 

thus a pronounced influx of water into Chakachamna 

Lake. Published topographic maps (compiled in 1962) 

show a small lake U}:Jstream of the end moraine, which 

with the exception of a narrow channel along the 

western valley wall, completely blocks the 

Nagishlamina River Valley. That lake is no longer 

present bu~ there is clea~ evidence for its presence 

and the presence of an even larger lake in the 

recent past. Features on the floor of the lower 

Nagishlamina River Valley suggest recent passage of 

a large flood. such a sudden influx of water into 
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Chakachamna Lake could produce sign{ficant changes 
at the outlet from the lake. It may be that the 

1971 flood on the Chakachatna River (U.S.G.S., 1972) 

was triggered by such an event, the stage having 

been set by the slow increase in the level of 

Chakachamna Lake in the years prior to the flood 

(Giles, 1967). 

(3) Only glaciers south and east, and in the immediate 

vicinity at Crater Peak on Mt. Spurr retain any 

evidence of a significant cover of volcanic ejecta 
from the 1953 eruption of Crater Peak. On both 

Crater Peak Glacier and Brogan Glacier (see Figure 
5-l) the ice in the terminal zone is buried by a 

thick cover of coarse ejecta. The volcanic mantle, 

where present, appears to be generally thick enough 

to insulate the underlying ice. The ejecta cover on 

Alice Glacier is surprisingly limited. Areas where 

the volcanic cover formerly existed, but was thin 

enough so that its presence accelerated melting, 

have probably largely been swept clean by the melt

water. In any case, the only areas where there is 

now evidence that the dark volcanic mantle has or is 

producing more rapid melting is on the margins of 

the thickly covered zones on the two cited glaciers. 

(4) Highly contorted medial moraines on Capps Glacier, 

Pothole Glacier, and Harpoon Glacier suggest that 

several of the individual ice streams that comprise 
those glaciers have surged in the recent past. No 

comparable features were observed on any of the 
other glaciers in the Chakachamna study area. 
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5.2.1.6 Implications with Respect to the Proposed Hydroelectric 
Project 

Implications derived from the assessment of the glaciers 
in the Chakachamna Lake area, with respect to specific 

project development alternatives, are included in Section 

7.2 while project risk evaluation is disucssed in Section 

7.4. General implications, not directly tied to any 

specific design alternative, may be summarized as follows: 

(1) In the absence of the proposed hydroelectric 

project, the terminus of Barrier Glacier is likely 

to continue to exist in a state of dynamic equilib

rium with the Chakachatna River and to produce 

small-scale changes in lake level through time; the 

terminal fluctuations are likely to slow and 

decrease in size in the future, leading to a more 

stable condition at the lake outlet. 

(2) If development of the hydroelectric project or 

natural phenomena dam the Chakachatna River Valley 
and flood the terminus of Barrier Glacier, the rate 

of disintegration is likely to increase. If the 

level of the lake is raised, the rate of calving on 

Shamrock Glacier is likely to increase. 

(3) If hydroelectric development lowers the lake level, 

the debris-covered ice of Barrier Glacier is likely 

to encroach on and decrease the size of ~he river 
channel; a subsequent rise in lake level could yield 

conditions conducive to an outburst flood from the 

lake. A lowering of the level of Chakachamna Lake 

will also cause the stream channels that carry water 

from Kenibuna Lake and Shamrock Lake into 
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Chakachamna Lake to incise their channels, thereby 

lowering the levels of those upstream lakes over 

time. 

(4) There is no evidence to suggest that Blockade 

Glacier will have an adverse impact on the proposed 

hydroelectric project or that the project will have 

any effect on Blockade Glacier. 

(5) Glacier damming of the Nagishlamina River Valley may 

result in outburst floods that influence conditions 

at the outlet from Chakachamna Lake. 

(6) With the exception of Shamrock Glacier, the terminus 

of which may be affected by the lake level, there is 

no evidence to suggest that the proposed project 

will influence the glaciers (other than Barrier 

Glacier) in the Chakachatna-Chakachamna Valley. 

Changes in the mass balance of the Glaciers will 

influence the hydrologic balance of the lake-river 

system, however. 

Mt. Spurr Volcano 

Alaska Peninsula-Aleutian Island Volcanic Arc 

Mt. Spurr is an active volcano that rises to an elevation 

above 11,000 ft at the eastern end of Chakachamna Lake. 

Mt. Spurr is generally reported to be the northernmost of 

a chain of at least 80 volcanoes that extends for a 

distance of about 1,500 miles through the Aleutian 

Islands and along the Alaska Peninsula; recent work has 

identified another volcano about 20 miles north of Mt. 

_Spurr (Miller, personal communication, 1981). Like Mt. 
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Spurr, about half of the known volcanoes in the 

Aleutian Islands-Alaska Peninsula group have been 

historically active. 

The volcanoes of this group are aligned in a long arc 

that follows a zone of structural uplift (Hunt, 1967), 

and that lies immediately north of the subduction zone at 

the northern edge of the Pacific Plate. The volcanoes on 

the Alaska Peninsula developed on a basement complex of 

Tertiary and pre-Tertiary igneous, sedimentary, and 

metasedimentary rocks. The pre-volcanic rocks are poorly 

exposed in the Aleutian Islands. At the northern end of 

the chain, such as at Mt. Spurr, the volcanoes developed 

on top of a pre-existing to~ographic high. Mt. Spurr is 

the highest of the volcanoes in the group and the summit 

elevations generally decrease to the south and west. 

The Alaska Peninsula-Aleutian Islands volcanic chain is, 

in many ways, similar to the group of volcanoes in the 

.Cascade mountains of northern California, Oregon, 

Washington, and southern Bri~ish Columbia. In general, 

both groups of volcanoes developed in already mountainous 

areas, both consist of volcanoes that developed during 

the Quaternary and include historically active volcanoes. 

In both areas the volcanic rocks encompass a range of 

compositions but are dominantly andesitic, and both 

groups contain a variety of volcanic forms. The Alaskan 

volcanoes include low, broad shield volcanoes, steep 

volcanic cones, calderas, and volcanic domes. Much of 

the present volcanic morphology developed in late- and 

post-glacial time. 
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5.2.2.2 Mt. Spurr 

Capps ·(1935, p. 69-70) reported, "The mass of which the 

highest peak is called Mt. Spurr consists of a great 

outer crater, now breached by the valleys of several 

glaciers that flow radially from it, and a central core 

within the older crater, the highest peak of the 

mountain, from vents near the top of which steam some

times still issues. One small subsidiary crater, now 

occupied by a small glacier, was recognized on the south 

rim of the old, outer crater." 

Subsequent work has shown that Capps' observations were, 

in part, in error. The error is specifically related to 

the suggestion that the peaks and ridges that surround 

the summit of Mt. Spurr mark the rim of a large, old 
volcanic crater. Why Capps had this impression is clear 

because as one approaches the mountain from the east or 
southeast, the view strongly suggests a very large 

crater; such a view has suggested to many geologists that 

Capps was correct in his observations. It is only when 

one gets up on the mountain, an opportunity made 

practical by the helicopter, that it becomes clear that 

most of the "crater rim" consists of granitic and not 

volcanic rocks. The most recent and comprehensive report 

on the distribution of lithologies present on Mt. Spurr 

is found in Magoon and others (1976). The u.s. 
Geological Survey plans to issue an open file report on 

Mt. Spurr in 1982 (Miller, personal communication, 1981). 

Field work aimed at assessing the potential impact of 

volcanic activity from Mt. Spurr on the proposed hydro

electric development at Chakachamna Lake was concentrated 
in the area bounded by the Nagishlamina River on the 
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west, the Chakachatna River on the south, a north-south 

line east of the mountain front on the east, and the 

Harpoon Glacier-Capps Glacier alignment on the north 

(Figure 5-l). Most of the observations at the higher 

elevations were from the helicopter: landing locations 

high on Mt. Spurr are few and far between and many of the 

steep slopes are inaccessible to other than airborne 

observations. It was possible to make numerous surface 

observations in the Nagishlamina River and Chakachatna 

River valleys and on the slopes below 3,000 ft elevation 

to the south and southeast of the summit of Mt. Spurr. 

Observations made during the 1981 reconnaissance indicate 

that the Quaternary volcanics of Mt. Spurr, with the 

exception of airfall deposits, are largely confined to a 

broad wedge-shaped area bounded generally by Barrier 

Glacier, Brogan Glacier, and the Chakachatna River 

(Figures 5-l, 5-2a and 5-2b): the distribution of 

Quaternary volcanics north of the summit, in areas that 

do not drain to the Chakachamna-Chakachatna basin, was 

not investigated. 

The bedrock along the western margin of Barrier Glacier 

is dominantly granite. The only exception observed 
during the field reconnaissance, which focused at 

elevations below about 5,000 ft, was an area where the 

granite is capped by lava flows (Figure 5-2a). East of 

Barrier Glacier the slopes above about 2,000 ft consist 

of interstratified lava flows and pyroclastics, which are 

exposed in cross section. The slopes of Mt. Spurr in 

this area are not the product of triginal volcanic 

deposition but are erosional features. Thus, it is clear 
that the volcanics once extended farther to the south and 

southwest into what is now the Chakachamna Lake basin and 
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Chakachatna River Valley. The lower slopes immediately 
east of Barrier Glacier and south of Mt. Spurr consist of 

a broad alluvial fan ~omplex. 

Between Alice Glacier and the mountain front, the upper 

slopes of Mt. ·spurr, where not buried by glacier ice or 

Neoglacial deposits, expose interbedded lava flows (often 

with columnar jointing), pyroclastic units, and volcanic

lastic sediments. As is the case near Barrier Glacier, 

most of the slopes in this area are steep, often near 
vertical erosional features that expose the volcanic 

sequence in cross-section. The primary exception to this 

is found on and adjacent to Crater Peak where some of the 

slopes are original depositional features. 

Crater Peak was the site of the most recent eruption of 

Mt. Spurr. That eruption, which took place in July, 

1953, was described by Juhle and Coulter (1955). The 
1953 eruption produced an ash cloud that was observed as 
far east as Valdez, 100 miles from the volcano; the 

distribution of ejecta on Mt. Spurr demonstrates that 

virtually all of the airborne material traveled eastward 

with the prevailing winds. The thick debris cover on 

Crater Peak and Brogan Glaciers (Figure 5-2b) is largely 

the product of this eruption. 

Any lava that issued from Crater Peak in 1953 was limited 

to the slopes of the steep-sided cone. The eruption did 

produce a debris flow, which began at the south side of 

the crater where volcanic debris mixed with water from 

the glacier that reportedly occupied the crater (Capps, 

1935) and the outer slopes of the cone began to move 

downslope toward the Chakachatna River. The debris flow, 
which was probably more a flood than a debris flow 
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initially, eroded a deep canyon along the eastern margin 

of Alice Glacier, through the Neoglacial moraine complex 

at the terminus of Alice Glacier, and through older 

volcanics and alluvium adjacent to the Chakachatna 

River. When it reached the Chakachatna River, the debris 

flow dammed the river and produced a small lake that 

extended upstream to the vicinity of Barrier Glacier. 

The dam was subsequently partially breached, lowering the 

impoundment in the Chakachatna Valley to its present 

level. Evidence for the high water level includes 

tributary fan-deltas graded to a level above the current 

water level and a "bath tub ring".of sediment and little 

or no vegetation alon~ the suuthern valley wall. 

East of the 1953 debris flow, the Chakachatna River flows 

through a narrow canyon within the broader valley bounded 

by the upper slopes of Mt. Spurr on the north and the 

granitic Chigmit Mountains on the south. The southern 

wall of the canyon (and valley, as whole) consists of 

glacially-scoured granitic bedrock. With the exception 

of remnant deposits of the 1953 debris flow that are 

present against the granitic bedrock (Figure 5-2b), the 

1981 reconnaissance yielded no evidence of volcanic or 

volcaniclastic rocks on the southern wall of the 

Chakachatna Valley. The northern wall of the 

Chakachatna Canyon exposes a complex of highly weathered 

(altered ?) andesitic lava flows, pyroclastics, 

volcaniclastic sediments, outwash, and in one location, 

what appears to be an old (pre-Naptowne) till. 

Although the general late-Quaternary history of the 

Chakachatna River Valley is reasonably clear, the details 

of that history are very complex and would require an 
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extensive field program to unravel. The 
observations made during the 1981 reconnaissance 

suggest the following: 

(1) Late-Tertiary and/or early-Quaternary volcanic 

activity at Mt. Spurr built a thick pile of lava 

flows, pyroclastics, and volcaniclastic sediments on 

top of a granitic mountain mass of some considerable 

relief. 

(2) Interspersed volcanic and glacial activity occurred 

during the Pleistocene, with alternating periods of 

erosion and deposition. The width of the valley at 

Chakachamna Lake is maintained downstream to the 

area of Alice Glacier (Figure 5-2a). From that 

point to the mountain front, where the same broad 

valley form seems to reappear, the overall valley is 

plugged by a complex of volcanic (and glacial) 

deposits. This, along with the volcanic cliffs high 
on the slopes of Mt. Spurr, suggests that volcanics 

once largely filled what is now the Chakachatna 

Valley, that glaciers then eroded a broad, U-shaped 
valley (such as is still present in the lake basin), 

and that subsequent volcanic activity produced the 

bulk of the deposits that form the valley "plug". 

(3) The age of the volcanics in the "plug" is not 

clear. Some of the characteristics of the basal 

volcanic rocks exposed along the river suggest some 

antiquity. For example, many lava flows are so 

deeply weathered (or altered ?) that the rocks 
disintegrate in one's hand. These volcanics appear 

to be overlain by outwash and may be interbedded 

with till, which is also deeply weathered 
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(altered?). These and other features suggest that 

at least some of the volcanics in this area were 

deposited in pre-Naptowne time. Glacial deposits, 

including moraines, a large area of kame and kettle 

deposits,and glacier-marginal lake deposits 

interpreted to be a late-Naptowne age overlie 

portions of the volcanic valley plug. [See Section 

7.2 for discussion of implications with respect to a 

darn in the Chakachatna Canyon.] 

In contrast, it is difficult to understand how the 

apparently easily eroded volcanics in this area 

survived the Naptowne-age glaciers that filled the 

Chakachatna Valley and were large enough to extend 

across Cook Inlet (Karlstrorn, 1964)~ In addition, 

there are many landforms, such as volcanic 

pinnacles, that clearly are post glacial as they 

could not have survived being overriden by glacier 

ice. Such landforms demand the removal of several 

tens of feet of volcanics over large·areas. 

Although the evidence is conflicting and an unambig

uous interpretation difficult, it does appear that 

much of the volcanic valley plug is of pre-Naptowne 

age. The basis for this conclusion is most clearly 

documented by the presence of outwash on top of 

volcanics, a sequence exposed at several sites in 

the canyon. The outwash is capped by a three-to-four 

foot thick cap of volcanic ash (many discrete 

depositional units) as is typical of Naptowne-age 

surfaces in the area. Just how these volcanics 

survived the Naptowne glaciation is not clear. 
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(4) Following the withdrawal of the Naptowne ice from 
the Chakachatna River Valley, Holocene volcanic 

activity, glacial activity, and fluvial and slope 

processes have produced the present landscape. 
Most, if not all of the present inner canyon, 

through which the Chakachatna River flows, appears 

to be the product of Holocene downcutting by the 

river. 

Given that many of the details of the Quaternary history 

of Mt. Spurr are not well understood, it is nonetheless 

clear that Mt. Spurr is an active volcano that may 

produce lava flows, pyroclastics, and volcaniclastic 

sediments in the immediate vicinity within the life of 

the project. Airfall deposits can be expected to 

influence a larger area. Considering the size and type 

of volcanic events for which there is evidence at Mt. 

Spurr and the present topography, the area of interest to 

the proposed hydroelectric project most likely to be 

affected is the area between Barrier Glacier and the 1953 

debris flow. The topography of the valley plug volcanics 

appears to afford some, but certainly not total 

protection to the canyon portion of the river valley; an 
example of this "protection" is provided by a second 

debris flow produced in 1953 that was prevented from 
reaching-the river by intervening topography on the 

valley "plug". 

The types of volcanic event judged to be most likely to 

impact the Chakachatna River Valley in the near future 

are: 
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5.2.2.3 

(1) 1953-type debris flows which could inundate a 
portion of the valley and re-darn the river, 

(2) lava flows, which could enter and darn the valley, and 

(3) large floods that would be produced by the melting 

of glacier ice during an eruption. 

Post and Mayo (1971) suggested that melting of glacier 

ice on Mt. Spurr during volcanic activity may present a 

serious hazard. Significant direct impact on Barrier 

Glacier would demand a summit eruption that included the 

flow of hot volcanics at least into the upper reaches of 
the glacier or the development of a new eruptive center 

(such as Crater Peak) west of the present summit. Of 

course the character of the volcanoes in the Aleutian 

Island-Alaska Peninsula chain make it clear that a very 

large event (i.e., a Mt. St. Helens--or even a Crater 

Lake-type event) is possible at Mt. Spurr; such an event 

has a very low annual probabilty of occurrence at any 

given site, however. 

Implications with Respect to the Proposed Hydroelectric 

Project 

The potential impact of Mt. Spurr on the proposed 

hydroelectric project will, in part, vary as a function 

of the project design (see Sections 7.2 and 7.4), but 

some potential will always exist because of the location 

of Mt. Spurr relative to Chakacharnna Lake and the 
Chakachatna River. The amount of negative impact on the 

project is clearly a function of the size of volcanic 
event considered; larger events, which would have the 
greatest potential for adverse impact, are, in general, 
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less likely to occur than smaller volcanic events. Some 
general possibilities that might be associated with low

to medium-intensity events (such as a Crater Peak event 

or slightly larger) include: 

(1) Damming of the Chakachatna River by lava or debris 
flows, with the most likely site being in the 

vicinity of the 1953 debris dam. Flooding of the 

terminus of Barrier Glacier may increase the rate of 
ice melt and possibly alter the configuration of the 

current lake outlet. Any project facilities on the 

valley floor of the upper valley would be buried by 

the flow and/or flooded. 

(2) Flooding of the Chakachatna River Valley as a result 

of the melting of glacier ice on Mt. Spurr during an 

eruption. Project facilities near or on the valley 
floor would be flooded. 

(3) Accelerating the retreat of Barrier Glacier due to 

the flow of hot volcanic debris onto the glacier. 

In the extreme, Barrier Glacier could be eliminated 

if enough hot material flowed onto the ice. A less 

dramatic scenario could include destabilization of 

the lake outlet due to accelerated melting in the 

terminal zone of Barrier Glacier. In contrast, a 

large lava flow at the present site of Barrier 

Glacier could replace the glacier as the eastern 

margin of the lake, providing a more stable dam than 

that provided by Barrier Glacier. 

Each of the design alternatives (Section 3.0) includes a 

lake tap in the zone between the lake outlet and First 
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Point Glacier. Although it is generally true that a site L. 
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farther from Mt. Spurr is less likely to be subject to 
volcanic hazards than a site closer to the volcano, there 

is no apparent reason to favor one particular site in the 

proposed zone over any other site in that zone. A large 

eruptive event, apparently substantially larger than any 

of the Holocene events on Mt. Spurr, would be required 

before the proposed lake tap site would be directly 

threatened by an eruption of Mt. Spurr. 

Slope Conditions 

The Chigmit Mountains, south of Chakachamna Lake and the 

Chakachatna River, and the Tordrillo Mountains, to the 
north, contain many steep slopes and near-vertical 

cliffs. This landscape is largely the product of 

multiple glaciation during the Quaternary, including 

Neoglaciation which continues in the area today. The 

proposed hydroelectric project is likely to include 

facilities in the Chakachamna Lake basin and either or 
both of the McArthur and Chakachatna River valleys. Any 

above-ground facilities in these areas will be on or 
immediately adjacent to steep slopes, and thus subject to 

any slope processes that may be active in the area. 

Because of this fact, the 1981 field reconnaissance 

included observations of slope conditions in the areas of 

interest. Future field work should include detailed 

assessment of bedrock characteristics, such as joint 

orientations, that influence slope conditions. 

Chakachamna Lake Area 

Chakachamna Lake sits in a glacially overdeepened basin 
that is generally bordered by steep slopes of granitic 
bedrock that was scoured during Naptowne and earlier 
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glaciations. Locally, such as along the southern valley 
wall west of Dana Glacier (Figure 5-2a), distinct bedrock 

benches are present. In other areas, the slopes rise, 

with only minor variation in slope, from the lake level 

to the surrounding peaks. All principal valleys along 

the southern side of the lake presently contain 

glaciers. The principal valleys tributary to the north 
side of the lake, the Chilligan and Nagishlamina, are 

larger than those on the south side of the lake and are 
currently essentially ice-free, although their present 

form is clearly the product of glacial erosion. 

No evidence of large-scale slope failures of the slopes 

in the Chakachamna Lake basin was observed during the 

1981 field reconnaissance. Most of the slopes are 

glacially-scoured bedrock and are essentially free of 

loose rock debris, although talus is locally present. 

The orientation of joint sets in the granitic bedrock 

varies somewhat from area to area. In many areas a near 

horizontal out-of-slope joint set is present, but it 

tends to be poorly expressed relative to more 

steeply-dipping joints. Field work indicates that this 

and cross-cutting joints have formed boulder-size pieces 

and small slabs that produce rockfall as the only common 

type of slope failure for which any evidence was found. 
This condition is apparently most pronounced along the 

southern valley wall, between Sugiura Glacier and the 
lake outlet. 

Chakachatna River Valley 

The Chakachatna River, from its origin at Chakachamna 

Lake to the mountain front, flows through a valley that 
is rather variable in its form and characteristics along 

5-52 

r 
L 

l 
l 



its length and from side to side. Throughout the valley, 

the south side consists of steep glaciated granitic 

bedrock slopes that_rise essentially continuously from 

the river to the adjacent mountain peaks. All major 

tributary valleys on the southern valley wall, many of 

which are hanging valleys, now contain glaciers. The 

comments regarding slope conditions on the slopes above 

the lake (Section 5.2.3.1) apply to the southern wall of 

the Chakachatna River Valley. 

The north side of the valley differs from the south side 

in virtually every conceivable way. On this side bedrock 

is volcanic, and glacial and fluvial sediments are also 

present. In the westernmost portion of the valley, the 

river is bordered by the Barrier Glacier moraine and 

alluvial fans; steep volcanic slopes above the alluvial 

fans are subject to rockfall activity. Between Alice 

Glacier (the area of the 1953 debris flow) and the valley 

mouth, the river flows through a narrow canyon, the north 

side of which consists of a variety of interbedded 

volcanics, glacial deposits, and fluvial sediments 

(Figure 5-2b). The north canyon wall has been the site 

of several landslides that range in size from small 

slumps to large rotational slides. Such activity is 

likely to continue in the future. Its impact will most 

frequently be limited to the diversion of the main river 

course away from the north canyon wall; there are several 

examples of this now present in the canyon. A large 

landslide, which appears to be unlikely giveri the height 

of the slopes, could completely dam the canyon; partial 

damming with temporary ponding appears to be a more 

likely possibility. 
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Volcanic activity on Mt. Spurr could directly influence 
conditions along the Chakachatna River (Section 5.2.2), 

or could, by slowly altering conditions along the north 

wall of the canyon, have a secondary impact on the valley. 

McArthur River Canyon 

The McArthur River Canyon is a narrow, steep-walled 
glaciated valley. A possible powerhouse site has been 
identified along the north wall of the canyon (Section 
3.0) and the following comments specifically refer to the 
north wall of the McArthur River Canyon. The valley 

walls, which consist of granitic bedrock, expose a 

complex of cross-cutting joint sets and shear zones. The 

character and dominant orientations of the joints and 

shears vary along the length of the canyon and the 

character of the slopes also varies, apparently in direct 
response. 

Except near the canyon mouth, there is no evidence of 

large-scale slope failure and rockfall is the dominant 

slope process. Between the terminus of McArthur Glacier 

and Misty Valley (Figure 5-l) the joint sets are of a 

character and orientation such that rockfall has been 

active and the bedrock on the lower slopes on the north 

valley wall are uniformly buried beneath a thick talus. 

The vegetation on the talus suggests that the bulk of 

talus development took place some time soon after de

glaciation and rockfall has been less active recently. 
The slopes between Misty and Gash valleys (Figure 5-l) 

consist of glacially-scoured bedrock that is essentially 
talus free, suggesting little or no rockfall in this area. 
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5.2.3.4 

From Gash Valley to the canyon mouth, the granitic · 

bedrock appears to become progressively more intensely 

jointed and sheared and thus more subject to rockfall and 

small-scale slumping. Talus mantles the lower slopes in 
much of this area. A large fault zone (Section 5.3) is 

present at the canyon mouth. The fault has produced 

intense shearing over a broad zone that is now subject to 

intense erosion and is the site of several landslides. 

Implications with Respect to the Proposed Hydroelectric 
Project 

As in the case for volcanic hazards, there is no apparent 

reason with respect to slope conditions to favor one site 

over any other in the zone between the lake outlet and 

First Point Glacier for the lake tap. Rockfall appears 

to be the only potential slope hazard in that zone; there 
was no evidence observed in the field to suggest other 

types of slope failure. 

As indicated on Figure 5-9, the Castle Mountain fault 

(Section 5.3), which is a major fault, crosses the 
McArthur River just outside the canyon mouth (Section 

7.4) where the granitic bedrock has been badly shattered 
by fault movement. Surface examination reveals that the· 

rock quality progressively improves with distance 

upstream from the canyon mouth and the best quality rock 

lies between Gash Valley and Misty Valley (Figure 5-l), 

beginning about 1-1/2 miles upstream from the powerhouse 

location presently shown on the drawings. This location 

is based on economic considerations alone, without taking 

account of the higher excavations costs that would be 
associated with the poorer quality rock. A critical 
evaluation of the rock conditions in this area should be 
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included in future studies and a site should be selected 
for drilling a deep core hole. 

A powerhouse· site at or immediately outside the canyon 

mouth, as has been considered in other studies, is likely 

to be in the fault zone and subject to fault rupture as 

well as high ground motions. In addition, facilities 

outside the canyon will be in Tertiary sedimentary rocks 

and glacial deposits, not granite. 

Seismic Geology 

Tectonic Setting 

The active faulting, seismicity, and volcanism of 

southern Alaska are products of the regional tectonic 

setting. The primary cause of the faulting and seismic 

activity is the stress imposed on the region by the 

relative motion of the Pacific lithospheric plate 

relative to the North American plate along their common 

boundary (Figure 5-3). The Pacific plate is moving 

northward relative to the North American plate at a rate 

of about 2.4 inches/year (Woodward-Clyde Consultants, 

1981 and references therein). The relative motion 

between the plates is expressed as three styles of 

deformation. Along the Alaska Panhandle and eastern 

margins of the Gulf of Alaska, the movement between 
plates is expressed primarily by high-angle strike-slip 

faults. Along the northern margins of the Gulf of 
Alaska, including the Cook Inlet area, and the central 

and western portions of the Aleutian Islands, the 
relative motion between the plates is expressed by the 

underthrusting of the Pacific plate beneath the North 

American plate. At the eastern end of the Aleutian 
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Islands, the relative plate motion is expressed by a 

complex transition zone of oblique thrust faulting. 

The Chakachamna Lake area is located in the region where 

the interplate motion is producing underthrusting of the 
Pacific plate beneath the North American plate. This 

underthrusting results primarily in compressional 

deformation, which causes folds, high-angle reverse 
faults, and thrust faults to develop in the overlying 

crust. The boundary between the plates where under
thrusting occurs is a northwestward-dipping megathrust 

fault or subduction zone. The Aleutian Trench, which 

marks the surface expression of this subduction zone, is 

located on the ocean floor approx~mately 270 miles south 

of the Chakachamna Lake area. The orientiation of the 

subduction zone, which may be subdivided into the mega

thrust and Benioff zone (Woodward-Clyde Consultants, 

1981), is inferred at depth to be along a broad inclined 

band of seismicity that dips northwest from the Aleutian 
Trench. 

The close relationship between the subduction zone and 

the structures within the overlying crust introduces 
important implications regarding the effect of the 

tectonic setting on the Chakachamna Lake Project. The 

subduction zone represents a source of major earthquakes 

near the site. Faults in the overlying crust, which may 

be subsidiary to the subduction zone at depth, are 

sources of local earthquakes and they may present a 
potential hazard for surface fault rupture. This is of 

special concern pecause the Castle Mountain, Bruin Bay, 

and several other smaller faults have been mapped near to 
the Chakachamna Lake Hydroelectric Project area 
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(Detterman and others, 1976; Magoon and others, 1978). 

Future activity on these faults may have a more profound 

affect on the seismic design of the project structures 

than the underlying subduction zone because of their 

closer proximity to proposed project site locations. 

Historic Seismicity 

Regional Seismicity 

Southern Alaska is one of the most seismicially active 

regions in the world. A number of great earthquakes 

(Richter surface wave magnitude Ms 8 or greater) and 

large earthquakes (greater than MS 7) have been recorded 

during historic time. These earthquakes have primarily 

occurred along the interplate boundary between the 

Pacific and North American plates, from the Alaskan 

panhandle to Prince William Sound and along the Kenai and 

Alaska Peninsulas to the Aleutian Islands. Among the 

recorded earthquakes are three great earthquakes that 

occurred in September 1899 near Yakutat Bay, with 

estimated magnitudes Ms of 8.5, 8.4, and 8.1 (Thatcher 

and Plafker, 1977). Ground deformation was extensive and 

vertical offsets ranged up to 47 ft. (Tarr and Martin, 

1912); these are among the largest known displacements 

attributable to earthquakes. Large parts of the plate 

boundary were ruptured by these three earthquakes and by 

twelve others that occurred between 1897 and 1907; these 

included a magnitude Ms 8.1 event on 1 October 1900 

southwest of Kodiak Island (Tarr and Martin, 1912; McCann 

and others, 1980) and a nearby magnitude Ms 8.3 

earthquake on 2 June 1903, near 57° north latitude, 156° 

west longitude (Richter, 1958). 
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5.3.2.2 

A similar series of major earthquakes occurred along the 

plate boundary between 1938 and 1964. Among these 

earthquakes were the 1958 Lituya Bay earthquake (Ms 7.7) 

and the 1972 Sitka earthquake (Ms 7.6), both of which 

occurred along the Fairweather fault system in southeast 

Alaska; and the 1964 Prince William Sound earthquake (Ms 

8.5), which ruptured the plate boundary over a wide area 

from Cordova to southwest of Kodiak Island and which 

produced up to 39 ft. of displacement (Hastie and Savage, 

1970). Figure 5-4 shows the aftershock zones of these 

and other major earthquakes in southern Alaska and the 

Aleutian Islands. The main earthquakes and aftershocks 

are inferred to have ruptured the plate boundary in the 

encircled areas. 

Three zones along the plate boundary which have not 

ruptured in the last 80 years have been identified as 

"seismic gaps" (Sykes, 1971). These zones are located 

near Cape Yakataga, in the vicinity of the Shumagin 

Island, and near the western tip of the Aleutian Chain as 

shown in Figure 5-4. The Yakataga seismic gap is of 

particular interest to the project because of its 

proximity to the site region. The rupture zone of a 

major earthquake filling this gap has the potential to 

extend along the subduction zone to the north and 

northwest of the coastal portion of the gap near Yakataga 

Bay. 

Historic Seismicity of the Project Study Area 

The historic seismicity within 90 miles of the project 

area, approximately centered on the east end of 

Chakachamna Lake, is shown in Figures 5-5, 5-6, and 5-7. 

The earthquake locations are based on the Hypocenter Data 
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File prepared by NOAA (National Oceanic and Atmospheric 
Administration, 1981). The Hypocenter Data File includes 

earthquake data from the u.s. Geological Survey and other 

sources and represents a fairly uniform data set in terms 

of quality and completeness since about 1964. 

Based on Figures 5-5, 5-6, and 5-7 and data available in 

the open literature, the seismicity of the project area 

is primarily associated with four principal sources: the 

subduction zone, which is divided into two segments--the 

Megathrust and Benioff zone (Woodward-Clyde Consultants, 

1981,; Lahr and Stephen, 1981); the crustal or shallow 

seismic zone within the North American Plate; and 
moderate to shallow depth seismicity associated with 

volcanic activity. The seismic sources are briefly 

discussed below in terms of their earthquake potential. 

The Megathrust zone is a major source of seismic activity 

that results primarily from the interplate stress 
accumulation and release along a gently inclined boundary 

between the Pacific and North American plates. This zone 

is the source area of many of the large to great earth

quakes, include the Ms 8.5 1964 Prince William Sound 

earthquake, which ruptured along the inclined plate 

boundary from the eastern Gulf of Alaska to the vicinity 

of Kodiak Island. The maximum magnitude for an 

earthquake event along the Megathrust zone is estimated 

to be Ms 8.5 (Woodward-Clyde Consultants, 1980, 1981). 

The Benioff zone portion of the subduction zone is 

believed to be restricted to the upper part of the 

descending Pacific plate, which lies beneath the North 

American plate in southern Alaska. This zone is the 
source of smaller magnitude and more continuous 
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earthquake activity relative to the Megathrust zone. No 

earthquakes larger than about Ms 7.5 are known to occur 

alony the Benioff zone and therefore, a maximum magnitude 
earthquake cf Ms 7.5 is estimated for th5s zone 

(Woodward-Clyde Consultants, 1981). 

The primary source of earthquakes in the crustal or 

shallow seismic zone is movement along faults or other 

structures due to the adjustment of stresses in the 

crust. As shown in Figure 5-7, the historic seismicity 

of the cr,~stal zone withiT'l 8. larrH; rr:trt of the ;_)tOj':O'ct

study area is low. The data base used to compile the 

historic seismicity of the crustal zone for this study 

has no re~orded earthquakes i~ the viciT'lity of 

Chakachamna Lake. 

The majority of the recorded earthquakes shown in Figure 

5-7 are located along the eastern and southern margins of 

the project study. area. Most of these events have not 

been correlated or associated with any known crustal 

structures, with the possible exception of one event that 

is associated with the castle Mountain fault. As 

discussed in Section 5.3.3.3, the Castle Mountain fault 

is one of the two major faults present in the project 

study area. It passes within a mile or less of the 
proposed project facilities in the McArthur River 

drainage and within 11 miles ?f the proposed facilities 

at Chakachamna Lake. Evidence for displacment of 

Holocene deposits has been reported in the Susitna 

lowlands, in the vicinity of the Susitna River (Detterman 

and others, 1976a). Although a number of recorded 

earthquakes are located along the trend of the castle 
Mountain fault (Figure 5-7), only one event, an Ms 7 

earthquake in 1933, has been associated with the fault 
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(Woodward-Clyde Consultants, 1980b) .. A maximum magnitude 
earthqua~e of Ms 7.5 has been estimated for the Castl~ 

Mountain fault (Woodward-Clyde Consultants, 1981). 

Further studies are needed to assess the possible 

association of other historic earthquakes shown in Figure 

5-7 with candidate significant features identified in the 

fault investigation phase of the project study. 

Because of the proximity of the project site to active 

volcanoes of the Aleutian Islands-Alaska Pehinsula 

volcanic chain, including Mt. Spurr which is located 

immediately northeast of the Chakachamna Lake, volcanic

induced earthquakes are considered a potential seismic 

source. Active volcanism can produce small-to-moderate 

magnitude earthquakes at mqderate-to-shallow depths due 

to the movement of magma or local adjustments of the 
earth's crust. 

Occasionally, severe volcanic activity such as phreatic 

explosions or explosive caldera collapses may be 
accompanied by significant earthquake events. Because 

such large volcanic events are rare, there is little data 

from which to estimate earthquake magnitudes that may be 

associated with them. However, because of the 

similarities in characteristics of the Mount St. Helens 

volcano to those of the Aleutian chain (including Mt. 

Spurr), it is reasonable to assume that earthquakes 

associated with the recent Mount st. Helens eruption of 

May 1980 may also occur during future volcanic activity 

of Mt. Spurr and others in the Aleutian chain. The 

largest earthquake associated with the Mount St. Helens 

explosive eruption that occurred on 18 May 1980 had a 
magnitude of 5.0. Numerous smaller earthquakes with 
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5.3.3 

5.3.3.1 

magni~udes ranging from 3 to 4 were recorded during the 

period preceding the violent rupture of Mount St. Helens 

(U.S. Geological survey, 1980). 

As part of a volcanic hazard monitoring program, the u.s. 

Geological survey has been operating several seismograph 

stations in the vicinity of Mt. Spurr to assess its 
activity. Data acquired by these stations are not 

presently available but will be released in 1982 as an 

Open-File Report (Lahr, J. c., personal communication, 

1981). 

Fault Investigation 

Approach 

The objectives of the Chakachamna Lake Hydroelectric 

Project seismic geology task are: 

(1) to identify and evaluate significant faults within 

the project study area that may represent a 

potential surface rupture hazard to project 

facilities and 

(2) to make a preliminary evaluation of the ground 

motions (ground shaking) to which proposed project 

facilities may be subjected during earthquakes. In 

order to meet the specific task objectives and to 

provide a general assessment of the seismic hazards 

in the project area, the seismic geology study was 

designed and conducted in a series of sequential 

phases (Figure 5-8). 
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5.3.3.2 Work to Date 

The study phases reported here include review of 

available literature, analysis of remotely sensed data, 

aerial field recpnnaissance, and acquisition of low-sun

angle aerial photographs. 

Information of a geologic, geomorphic, and seismologic 

nature available in the open literature was evaluated to 

identify previously reported faults and lineaments that 

may be fault related within the pr~ject study area. 
Geologists presently working in the area or familiar with 

the study area were also contacted. The locations of all 

faults and lineaments derived from the literature review 

and discussions with other geologists were plotted on 

1:250,000-scale topographic maps. 

Lineaments interpreted to be fault related were also 

derived from the analysis of high-altitude color-infrared 
(CIR) aerial photographs (scale 1:60,000) and Landsat 
imagery (scale 1:250,000) of the study area outlined by 

the 30-mile diameter circle on Figure 5-9. These 

lineaments were initially plotted (with brief annotation) 

on clear mylar overlays attached to the photographs and 

images on which they were observed. The lineaments were 

then transferred and plotted on the 1:250,000-scale 

topographic maps. The faults and lineaments identified 

from the review of the available literature and 

interpretation of CIR photographs and landsat imagery 

comprise a preliminary inventory of faults and lineaments 

within.the study area. 

The faults and lineaments in the preliminary inventory 

were then screened on the basis of a one-third length 
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length-distance criterion to select those faults and 

lineaments within the study area that potentially could 

produce surface rupture at sites proposed for 

facilities. The length-distance criterion speGifies a 

minimum length for a fault or lineament and a minimum 

distance from the project site for a fault or lineament 

to be retained for further study. For example, a fault 

or lineament that trends toward the project site and has 

an observed length of 10 miles would be selected for 

further study if it was less than 30 miles from the 

project site. A fault or lineament with the same trend 

and same length, but at a distance of greater than 30 

miles from the project site would not be selected for 

further study. 

The one-third ler~th-distance criterion used is based on 

the empirical data that suggest that fault rupture rarely 

occurs along the full length of a fault (except for very 

short faults) during an earthquake (Slemmons, 1977, 

1980). The length-distance criterion also takes into 

account 

(1) the possibility of surface rupture within or near to 

the project site occurring on faults that may be 

identified only in areas remote from the project 

site, but which in actuality may extend undetected 

to the project site, and 

(2) the fact that at greater distances from the project 

site, only longer faults would have the potential of 

producing rupture at the site. 

Regional faults in southern Alaska that are known or 

inferred to be active but are distant from the project 
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study area were not evaluated for surface rupture 

potential. These faults, because of their activity, were 

considered to be potential seismic sources and therefore 

were evaluated in terms of their potential for causing 

significant ground motions at the project site. 

The faults and lineaments selected for further st~dy on 

the basis of the length-distance criterion or because 

they appeared to be potential sources of significant 

ground shaking wer~ transferred to 1:63,360-scale 

topographic maps for use during the aerial reconnaissance 

phase. During the aerial reconnaissance, the faults were 

examined for evidence (geologic features, and geomorphic 

expression) that would suggest whether or not youthful 

activity has occurred. The lineaments were examined to 

r
t 

r 
l 

[ 

L 
assess: ( · 

(1) whether they are or are not faults, and 

(2) if they are not faults, what is their origin. For 

those lineaments that were interpreted to be faults 

or fault-related, further examination was made to 

look for evidence that would be suggestive of 

youthful activity. 

After the aerial reconnaissance evaluation of the faults 

and lineaments, each feature was classified into one of 

three categories: 

(1) a candidate significant feature; 

(2) a non-significant feature; or 

(3) an indeterminate feature. 
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candidate significant features are those that at some 

point· along their length, exhibit geologic morphologic, 
or vegetational expressions and characteristics that 

provide a strong suggestion of youthful fault activity. 

Non-significant features are those, which on the basis of 

the aerial reconnaissance, apparently do not possess 

geologic, morphologic, or vegetational characteristics 

and/or expressions suggestive of youthful fault activity; 

it was possible to identify non-fault-related origins for 

many features in this category. Indeterminate features 

are those lineaments that posses some ~eo1ogic, 

morphologic, or vegetational characteristics or 

expressions that suggest the lineament may be a fault or 

fault-related feature with the possibility of youthful 

activity, but for which the evidence is not now 

compelling. 

Candidate Significant Features 

The candidate significant and indeterminate features 

identified during the first four phases of this task will 

require further study in order to evaluate their 

potential hazard to the proposed project facilities. 

These features occur in three principal areas, which are 

designated Areas A, B, and C (Figure 5-9) and are 

discussed in the following sections. The features 

presented in each area are discussed in terms of their 

proximity and orientation with respect to the nearest 

proposed project facility, previous mapping or published 

studies in which they have been identified, their 

expression on CIR photographs, and observations made 

during the aerial reconnaissance phase of the study. 
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Area A 

Area A is bounded by Mt. Spurr and the Chakachatna River 

and Chakachamna Lake and Capps Glacier (Figure 5-9). 

Four candidate significant features, SU 56 and CU 50, CU 

52 and SU 150, are located within this area. 

Feature CU 50 is a curvilinear fault that trends roughly 

east-west and extends from the mouth of the Nagishlamina 

River to Alice Glacier, a distance of about 5 miles. The 

western end of the feature is approximately 2 miles north 

of the lake outlet. CU 50 was initially identified on 

CIR photographs and is characterized by the alignment of: 

(1) linear slope breaks and steps on ridges that project 

southward from Mt. Spurr, east of Barrier Glacier, 

with 

(2) a linear drainage and depression across highly 

weathered granitic rocks west of Barrier Glacier. 

During the aerial reconnaissance, disturbed bedded 

volcanic flows and tuffs were observed on the sides of 

canyons where crossed by the feature east of Barrier 

Glacier. These volcanic rocks are mapped as primarily 

being of Tertiary age, but locally may be of Quaternary 

age (Magoon and others, 1976). The possibility of the 

disturbed volcanic rocks being of Quaternary age suggests 

that CU 50 may be a youthful fault. The dense vegetation 

west of Barrier Glacier prohibited close examination of 

the fault in the granitic terrain. 

CU 50 is classified as a candidate significant feature on 

the basis of its close proximity to proposed project 
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facility sites and because it appears to displace 

volcanic rocks that may be Quaternary in age. 

Feature cu 52 is a composite feature that consists of a 

fault mapped by Barnes {1966) and prominent morphological 

features observed on CIR photographs. The feature tends 

N63°E and extends along the mountain front from Capps 

Glacier to Crater Peak Glacier, a distance of about 7.5 

miles {Figure 5-9). The southwestern end of this feature 

is approximately 8 miles from the outlet of Chakachamna 

Lake. Along the northeastern portion of CU 52, from 

Capps Glacier to Brogan Glacier, the feature is defined 

by a fault that separates Tertiary granitic rocks from 

sedimentary rocks of the Tertiary West Foreland formation 

{Magoon and others, 1976). The southwestern segment, 

from Brogan Glacier to the Crater Peak Glacier, which 

extends the mapped fault a distance of 3 miles, was 

identified on the basis of aligned linear breaks in 

slope, drainages, and lithologic contrasts. During the 

field reconnaissance, a displaced volcanic flow was 

observed at the southwest end of the feature. Over most 

of its length, the fault was observed to be primarily 

exposed in bedrock terrain; youthful lateral moraines 

crossed by the fault did not appear to be affected. 

This fault is considered to be a candidate significant 

feature because of its prominent expression in the 

Tertiary sedimentary and volcanic rocks crossed by the 

fault and because of its close proximity to the proposed 

project facilities. In addition, the fault may extend 

farther to the west along the mountain front than was 

observed on the CIR photographs or during the brief 

reconnaissance. If such is the case, it may connect with 

feature CU 50. 
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Feature SU 56 consists of two segments, a fault and a 

lineament. The combined feature trends N78°E and can be 

traced from the toe of Barrier Glacier to the edge of the 

mesa like area between the Chakachatna River and Capps 

Glacier, a distance of about 11 miles (Figure 5-9). The 

western extent of the fault segment is unknown, but if 

the lineament segment, defined by a linear depression 

across the toe of Barrier Glacier is associated with the 

fault, it may extend into and along the south side of 

Chakachamna Lake, very near the proposed lake tap. 

SU 56 was recognized on the CIR photographs on the basis 

of the alignment of morphologic and vegetation features: 

a linear depression across the piedmont lobe of Barrier 

Glacier; a narrow linear vegetation alignment across the 

alluvial fan east of and adjacent to Barrier Glacier; 

small subtle scarps between Alice and Crater Peak 

Glaciers: and a prominent scarp and possibly a displaced 

volcanic flow between Crater Peak and Brogan Glaciers. 

During the field reconnaissanc~, all of the character

istics observed on the CIR photographs could be 

recognized with the exception of the vegetation alignment 

east of Barrier Glacier. At two locations along the 

feature, between Alice and Brogan Glaciers, displaced 

volcanic flows and tuffs were observed. At both 

localities the sense of displacement was down on the 

south side relative to the north side. The amount of 

displacement could not be measured due to the rugged 

terrain at the two locations. At the eastern end of the 

fault, near Brogan Glacier, the fault is on trend and 

appears to connect with one of seven faults observed in 

ridges along the eastside of Brogan Glacier where Barnes 

(1966) mapped two prominent bedrock faults. 
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Feature SU 56 is classified as a candidate significant. 

feature because: 

(1) it displaces volcanic rocks that may be of 

Quaternary age; 

(2) the linear depression across the toe of Barrier 

Glacier is on trend with the fault; and 

(3) the westward projection of the feature would pass 

very close to the proposed project facilities along 

the south side of Chakachamna Lake. 

Feature SU 150 is composed of a series of parallel 

west-to-northwest-trending faults mapped by Barnes 

(1966). These faults are located on the Sou~hwest side 

of the mesa-like area between Brogan and Capps Glacier, 

approximately 12 miles east of the outlet of Chakachamna 

Lake (Figure 5-9). These faults are exposed east of 

Brogan Glacier along a nearly vertical canyon wall that 

is deeply eroded into Tertiary sedimentary rocks mapped 

as the West Foreland formation (Magoon and others, 1976). 

During the aerial reconnaissance, five additonal faults 

were observed along the wall of the canyon, south of the 

two faults mapped by Barnes (1966). Displacement on 

these faults, as well as on the two mapped by Barnes 

(1966), appears to be on the order of a few feet to a few 

tens of feet, with the south side up relative to the 

north side. An exception to this is the southernmost 

fault, on which the displacement appears to be relatively 

up on the north side. During the aerial reconnaissance, 

the faults could not be traced for any appreciable 

distance beyond their approximate length of 2 miles 
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mapped by Barnes (1966). The southernmost fault, which 

is on trend with Feature SU 56, is probably an extension 

of that feature. 

The series of faults associated with Feature SU 150 are 

included in this report as candidate significant features 
because of the probable connection of the southernmost 

fault in the series with Feature SU 56, which consists of 

morphologic features that are suggestive of youthful 
fault activity. 

Area B 

Area B includes the Castle Mountain fault and several 

parallel lineaments (SU 49, SU 84, and CU 56, Figure 

5-9). The Castle Mountain fault is one of the major 

regional faults in southern Alaska. It trends northeast

southwest and extends from the Copper River basin to the 

Lake Clark are~, a distance of approximately 310 miles 
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(Beikman, 1980). The Castle Mountain fault crosses the [' 

mouth of the McArthur River Canyon near Blockade 

Glacier. The Castle Mountain fault is reported to be an 

oblique right-lateral fault with the north side up 

relative to the south side (Grantz, 1966; Detterman and 

others, 1974, 1976a, b). 

The Castle Mountain fault is a prominent feature for most 

of its mapped length. The segment northeast of the 

Susitna River is defined by a series of linear scarps and 

prominent vegetation alignments in the Susitna Lowlands 

and lithologic contrast in the Talkeetna Mountains 

(Woodward-Clyde Consultants, 1980; Detterman and others, 

1974, 1976a). Between the Susitna and Chakachatna 

Rivers, the fault is less prominent but is marked by a 
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series of slope breaks, scarps, sag ponds, lithologic 

contrasts, and locally steeply dipping, sheared 

sedimentary rocks that are generally flat to gently 

dipping away from the fault (Schmoll and others, 1981; 

Barnes, 1966). Southwest of the Chakachatna River, 

toward the Lake Clark_area, the Castle Mountain fault is 

well qefined and expressed by the alignment of slope 

breaks, saddles, benches, lithologic contrasts between 

plutonic and sedimentary rocks, shear zones, and a 

prominent topographic trench through the Alaska-Aleutian 

Range Batholith (Detterman and others, 1976b). 

Displacement on the Castle Mountain fault has been 

occurring since about the end of Mesozoic time (Grantz, 

1966). The maximum amount of vertical displacement is 

about 1.9 miles or more (Kelley 1963; Grantz, 1966). The 

maximum amount of right-lateral displacement is estimated 

by Grantz (1966) to have been several tens of miles along 

the eastern traces of the fault. Detterman and others 

(1967 a,b) cited 10 miles as the total amount of right

lateral displacment that has occurred along the eastern 

portion of the fault and about 3 miles as the maximum 

amount of right-lateral displacement that has occurred 

along the western portion, in the Lake Clark area. 

Evidence of Holocene displacement has only been observed 

and documented along a portion of the Castle Mountain 

fault in the Susitna Lowland (Detterman and others, 1974, 

1976a). During their investigation, Detterman and others 

(1974) found evidence suggesting that 7.5 ft. of dip-slip 

movement has occurred within the last 225 to 1,700 

years. The amount of horizontal displacement related to 

this event is not known. However, Detterman and others 
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(1974) cited 23 ft. of apparent right-lateral displace

ment of a sand ridge cro~sed by the fault. Bruhn (1979), 

based on two trench excavations, reported 3.0 to 3.6 ft. 

of dip-slip displacement, with the north side up relative 

to the south side, along predominately steeply south

dipping fault traces. He also reported 7.9 ft. of 

right-lateral displacement of a river terrace near one of 

the trench locations. 

On the CIR photographs, the Castle Mountain fault is 

readily recogpizable on the basis of the alignment of 

linear morphologic and vegetation features. The most 

notable features were observed in areas where bedrock is 

exposed at the surface and include: the prominent slope 

break that occurs along the southside of Mount Susitna 

and Lone Ridge; the prominent bench across the end of the 

Chigmit Mountains, between the McArthur and Chakachatna 

Rivers; and the alignment of glacial valleys in the 

Alaska Range, one of which is occupied by Blockade 

Glacier. In areas covered by glacial deposits, the 

expression of the Castle Mountain is more subtle and is 

dominantly an alignment of linear drainages, depressions, 

elongated mounds, and vegetation contrasts and alignments. 

Based on interpretation of the CIR photographs and aerial 

reconnaissance observations, three lineaments (SU 49 and 

portions of su 84 and CU 56) are believed to be traces or 

splays of the Castle Mountain fault. Lineament SU 49 is 

approximately 4 miles long, trends northeast, and is on 

line with the segment of the fault mapped between Lone 

Ridge and Mount Susitna (Figure 5-9). SU 49 was 

identified on the basis of the alignment of linear 

drainages and saddles on a southeast-trending ridge with 

a vegetation contrast in the Chakachatna River flood 

5-88 

l ' 

( 
L 

r 
l 



r~ 

r~ 

L 
L 
L 
r 
L 
L 
{ 
L 

plain and by a possible right-lateral affect or the east 

facing escarpment along the west side of the Chakachatna 

River. 

Lineament SU 84 partially coincides with the mapped trace 

of the Castle Mountain fault southwest of Lone Ridge. At 

the Chuitna River, the mapped trace of the Castle 

Mountain fault bends slightly to the north (Figure 5-9) 

whereas lineament SU 84 continues in a more southwesterly 

direction. Features along SU 84 that make it suspect are 

the alignment of an elongate mound on trend with steeply 

dipping sedimentary rocks exposed along the banks of the 

Chuitna River and the eroded reentrant along the high 

bluff on the northeast side of the Chakachatna River 

(Nikolai escarpment). 

Lineament CU 56 is located east of Lone Ridge; it trends 

N70°E, is 7 miles long, and is an echelon to the mapped 

trend of the Castle Mountain fault. CU 56 was identified 

on the CIR photographs on the basis of the alignment of 

linear drainages and depressions and vegetation contrasts 

and alignments. Duririg the aerial reconnaissance, a 

broad zone of deformed sedimentary rocks was observed on 

the location where CU 56 crosses the Beluga River. This 

locality coincides with a zone of steeply dipping 

sedimentary rocks mapped by Barnes (1966). 

Area C 

Area C is located south to southeast of the proposed 

project facilities sites, along the southeastern side of 

the Chigmit Mountains between the North Fork Big River 

and McArthur River (Figure 5-9). Three prominent north

east trending parallel features, SU 16, SU 22, and SU 23, 
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are located in this area. SU 16 is an inferred fault 

that transverses both granitic bedrock and glacial 

deposits. su 22 and SU 23 are primarily confined to the 

granitic bedrock terrain. 

Feature SU 16 is the longest of the three northeast

southwest trending features located in ARea C. This 

feature extends from approximately the intersection of 

the McArthur and Kustatan Rivers southwestward across a 

broad bench and along the northeast trending segment of 

the North Fork Big River, a distance of about 25 miles 

(Fiyure 5-9). SU 16 may extend even farther to the west 

if it follows a very linear glacial valley that is 

aliyned with the northeast trending segment of the North 

Fork Big River. The northern end of SU 16 approaches to 

within 10 miles of the proposed project facilities in 

McArthur RiYer area. 

SU 16 was identified on the CIR.photographs and aerial 

reconnaissance on the basis of the alignment of elongate 

low hills, linear depressions, vegetation contrasts, 

prominent slope breaks, and a lithologic contrast that 

form the broad bench like area between the North Fork Big 

River and Kustatan Rivers. The southwestern segment of 

the feature is defined by the alignment of a linear 

portion of the North Fork Big River and a linear glacial 

valley north of Double Peak. Duriny the aerial 

reconnaissance, no distinctive evidence, such as 

displaced lithologic units or bedding or scarps, was 

observed to confirm that SU 16 is actually a fault. 

Nonetheless, morphologic features that were observed 

suggest that SU 16 is a fault and that it may be a 

youthful fault. 
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SU 16 is included in this report as a candidate 

significant fault because the morphologic features 

observed on the CIR photographs and during the aerial 

reconnaissance strongly suggest that it is a fault and 

may be a youthful fault. 

Features SU 22 and SU 23 (Figure 5-~) are both northeast 

trending linear to curvilinear faults that parallel one 

another at a distance of about one mile. Feature SU 22 

can be traced from about the McArthur River southwestward 

to Black Peak, a distance of about 16 miles. Feature SU 

23 is approximately 8 miles in length and extends from 

Blacksand Creek southwestward to the north Fork Big River 

area. The northeastern ends of the two features (SU 22 

and SU 23) approach to within 8 miles of proposed project 

facility sites in the McArthur River area. Both features 

were recognized on CIR photographs and are defined by the 

alignment of prominent linear troughs that are partially 

occupied by small lakes and ponds, scarps, slope breaks, 

benches, and saddles. 

During the aerial reconnaissance, the two features could 

be readily traced across bedrock terrain (mapped as 

Jurassic to Cretaceous-Tertiary granitic rock; Magoon and 

others, 1976) on the basis of their morphologic 

features. Slicken-sided and polished surfaces were 

observed at several of the scarps and slope break 

localities examined; sheared zones were also observed 

during the reconnaissance. The southwestern portions of 

both features are located in very rugged terrain and are 

poorly defined due to the highly jointed granitic rocks 

that are present along this segment. 
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At the northern end, in the vicinity of Blacksand Creek, 

SU 23 appears to splay out with one trace trending tow~rd 

SU 22 and one trace trending toward SU 16 (Figure 5-9). 

SU 22 also appears to die out in the vicinity of 

Blacksand Creek, although there was a subtle tonal 

alignment observed on the CIR photographs on the north 

side of the creek that suggests it may extend across 

Blacksand Creek toward the McArthur River. 

SU 22 and SU 23 are included as candidate significant 

features because their prominent expression.suggests that 

they are major structures and that they may be associated 

with SU 16 which is considered a fault with possible 

youthful activity. 

Area D 

Area D (Figure 5-9) includes the Bruin Bay fault, which 

is one of the major regional faults in south~rn Alaska. 

The Bruin Bay fault is a northeast-trending, moderate-to

steeply-northwest-dipping reverse fault that extends 

along the northwest side of the Cook Inlet from near 

Mount Susitna to Bechalaf Lake, a distance of about 320 

miles (Detterman and others, 1976b). The fault 

approaches as close as approximately 30 miles south to 

southwest of the proposed project facilities at 

Chakachamna Lake and approximately 20 miles of the 

project facilities in the McArthur River. 

The northern. segment of the Bruin Bay fault, from about 

the Drift River area to Mount susitna, is projected 

beneath surficial deposits from its last bedrock exposure 

north of Katchin Creek. The projection is based on a 

prominent linear depression across Kustatian Ridge, 
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alignment of linear lakes and ·depressions in the lowland 

area west and north of Tyonek, and highly disturbed and 

faulted Tertiary sedimentary rocks along the Chuitna and 

Beluga River (Detterman and others, 1976b; MagQon and 

others, 1976; Schmoll and others, 1981). To the south of 

Katchin Creek, where the fault is exposed in bedrock 

areas, the trace of the fault is commonly marked by a 

zone of crushed rock a few to several hundred meters wide 

and saddles or notches (Detterman and others, 1976b). 

The sense of displacement along the fault is reverse with 

the north side up relative to the south side (Magoon and 

others, 1976; Detterman and others, 1976b). Detterman 

and Hartsock (1966) reported left-lateral displacement of 

6 miles or less has occurred along the fault in the 

Iniskin-Tuxedni region, southwest of the study area. The 

youngest unit reported displaced by the Bruin Bay fault 

is the Tertiary sedimentary Beluga formation (Magoon and 

others, 1976). No displacement of Holocene surficial 

deposits between Katchin Creek and the probable junction 

of the fault with Castle Mountain fault near Mt. susitna 

has been observed or documented (Detterman and others 

1976b; Detterman, personal communication, 1981). 

During the analysis of the CIR photographs, several 

subtle to prominent discontinuous lineaments were 

identified along the projected trend of the Bruin Bay 

fault across the McArthur and Chakachatna River flood 

plains near the Cook Inlet, and along the lowland area 

west of Tyonek. The lineaments were examined during the 

aerial reconnaissance and no displacement or disturbed 

Holocene deposits were observed. Several of the 

lineaments, however, did coincide with disturbed or 

faulted sedimentary rocks of the Beluga formation exposed 
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along the Chuitna and Beluga .Rivers. Further work is 

needed to assess whether the glacial and/or fluvial 

deposits overlying the sedimentary bedrock have been 

faulted or disturbed. 

Although no evidence has been observed or reported that 

would indicate youthful fault activity along the Bruin 

Bay fault, several of the lineaments observed on the CIR 

photographs are suggestive of youthful fault activity. 

On the basis of the lineaments along the projected trace 

of the Bruin Bay fault, and the fact that the fault is 

suspected to intersect with the Castle Mountain fault, 

the Bruin Bay fault is considered for this report to be a 

candidate significant feature. 

Implications with Respect to the Proposed Hydroelectric 

Project 

Based on the results of the work to date a preliminary 

assessment can be made regarding the potential surface 

faulting hazards and seismic sources of ground motion 

(shaking) with respect to the proposed project site. 

(1) Within the study area, faults and lineaments in four 

areas have been identified for further evaluation in 

order to assess and better understand their 

potential effect on project considerations. For 

example, if feature SU 56 is an active fault, its 

trend is toward the area proposed for the lake tap 

and the extent and activity of this feature clearly 

require evaluation. 

prove to be capable 

both ground shaking 

project area. 

Several of these features may 

of producing earthquakes, thus 

and surface rupture in the 
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(i) The Castle Mountain fault is located along the 

southeast side of the Chigmit Mountains at the mouth 

of McArthur Canyon. Although no displacements of 

Holocene deposits have been observed or reported for -

the segment of the Castle Mountain fault between the 

Susitna River and the Lake Clark area, the fault is 

considered an active fault on the basis of the 

reported displacement of Holocene deposits east of 

the project area in the vicinity of the Susitna 

River. 

(3) Based on a review of the available literature and 

detailed studies conducted for major projects in 

southern Alaska there are three potential seismic 

sources that may have an effect on the project 

site. These include: the subduction zone, which 

consists of the Megathrust and Benioff zone; crustal 

seismic zone; and severe volcanic activity. The 

Castle Mountain fault (crustal seismic source) and 

the Megathrust segment of the subduction zone are 

expected to be the most critical to the project with 

respect to levels of peak ground acceleration, 

duration of strong shaking, and development of 

response spectra. (see Section 7.4). 

References 

Barnes, F. F., 1966, Geology and coal resources of the 

Beluga-Yentna Region, Alaska: u.s. Geological Survey 

Bulletin 1202-C, 54 p. 

Beikman, H. M., compiler, 1974, Preliminary geologic map 

of the southeast quadrant of Alaska: U.S. Geological 

5-95 



~-~ 

I 
survey Miscellaneous Field Studies Map MF-612, scale 

1:1,000,000. l 
Beikman, H. M., compiler, 1980, Geologic map of Alaska: r~ 

u.s. Geological Survey, scale 1:2,500,000. 

Bruhn, R. L., 1979, Holocene displacement measured by 

trenching the Castle Mountain fault near Houston, 

Alaska: Alaska Division of Geological and Geophysical 

surveys, Geological Report 61, 4 p. 

Bureau of Reclamation, Chakachamna Project Alaska -

Status report March, 1962: Bureau of Reclamation, Alaska 

District Office, Juneau, Alaska, unpublished report, 21 p. 

Capps, s. R., 1935, The southern Alaska Range: u.s. 

Geological Survey Bulletin 862, 101 p. 

Detterman, R. L., and Hartsock, J. K., 1966, Geology of 

the Iniskin-Tuxedni Region, Alaska: u.s. Geological 

Survey Professional Paper 512, 78 p. 

Detterman, R. L., Plafker, G. Hudson T., Tysdal, R. G., 

and Pavoni, N. 1974, Surface geology and Holocene breaks 

along the Susitna segment of the Castle Mountain fault, 

Alaska: u.s. Geological survey Miscellaneous Field 

Studies Map MF-618, scale 1:24,000. 

Detterman, R. L., Plafker, G., Tysdal, R. G., and Hudson, 

T., 1976a, Geology and surface features along part of the 

Talkeetna segment of the castle Mountain-Caribou fault 

system, Alaska: u.s. Geological Survey Miscellaneous 

Field Studies Map MF-738, scale 1:63,360. 

5-96 

,-
1._-

r
L 

l 
L 
L 



Detterman, R. L., Hudson, T., Plafker, G., Tysdal, R. G., 

and Hoare, J. M., 1976b, Reconnaissance geologic map 

along the Bruin Bay and Lake Clark faults in Kenai and 

Tyonek quadrangles, Alaska: u. s. Geological Survey 

Open-File Report 76-477, 4 p., scale 1:250,000. 

Giles, G. c., 1967, Barrier Glacier investigations and 

observations in connection with waterpower studies: u.s. 

Geological Survey, unpublished report, 61 p. 

Grantz, Arthur, 1966, Strike-slip faults in Alaska: 

U.S. Geological survey Open-File Report, 82 p. 

Hastie, L. M., and Savage, J. c., 1970, A dislocation 

model for the Alaska earthquake: Bulletin of the 

Seismological Society of America, v. 60, p. 1389-1392. 

Hunt, c. B., 1967, Physiography of the United States: w. 
H. Freeman and Co., San Francisco, 480 p. 

Jackson, B. L., 1961, Potential waterpower of Lake 

Chakachamna, Alaska: U. s. Geological Survey Open-File 

Report, 20 p. 

Johnson, A., 1950, Report on reconnaissance of Lake 

Chakachamna (sic), Alaska: U. S. Geological Survey Open

File Report, 8 p. plus plates. 

Juhle, w., and Coulter, H., 1955, The Mt. Spurr eruption, 

July 9, 1953: Transactions, American Geophysical Union, 

v. 36, no. 2, p. 199-202. 

Karlstrom, T.v., 1964, Quaternary geology of the Kenai 

lowland and glacial history of the Cook Inlet region, 

5-97 



Alaska: u. s. Geological Survey Professional Paper 443, 

69 p. 

Karlstrom, T. v., Coulter, H. w., Jernald, A. T., 

Williams, J. R., Hopkins, D. M., Drewes, H., Huller, E. 

H., and Candon, w. H., 1964, Surficial Geology of 

Alaska: U. s. Geological Survey Miscellaneous Geologic 

Investigation Map I-557, scale 1:1,584,000. 

Kelley, T. E., 1963, Geology and hydrocarbons in Cook 

Inlet Basin, Alaska, in Childs, D. E., and Beebe, B. w., 
eds., Backbone of the Americas Symposium: American 

Association of Petroleum Geologists Memoir 2, ~· 278-296. 

Lahr, J. c., and Stephens, c. D., 1981, Review of 

earthquake activity and current status of seismic 

monitoring in the region of the Bradley Lake 

Hydroelectric Project: U. s. Geologica Survey Report, 

prepared for the Department of the Army, Alaska District, 

Corps of Engineers, 21 p. 

Lamke, R. D., 1972, Floods of the summer of 1971 in 

southcentral Alaska: U. s. Geological Survey, Water 

Resources Division, Alaska District, Open-File Report, p. 

30-31. 

Magoon, L. B., Adkison, w. L., and Egbert, R. M., 1976, 

Map showing geology, Wildcat Wells, Tertiary plant fossil 

. localities, K-Ar age dates, and petroleum operations, 

Cook Inlet area, Alaska: u. s. Geological Survey Map 

I-1019, scale 1:250,000. 

McCann, w. R., Per~z, o. J., and Sykes, L. R., 1980, 

Yakataga Gap, Alaska: Seismic history and earthquake 

potential: Science, v. 207, p. 1309-1314. 

5-98 

L 
r 
l_ 



Miller, R. D., and Dobrovolny, E~, 1959, Surficial 

geology of Anchorage and vicinity, Alaska: U. s. 
Geological Survey Bulletin 1093, 128 p. 

National Oceanic and Atmospheric Administration, 1981, 

Hypocenter Data File Period of Coverage 1929 to 1980: 

Environmental Data Services, Boulder, Colorado. 

Pewe, T. L. Hopkins, D. M., and Giddings, J. L., 1965, 

The Quaternary geology and archeology of Alaska: in 

Wright, H. E. and Frey, D. G., eds., The Quaternary of 

the United States, Princeton University Press, Princeton, 

p. 355-374. 

Pewe, T. L., 1975, Quaternary geology of Alaska: u.s. 
Geological Survey Professional Paper 835, 145 p. 

Plafker, G., 1969, Tectonics of the March 27, 1964, 

Alaska Earthquakes: u. s. Geological Survey Professional 

Paper 543-I, 74 p. 

Porter, s. c., and Denton, G. H., 1967, Chronology of 

Neoglaciation in the North American cordillera: American 

Journal of Science, v. 265, p. 177-210. 

Post, A., 1969, Distribution of surging glaciers in 

western North America: Journal of Glaciology, v. 8, no. 

53, p. 229-240. 

Post, A., and Mayo, L. R., 1971, Glacier dammed lakes and 

outburst floods in Alaska: U. s. Geological Survey 

Hydrologic Investigations Atlas HA-455. 

5-99 



Richter, C. F., 1958, Elementary seismology: San 

Francisco, Freeman Press, 768 p. 

Schmoll, H. R., Szabo, B. J., Rubin, M., and Dobrovolny, 

E., 1972, Radiometric dating of marine shells from the 

Bootlegger Cove clay, Anchorage area, Alaska: Bulletin, 

Geological Society of America, v. 83, p. 1107-1114. 

Schmoll, H. R., Yehle, L. A., Gardner, C. A., 1981, 

Preliminary geologic map of the Congahbuna area, Cook 

Inlet Region, Alaska: U. s. Geological Survey Open-File 

Report 81-429, 8 p. 

Schmoll, H. R., Pasch, A. D., Chleborad, A. F., Yehle, L. 

A., and Gardner, c. A., in press, Reconnaissance 

engineering geology of the Beluga Coal resources area, 

south-central Alaska, in Rao, P. D., ed., Focus on 

Alaska's Coal '80, Conference, Fairbanks, Alaska, 

Proceedings: Fairbanks, University of Alaska, School of 

Mineral Industry MIRL Report No. 47. 

Slemmons, D. B., 1977, State-of-the-art for assessing 

earthquake hazards in the United States; Part 6: Faults 

and earthquake magnitude with Appendix on geomorphic 

features of active fault zones: u. s. Army Engineering 

Waterways Experiment Station, Vicksburg, Contract No. 

DACW 39-C-0009, 120 p. 

Slemmons, D. B., 1980, Letter toR. E. Jackson, Nuclear 

Regulatory Commission, dated 5 November 1980 and errata, 

dated 4 December 1980, in San Onofre Nuclear Generating 

Stations Units 2 and 3, Safety Evaluation Report, 

NUREG-0712, Appendix E, p. El-E28. 

5-100 

~~ 

[ 

f . 
L 

l 
L 
l 



rl 
I 

! 
1-. 

r 
L; 

L 
L 
L 

Sykes, L. R., 1971, Aftershock zones of great earth

quakes, seismicity gaps, and earthquake prediction for 

Alaska and the Aleutians: Journal of Geophysical 

Research, v. 76, p. 8021-8041. 

Tarr, R. s., and Martin, L., 1912, The earthquakes at 

Yakutat Bay, Alaska in September 1899: U. s. Geological 

Survey Professional Paper ·69, 135 p. 

TenBrink, N. w., and Ritter, D. F., 1980, Glacial 

chronology of the north-central Alaska Range and 

implications for discovery of early man sites: 

Geological Society of America, Abstracts with Programs, 

1980, p. 534. 

TenBrink, N. w., and Waythomas, c. F., in preparation, 

Late Wisconsin glacial chronology of the north-central 

Alaska Range - a regional synthesis and its implications 

for early man settlements. 

Thatcher, w., and Plafker, G., 1977, 1899 Yakutat Bay, 

Alaska Earthquakes: Seismograms and Crustal Deformation 

(Abs.): Geological Society of America Abstracts with 

Programs, v. 9, p~ 515. 

Trainer, F. w., and Waller, R. M., 1965, Subsurface 

stratigraphy of glacial drift at Anchorage, Alaska: U. s. 

Geological survey Professional Paper 525-D, p. Dl67-Dl74. 

u. s. Geological survey, 1980, Volcano Log: Mount St. 

Helens, 1980, Spall, H., (ed.), in Earthquake Information 

Bulletin: u. s. Geological Survey, July-August 1980, v. 

12, no. 4, p. 142-149. 

5-101 



Williams, J. R., and Ferrinas, 0. J., 1961, Late 

Wisconsin and recent history of the Matanuska Glacier, 
Alaska: Arctic, v. 14, no. 1, p. 83-90. 

Woodward-Clyde Consultants, 1978, Offshore Alaska seis~ic 

exposure study: Prepared for Alaska Subarctic Operators' 

Committee (ASOC), March, 1978, v. 1 through 5. 

Woodward-Clyde Consultants, 1979, Reconnaissance Geology, 

Bradley Lake Hydroelectric Project: Contract No. DACW 

85-79-C-0045, Department of the Army, Alaska District, 

Corps of Engineers, 65 p. 

Woodward-Clyde Consultants, 1980a, Seismicity Study 

Bradley Lake Hydroelectric Project: Contract No. DACW 

85-79-C-0045 Modification PODOl, Department of the Army, 

Alaska District, Corps of Engineers, 35 p. 

Woodward-Clyde Consultants, 1980b, Interim Report on 

Seismic studies for susitna Hydroelectric Project for 

Acres American Incorporated: Alaska Power Authority, 
Susitna Hydroelectric Project, Subtask 4.01 through 4.08. 

Woodward-Clyde Consultants, 1981, Draft Report Bradley 

Lake Hydroelectric Project Design Earthquake Study: 

Contract No. DACW 85-79-C-0045 Modification 0005, 
Department of the Army, Alaska District, Corps of 
Engineers, 53 p. · 

5-102 

( 
I 
I 

i 

f . 

l 

I 
L 

L 
L 
r 

' . 

L 
f 
! 

l 
( . 
1 . 
L 

L 



D 

ENVIRONMENTAl 
STUDIES 



r 
l . 

6.0 

r-

I . 

l 

6.1 

6.1.1 

ENVIRONMENTAL STUDIES - SUMMARY 

Environmental studies were conducted within the 

Chakachatna and McArthur River drainages during both 

1981 and 1982. The 1981 studies included investigations 

of the hydrology, aquatic and terrestrial biology and 

human resources of the area. These studies were limited 

in scope due to the short-time frame which was available 

for conducting field investigations. Studies conducted 

in 1982 emphasized aquatic biological investi~ations 

(seasonal sampling) , but also included supplemental 

hydrological studies. The following section presents 

summary information for each of the 1981-19B2 studies. 

The complete detailed reports for the environmental 

studies are presented in the APPENDIX to Section 6.0 in 

Volume II of this report. 

Environmental Studies - 1981 

In 1981, two environmental reconnaissance level surveys 

were conducted in the project area. The first was 

conducted in August to document the presence of sockeye 

salmon (Oncorhynchus nerka) in the project waters, and 

to survey the site in preparation for the fall field 

reconnaissance. The second investigation, conducted in 

mid-September, involved two weeks of field data 

collection. Coincident with these studies were ongoing 

reviews of the literature and discussions with key 

agency and native corporation personnel. 

Environmental Hydrology 

Hydrology field studies were conducted for Chakachamna 

Lake, several of its tributary streams, and the 
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Chakachatna and McArthur Rivers. The hydrologic field 

data collected included measurements of discharge taken 

at eight study locations, a water level survey of 

Chakachatna Lake, a wetland/river level survey taken in 

a channel of the Noaukta Slough, and a characterization 

of channel pattern and configuration including the 

composition of bed and bank materials. 

Office evaluations were also conducted to synthesize 

hydrologic data at eight study locations. Data that 

were developed included mean monthly flows, mean annual 

flows, flood flow frequency, and low flow frequency. In 

addition, using the Montana Method, preliminary instream 

flow recommendations for maintaining fisheries habitat 

were calculated on a monthly basis for the outlet of 

Chakachamna Lake. 

The field data collected from the various streams were 

typical of glacial rivers, with low flows in late 

winter, large glacier melt flows in July and August, and 

annual peaks due to fall rains. The reaches of the 

McArthur and Chakachatna Rivers vary from mountainous 

through braided and meandering streams. All except the 

most infrequent large floods are contained within the 

unvegetated flood plan. Sedimentation characteristics 

in the streams appear to be typical of glacial systems 

with very fine suspended sediments and substantial bed 

load transport. The water level of Chakachamna Lake 

(measured in September) was 1,142 feet which was typical 

for the lake in September based on 12 years of past 

records. 
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6.1.2 Aquatic Biology 

Two reconnaissance level surveys were conducted in 

Chakachamna Lake, and in the Chakachatna,.Chilligan and 

McArthur Rivers and tributaries. The first reconnais

sance occurred during 17-18 August and consisted of 

aerial observations of the ~roject area. 

The second reconnaissance, conducted 15-28 September, 

involved the collection of data from areas identified 

during the initial survey. This effort employed both 

field sampling and visual observations. The major 

objectives of this reconnaissance were to identify the 

fish species and life stages during the fall, to 

identify potential critical fisheries habitats in the 

system, and to provide information on the species 

composition of fish and their habitat use occurring at 

different times of the year. 

A total of 14 species of fish were collected from the 

waters of the project area including all five species of 

Pacific salmon found in Alaska (Table 6.1). Some of the 

streams flowing into Chakachamna Lake contained large 

areas used by sockeye salmon for spawning. Substantial 

numbers of sockeye were found in the Igitna and 

Chilligan Rivers, and there was some evidence of 

potential sockeye spawning in Chakachamna Lake. 

Juvenile sockeye salmon used Chakachamna and Kenibuna 

Lakes as nursery habitat. Lake trout (Salvelinus 

namaycush) , Dolly Varden (Salvelinus malma) , round 

whitefish (Prosopium cylindraceum) and slimy sculpin 

(Cottus cognatus) were also found in Chakachamna Lake. 

Side channels and tributaries of the Chakachatna and 

McArthur Rivers contained salmonid spawning sites and 
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Table 6.1 Species list and drainage of occurrence August-September 1981. 

Species 

pygmy whitefish 

round whitefish 

Dolly Varden 

lake trout 

rainbow trout 

pink salmon 

chum salmon 

coho salmon 

sockeye salmon 

chinook salmon 

arctic grayling 

slimy sculpin 

threespine stickleback 

ninespine stickleback 

Prosopium coulteri 

Prosopium cylindraceum 

Salvelinus malma 

Salvelinus namaycush 

Salmo gairdneri 

Oncorhynchus gorbuscha 

Oncorhynchus keta 

Oncorhynchus kisutch 

Oncorhynchus nerka 

Oncorhynchus tshawytscha 

Thymallus arcticus 

Cottus cognatus · 

Gasterosteus aculeatus 

Pungitius pungitius 

1
Includes Lake Chakachamna and Middle River 

,-........-. --

Drainage of 
Chakachatna 

Riverl 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

Occurrence 
McArthur 

River 

+ 
+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 
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numerous fish were observed using them. These habitats 

were also used as juvenile rearing areas. The Noaukta 

Slough, a heavily braided reach of the Chakachatna 

River, was used extensively as a nursery area by 

juvenile fishes, particularly coho (Oncorhynchus 

kisutch) and sockeye salmon. Juvenile pygmy whitefish 

(Prosopium coulteri) and Dolly Varden were also abundant 

in the slough. The intertidal ranges of both river 

systems do not contain suitable habitat for salmonid 

spawning or juvenile rearing. 

Lake trout appeared to occur only in Chakachamna Lake, 

while Dolly Varden were ubiquitous throughout both the 

Chakachatna River and McArthur drainages. Rainbow trout 

(Salmo gairdneri) were collected only in the lower 

portions of the drainages. Round and pygmy whitefish 

were found in most areas of the drainages, although 

pygmy whitefish were not found in Chakachamna Lake or 

drainages abo~e it. Slimy sculpin were found throughout 

both systems and in tributary streams. Sticklebacks, 

however, were only found in backwater areas and among 

vegetation, usually in the lower reaches of the rivers. 

Only a single grayling (Thymallus arcticus) was observed 

in a side channel in the upper Nagishlamina River, and 

none were collected or observed at any other location~ 

It was clear that most of the species found inhabit both 

drainages. 

In general, 

two primary 

sport fish. 

the fish in this area may be classified into 

groups, forage fish, and commercial and 

Forage fish in the project area include 

threespine stickleback (Gasterosteus aculeatus), 

ninespine stickleback (Pungitius pungitius), slimy 

sculpin, pygmy whitefish, and round whitefish. 
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6.1.3 

Although the round whitefish is probably not used as a 

subsistence species in these drainages, it is eaten by 

lake trout and other species of fish. Sport and commer

cial fishes include pink (Oncorhynchus gorbuscha) , chum 

(Oncorhynchus keta), sockeye, coho and chinook salmon 

(Oncorhynchus tshawytscha) , and Dolly Varden, lake 

trout, rainbow trout, and grayling. 

Terrestrial Vegetation and Wildlife 

The objective of the terrestrial component for the 

environmental study was to characterize the vegetative 

and wildlife communities within the project area. 

Because this project would affect the lands and waters 

of both the Chakachatna and McArthur drainage systems, 

qualitative data were collected throughout the study 

area and vegetation and wildlife habitat maps were 

prepared so that areas of a sensitive or critical nature 

could be identified. 

Previous investigations conducted in the general area by 

the Alaskan Department of Fish and Game (ADF&G) and the 

U.S. Fish and Wildlife Service (USFWS) have concentrated 

on documenting waterfowl utilization of the coastal 

marshes of Cook Inlet. In addition to annual aerial 

surveys of the Trading Bay State Game Refuge performed 

by the personnel of ADF&G, personnel of USFWS have 

conducted aerial swan surveys encompassing the lands in 

and adjacent to the refuge. Although the main purpose 

of these surveys has been to census waterfowl, 

information has also been gathered on bald eagle nest 

sites, moose calving grounds, and the occurrence of 

Beluga whales near the McArthur River. 
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Table 6.2 The species composition and relative abundance of mammals identified within 
the study area for each of the habitat types. (!=Abundant J=Common 5=0ccasional) 

grizzly bea.r 
black bear 
gray wolf 
coyote 
moose 
barren ground caribou 
wolverine 
mink 
river otter 
beaver 
muskrat 
red squirrel 
tundra redback vole 
tundra vole 
porcupine 
dusky shrewb 
harbor seal b 
beluga whale 

Species 

Ursus horribilis 
Ursus amer1canus 
Canis lupus 
Can1s latrans 
Alces alces 
Rangifer arcticus 
Gulo luscus 
MU'Stela vison 
Lutra canadensis 
Castor canadens1s 
Ondatra z1bethica 
Tamiasciurus hudsonicus 
Clethrionomys rutilus 
Microtis oeconomus 
Ereth1zon dorsatum 
Sorex obscurus 
Phoca v1tul1na 
Delphinapterus leucas 

a Upland Alder Thicket (UAT) ; 
High Altitude Riparian CHAR); 
Black Cottonwood Riparian (BCR); 
Coastal Marsh Riparian (CMR); 
Black Spruce Transitional (BST); 
Resin Birch Bog (RBB); 
Willow Thicket Riparian (STR); and 
Black Spruce Riparian (BSR). 

Habitata 
UAT HAR BCR CMR BST RBB WTR BSR 

3 
1 
5 
3 
5 

5 
5 

5 
1 

3 

1 
1 
3 
3 
1 
5 
5 
5 

5 
5 
3 

3 
3 

3 
3 
5 
3 
1 

5 
3 
5 
3 
3 
5 
3 
3 
3 
3 

3 
3 
5 
1 
3 

5 
3 

5 

5 
5 

5 
5 
5 
3 
3 

5 
3 

5 
3 

3 
3 

3 

3 
3 
5 
3 
3 

5 
5 
5 
3 
3 

3 
3 

3 
3 

.5 
3 
5 
3 
3 
5 

b sighted offshore near the mouth of the McArthur River. 



6.1.4 

During the 1981 studies, eight types of vegetation 

habitats were delineated based on their structural and 

species composition. These ranged from dense alder 

thickets in the canyons to vast areas of coastal marsh. 

The riparian communities were the most prevalent, 

varying from rivers with emergent vegetation to those 

with broad floodplains scattered with lichen, willow and 

alder. 

Evaluation of wildlife communities in the project area 

identified sixteen species of mammals (Table 6.2). 

Moose, coyote, grizzly bear and black bear occur 

throughout the area. Birds also were abundant, 

fifty-six species having been identified, with the 

coastal marshes along Trading Bay containing the largest 

diversity. 

None of the species of plants, mammals and birds that 

were found are listed as threatened or endangered, 

although in May 1981 it was proposed that the tule 

white-fronted goose, which nests immediately south of 

the study area, be considered for threatened or 

endangered status. 

Human Resources 

These studies were organized into the following six 

elements: 

Archaeological and historical resources 

Land ownership and use 

Recreational resources 

Socioeconomic characteristics 

Transportation 

Visual resources 
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Contacts with both state and federal agencies and Native 

organizations, and a limited reconnaissance of the 

project area were made during the 1981 studies. No 

known cultural sites were identified and the field 

reconnaissance indicated that the proposed sites for the 

power intake and powerhouses have a low potential for 

cultural sites. 

Land owners in the area comprise federal, state, and 

borough agencies, Native Corporations and private 

arties. Land use is related to resource extraction 

(timber, oil and gas), subsistence, and the rural 

residential Village of Tyonek. Recreational activity 

occurs but little data is available to the extent or 

frequency with which the area is used. 

Regional data on population, employment and income 

characteristics are relatively good. However, 

employment level and occupational skill data are 

limitedand need to be developed together with 

information on local employment preferences. 

Transportation facilities in the area are few and small 

in size. There is an airstrip on the shoreline at 

Trading Bay and a woodchip loading pier near Tyonek. 

Several miles of logging roads exist between Tyonek and 

the mouth of the Chakachatna Valley. The Chakachatna 

River is bridged near its confluence with Straight 

Creek. There is no permanent road between the project 

area and any part of the Alaska road system. 

Because of the project area's scenic characteristics and 

its proximity with BLM lands, the Lake Clark National 
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6.2 

6.2.1 

Park and the Trading Bay State Game Refuge, visual 

resource management is a significant concern. 

Environmental Studies - 1982 

The 1982 environmental studies included both 

hydrological and aquatic biological investigations with 

primary emphasis on the latter. The.hydrologic studies 

were conducted during the fall of 1982 (August and 

October); aquatic biological studies were conducted 

seasonally, with the major sampling effort occurring 

during the summer and fall periods. 

Environmental Hydrology 

The objective of the 1982 environmental hydrology 

studies was to collect baseline data to assist in future 

evaluations of the physical process of the Chakachatna 

and McArthur River systems, and facilitate the 

correlation of these processes with fish and wildlife 

habitats. 

During August, two recording gages capable of recording 

river stage and water temperature were installed, one on 

the Chakachatna River near the lake outlet, the other on 

the McArthur River downstream of the powerhouse 

location. Staff gages were installed at an additional 

15 sites and were periodically monitored. In October, 

discharge measurements and water surface profiles were 

made at 12 gage stations, and a generalized sediment 

characterization made for the various stream reaches. 

Manning's equation was used in the hydraulic analyses to 

establish preliminary rating curves. 
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6.2.2 

Overall, the discharges at gauge site No. 6 in the lower 

Chakachatna River, downstream of the fork which 

discharges into the Noaukta slough but above the split 

with the Middle River, correlated reasonably well with 

the discharges at the Chakachatna River recording gage 

at the lake outlet. The flows averaged about 17 percent 

of the flow at the lake outlet. The average discharge 

at the lake outlet during the study period was 

significantly less than the average for the 13 years of 

U.S.G.S. records, with August flows well below average. 

A September rainstorm resulted in a short duration flood 

flow in the upper McArthur River with a peak flow of 

about 4500 cfs. This discharge is estimated to have _a 

recurrence interval of about 25 years. 

Mean daily water temperatures in the Chakachatna River 

at the lake outlet ranged from 8°C in August to 6°C 

in October. Water temperatures in the McArthur River at 

the rapids exhibited large diurnal variations in August; 

temperatures varied from 3.0°C to 9.5°C in a 

six-hour period. Temperatures in the McArthur River 

from mid-August to mid-September averaged 1.6°C less 

at the powerhouse than at the recording gage. 

The Chakachatna and McArthur River systems are glacial 

and thus carry fine glacial silts through much of 

theopen water season. The main channel substrate of 

these river systems appears to be quite unstable. 

Aquatic Biology 

The 1982 aquatic biology studies concentrated on the 

fishery resources of the study area. Two series of 

programs were conducted, one during the winter and 

6-11 



spring, the other during the summer and fall. The 

winter-spring studies were designed to extend the data 

base on seasonal habitat use and distribution of fish, 

to identify the time spring spawning migration begins, 

and to examine for the presence of outrnigrants. The 

summer-fall studies were directed at investigating both 

the adult anadrornous fish, and the resident and juvenile 

anadrornous fish in the study areas. A separate pro9rarn 

for sampling the fisheries in Chakacharnna Lake was also 

conducted during the summer-fall studies. 

A variety of methodologies were utilized to sample and 

count fish in the study area during the 1982 program. 

Selected sampling techniques included the use of fyke 

nets, minnow traps, seines, hook and line, 

electrofishing, and gill netting. Hydroacoustic 

sampling was used to examine the relative distribution 

of fish in Chakacharnna Lake. 

A total of 18 fish species were identified and/or 

collected during the 1982 studies, including four 

species not collected in 1981: Bering cisco (Coregonus 

laurettae) , longfin smelt (Spirinchus thaleichthys), 

rainbow smelt (Osrnerus rnordax and eulachon (Thaleichthys 

pacificus). The species of commercial, subsistence and 

sport interest utilizing the Chakachatna and McArthur 

River systems included sockeye, chinook, pink, churn and 

coho salmon, Dolly Varden and rainbow trout. Summary 

information for these seven species is presented below. 

Detailed analyses o~ the 1982 studies are presented in 

the APPENDIX to Section 6.0 in Volume 2 of this report. 
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6.2.2.1 Sockeye Salmon 

Sockeye salmon adults probably enter the Chakachatna and 

the McArthur Rivers in early July. Sockeye first 

appeared on the spawning streams on July 22, 1982. 

Spawning continued through the first week of October in 

various parts of the system and few spawning sockeye 

were present past early October. 

The timing and duration of sockeye-runs varied with 

location. Runs in the McArthur River tributaries peaked 

earlier than most of those on the Chakachatna River. 

Spawning adults were present in the Chilligan River and 

sloughs at station 17 longer than at other sites. 

Sockeye escapements were estimated for all identified 

spawning areas and are presented in Table 6.3. The 

largest estimated escapement was for the Chilligan 

River:. 38,576 sockeye. A total of 41,357 sockeye 

(total of the Igitna and Chilligan River escapements) 

were estimated to spawn above Lake Chakachamna. Of the 

other sockeye estimated to spawn in the Chakachatna 

drainage, 1788 spawned in sloughs or side channel 

spawning areas receiving slough flow. In the McArthur 

drainage, of the 34,933 fish, 98.1 percent of the 

estimated sockeye espapement occurred in tributary 

streams. Overall, 44.7 percent of the total estimated 

escapement of sockeye occurred in the McArthur drainage. 

Sockeye which are spawned in the Chilligan and Igitna 

Rivers, rear in Chakachamna and Kenibuna Lakes. The 

Chakachatna River across from Straight Creek, the 

Noaukta Slough, and portions of the lower McArthur River 

also appear to be used as rearing areas. Juvenile 
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Table 6. 3 Summary of estimated salmon escapement by waterbody and drainage for 1ga2. 

CHAKACHATNA RIVER DRAINAGE 
Chakachatna 

Straight Bridge Chakachatna Chakachatna Straight Creek 
Creek Side Channels Canyon Tributary lgitna Chi 11 igan Straight Clearwater Drainage 

Species Mouth and Sloughs Sloughs (C1) River River Creek Tributary Total 

Sockeye 
Salmon 203 1,193 392 238 2,781 38,576 0 254 43.637 

Chinook 
Salmon 0 0 0 0 0 0 0 1,422 1,422 

Pink 
Salmon 0 59 . 279 0 0 0 0 7,925 8,263 

Chum 
Salmon 152 1,482 121 165 0 0 0 0 1,920 

Coho 
Salmon 76 1,560 608 183 0 0 0 172 2,599 
-----------------------------------------------------------------------------------------------------------------------------------------------------

MCARTHUR RIVER DRAINAGE 

Species McArthur Canyon Stream 13X Stream 13U 12.1 12.2 

Sockeye 
Salmon 666 5,416 1,213 16,711 6,085 

Chinook 
Salmon 0 452 1,633 0 22 

Pink 
Salmon 60 4,225 5,402 8,499 1,566 

Chum 
Salmon 1 0 23 4 0 

Coho 
Salmon 1,182 1,378 32 2,000 46 

Note: Figure 6. 30 shows locations in Chakachahla Hi ver c.rainage. 
Figures G. 30, 6. 47 and 6. 48 shmv locations in McArtlmr Hiver drainage. 

- I 

Streams Drainage 
12.3 12.~ 12.5 Total 

2,512 2,328 0 34,933 

0 0 0 2,107 

4 18 3 19.777 

0 0 29 

89 0 0 4,729 

~,.,,:::::,_.._.._, 
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sockeye appear to rear in the system from as short a 

time as their first summer to as long as their third 

year (age II+) prior to migrating to the sea. 

6.2.2.2 Chinook Salmon 

Based upon 1982 observations, chinook salmon adults were 

entering the river systems prior to late June. Chinook 

spawning was first observed in the study area on July 17 

at Stream 13U in the McArthur system, but spawning could 

have started as early as the end of June. Spawning 

adults were observed as late as August 25. 

The largest estimated escapement for chinook salmon 

occurred in Stream 13U in the McArthur drainage (1633 

fish) and the second largest in the clearwater tributary 

to Straight Creek (1422 fish) (Table 6.3). All chinook 

spawning observed during 1982 occurred in tributary 

streams. The majority of spawning occurred within the 

McArthur drainage. 

Chinook salmon juveniles rear in fresh water from as 

short as three months to well into their third year of 

life. Juvenile chinook salmon collected in the study 

area ranged in age from 0+ to II+. Chinook salmon 

juvenile rearing areas consisted of spawning streams 

(Streams 13U and 19) , low velocity side channel and 

slough areas (stations 17, 15 and 13) and many areas 

within the Noaukta Slough. Chinook outmigration may 

start as early as June and appears to continue into the 

fall. 
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Fish collected are listed by method and sampling location. Locations 1 
of the sampling stations are as follows: I 

Station r 
Number Location Map ·coordinate 

r 1 Confluence of Chakachatna River 
with McArthur River R. 14 w.' T. 10 N. 

1D McArthur River R. 14 w •• T. 10 N. 
2 Lower Chakachatna River R. 14 w.' T. 11 N. ' ' 3 Lower Chakachatna River R. 14 w •• T. 11 N. l J 

4 Upper Middle River R. 14 w •.• T. 11 N. 
5 Lower Middle River R. 13 w •• T. 11 N. 

[ 6 Chakachatna River above 
Middle River R. 14 w .• T. 11 N. 

6A Chakachatna River above ,. 

Middle River R. 14 w.' T. 11 N. r 
8 Upper Nouakta Slough R. 14 w.' T. 11 N. 

., 

9 Lower Nouakta Slough R. 14 w .• T. 11 N. 
10 West Nouakta Slough R. 15 w.' T. 11 N. r 11 Lower McArthur River R. 14 w.' T. 10 N. 
12 McArthur River above 

Noaukta Slough R. 15 w.' T. 11 N. 

L 13 Upper McArthur River R. 16 w.' T. 11 N. 
14 Lower McArthur Canyon R. 16 w .• T. 12 N. 
15 McArthur Canyon R. 17 w .• T. 12 N. 
16 Upper Noaukta Slough R. 14 w.' T. 12 N. f' 16A Upper Noaukta Slough R. 14 w •• T. 11 N. \ . 
17 Chakachatna River at DNR Bridge R. 14 w.' T. 12 N. 

17D · Chakachatna River Below 17 R. 14 w.' T. 12 N. 

L 18 Straight Creek R. 15 w .• T. 12 N. 
19 Clearwater tributary to 

Straight Creek R. 14 w.' T. 12 N. 
19A Clearwater tributary to [ Straight Creek R. 14 w .• T. 12 N. 

20 Chakachatna River across 
from Straight Creek R. 15 w .• T. 12 N. L 21 Chakachatna River across 
from Straight Creek R. 15 w.' T. 12 N. 

22 Chakachatna River at base 

L of canyon R. 15 w .• T. 13 N. 
23 Chakachatna River in canyon R. 15 w.' T. 13 N. 
24 Chakachatna River in canyon R. 16 w.' T. 13 N. 
25 Chakachamna Lake R. 17 w.' T. 13 N. l 26 Nagishlamina River delta R. 18 w •• T. 13 N. 
27 Chakachamna Lake N. Side R. 18 w •• T. 13 N. 
28 Chakachamna Lake S. Side R. 18 w .• T. 13 N. , 
29 Kenibuna Lake outlet R. 20 w •• T. 13 N. ' 
30 Chilligan River R. 20 w.' T. 13 N. L 
31 Neacola River R. 21 w •• T. 12 N. 
32 Igitna River R. 21 w.' T. 12 N. l 33 Another River R. 21 w .• T. 13 N. 

Streams 12.1 through 12.4, 13X R. 15 w.' T. 11 N. 
Streams 12.1 through 12.4 R. 15 w.' T. 12 N. ~ . 
Stream 12.5 R. 14 w.' T. 11 N. L Stream 13U R. 15 w.' T. 11 N. 
Stream 13U R. 16 w .• T. 11 N. 

L 
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6.2.2.3 Pink Salmon 

Pink salmon were first observed milling in ·fresh water 

in late July (July 22) and first observed in the 

spawning streams on July 31. Pinks continued to be 

observed in the McArthur and Chakachatna River 

tributaries until mid-September with peak counts made in 

August. 

In Cook Inlet, pink salmon runs in even numbered years 

are generally larger than runs occurring during odd 

numbered years. Since 1982 was an even year, larger 

than average escapements were expected. However, 

preliminary commercial catch data indicate that 1982 had 

a lower than average run for an even-numbered year. 

Estimated escapements for the various water bodies in 

the system are shown in Table 6.3. 

The vast majority of pink spawning occurred in tributary 

streams. In the Chakachatna drainage, 4.1 percent of 

the 8,263 estimated pink escapement for that drainage 

occurred in sloughs and side channels, and in the 

McArthur drainage less than 0.3 percent of the estimated 

pink escapement occurred in sloughs or side channels. 

The majority of the total estimated pink escapement, 

70.5 percent or 19,777 fish, occurred in the McArthur 

drainage. No pinks spawned above the sloughs at the 

base of the Chakachatna River Canyon. 

Emergent pink salmon fry probably move directly down 

river to the sea. Rearing in fresh water may be for a 

period as short as one day, and thus, no rearing areas 

were identified during the 1981 and 1982 studies. 
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6.2.2.4 Chum Salmon 

Chum salmon were in the spawning streams on August 25 

and were found at most spawning areas by September 1. 

The total estimated spawnings escapement for both the 

Chakachatna and McArthur River drainages was 1949 fish, 

which was less than any of the other four salmon species 

(Table 6.3). The majority of these fish (77 percent -

1481 fish) spawned in the sloughs at station 17 on the 

Chakachatna River. Over 90 percent of the estimated 

escapement occurred in sloughs or areas receiving 

upwelling flow 

In early June, chum salmon fry had moved into lower 

portions of the river sy~tems and smelts were found at 

collecting stations near the mouth of the McArthur 

River. By the end of June, only a few smelts were 

collected near the mouth of the McArthur River, 

suggesting that the peak downstream migration had 

occurred. Because of the relatively short rearing 

period of chum salmon in freshwater, no specific rearing 

areas were identified during the 1981-1982 studies. 

6.2.2.5 Coho Salmon 

Coho salmon were first observed in fresh water in 

mid-August. At that time fairly large numbers of coho 

were observed milling at the mouths of streams on the 

McArthur River. Coho were observed on spawning streams 

on September 1 and peak numbers were observed in mid to 

late September in most water bodies. Spawning was still 

in progress when the study was concluded in late October 

and may have continued under the ice in the Chakachatna 

Canyon sloughs. 
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The majority (64.5 percent) of the estimated total coho 

escapement for the study area occurred in the McArthur 

River. In the McArthur system, 75 percent (3547 fish) 

of the estimated escapement of 4729 coho occurred in 

tributaries (Table 6.3) The other 25.0 percent took 

place in side channel and slough areas. Spawning 

occurred in both tributaries and sloughs. The majority 

(86.3 percent) of the estimated escapement of 2599·coho 

in the Chakachatna drainage were observed in sloughs and 

side channels receiving upwelling or slough flow. No 

coho were observed spawning above the Chakachatna C~nyon 

sloughs. 

Yolk-sac fry and emergent fry were found in spawning 

areas in the study area in late March. Coho juveniles 

may remain in fresh water for up to four years. Coho of 

up to age II+ were common in the Chakachatna and 

McArthur River systems. Juvenile coho salmon were among 

the more widely distributed fish present in the study 

area below the lake. Coho juveniles were generally 

abundant in tributaries, the Noaukta Sough, and areas in 

the lower portions of both rivers. Observed increases 

in the abundance of coho in the Noaukta Slough, lower 

river systems and upper McArthur River probably repre

sented a combination of movement to overwintering 

habitat and outmigration. The outmigration of some coho 

was confirmed by the collection of smolts in the lower 

portions of the rivers. Coho smolts were collected in 

the Chakachatna and McArthur River systems from early 

June into October. 
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6.2.2.6 Dolly Varden 

Dolly Varden was the most widely distributed species 

collected in the study area and was found at almost 

every site at which fish were collected. They 

numerically dominated collections·made below Chakachamna 

Lake. Dolly Varden may be resident or anadromous; both 

types are probably present within the study area. Dolly 

Varden were obsereved spawning from July 31 through 

October in the Chilligan River. 

During late October, sexually mature upstream migrants 

were still being collected in the lower portons of the 

river systems, and Dolly Varden spawning was still 

occurring. Dolly Varden spawning was also common in the 

McArthur River and its tributaries during October. Some 

upstream migrants which spawned in the McArthur River 

were observed entering the river systems from the Middle 

River and then moving through the Chakachatna River. 

Dolly Varden juveniles were widely distributed in the 

river systems. They were collected from every river 

sampled, including the the Neacola and Another Rivers. 

Juvenile (ages I+ to II+) appear to be common throughout 

the river system with larger, older fish, including age 

III+, more abundant in the Noaukta Slough and lower 

portions of the river. Dolly Varden appear to move 

freely within and between the two river systems. 

6.2.2.7 Rainbow Trout 

Rainbow trout were regularly collected in portions of 

the lower river systems and tributaries. Rainbow trout 
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were collected most frequently in October when large 

numbers had moved into the lower river system. 

Little is known about the spawning of rainbow trout in 

the Chakackatna and McArthur River systems and few 

rainbow trout under 10 em (4.0 inches) were collected. 

The distribution of rainbow trout in the Chakachatna 

River appears to be limited to areas below the 

Chakachatna River Canyon. During the summer and fall of 

1982, juvenile rainbow trout wer~ collected in the 

Straight Creek clearwater tributary (19) , in the 

McArthur River (Stations 13, and 11) and in the lower 

Chakachatna River (Stations 3, 4, and 6). Rainbow trout 

are a resident species and therefore rear in freshwater 

throughout the year. Based upon tag return data, 

rainbow trout appear to move freely within and between 

the middle and lower portions of both river systems. 
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7.0 

7.1 

7 .1.1 

EVALUATION OF ALTERNATIVES 

Engineering Evaluation 

General 

The figures quoted in this section of the report for the 

estimated cost of energy are considered to be 

conservative for two basic reasons, the first being that 

in the power studies for Alternatives A, B, C and D, the 

maximum lake level was taken as elevation 1128 which had 

been reported as the approximate invert elevation of the 

natural lake outlet channel. The natural maximum lake 

water level is reported to have been at about elevation 

1155 and the records show that the lake rose to that 

level or within about 5-feet of it each year. No credit 

has been taken in the calculations for any additional 

energy that would accrue from the higher heads that would 

temporarily be available when the lake water level 

exceeded elevation 1128. There is also the possibility 

that once diversion of water for power generation begins, 

the outlet channel may choke and its invert may rise 

above its present elevation thus creating a higher head 

for power generation. If the maximum water level is 

taken, as elevation 1142, the installed capacity for 

Alternative B would increase from 330 MW to 350 MW and 

the average annual energy would rise·by 6% from 1446 GWh 

to 1533 GWh. 

The second reason which applies to Alternatives A, B, C, 

D and E, is because of the realistic approach taken to 

estimating the cost of constructing each of the 

alternatives. Analyses were made of bids received for 
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projects involving similar types of construction and the 

unit prices used in the estimates are consistent with 

those that have been received in recent competitive 

bidding in cases where the analyses have permitted such 

comparisons to be drawn. Furthermore, although the 

estimates make allowances for certain lengths of the 

tunnels where production may slip and costs may increase 

due to adverse rock conditions, an overall 20% 

contingency allowance over and above the estimated cost 

of construction, engineering and construction management 

has been included in arriving at the estimated total 

project costs. 

Chakachatna Dam 

On the basis of what was seen in surface exposures during 

reconnaisances of the Chakachatna Valley, little 

encouragement could be found for pursuing a course based 

on the concept of siting a dam anywhere in the valley 

downstream from the lake outlet. Although the 

possibility has not been completely ruled out, it is 

considered most unlikely that justification for siting a 

dam here could be confirmed. 

Alternative A 

This alternative, which would take all controlled water 

from Chakachamna~Lake for the generation of electrical 

power in a powerplant located in the McArthur Valley, is 
the most advantageous identified by the present studies 

when regarded strictly from the point of view of power 

generation. As may be seen by reference to Table 7-1, 

the powerplant would have the maximum installed capacity 

(400 MW) , and would yield the maximum average annual firm 
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TABLE. 7-1 

COST OF ENERGY 

Alternative A B 

Installed capacity-MW 400 330 

Annual generation-GWh J. 7 52 1446 

Deduct 5% for transmission 

losses and station service-GWh 88 72 

Firm annual energy-GWh 1664 1374 

Capital cost including roc 
at 3% - $Billions ( 1) 1.5 1.4 5 

Annual cost 3.99% including 

interest, amortization and 

insurance for SO-year 

project life - $Millions 59.9 57.9 

Net cost of energy - Mills/kWh 36 42 

O&M - Mills/kWh 1.5 LS 

Total cost of energy - Mills/kWh 37.5 43.5 

(1) Excluding Owner's costs and escalation. 
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c D E 

300 300 330 

1314 1314 1301 

66 66 65 

1248 1248 1236 

1.6 1.65 1.32 

63.8 65.8 52.7 

51 53 43 

1.5 1.5 1.5 

52.5 54.5 44.5 
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energy (1664 GWh) at the lowest unit cost (37.5 mills per 

kWh). It is considered that these figures can safely be 

regarded as conservative for the reasons set forth in 

Section 7.1.1 above. 

This alternative would provide neither instream flow 

releases n-or fish passage facilities at the lake outlet 

and should, therefore, be regarded as a hypothetical case 

giving the theoretical maximum energy potential that 

could be developed. 

Alternative B 

This alternative follows the same basic layout as that 

for Alternative-A, but approximately 19% of the average 

annual flow of water into Chakachamna Lake, during the 

period of outflow gauge records, would be reserved for 

release into the Chakachamna River near the lake outlet, 

to satisfy the tentative minimum instream flow require

ments discussed in Section 7.3.2 of this report. This 

would cause the installed capacity to be reduced from 

400 MW to 330 MW. The average annual firm energy would 

reduce to 1374 GWh at a unit rate of 43.5 mills/kWh. 

This is 16% higher in cost than for Alternative A but is 

still significantly less than the 55.6 mills/kWh which is 

the estimated cost of energy from the most competitive 

thermal source, a coal fired plant, as discussed in 

Section 9.4 of this report. Alternative B has the 

advantage that instream flows ar~ provided in the 

Chakachamna River for support of its fishery and based on 

the tentative amount of water reserved for these instream 

flow requirements, the project would still be an 

economically viable source of energy. 
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Alternative B does not include a design concept for a 

fish passage facility that would maintain a means of 

entry into and exit from Chakachamna Lake for migrating 

fish but an allowance for the cost of one was included in 

the estimate. A concept was developed in the 1982 studies 

and is discussed below in Section 7.1.6, Alternative E. 

Alternatives C and D 

Both of these alternatives would divert water from 

Chakachamna Lake to a powerplant located near the 

downstream end of the Chakachamna Valley. For 

Alternative C, all controlled water would be used for 

power generation. For Alternative D, water required to 

meet the instream flow releases discussed in Section 

7.3.3 of the report would not be available for power 

generation. This water amounts to 30 cubic feet per 

second average annually, which is less than 1% of the 

total water supply. Being that small, it can be ignored 

at the present level of study. 

As may be seen from Table 7-1, the installed capacity for 

both Alternatives C and D would be 300 MW. The average 

annual firm energy would be 1314 GWh at 52.5 mills/kWh 

for Alternative C and 54.5 mills/kWh for Alt~rnative D. 

The installed capacity and energy that would be generated 

by Alternatives C and D are significantly less than in 

the case of both Alternatives A and B, and the cost of 

energy is significantly higher. Alternatives C and D are 

inferior in comparison with Alternatives A and B as 

sources of hydro power. At 55.6 mills/kWh, energy from a 

coal fired plant would be only marginally more expensive 

than the energy that could be generated by implementing 

Alternatives C or D. 
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7 .1. 6 Alternative E 

This alternative incorporates all the principal features 

of the power facilities for Alternative B. In addition, 

fhe normal maximum oprating water level in Chakachamna 

Lake would be raised to El. 1155, which is reported as 

the high lake water level under natural conditions, by 

constructing an overflow rockfill dike in the natural 

outlet channel. The dike will provide an artificial 

barrier such as the natural barriers that have built up 

in the past for various periods of time before they were 

washed away during the passage of lake outbreak floods •. 

The artificial barrier would be protected against 

overtopping by an unlined spillway channel excavated in 

rock on the right abutment. Material excavated to form 

this channel would be used to construct the dike. The 

discharge capacity of the channel would be in the order 

of 50,000-60,000 cfs but future studies of flood 

hydrology are needed to establish the appropriate 

capacity. Flood discharges exceeding the designed 

channel capacity would be discharged over and through the 

rockfill dike. 

Since the only foundation available for a dike at this 

location is the glacial deposited rock and gravel which 

undergoes small movements, intermittent maintenance will 

be required. This could be performed each year, or as 

required, during the spring while the lake level is drawn 

down below the level of the dike foundation. 

The normal operating range of lake level will be 72 feet, 

from El. 1155 to El. 1083 •. This will support a capacity 

of 330 MW at 50% load factor except for 1-month during 

7-7 



7.2 

7.2.1 

the 31 year extended hydrological record, or a true firm 

capacity of 330 MW at 45% load factor throughout the 

entire period. The average. annual firm energy will be 

1301 GWh at a unit cost of 44.5 mills/kWh. Facilities 

will be provided for the discharge of instream flow 

releases to the Chakachatna River, and for the upstream 

and downstream passage of fish into and out of the lake 

over the full operating range of lake water level. 

Geological Evaluation 

Chakachatna Dam . 

Although suitable dam sites might appear to exist in the 

canyon like topography along the Chakachatna River about 

six miles downstream from Chakachamna Lake, the geologic 

characteristics of the canyon suggest that construction 

of a major dam there is unlikely to prove feasible, and 

if such construction is attempted, it is likely to be 

very costly and a complex engineering problem for the 

reasons discussed below. 

As discussed in-Section 5.2.2, there is a marked 

difference in the bedrock from one side of the 

Chakachatna Canyon to the other. The south side of the 

canyon consists of a steep ~all of glaciated granite, 

which appears to be well suited for a dam abutment. In 

contrast, the north wall of the canyon exposes a complex 

of geologic units dominated by lava flows, pyroclastics, 

and volcaniclastics, but including outwash and fill. If 

the ideas presented in Section 5.2.2.2 are basically 

correct, the volcanics may overlie alluvium below the 

present valley floor; both the volcanics and the alluvium 
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rest on granitic bedrock at an unknown depth below the 

valley floor. In addition to specific adverse foundation 

conditions suggested by deposits found on the north 

valley wall (e.g. high permeabilities, low strength), the 

chaotic charact~r of those deposits would make the 

prediction of foundation conditions at a given site-very 

difficult. 

Any impoundment in the Chakachatna Canyon will be subject 

to the volcanic hazards associated with Mt. Spurr 

(Section 5.2.2.2). The youthfulness of Mt. Spurr, as a 

whole, and the fact that it has been active in historic 

time suggest that continued eruptive activity should be 

factored in as a design consideration for any facilities 

in the Chakachatna Canyon. 

Alternative A 

On the basis of the observations made during the 1981 

field program, it is possible to comment on several 

geologic factors that may influence consideration of 

Alternatives A, B and E,_ (see also Sections 5.2.1.6, 

5.2.2.3, 5.2.3.4, and 5.2.3.3.). 

(1) Although any lake tap site between the lake 

outlet and First Point Glacier would be subject 

to impact from a very large eruption of Mt. 

Spurr, no site in that area is likely to be 

disturbed by Crater Peak type events (Section 

5.2.2.2). 

(2) The bedrock characteristics pertinent to 

tunnelling have not been specifically studied; 
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( 3) 

this should be a subject of future study. 

General observations in the Chakachatna Canyon, 

aerial observations of snow-and-ice-free bed

rock exposures between the Chakachatna and 

McArthur canyons, and general observations in the 

McArthur Canyon suggest that bedrock conditions 

are likely to be well suited to tunnel 

construction, with the exception of the lowermost 

portion of the canyon, near the Castle Mountain 

fault. The Castle Mountain fault, which has had 

Holocene activity along at least part of its 

length, is present near the mouth of the canyon 

and has apparently disrupted the bedrock (shears, 

intense jointing) in the lower reaches of the 

canyon. For any project facilities constructed 

in the fault zone, there would be a risk 

as~ociated with fault rupture; large ground 

motions would likely occur during an earthquake 

on the fault. One of the design alternatives 

presented in this report include facilities in 

the fault zone, as it is now known. Additional 

work is needed in future explorations of this 

area. 

Slope conditions above both the proposed lake tap 

site and outlet portal site are generally similar 

in that there is no evidence of large-scale slope 

movements in the recent past and rockfall appears 

to be the dominant slope process. Talus at the 

base of the slope at the proposed outlet 

portal/powerhouse site (Figures 3-1, 3-2) 

suggests a significant amount of rockfall 

activity in post-glacial time. 
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7.2.4 

(4) As discussed in Section 5.2.1.4, a significant 

advance of Blockade Glacier could disrupt 

drainage in and near the lower reaches of the 

McArthur Canyon. There was no evidence 

identified during the 1981 field work to suggest 

that such an event is likely in the near future. 

Alternative B 

The comments in Section 7.2.2 apply to this alternative, 

also. 

Alternatives C and D 

On th~ basis of the observations made during the 1981 

field program, it is possible to comment on several 

geologic factors that may influence consideration of 

Design Alternative C (and D); see also Sections 5.2.1.6, 

5.2.2.3, 5.2.3.4, and 5.3.3.3. 

(1) 

( 2) 

In this alternative, both ends of the 

hydroelectric system would be subject to the 

volcanic hazards associated with Mt. Spurr. 

Comment No. 1 for Alternative A (Section 7.2.2) 

applies here, also. Volcanically-induced 

flooding is judged to be the volcanic hazard most 

likely to affect the outlet portal/powerhouse 

site (Figure 3-3) in the Chakachatna canyon. 

On the basis of general observations (i.e., not 

observations specifically designed to assess 

tunnelling conditions), the granitic rock types 

that predominate in the area of the proposed 
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tunnel alignment (Figure 3-3) are generally well 

suited for tunnelling. Local zones of intensive 

weathering, alteration, or extensive jointing and 

shearing may provide poor tunnelling conditions. 

(3) The slopes above both the lake tap and outlet 

portal sites consist of glaciated granitic 

bedrock. No evidence of large-scale slope 

failure was observed during the 1981 

reconnaissance field work. Rockfall appears to 

be the dominant slope process. 

Alternative E 

The comments regarding the power facilities in Section 

7.2.2 apply equally to this alternative. The following 

comments apply to the fac~lities proposed to be located 

in the general vicinity of the lake outlet. 

(1) The inlet portal for the structures required for 

instream flow releases and fish passage 

facilities will be located in glaciated granitic 

bedrock. No evidence of large-scale slope 

failure was observed in this area. 

(2) The spillway channel will be excavated in the 

same glaciated granitic bedrock. 

(3) The approach channels to the fish passage 

facilities and spillway will be excavated in 

fluvial sediments deposited in a fan to the south 

of the lake outlet. 
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7.3 

( 4) 

( 5) 

(6) 

Tunnelling conditions for the fish passage flumes 

and instream flow releases will be as described 

in Section 7.2.4 (2) for the power tunnel in 

Alternatives C and D. 

The outlet structure and lower part of the fish 

passage flumes downstream from the tunnel portal 

will be constructed as a· cut and cover structure 

in outwash materials and alluvium. 

The left abutment and river channel section of 

the dike will be constructed on debris covered 

glacial ice. The right abutment will be on 

glaciated granitic rock. 

Environmental Evaluation 

The preliminary environmental overviews presented in the 

following sections for each project alternative are based 

on data obtained from agency personnel, available 

literature, and the information collected during the 1981 

and 1982 field programs. Although a complete evaluation 

of all influences of each alternative is not included in 

this section, the anticipated major effects of each 

alternative are presented. These potential effects 

should not be considered definitive, and are only 

included at this time to facilitate comparisons of the 

alternatives. The recommended Alternative E is discussed 

in more detail and the effects on aquatic and terrestrial 

biological resources are identified. 
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Chakachatna Darn Alternative 

If a darn was constructed and operated on the Chakachatna 

River, it is likely that substantive adverse impacts 

would be inflicted on fish of the Chakachatna drainage. 

A fish passage facility, somewhat similar to that 

described for Alternative E, would be necessary to 

preserve stocks of anadrornous fish which spawn above 

Chakacharnna Lake. If such passage was not provided the 

41,000 sockeye which are estimated to spawn above the 

lake (Section 6.8.3) and their contribution to the Cook 

\ 

! 

Inlet Fishery would be lost. The Dolly Varden population · l 
which migrate to and spawn in tributaries above 

Chakacharnna Lake would also be lost. If passage was ( 

maintained impacts to those populations could be similar 

to Alternative E. 1' 
Siting of the darn at the mouth of the canyon would result f 
in the loss of slough spawning habitat for coho, pink, 

sockeye, and churn salmon and Dolly Varden in that area 

( Section 6 • 8 • 3) • 

Due to the water quality alterations in the river down

stream from the darn, the use of some fish migratory and 

rearing habitat may be reduced. This, in turn, could 

adversely impact Cook Inlet commercial fishery resources. 

If a large decline in the lake fishery occurred, wolves, 

bears, and eagles would probably migrate to lower 

elevations, thus increasing the density of animals in the 

remaining forage areas. Other large mammals that 

ordinarily utilize the Chakachatna River canyon for 

migration to and from summer and winter range would 
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probably also be impacted. Since the canyon area 

upstream from the dam would be flooded, a high quality 

visual resource will be affected by the loss of the 

white-water reach of the river. In addition, fluctuating 

Chakachamna Lake water levels associated with all 

alternatives will impact the scenic quality of the lake 

shoreline. If the lake levels are raised so that the 

tributary deltas are inundated, additional juvenile 

rearing and spawning areas may be created for resident 

lake fish, (primarily lake trout) and anadromous fish if 

passage past the dam is maintained. 

Although fishing and hunting access to the lake by 

wheeled airplanes would be reduced, access by float plane 

will be unaffected. 

Construction impacts due to this alternative would be 

more extensive than other alternatives where less area 

would be affected and where the need for such large 

volumes of construction materials is not required. 

Although the impacts from this alternative may be severe 

in that a major fishery could be adversely affected or 

lost, many of the impacts, including the damage to the 

aquatic resources, potentially could be mitigated, 

primarily through the installation of appropriate fish 

passage structures. 

McArthur Tunnel Alternatives A and B 

Through the implementation of Alternatives A or B, the 

impacts resulting from construction and logistical 

support activitie~ would be very similar. In these 

alternatives, although the major impacts most likely will 
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be inflicted on local fish and wildlife, human and visual 

resources will also be affected. For example, with 

increased access to the McArthur Canyon and Chakachamna 

Lake, important visual resources as well as fisheries and 

wildlife habitat may be degraded. 

Once in operation, the increased flows in the McArthur 

River may result in changes in water quality and 

alterations in the chemical cues that direct anadromous 

fish to their spawning grounds. This could cause 

additional losses of spawning adults through or reduce 

the productivity of spawning areas through crowding and 

redd superimposition. Although the possibility also 

exists that the population of salmon will increase in the 

McArthur River, predation may also increase. If large 

mammals begin to concentrate in these high density fish 

areas, sport and subsistence hunting pressure .will 

probably also increase. 

The major difference in these McArthur tunnel alter

natives is that in Alternative A, no water would be 

provided in the upper reaches of the Chakachatna River, 

while in Alternative B, some flow would be maintained. 

Alternative A would likely result in a total loss of the 

population of sockeye salmon which spawn upstream of 

Chakachamna Lake. The estimated escapement of sockeye 

upstream of the lake was 41,000 fish during 1982. This 

would also cause the loss of their contribution 

(presently unknown) to the Cook Inlet fishery. In 

addition, because no maintenance flows would be provided 

below the lake, the spawning, rearing and migration of 

salmon and resident fish in the Chakachatna River 

drainage would likely be significantly and adversely 

affected. Estimated escapement of salmon ~elow the lake 
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is over 16,000 fish (Section 6.8.3) which could be lost. 

In Alternative A there is a significant potential to 

drastically reduce the populations of salmon which are 

represented by the estimated escapement of over 57,000 

salmon in the Chakachatna drainage. 

Alternative A provides no fish passage to and from the 

lake. The sockeye salmon and Dolly Varden which spawn 

above the lake would not be able to ascend to the lake 

unless the lake level exceeded the present channel invert 

(El. 1128) by at least 1 ft at the lake outlet. Down

stream migrants could not pass from the lake unless the 

water was at this level or if they passed through an 

outlet structure which would provide the mitigative 

flow. The impact of this alternative without provision 

for a fish passage structure could be substantial. 

Alternative B would provide for year round flow releases 

to the Chakachatna River (Table 7.2). The amounts of 

instream flows selected are approximately 30 percent of 

the average annual flow during May through September and 

between approximately 10 percent of the average annual 

flow during the winter months, October through March. 

April flows are intermediate. These flow quantities are 

very tentative and the final recommendations regarding 

flows to be released to mitigate potential adverse 

impacts will be based on further studies to be performed 

in the future, and may be greater or less than the values 

presented herein. The implementation of Alternative B 

should inflict less adverse impact on the fish which 
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Table 7.2 Natural and Alternative B regulated mean monthly and mean 

annual flow at the Chakachamna Lake outlet. 

Month 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Mean 

Annual 

Flow 

Mean Monthly Flows 

Natural 

(cfs) 

613 

505 

445 

441 

1,042 

5,875 

11,950 

12,000 

6,042 

2,468 

813 

1,206 

3,645 

Regulated a 

( cfs) 

365 

343 

345 

536 

1,094 

1,094 

1,094 

1,094 

1,094 

365 

365 

360 

679 

a Regulated flows were estimated using the Montana Method as 

described in Section 6.2.2.1 
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spawn and rear below the lake, than Alternative A. The 

severity of adverse effects upstream of the lake would 

depend on reservoir operation and the mitigative measures 

taken. While no specific design concept was developed 

for fish passage facilities that would permit fish to 

pass into and out of the lake, an allowance was included 

in the estimates for the cost of one. The influence on 

the human resources will probably also be less severe 

since the commercial fishery will probably not be as 

heavily impacted, but the impact due to the loss of a 

portion of the lake tributary spawning could be 

substantial. 

While the impacts related to Alternative A affecting 

local resources would be difficult to mitigate and 

significant changes in both the distribution and 

abundance of fish and wildlife populations would almost 

certainly occur, the impacts resulting from Alternative B 

would be less severe primarily through the installation 

of fish passage structures and maintenance of adequate 

downstream discharge. 

It should be noted, however, that while not directly 

stated, the loss of spawning areas, and juvenile habitat 

due to any of the project alternatives will most likely 

eventually manifest itself as a decline in the population 

of adult fish as well. In addition, since eggs, fry, and 

juveniles of all species provide food (prey) for other 

species, losses of spawning and nursery areas will almost 

certainly result in eventual reductions in the standing 

crop of their predators. For example, losses of juvenile 

sockeye salmon in Chakachamna Lake would probably also 

result in an overall decline in lake trout. 
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Potentially, one of the more substantial influences to 

important floodplain riparian habitats and wildlife 

distributions from the McArthur alternatives is the 

disposal of large quantities of waste rock in the 

McArthur valley. Without proper site selection, 

stockpile design, and erosion control, this dispos~l 

could significantly alter valuable riparian habitats, 

detrimentally affect w-ildlife species that rely upon 

these habitats. Moose, ptarmigan, small mammals, and 

passerine birds would be most likely affected from 

substantial floodplain habitat alterations. 

Chakachatna Tunnel Alternatives C and D 

and 

Through the implementation of Alternatives C or D, the 

impacts resulting from logistical support or construction 

activities would be similar. However, since all 

activities are restricted to the Chakachatna flood-plain 

in these alternatives, the resources in the McArthur 

drainage will not be affected. Although impacts on the 

wildlife populations may occur, significant impacts will 

occur to the fisheries. Since access to Chakachamna Lake 

will be increased, sport and subsistence fishing pressure 

may increase. With the road, campsite and disposal site 

for rock excavated from the tunnel, all located in the 

Chakachatna canyon, an important visual resource will be 

modified. In addition the presence and activity 

associated with these facilities may impede large mammal 

movements through the canyon temporarily during 

construction of the project. Depending upon facility 

locations and activity levels, large mammal movement 

patterns may also be affected during project operation. 
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During the pre-operational phases, the fishery in the 

Chakachamna drainage will probably only be impacted to a 

small extent over a relatively short term. Above the 

powerhouse, the impact on the Chakachatna River and 

Chakachamha Lake fishery will be dependent on whether 

flows are maintained and fish passage facilities 

provided. Alternative c· does not allow for these 

mitigative measures. Therefore, the impacts to the 

fishery in or above the lake, and thus the wildlife and 

commercial fishery in the surrounding area will be 

similar to that inflicted through Alternative A. Since 

Alternative D does provide flows (Table 7.3) and 

migratory passages, the impacts would be similar to those 

described for Alternative B, but with substantially less 

adverse impact below the powerhouse due to the higher 

flows released by that facility. 

Within the project area, some resources will be affected 

no matter which alternative is chosen. This is parti

cularly true of scioeconomic, land use, and transport

ation characteristics. Through the implementation of 

mitigative measures, it may be possible to offset many of 

the adverse impacts. However, the mitigation technniques 

outlined will probably not restore the environment to 

pre-operational condition. 
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Table 7.3 Natural and Alternative D regulated mean monthly and mean 

.annual flows at the Chakachamna Lake outlet. 

Honth 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Mean 

Annual · 

Flow 

Mean Monthly Flows 

Natural 

(cfs) 

613 

505 

445 

441 

1,042 

5,875 

11,950 

12,000 

6,042 

2,468 

1,206 

1,206 

3,645 

Regulated a 

(cfs) 

30 

30 

39 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

a Regulated flows were assumed to be sufficient minimum flows to 

maintain migratory passage as described in Section 6.2.2.1. 
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Recommended McArthur Tunnel Alternative E 

This section presents an identification of some 

potential effects of . the recommended project 

alternative, Alternative E. The identification of 

effects is based upon data developed during the course 

of studies carried out during 1981 and 1982. This 

evaluation addresses the potential effects of project 

construction and operation on the aquatic, wildlife 

and botanical resources of the site area. Evaluations 

of potential effects on aquatic habitats and aquatic 

biota are based upon hydrological and fisheries 

studies conducted during 1981 and 1982. Evaluations 

of potential project effects on terrestrial biota are 

based on 1981 reconnaissance data. The larger data 

base available on the hydrology and fishery resources 

of the study area allowed a more detailed examination 

of potential effects on these resources. 

Potential Effects on Aquatic Biota 

Construction and operation of the proposed Chakachamna 

Hydroelectric Project will result in changes to the 

aquatic habitat and associated fishery resources in 

the McArthur and Chakachatna Rivers, Lake Chakachamna, 

and tributaries upstream of Lake Chakachamna, such as 

the Chilligan and Igi tna Rivers. This section 

examines potential effects of project Alternative E on 

the aquatic biota. 

In this section the term "impact" refers to both 

direct and indirect effects on fish and aquatic biota, 

including the utilization of aquatic habitats 

resulting from project-induced changes in the physical 

characteristics of the environment. Impacts on the 

fishery can be either beneficial or adverse. 
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The description of anticipated effects presented below 

is a generic identification of changes to fish habitat 

and direct effects on the fishery likely to occur 

during the construction and operation of thjs project. 

It is based on available baseline information on the 

biology of the fishery resources found in the McArthur 

and Chakachatna systems, identification of potential 

changes in physical characteristics, and the effect of 

habitat alterations from similar activities as found 

in the literature. 

7.3.4.1.1 Construction of the Chakachamna Hydroelectric Project 

and Related Facilities 

The construction effects that could potentially result 

in changes to the fishery resource fall into three 

major areas of construction-related activity: 

o Effects of permanent or temporary alterations to 

water bodies (i.e., dewatering, alteration of flow 

regime, or alteration of channels); 

o Changes in water quality associat~d with 

alterations to the water body, or with effluent 

discharges and hazardous material spills; and 

o Direct effects of the construction activities 

(i.e., use of chemicals, noise, heavy equipment 

operation, etc.). 

Alteration of Water Bodies. Few alterations of water 

bodies are expected during the construction phase of 

the project. However, alterations may be associated 

with the following construction activities: 
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o Installation of bridges or culverts for roads and 

r·ights-of-way; 

o Re-routing of runoff from camps and materials 

storage areas; and 

o Re-routing of flow in areas of near-stream or 

in-stream construction. 

Bridges and/or culverts will need to be installed to 

prov~ae road access over streams and other waterways. 

Properly designed bridges and culverts, installed so 

as to prevent perching and high water velocities 

should have few adverse impacts on waterways. During 

construction or installation of the bridges/culverts, 

some local increases in turbidity and localized 

disturbance would be expected, but these should be of 

relatively short duration. Potential impacts of 

temporary increases in turbidity on aquatic biota are 

discussed under water quality (below). 

Alteration of waterbodies resulting from the 

logistical support activities associated with the 

Chakacharnna Hydroelectric Project will most likely be 

small in areal extent although the specific extent and 

potential for impact will be dependent upon the period 

of construction and the mitigative measures used. 

Re-routing of runoff from camps, materials storage 

areas and construction sites is expected to affect 

small areas, primarily in the McArthur River canyon. 

The re-routing is expected to primarily involve 

re-routing of surface run-off, where silt and soluble 

materials would otherwise be carried into the 

waterbody. Some re-routing of in-channel flows may be 

necessary to allow construction activities in certain 
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site areas. Presently, there are insufficient data to 

identify the extent of these areaso For example, in 

the McArthur River canyon in-channel re-routing may be 

necessary to allow the construction of the powerhouse 

and tailrace, and disposal of tunneling spoils. Such 

re-routing should only affect a small area in the 

immediate area of construction. The resul tin_g impacts 

could include a potential loss of some spawning and 

rearing habitat and some degradation of downstream 

habitats. The extent of this loss cannot be 

determined at this time. The channel structure in 

this immediate area does not appear to be very stable, 

and therefore the significance of the loss is unclear. 

The re-routing of flow in some construction and camp 

areas may be permanent. 

Changes In Water Quality. There are a variety of 

water quality impacts that could potentially occur 

during construction. These generally involve the 

discharge of silt-laden waters from various areas and 

effluents. Peters (1979) noted that under present 

environmental legislation and by use of current 

engineering practices, most impacts due to such 

discharges can be mitigated, if not eliminated 

altogether. 

Silt-laden waters from collected run-off and from 

excavation of facilities, could represent a 

considerable source of silt and turbidity to the 

river unless they are held in detention ponds before 

being discharged. Spoils will be disposed of or 

stored at the headwater area of the Chakachatna and 

McArthur Rivers. Spoil at the upper McArthur River 

canyon will result from tunneling and powerhouse 

excavation. Much of this will be used for construc

tion of river training works needed to protect the 
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powerhouse tailrace.channel from erosion and damage by 

the river. The disposal area for excess spoil will be 

located so as to avoid significant adverse effects. 

Spoils in the Chakachatna drainage would include 

materials removed from the spillway channel, gate 

shaft excavation, fish passage facilities and tunnel 

excavation. Some spoil will be used to construct the 

outlet structure dike, while the excess will be 

disposed of in location yet to be determined and 

selected so as to minimize adverse environmental impact. 

Disposal areas will be diked, and run-off controlled 

to· minimize sediment discharge into waterways. Sett

ling ponds will be used for sedimentation of suspended 

silts prior to discharge to reduce potential impacts. 

The prim~ry change in water quality that may occur 

from construction is increased turbidity. This may be 

produced by increased erosion associated with disposal 

of tunnel spoils and construction activities. Tur-

bidity originating from run-off and construction is 

often associated only with actual clearing activities 

and rainfall events. The increases in turbidity in 

the Chakachatna disposal area would occur near maximum 

lake levels (El. 1140). Increases in turbidity would 

vary with the ·type, extent and duration of construction 

activity, but would be expected to be local in nature 

and of relatively short duration. 

Increased turbidity can reduce visibility and decrease 

the ability of sight-feeding fish (e.g. salmonids) 

to obtain food (Hynes, 1966 and Pentlow, 1949). In 

addition, salmonids may avoid spawning in turbid 

waters (Dehoney and Mancini, 1982), and many fish, 

particularly older life-stages, may completely avoid 

waters containing high turbidity. However, the 

turbidity increases in mainstem areas of the 
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Chakachatna and McArthur Rivers would be expected to 

have a lower potential for adverse effect on fish due 

to the naturally high turbidity levels found in these 

water bodies. 

Siltation (sedimentation) is often associated with 

construction activities. There is a considerable 

amount of literature dealing with the effects of 

siltation on aquatic biota (Burns, 1970; Shaw and 

Maga, 1943; Ward and Stanford, 1979), particularly the 

effect of siltation on salmonid spawning and 

incubation. A general conclusion reached by a review 

of the literature (Dehoney and Mancini, 1982) is that 

siltation and turbidity impacts have their greatest 

adverse effects on eggs and larval fish. In general, 

siltation can cause a significant loss of incubating 

eggs and pre-emergent fry in redds. This is generally 

a result of interference with water and oxygen 

exchange in redds. Upwelling flow in affected areas 

may tend to reduce such impacts by reducing the amount 

of sediment which settles into the redd. 

Release of suspended materials can also affect other 

water quality parameters including dissolved oxygen, 

BOD, trace metals, and pH (Pierce et al., 1970). 

The production of concrete for construction of the 

fish passage facility and powerhouse may result in the 
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production of concrete hatching waste. Peters (1979) ( 

points out that the discharge of this waste, if ~-

untreated, could lead to detrimental effects on fish 

populations and habitat. A particular problem with 

this waste is its high pH (10+) and the need to 

neutralize it (pH 7) prior to discharge. It is 

expected that this waste will be treated as required 

by the anticipated project NPDES permit. 
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During· peak construction activity, facilities to house 

workers will be located primarily in the McArthur 

floodplain. The housing and supply storage area will 

occupy 20 to 30 acres. Due to the presence of a large 

construction force in the area, sanitary waste will 

need to be treated and discharged. The extent of 

treatment of sanitary waste, its volume, and the point 

of discharge will control the extent of potential 

impact. Wastewater effluents can affect BOD, and 

therefore the dissolved oxygen, pH, nutrients, trate 

metals, and buffe-ring capacity of the receiving water. 

Such effluents can thus affect the water quality of 

the fish habitat (USEPA, 1976; AFS, 1979; Hynes, 

1966). 

Hazardous materials may also be used during 

construction activities of the project. Although 

hazardous material spills are generally of short 

duration, they may have severe impacts depending upon 

the substance spilled. A number of factors will 

affect the severity of a spill on fish: 

o The toxicity of the substance spilled, 

o The duration and frequency of the spill, 

o The quantity spilled, 

o The fish species present, 

o The fish life stages present, 

o The season (time), in which the spill occurred, and 

o Mitigation and clean-up provisions. 

Any substance used around the site, or waste produced 

on-site, could potentially be spilled directly into a 

waterbody. In general liquids used in large 

quantities and over greater areas, including fuels and 

lubricating oils, would be more likely to be involved 
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in spills. Diesel oil, for example, will be used and 

stored in large quanti ties on-site. In general, 

spills will be most serious if they occur in areas of 

high biological (e.g., spawning) activity and are not 

dissipated quickly, or if a large area is affected. 

As in the case of siltation and turbidity, the less 

mobile life stages are most likely to be adversely 

affected, since older juvenile and adult fish can 

usually leave an affected area. Good engineering 

practices, and a thorough spill control plan should 

greatly reduce the potential for such impacts. 

Direct Construction Activities. Direct construction 

activities include activities that can be expected to 

occur throughout the construction of the project. 

These activities, for the most part, will be confined 

to specific areas. 

During construction, some of the first activities to 

occur will include the construction of access roads, 

clearing of construction areas, stockpiling of 

construction materials and fuel, movement of heavy 

equipment, and construction of support facilities. 

Activities associated with support facility 

construction will include cutting and clearing in 

areas near several streams. 

The removal of ground cover during this project will 

be minor but may locally increase the potential for 

greater run-off, erosion, increased turbidi~y and 

increased dissolved solids (Likens et al., 1970, 

Boreman et al., 1970 and Pierce et al., 1970). The 

extent of impacts can be minimized through the use of 

mitigative practices to control erosion and related 

sedimentation and turbidity. 
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The removal of bank cover may locally increase the 

exposure of fish to terrestrial predators and lead to 

a decrease in their populations (Joyce et al, 1980). 

There are no plans for regular operations of heavy 

ma,chinery in streams. The primary use of heavy 

machinery would be during the re-routing of flow. The 

extent of potential impacts due to siltation and 

turbidity should be short-term and dependent upon the 

extent of machinery operation and the type of 

substrate in the s_treams affected (Burns 1970). 

Smaller substrates tend to be more affected (Burns, 

1970). However, if water velocities are sufficiently 

high, the deposition of suspended sediments may not 

occur locally, and the effects could be minor (Shaw 

and Maga, 1943). 

Current construction plans do not require in-stream 

blasting. 

As part of the construction activities, water will be 

diverted from the streams in the construction area to 

be used for dust control, drinking water, 

fire-fighting water, sanitary water, concrete 

batching, and wet processing of gravel among other 

uses. The diversions will probably be accomplished by 

pumping from local stream segments and intakes will be 

screened and designed to use very low velocities to 

avoid fish impingement and entrainment. 

Operation of the camps will also result in increased 

access to an area that has previously experienced 

relatively little fishing pressure. The areas 

potentially affected would be those stretches of the 

McArthur River and its tributaries that are easily 

accessible by foot from the camp. 
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7.3.4.1.2 Operation of the Chakachamna Hydroelectric Project and 

Related Facilities 

Potential impacts of the operation of the project 

(Alternative E) are expected to occur to the aquatic 

biota through: 

o Changes in aquatic habitat, 

o Direct effects on aquatic biota, and 

o Effects on fish passage into Chakachamna Lake. 

Effects are expected to vary between waterbodies and 

can be evaluated separately for the following: 

o Chakachamna Lake and tributaries, 

o Chakachatna River, and 

o McArthur River. 

Hydrological alterations are discussed first, and are 

then followed by the effects of those alterations on 

the aquatic biota. 

Chakachamna Lake and Tributaries. Chakachamna Lake 

will be affected by a 72 ft annual water level 

fluctuation during proposed project operation. The 

maximum proposed reservoir level of 1155 ft is near 

the maximum historical lake level: this level will 

occur seasonally under post-project conditions. 

Ninimum reservoir levels will be approximately 45 ft 

below pre-project minimum levels. Such a drawdown 

will expose lake shoreline and stream deltas which are 

normally inundated. Lake levels will vary in 

Chakachamna Lake and will result in increased 

inundation of lakeshore and delta areas during high 

reservoir levels; dewatering of submerged shoreline 

would occur during periods of drawdown. 
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The project effects on the water quality of Lake 

Chakachamna may include increased suspended sediment 

and turbidity concentrations near tributary mouths. 

The potential sediment inflow from the tributaries is 

discussed below. 

The channel gradient of the Chakachamna Lake 

tributaries will be affected by the drawdown and 

fluctuation of the reservoir level. - Maximum water 

levels will cause inundation of the lower reaches of 

streams which are not normally affected; minimum water 

levels will expose the entire stream delta surface and 

the upper portion of the steep delta front. Resulting 

changes in stream gradient will be progressive and 

sequential. These will likely be similar at the 

mouths of all tributaries, but to different degrees. 

The anticipated changes due to seasonal minimum 

reservoir levels include: 

o Dewatering of over 7 mi 2 of delta area; 

o · Increase in stream gradient and accompanying 

erosion where the stream flows down the front of 

deltas; 

o Development of new deltas; 

o Eventual channel degradation at the tributary 

mouths to near the lowest regulated reservoir 

level; and 

o Degradation upst·ream as far as is required for the 

stream to reach equilibrium between the streamflow 

regime during low reservoir levels and the 

materials through which it is flowing; possibly 
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resulting in localized rapids during the low water 

period, if erosion resistant materials are reached. 

Maximum reservoir levels can cause deposition of 

stream-borne sediments in those reaches of stream 

affected by backwater from the reservoir. Some of the 

deposited sediments would likely be eroded as the 

reservoir level drops through the winter. 

flows may remove the rest of the deposits. 

Break-up 

According to the proposed reservoir operation 

schedule·, the reservoir will be at maximum level 

during September and drawn down to lower levels over 

the winter with a minimum level occurring during April 

or May. 

Habitat Effects - The operation of the reservoir 

should have effects on the fish rearing habitat within 

the lake. During open water, juvenile sockeye, lake 

trout, round whitefish and Dolly Varden are found 

throughout the lake with many fish found offshore 

along steep drop-offs and just under the ice in 

winter •. It is unclear what the effect of changing 

water levels may have on winter water temperatures or 

habitat use, particularly near shore. 

At high reservoir levels (during October and November) 

lakeshore areas may be used as spawning habitat by 

lake trout. After reservoir levels drop, incubating 

eggs and fry may be exposed to freezing or 

dessication. Relatively immobile invertebrates which 

reproduce in shoreline areas may also be affected. 

There are, presently, insufficient data to assess the 

impact of such effects on lake trout populations and 

standing crop of benthic invertebrates, although the 

effects could be substantial. 
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Lake levels will be near minimum level at break-up, at 

which time the principal movement of fish consists of 

emergent fry moving from their tributary rearing areas 

to the lake. It is not expected that the high 

gradients to the lake will adversely affect these 

migrants. 

During the period in which sockeye salmon and Dolly 

Varden spawn in tributaries above the lake, reservoir 

levels will be greater than pre-project lake levels. 

This will potentially result in lake water flooding 

downstream areas of the Chilligan River and the 

Kenibuna Lake/Shamrock Lake rapids. The effect of the 

lake water on the utilization of the lower areas of 

the Chilligan River is not presently known but there 

is some evidence (which follows) that this may not be 

an important effect. The area at the mouth of the 

river contained a low density of spawning sockeye 

compared to areas further upstream. It was used 

extensively as a milling area. During September 1982, 

lake water inundated the area without apparent impact 

on either sockeye or Dolly Varden spawning. Adverse 

effects would be expected if flooding of the lower 

Chilligan River resulted in increased siltation which 

could affect hatching success (see Water Quality, 

above). 

Direct Effects - The lake-tap (or multiple lake-taps) 

will withdraw water at approximately El. 974. The 

submergence depth would vary between 109 ft and 

181 ft. Fish that are entrained into the lake tap 

would be exposed to turbine passage at the powerhouse 

and most would be expected to be killed by the 

turbines, or during passage through the pressure 
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differential between the depth of the lake-tap and the 

power plant. Juvenile sockeye and both juvenile and 

adult lake trout, Dolly Varden, and round whitefish 

may be vulnerable. 

Hydroacoustic observations of fish distribution in the 

lake have indicated that most fish were detected well 

above the depth of the lake tap. During the winter, 

over 99 percent of fish were detected in the upper 

50 ft of the water column. During September, 1982 

over 88 percent of the ~ish detected were in water at 

least 60 ft above the proposed lake-tap (at that time 

of year it would have been located at 181 ft) with no 

fish detected below 161 ft. Thus, potential loss of 

fish due to the lake tap based upon current data 

would be relatively low. However, additional seasonal 

information would be needed to quantify potential 

losses. 

Fish Passage - Chakachamna Lake - Alternative E 

includes a fish passage facility which is designed to 

permit upstream migrants to ascend from the 

Chakachatna River to the lake and to allow downstream 

migrants to pass from the lake to the Chakachatna 

River. The fish passage facilities are described in 

Section 3. 5. Detailed design of the fish passage 

facility and its hydraulics has not been completed. 

The upstream passage facility consists of a pool and 

weir fishway constructed in an underground facility at 

the lake outlet, and is connected to the Chakachatna 

River downstream of the facility by a tunnel and 

smaller fishway. Downstream migrants will be passed 

through a wheel gate into a stilling basin and from 

there into a tunnel which connects with the 

Chakachatna River downstream. A grate at the 
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downstream end would prevent the entrance of upstream 

migrants into this facility. 

The facility is composed of components found in a 

variety of existing fish passage facilities. 

Presently, there are insufficient data available to 

assess the potential effects of this facility on 

migrating 'fish in a quantitative manner. 

Sockeye salmon and Dolly Varden would be expected to 

use this facility, as both have been observed to spawn 

above the lake. Escapement estimates of sockeye 

indicate that (based upon -1982 data), over 41,000 

sockeye (possibly more depending upon yearly 

variation) would need to successfully pass through the 

facility to migrate upstream. Since the percentage of 

the run successfully reaching the Chilligan and Igitna 

Rivers is not known, the true extent of the sockeye 

salmon re~ource can only be estimated. From 10 to 

more than 100 times as many sockeye can be expected to 

migrate downstream due to the normally higher 

production of young fish (Foerster 1968). A smaller 

number of downstream Dolly Varden would also be 

expected to pass through the facility. If the 

facility works as planned the impact to the sockeye 

run should be low. 

If the facility did not successfully allow the 

migration of sockeye both upstream as adults and 

downstream as juveniles then some part of the 

estimated adult spawning population would be expected 

to be lost, as well as a portion of its presently 

unknown contribution to the Cook Inlet fishery. As 

design details are determined, the fish passage 

facilities will need to be re-assessed in a more 

detailed fashion. 
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The release of water from Chakachamna Lake into the 

McArthur system could potentially result in impacts to 

fish which would normally spawn in Chakachamna Lake 

and tributaries above it. While the "homing" of 

salmon is not completely understood, the orientation 

of upstream migrants to olfactory cues originating in 

natal streams has been considered to be a principal 

factor (Hasler, 1971). Fish entering the system 

through the Middle River should not be affected by the 

McArthur release. Fish entering the system through 

the mouth of the McArthur River may· encounter 

olfactory cues from flows entering the McArthur River 

at the confluence of the lower Chakachatna with the 

McArthur River, from the confluence of the Noaukta 

Slough with the McArthur River, and from water 

discharged from t~:te tailrace of the power plant 

located in the McArthur canyon. Fish that entered the 

Chakachatna River either at the lower river 

confluence, or the Noaukta Slough would be following 

what is hypothesized to be the present migratory 

pathway and would not be expected to be significantly 

affected by the other power plant discharge; some 

delay due to confusion may occur. There is a 

potential for some of the upstream migrants to be 

attracted to the tailrace in the McArthur canyon. 

Since the fish could.not migrate further upstream into 

Chakachamna Lake, three basic scenarios could develop: 

o The fish could back down the system until they 

detect alternate olfactory cues (i.e., at the 

Noaukta Slough) and then migrate up the Chakachatna 

River, 

o The fish could mill in the tail ,race until sexually 

matured and then back down the system until 

alternate cues were detected, or 
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o The fish could spawn in the McArthur Canyon. 

The significance of a delay in migration is not 

presently known. However, the spawning of large 

numbers of lake tributary origin sockeye in the 

McArthur River canyon area could result in low egg 

hatching success due to high densities of spawning 

fish and resulting redd superimposition, the use of 

poor spawning habitat, or females not spawning (Bell 

1980). In addition, the rearing habitat in the 

McArthur canyon is probably less suitable for sockeye 

salmon than in Chakachamna Lake. Thus, if increased 

spawning occurred in this area, rearing would probably 

be less successful. 

Chakachatna River. Water releases will be made to the 

Chakachatna River below the fish passage facility. 

The quantity of the actual releases is not presently 

known, and will be based upon future studies. 

However, preliminary release flows have been estimated 

as a starting point for analysis {Table 7.4). Such 

flows constitute a relatively small percentage of 

pre-project annual flow. Tributary inflow downstream 

from the lake contributes relatively small quantities 

of flow compared with pre-project flows at the lake 

outlet. However, depending upon the time of year, the 

tributary inflow may substantially increase 

post-project flows downstream of the release 

structure. Historical low flows will be substantially 

reduced by project operation during October through 

March. Ten percent of the average annual flow is 

considered to be the minimum for short-term survival 

of fish and other aquatic organisms {Tennant, 1975). 

However, in this system, post-project releases from 

January through April may be less than 10 percent but 
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Table 7.4 

Month 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Mean 

Annual 

Flow 

Natural .and Alternative E regulated mean monthly 

and mean annual flow at the Chakachamna Lake 

outlete 

Natural 

(cfs) 

613 

505 

445 

441 

1,042 

5,875 

11,950 

12,000 

6,042 

2,468 

1,206 

813 

3,645 

a Regulated 

(cfs) 

365 

357 

358 

582 

1,094 

1,094 

1,094 

1,094 

1,094 

365 

365 

363 

6 85 

aRegulated flows were estimated using the Montana Method as 

described in Section 6.2e2.1. 
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still represent between 60 and 122 percent of 

pre-project average monthly flows, respectively. 

Flood flows would be modified in the regulated flow 

regime. Chakachatna River flood flows would be 

smaller in magnitude than past events, but would 

exhibit a greater variation around a mean flood value 

due to the relatively small influence of Chakacharnna 

Lake on the post-project river system. The seasonal 

distribution and hydrograph shape of the annual floods 

may shift from the mid-summer, long duration floods 

under the natural flow regime, toward a fall, short 

duration flood more typical of basins without the 

storage effects of lakes and glaciers. 

The sedimentation characteristics of the Chakachatna 

River system will change with the regulated flow 

regime. Sediment transport will decrease in response 

to decreased flows. 

The configuration of certain stream reaches would 

likely change as a result of the flow alteration 

associated with the project. The mountainous reaches 

on the Chakachatna River would retain a single channel 

steep gradient condition, although it would be 

carrying less flow. Split channel reaches would 

likely assume more of a meandering configuration. The 

braided reaches above Straight Creek and in Noaukta 

Slough would likely become more stable and the flow 

would be carried by fewer channels which are 

characteristics of a split configuration. The lower 

reaches of the.Chakachatna and Middle Rivers would 

likely retain their meandering configuration. 

Ice formation and breakup processes will also likely 

be affected by. the project. The evaluation of the 
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nature and extent of these effects requires further 

study. 

Mainstem Habitats - The physical effects of the 

proposed flow reductions are described above. The 

mainstem habitats appear to be currently used as 

migratory pathways, rearing areas for sub-adult and 

resident fish, and there appears to be a small amount 

of side channel spawning associated with areas of 

upwelling or slough flow. Table 7.5 lists estimated 

escapements of fish species for water bodies in the 

Chakachatna River drainage, classified as to whether 

the waterbody is likely to be affected by the reduced 

mainstem flow. The tributary water bodies are not 

expected to be significantly affected by reduced 

flows. 

Side channels in the Straight Creek mouth area and at 

station 17 are expected to be most affected. 

Observations during 1982 have indicated that these 

areas will probably not be dewatered or perched. The 

observations have indicated that turbid mainstem 

overflow, which is present in these areas during 

higher flows, would be absent. Without the co~er 

provided by this. turbid flow, fish spawning in these 

areas may be more vulnerable to predation. Side 

channel spawning in both areas represents less than 

50 percent of observed spawning at each site. Depth 

of water at entry points to side channels at 

station 17 would be expected to be shallow and may 

adversely affect fish entry. 

Based upon 1982 observations, the milling areas at 

Tributary C1 and at the mouth of the Chakachatna 

Canyon Sloughs would be significantly less turbid than 

at present. This may also increase potential 
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Table 7.5. Estimated escapement of important fish species in th~ Chakachatna River system by waterbody classified by 
potential effects of decreased flow of water from Chakachamna Lake. 

Species 

1 Sockeye 
Salmon 

Chinook2 

Salmon 

Pink 3 

Salmon 

Chum4 

Salmon 

Coho5 

Salmon 

Dolly6 

Varden 

1Fig. 6.132 
2Fig. 6.134 
3Fig. 6.136 
4Fig. 6.137 
5Fig. 6.138 
6Fig. 6.141 
X = Used as 

POTF:NTIAI.I.Y AFFECTED WATERBODIES 
More Affected Less Affected 

Chakachatna 
Straight Bridge Chakachatna Chakachatna 

Creek Side Channels Canyon Tributary 
~Iouth and Sloughs Sloughs ICll 

203 1,193 392 238 

0 0 0 0 

0 59 279 0 

152 1,482 121 165 

76 1,560 608 183 

X X X 

and Sections 6.8.3, 6.8.6.1-.5 

and Sections 6.8.3, 6.8.6.1-.5 

and Sections 6.8.], 6.8.6.1-.5 

and Sections 6.8.3, 6.8.6.1-.5 

and Sections 6. 8.], 6.R.6.1-.5 

and Section 6.8.6.6 
f;pawning areas. 

POTENTIALLY NON-AFFECTtD ~·IATERBODIES 

Straight Creek 
Igitna Chilligan Straight Clearwater 
River River Creek Tributary 

2,781 38,576 0 254 

0 0 0 1,422 

0 0 ·o 7,925 

0 0 0 0 

0 0 0 172 

X X X 



vulnerability to increased predation. The extent of 

the potential increase in vulnerability to predation 

of spawning adults at these sites will need to be 

assessed after more data are collected. 

There are a number of fish species which use mainstem 

and side channel areas as rearing habitat. The effect 

of decreased flow on the availability and suitability 

of this habitat can not be determined at this time. 

While decreased flow will decrease the wetted 

perimeter and therefore the area of a stream, the 

decrease is not linearly proportional to the decrease 

in flow (Tennant, 1975). Additional sources of 

inflow, including sloughs and tributaries such as 

Straight Creek, should result in somewhat increased 

flow downstream of the outlet structure. The . 

additional water sources (Straight Creek, various 

sloughs, and unnamed tributaries) will reduce effects 

of the decrease in upstream releases. In areas where 

pre-project water velocities ~re too great to contain 

suitable rearing habitat, decreased velocities could 

potentially increase suitable habitat. Presently, 

there are insufficient data to evaluate all expected 

change. 

Decreased flows during winter may cause changes in the 

ice conditions and also result in decreased 

overwintering habitat. The actual nature and extent 

of effects cannot be determined from available data 

but a significant decrease in mainstem overwintering 

habitat is likely during the early winter. 

Sloughs - Observations made during March and October 

1982 have indicated that flow in sloughs located in 

the Chakachatna River canyon and at station 17 appear 

to be independent of river flow. It is not expected 
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that reduced flow in the river will have an adverse 

effect on these waterbodies. This will need to be 

confirmed through more detailed study. The 

overwintering habitat in sloughs should not be 

affected by reduced flow in the mainstem of the river. 

Downstream migrants originating in the Chakachatna 

drainage may require high seasonal break-up flows to 

trigger their migration; proposed post-project 

discharges may not be sufficient to trigger this 

behavior. However, post-project releases during April 

and May are greater than pre-project flows and 

depending upon the timing of outmigration may be 

sufficient to trigger the downstream movement. Data 

collected during 1982 suggest that outmigration of 

chum salmon and some sockeye occurs during late May 

and early June. Collections made during the summer 

and fall and in the Susitna drainage suggest 

downstream migration and smoltification of coho, 

chinook and sockeye salmon continues throughout the 

summer and fall. 

Some data in the literature indicates that swimming 

activity, downstream migration, and smoltification of 

some species may also be controlled by photoperiod 

(Lorz, 1973; Godin, 1980). If the outmigration is 

photoperiod controlled, high break-up flows would not 

necessarily be required. Overall, available data do 

not suggest that an adverse effect would be expected 

on stimulation of downstream migration. 

McArthur River. The McArthur River \'lill receive flows 

from the powerhouse ranging from a minimum of 

approximately 4600 cfs in July to a maximum of 

approximately 7500 cfs in December. Present flows in 

the upper McArthur River near the powerhouse are 
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estimated to average about 600 cfs in July and 30 cfs 

in December. Thus, flows in this upper section will 

be substantially increased by the operation of the 

project during the entire year. The relative 

magnitude of increase will be less downstream of its 

confluence with the Blockade Glacier channels. 

Post-project summer flow in the McArthur River 

downstream of its confluence with the Noaukta Slough 

will be less than pre-project conditions due to the 

substantial decrease in flow through Noaukta Slough. 

Floods on the McArthur River upstream of Noaukta 

Slough would be increased by the operation of the 

project. The amount of increase will be roughly 

equivalent to the modification of the base flows upon 

which the floods are superimposed. That is, the 

source of the flood waters remains unchanged, but the 

flow in the McArthur River as the flood begins will be 

greater. The relative increase in flow would decrease 

in a downstream direction along the McArthur River. 

Below its confluence with Noaukta Slough, the McArthur 

River would likely experience a reduced flood 

magnitude. This is due to the decrease of inflow from 

Noaukta Slough during the summer as compared with the 

inflow under pre-project conditions. Noaukta Slough 

contributes a greater mean daily flow to the McArthur 

River from mid-June through mid-September under 

pre-project conditions than the maximum that will be 

diverted to the McArthur River for power generation 

during project operation. 

The upper McArthur River will experience increased 

sediment transport loads due to the larger discharges 

in the channe 1 • The upstream reaches will likely 

scour the channel bed to reduce its gradient. In 

addition, bank erosion will likely increase its rate 
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and areal extent as a result of the increased flow. 

Flood discharges in mid-September 1982 caused bed 

scour and bank erosion, and transported 

quanti ties of sediments along its channel. 

magnitude of this short-duration event 

large 

The 

was 

approximately 50 percent greater than those expected 

on a daily basis under post-project conditions. 

The increased post-project flows in the McArthur River 

are not anticipated to cause significant changes in 

channel configuration. However, some meandering 

reaches, especially toward the upstream end, may 

assume split channel characteristics. Further 

analysis is required to ascertain the effects on 

channel configuration, of the increased sediment 

transport into the lower reaches of the McArthur 

River. 

The ice processes in the McArthur River will also 

likely be affected by the project. Ice formation may 

be reduced or possibly eliminated by the increased 

quantity and temperature of flow. Evaluation of these 

effects requires further study. 

Turbidity in· the McArthur River canyon would be 

expected to increase during the winter months. 

Pre-project winter flow in that area appears to be 

derived from upwelling and is clear. Water from the 

powerhouse tailrace would be expected to have a higher 

turbidity as is normally found in Chakachamna Lake. 

Turbidity in the lake varies with depth during certain 

times of the year but is generally similar to that 

measured near the powerhouse location in the McArthur 

River. Below the McArthur Canyon, flow from the 

Blockade Glacier channel is also turbid and therefore 
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effects below the confluence of that channel should be 

minimal. 

Mainstem Habitat - Mainstem areas of the McArthur 

River appear to be used as migratory pathways for 

sub-adult and residential adult rearing, and for 

spawning in the McArthur River canyon. 

Table 7.6 lists escapement estimates of major species 

that spawn in the McArthur River drainage by . 

waterbody. The only area in which spawning habitat of 

these SI;?ecies is likely to be affected is in the 

McArthur canyon. All other listed areas are 

tributaries. Spawning habitat in sloughs and side 

channels of the McArthur canyon occur upstream of the 

powerhouse tailrace. It is unlikely that these areas 

will be significantly affected. Based upon 1982 

escapement estimates, a relatively small percentage of 

spawning salmon will be vulnerable to changes in 

mainstem flow. Some fish that normally spawn above 

Chakachamna Lake may be attracted to the powerhouse 

tailrace which may affect spawning adults of McArthur 

origin (see above) • 

The redistribution of substrate in the powerhouse area 

may also affect spawning. Presently, there are 

insufficient data to determine if the effect would be 

beneficial or adverse to the availability of habitat 

to spawning adults. 

Eulachon spawn in the lower reaches of the McArthur 

River mainstem, below the Noaukta Slough. Flow 

alterations are not expected to affect spawning of 

this species because during the period of eulachon 

spawning, the continued post-project McArthur River 
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Table 7.6. Estimate escapement of important fish species in the McArthur River system by waterbody cla~sified by 
potential of increased flow of water. 

POTENTIALLY AFFECTED AREA 

Species McArthur Canyon Stream 13X Stream 13U 

Sockeye 
666 5 5,416 6 1,2136 

Salmon 

Chinook 
07 452 7 1,633 7 

Salmon 

Pink 
60 8 4,225 8 5,402 8 Salmon 

Chum 
19 09 23 9 

Salmon 

Coho 
1,18210 1,37810 3210 Salmon 

Dolly 
Varden X X X 

X= Probable Spawning areas. 
1Based on 6 day stream life Table 6.35, Section 6.8.3. 
2Based on count of live and dearl fish Table 6.34, Section 6.8.3. 
3Based on 6 day stream life Table 6.36, Section 6.8.3. 
4Based on peak on total counts Table 6.37, Section 6.8.3. 
5sasPd on 10 day stream life Table 6.38, Section 6.8.3. 
6Fig. 6.132 
7
Fig. 6.34 

8
Fig. 6.36. 

9Based upon 10 day strea~ life Table 6.37. 
10 

Based upon 10 day stream lifP TAble 6.38. 

POTENT!.l\LLY NON-AFFECTED AREAS 
Streams 

Comb1ned 12. 1 12.2 ) 2. 3 12.4 

27,636 6 16,711 1 6,085 1 2,512 1 2,328 1 

22 7 ;122 

10,090 8 8,4993 1;566 3 43 183 

59 44 14 

2,137 10 2,ooo 5 46 5 89 5 

X Y. X X X 

--. 

12.5 

33 

X 



and Noaukta Slough flows are expected to be similar to 

pre-project flows. 

Increased post-project flows will occur above the 

Noaukta Slough confluence on the McArthur River. The 

lower post-project flows below the Noaukta Slough 

confluence during June through September should not 

~ave a significant effect on fish passage. It is not 

clear at this time if the upstream migrants above the 

slough will even be exposed to significantly higher 

velocities than they are exposed to by pre-project 

flows. This will need to be assessed in the future. 

Pre-project water temperatures in the vicinity of the 

proposed powerhouse location have a wide diurnal 

variation during the open water season. The discharge 

of Chakachamna Lake water during operation would tend 

to stabilize the temperatures. Water temperatures at 

the proposed lake tap depth were as follows: 

March 2.1°C 

August 6.5°C 

September 6.2°C 

The temperature of discharged water should be fairly 

constant and should reduce diurnal variation and 

maintain temperatures closer to optimal ranges for 

spawning and incubation for many of. the species 

present (Bell, 1980). 

There are a number of fish species which use mainstem 

habitats in the McArthur River for rearing habitat. 

Presently, the effect of changes in the flow regime in 

different reaches of the river at different times of 

year cannot be determined. Changes in wetted 

perimeter, depth and velocity for different areas will 

7-50 

[ 

[ 

f 

[ 

L 
t 
[ 

[ 

f 
L 
[ 



L 
L 
L 

affect the overall total suitable area for each 

species and lifestage. Thus, suitable habitat may 

increase, decrease, or remain the same. This will 

also need to be assessed. 

Increased f lmv in the McArthur canyon ·from the 

powerplant discharge may affect available 

overwintering habitat in the McArthur drainage. Data 

collected during 1982 indicate that the McArthur 

canyon and areas below it (station 13) may be used as 

overwintering areas. Increased flow and depth may 

increase the overwintering area available .. 

Insufficient data are available to assess such 

changes. 

Water discharged from the powerhouse will probably be 

warmer than water of HcArthur origin; 2 .1 °C, as 

compared with 1.2°C, respectively, during March 1982. 

This may result in greater metabolic activity by fish 

and other aquatic biota during the winter, and result 

in more rapid incubation and earlier emergence times 

for McArthur canyon fish. Such emergence times would 

be similar to those found in the Chakachatna River. 

It is unclear from present data whether this will have 

an adverse effect. 

Increased post-project turbidity during the winter 

months should not have a significant adverse effect on 

fish in the McArthur Canyon. Turbidity levels should 

be similar to those measured in this area during the 

spring through fall, and it would be expected that 

fish are well adapted to them. 

There may be a potential for the discharge of dis

solved gases at levels greater than 100 percent of gas 

saturation at the powerhouse. Water discharged at the 
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powerhouse, entrained at lake tap depths of more than 

100 ft, will undergo a pressure change of more than 3 

atmospheres. The change in pres~ure will reduce the 

amount of gas that the water will hold thus creating 

the potential for supersaturation to occur. Evidence 

of a potential for supersaturation was detected during 

sampling in September 1982. If supersaturation occurs 

it could have adverse effects on fish in the immediate 

area of the discharge unless mitigative measures are 

taken. (Merrell et al. 1971; Blahrn et al. 1975, 

Fickeisen and Schneider, 1976, Bell, 1980). 

Sloughs - Some sloughs in the immediate vicinity of 

the tailrace of the powerplant may become inundated 

and water velocities may increase. These changes may 

affect the suitability of these habitats. The extent 

of such changes cannot be determined at this time. 

Tributaries - No significant changes would be expected 

in McArthur River tributaries due to post-operational 

flows based upon current data. 

7.3.4.1.3 Summary of Potential Effects 

Potential effects of the proposed project alternative 

on the aquatic biota will vary depending upon 

waterbody and location. Potential effects of 

construction are likely to be limited in extent and of 

short duration.Effects may include: 

o Local increases in turbidity, unlikely to affect 

fish significantly due to already high ambient 

levels; 
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o Local increases in siltation and possible 

degradation of some spawning habitat; 

o Local clearing of banks with some increases in 

water temperatures; 

o Re-routing of flow with potential redistribution or 

loss of existing habitat; and 

o Potential spills of materials, which although of 

brief duration may adversely affect biota. 

Operational effects differ according to the waterbody 

considered. 

include: 

Potential changes in Chakacharnna Lake 

o Potential loss of some lake trout spawning area and 

fry; 

o Seasonal variation in available rearing habitat; 

o Flooding of the downstream area of the Chilligan 

River and some loss of spawning habitat through 

siltation;·and 

o Potential fish loss through turbine passage. 

The successful operation of the fish passage facility 

will be necessary for the continuation of the 

population of sockeye salmon which spawns above 

Chakacharnna Lake. Insufficient data are available to 

properly assess the operational characteristics of the 

current design. 

Flow reductions in the Chakachatna River will 

potentially have significant effects on mainstem and 
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side channel habitats. There are insufficient data to 

assess potential changes in the suitability of habitat 

and the net loss or gain of rearing habitat. Some 

potential effects that can be identified include: 

o Decrease in cover provided by turbid water in some 

side channel spawning areas downstream of sloughs; 

o Decrease in cover in some side channel milling 

areas downstream of sloughs; 

o Potential changes in distribution of fish with 

changes in habitat; and 

o Potential loss of some overwintering habitat. 

Potential effects of the increased water release in 

the McArthur River include: 

o Potential mis-cueing, straying, and/or delay of 

fish that normally spawn above Chakachamna Lake 

through the release of olfactory cues at the 

McArthur powerplant tailrace; 

o Potential loss of some spawning habitat in the 

McArthur River canyon; 

o Potential habitat changes in upper reaches of the 

McArthur River; the specific nature and extent of 

such changes cannot be determined at this time; 

r 
t 

f 
o Potential decrease in temperature variation in the {_ 

upper McArthur River resulting in more optimal 

temperatures for spawning and incubation of some 

species; and 
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o Potential release of gas supersaturated water which 

could adversely affect fish in the immediate 

vicinity of the tailrace. 

Potential Effects on Botanical Resources 

The development of a hydroelectric power project at 

Chakachamna Lake, will result in changes in the 

distribution and species composition of vegetative 

communities. Based upon current designs for 

Alternative E, these changes would occur over a 

relatively small portion of the project area. Changes 

that do occur may be beneficial or detrimental to the 

biota depending upon the type of changes as well as 

the location, duration and magnitude of change. 

7.3.4.2.1 Direct Habitat Loss 

Construction of a rockfill dyke and fish passage 

facility in the upper Chakachatna River canyon and a 

powerhouse in the ~lcArthur River canyon will 

necessitate the removal of vegetation over a 

relatively small area. The powerhouse and fish 

passage facility will be primarily underground, thus 

minimizing surface disturbance. The rockfill dyke 

will be sited in the upper reach of the Chakachatna 

canyon where the floodplain is unvegetated and the 

canyon walls and glacial moraine support Sitka alder 

and willow which are abundant throughout the project 

area. The areal extent of vegetation removal during 

road, camp, airstrip, and borrow pit development is 

not yet known because the location and size of these 

facilities have not been sufficiently defined. 
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7.3.4.2.2 Indirect Habitat Alteration 

The most notable changes in the distribution of 

vegetation will likely occur in the lower McArthur 

River ·and Chakachatna River canyons. In the lower 

McArthur canyon, increased flows emanating from the 

tailrace and the deposition of excavated materials 

within the floodplain near the powerhouse may reduce 

the extent of riparian vegetation. In the Chakachatna 

canyon below the dyke, reduced flows may e:nable 

riparian vegetation to become established within what 

is now the active floodplain. In time, if these 

riparian thickets do expand, additional habitat for 

moose, songbirds and furbearers may be provided. 

Disposal of materials excavated from the power tunnel 

and fish passage facility will be stockpiled in the 

floodplain above the dyke. When the dyke is completed 

and the lake level raised to an elevation of 1155 ft, 

this disposal area, as well as portions of the lake 

shore will be flooded. In the area subjected to the 

annual fluctuations of lake water levels, portions of 

the Nagishlamina, Chilligan and other smaller lake 

tributary deltas will most likely realize a change in 

their vegetative cover~ Vegetation may recede due to 

inundation and shoreline destabilization. However, 

such changes are expected to influence only a small 

area since under pre-project conditions, the lake 

level only occasionally reaches elevations at or 

near 1155 ft. Above the high water level, the shore 

may also develop a different species composition; one 

more representative of early seral stages and wetter 

soil conditions (Newburg and Malaher, 1972) • The 

anticipated changes in riparian and shoreline 

vegetation cannot be further refined until 

site-specific, field verified, habitat maps have been 

prepared and the operating reservoir levels better 

defined. 
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Downstream from the McArthur and Chakachatna canyons, 

the influence of altered flows, either increased or 

decreas~d, on riparian vegetation will depend upon the 

direction and magnitude of channel migrations and the 

amount of floodplain area removed from the influence 

of flood events. Based upon current information, the 

McArthur River channel above Noaukta Slough has been 

naturally migrating and some rechanneling has occurred 

in the slough under normal flow conditions. Sustained 

higher flows in the upper McArthur River may result in 

.accelerating this migration. The extent of channel 

migration is also dependent upon floodplain substrate 

and bank composition. Until information is available 

on these parameters, the speed, direction, and 

magnitude of migration in the upper McArthur River 

cannot be assessed. The influence of reduced flows in 

the Chakachatna River and Noaukta Slough may be to 

reduce the frequency arid magnitude of rechanneling in 

the slough and to remove portions of the now active 

floodplain from the influence of flood events. Based 

upon current information, it is not possible at this 

time to estimate the location, extent or timing of 

· revegetation. 

The influence of wind or vehicle-generated dust 

emanating from cleared areas, roads, and borrow pits 

may influence the vegetative community composition in 

the immediate vicinity of these facilities. 

Accumulations of dust may accelerate the rate at which 

snow melts (Drake, 1981) and affect the growth of 

cottongrass and mosses (CRREL, 1980) • The extent of 

vegetation changes due to accumulations of dust will 

be dependent upon the methods and level of effort 

exerted to reduce dust. 
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Off-road use of vehicles in the project area may 

affect vegetation depending upon the type of vehicle, 

the time of year, and soil moisture conditions 

(Sparrow et al., 1978). Currently, no policy exists 

to control or permit off-road use of the site. 

To assess the influences on vegetation of constructing 

and maintaining a transmission line, the vegetative 

species composition, transmission line design, and 

construction and maintenance techniques will need to 

be established. Since this information is not 

currently available, the effects of a transmission 

line on vegetation cannot be evaluated. 

7.3.4.2.3 Summary of Potential Effects 

Potential effects of the proposed project alternative 

on the botanical resources will vary depending upon 

location. Small areas adjacent to project facilities 

will be influenced by the construction and operation 

of the project. Such influences may include: 

o Increases in bank erosion along the upper McArthur 

River due to increased channel migration; 

o Increases in the extent of riparian vegetation in 

areas removed from the active floodplain by reduced 

flows in the Chakachatna River; 

o Altered distributions of vegetation along the lake 

shore and deltas due to higher, fluctuating lake 

levels; and 

f' 
l . 

f 
L 

o Reductions in vegetative cover and changes in L 
species composition in areas cleared for the roads, 

airstrip, and borrow pits. l~ 
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7.3.4.3 

Although it is likely that these vegetation changes 

will occur, the extent of the change is less than that 

typically associated wi tli. the development of a 

hydroelectric project. This is because designs for 

this project have incorporated a lake tap rather than 

a reservoir and thus: 

o Considerably less vegetation needs to be cleared; 

o Effects of change in albedo should be negligible; 

o The incidence of fire and vegetative disease. should 

be reduced since it will not be necessary to 

stockpile large amounts of cleared vegetation; and 

o The amount of wind-generated dust should be less 

since a much smaller area will be cleared. 

Vegetation in the project area has been dramatically 

changed through prior development. Roads provide 

unrestricted access to the lower portions of the area, 

extensive timber harvesting has greatly reduced the 

vegetative cover over a large area near the 

Chakachatna River, and an underground pipeline has 

been sited on the shore of Trading Bay. It is 

unlikely that the development of the Chakachamna Lake 

hydroelectric project would influence vegetative 

communities to the extent of these prior developments. 

Potential Effects on Wildlife Resources and Habitats 

The construction and operation of the Chakachamna Lake 

Hydroelectric project will affect the wildlife 

resources of the area. One means by which wildlife 

may be affected is through habitat loss ·due to 

facility siting. Because the area actually occupied 
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by a facility is usually small when compared to the 

total area encompassed by a particular habitat type, 

unless a facility is sited within a·special use area 

(e.g. calving, nesting, or molting areas), the loss of 

a small amount of habitat is usually not critical to 

the future viability of a population. 

A second means by which the biological-resources may 

be affected is through habitat alteration. In this 

case, some phase of development is usually responsible 

for altering the physical or vegetative conditions. 

Examples of this include the alteration of river 

hydraulics, lake morphology, coastal sedimentation, 

and biological community dynamics. Often when such 

changes occur, the existing wildlife resources respond 

with changes in species composition, diversity, and 

distribution. 

The third type of habitat change may occur as a result 

of an influx of support services. Typically this 

equates to an increase in the local human population, 

increases in traffic levels (including air and 

ground), and increases in noise. These conditions may 

result in decreased use of adjacent areas by wildlife. 

Regardless of which type of habitat change occurs, the 

response of wildlife will vary with the time of year 

and the species involved. If the habitat lost is of 

minor importance and the extent is small, wildlife 

populations may only abandon or discontinue their use 

of the affected habitat while remaining in the general 

vicinity. However, the effect on population levels 

may be severe if habitats used for important life 

functions are rendered unusable by intense activity, 

or large scale habitat loss or change. These 

important areas include the land and water used for 
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breeding, nesting, calving, staging, wintering and 

denning. 

7.3.4.3.1 Direct Habitat Loss 

Through development of the Chakachamna Hydroelectric 

Project, direct habitat losses due to facility siting 

will occur with construction of the dyke, disposal 

areas, powerhouse, fish passage facility, camps, 

roads, airstrip, port and docking facilities, and 

borrow pits. The influence of this habitat loss on 

wildlife populations should be negligible. The dyke 

will be sited at the outlet of Chakachamna Lake; an 

area that receives little use by birds and mammals. 

The powerhouse and fish passage facility will be 

located in the McArthur River and Chakachatna River 

canyons, respectively. Because these facilities will 

be primarily underground, relatively small quantities 

of surface habitat will be lost. Although the exact 

size and precise location of the remaining facilities 

have not been determined, each will occupy a 

relatively small amount of habitat in an area that is 

not considered to be essential to any species of bird 

or mammal. It is assumed that development of disposal 

areas in both the McArthur and Chakachatna floodplains 

will result in the largest habitat loss, and greatest 

disturbance to birds and mammals. 

7.3.4.3.2 Indirect Habitat Alteration 

Chakachamna Lake. Habitat alteration and disturbance 

due to the construction and operation of the project 

could influence the distribution of some wildlife 

populations. In the vicinity of the lake above the 

dyke, fluctuating water levels may have several 

implications. As the lake level is lowered during the 
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winter, ice along the shore will most likely fracture, 

eventually resulting in a zone of broken ice that may 

prevent some large mammals from venturing out onto the 

frozen lake surface. Moose, bears, wolves, and small 

mammals are the primary inhabitants of the lake shore 

during winter. However, the degree to which these 

mammals use the frozen lake surface will need to be 

established. During the ice-free period, a variety of . 

birds and mammals use the shore of the lake. The 

higher, fluctuating water level during this period may 

alter small areas of shoreline habitat but should not 

significantly influence the· overall use of the shore 

by these wildlife. 

Chakachatna and McArthur River Canyons. Construction 

activities occurring in the Chakachatna River and 

McArthur River canyoni may influence the apparently 

limited use of the canyons by mammals and birds. The 

canyons are used by eagles, bears, furbearers, moose, 

and passerine birds. Near the construction sites, 

increased levels of noise from heavy equipment and 

blasting may discourage eagles, moose and bears from 

using adjacent areas (Roseneau et al., 1981, McCourt 

et al., 1974). However, other mammals, including 

furbearers and small birds appear to have a higher 

tolerance for human disturbance and may not 

substantially alter their distributions (Penner, 1976, 

Clark and Cambell, 1977). This influence of noise and 

disturbance on wildlife populations in the canyons 

should be limited to the construction period. 

Chakachatna and McArthur River Floodplains. Below the 

canyons, wildlife activity is more abundant and 

diverse. In these areas, a variety of wildlife 

species could be influenced by construction 

activities. Due to increased levels of noise and 
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disturbance, sensitive species such as moose, grizzly 

bears, gray wolves, eagles, and swans may discontinue 

their use of the affected area (Roseneau et al., 1981, 

McCourt et al., 1974, Hampton, 1981). Other species, 

including coyotes, ducks, and other small birds, are 

more tolerant of disturbance and will probably not 

alter their distribution (Penner, 1976, Gallop et al., 

1974, Schweinsburg et al., 1974, Ferris, 1979). If 

avoidance of a construction area occurred it would 

most likely be temporary with individuals returning to 

the area soon after noise and activity levels 

subsided. However, if areas used by wildlife for 

imp~rtant life functions are abandoned, a decrease in 

the abundance of some local species may be noted. To 

evaluate which species may be affected and to what 

extent, it will be necessary to establish the use and 

importance of the Chakachatna and McArthur floodplains 

to wildlife. 

The alteration of habitat and wildlife distributions 

below the canyons during the operation of the project 

may be evident as a result of changes in the 

vegetation communities or as changes in the abundance 

or distribution of prey (particularly anadromous 

fish). Changes in the distribution of vegetation (as 

described under Potential Effects to Botanical 

Resources) will probably not result in significant 

changes in the distribution of wildlife populations. 

Channel migration along the upper McArthur River and 

rechanneling in Noaukta Slough may erode relatively 

small areas of riparian vegetation. This may displace 

a few individuals, but overall abundance of a wildlife 

population in the project area should not be 

significantly changed. Likewise, a small increase in 

the abundance of floodplain riparian vegetation along 

the Chakachatna River will probably not result in a 
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significant change in wildlife species diversity or 

abundance in this drainage. The anticipated changes 

may be more clearly defined by acquiring information 

on the extent of channel migration, revegetation, and 

the use of riparian areas for denning, wintering, 

breeding, and calving. 

It is unlikely that minor changes in anadrornous fish 

abundance and distribution (described in Section 7.1) 

will have a significant effect on the distribution of 

either birds or mammals. Several species of wildlife 

feed on anadromous fish. Although bears and eagles 

are the most visible, mink, harbor seals, and beluga 

whales also consume fish originating in the 

Chakachatna or McArthur drainages. The degree to 

which these species will be affected can be evaluated 

by investigating the anticipated changes in fish 

distribution or abundance and the reliance of wildlife 

on this resource (Miller and McAllister, 1982). Based 

upon the anticipated change in anadromous fish 

abundance and the opportunistic nature of the wildlife 

species involved, no significant change in the 

abundance or distribution of wildlife is currently 

expected to occur in either the Chakachatna or 

McArthur drainage as a result of this project. 

Increased access to the area will affect wildlife 

populations by two means; increased disturbance from 

construction activities, and increased local hunting 

(sport and subsistence) pressure. By utilizing the 

existing road network for construction and operation 

in the Chakachatna drainage, only a slight increase in 

vehicle-related disturbance to wildlife should occur. 

However, through the construction and use of two road 

extensions to access the McArthur drainage and 

Chakachatna canyons, there will likely be a short-term 
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reduction in the use of areas adjacent to these roads 

by species that are sensitive to traffic, particularly 

moose, bears, wolves, eagles, and swans (Roseneau 

et al., 1981, McCourt et al., 1974, Hampton, 1981, 

Goddard, 1970, Elgmark, 1976, Carbyn, 1974). The 

extent of this influence will depend upon the location 

of moose wintering and calving grounds, the location 

of brown bear, black bear, wolf, and wolverine denning 

sites, and the location of swan and eagle nesting, 

brood rearing, and fall staging areas. Future studies 

will be needed to identify the locations of these 

important habitats and to allow for more definitive 

assessments. 

Whether local wildlife populations are influenced by 

increased hunting pressure will depend upon the 

magnitude of the hunting increase and the level of 

road access allowed. Currently no policy affecting 

access of the project area has been outlined. 

The influence on wildlife of constructing and 

maintaining a transmission line and the likelihood of 

bird collisions or electrocutions with the lines will 

be dependent upon the species inhabiting the area, 

transmission line design, and construction and 

maintenance techniques. Until this information is 

available, these effects cannot be assessed. 

7.3.4.3.3 Summary of .Potential Effects 

Wildlife populations within the project area may be 

influenced during the construction and operation of 

the facility. The direct loss of habitat by facility 

siting will most likely not significantly affect the 

abundance or distribution of any wildlife population. 
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Habitat alteration, however, may result in some minor 

changes which include the following: [ 

0 Reduced access 

caribou to the 

for moose, 

frozen lake 

wolves, 

surface 

bears, and 

during the 

winter due to fractured ice along the shore; 

o Reduced utilization by sensitive species (such as 

wolves, moose, bears, eagles, and swans) of the 

areas near the construction sites, camps, and roads 

due to increased levels of noise and disturbance; 

o Increased hunting pressure on large mammals and 

birds allowed by the presence of road extensions to 

the Chakachatna canyon and McArthur drainage; and 

o Increased mortality of birds due to collisions or 

electrocutions from transmission lines. 

Although these changes are likely to occur, the 

magnitude of the influences are less than those 

usually associated with the construction and operation 

of a hydroelectric facility. This is because designs 

for this project have incorporated an underground 

powerhouse, and a lake tap rather than a reservoir and 

thus: 

o Potentially important habitat, including large 

mammal migration routes, moose wintering and 

calving areas, bear and furbearer denning and 

feeding areas, and bird nesting areas do not have 

to be inundated to create a reservoir; 

o The disturbance associated with clearing large 

expanses of land will be absent; and 
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o Surface noise and disturbance associated with the 

construction of a dam will be significantly 

reduced. 

Wildlife distributions within the project area have 

been influenced in the past by large scale timber 

harvesting, road construction, relatively high levels 

of hunting . pressure, and the construction of an 

underground pipeline on the shore of Trading Bay. It 

is unlikely that the development of the Chakachamna 

Lake project would influence wiidlife populations to 

the extent of these prior developments. 
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7.4 

7.4.1 

Project Risk Evaluation 

Development of the project would be attended by a number 

of risks associated with the physical layout of the 

project structures and natural phenomena occurring within 

and adjacent to the project area. Some of these could 

directly impact the cost of constructing the project 

while others could either impair its output or .add to the 

cost of maintaining the designed energy generation and 

peaking capability. Typical among these aspects are the 

following: 

Project Layout 

Lake tapping 

Tunnel alignment - rock conditions 

Underground powerhouse site 

Natural Phenomena 

Barrier Glacier 

Blockade Glacier 

McArthur Glacier 

Mt. Spurr, Volcano 

Lake Clark - Castle Mountain Fault 

Faulting in Chakachatna Valley 

Bruin Bay Fault 

The above items are treated individually in the 

paragraphs that follow. 

Lake Tapping 

At this stage of the project studies, it has been 

necessary to presume that a location can be defined by 

exploration where the rock conditions will b~ suitable 
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7.4.2 

for constructing the lake tapping. Based on examination 

of rock conditions above the lake water level, the above 

presumption seems to be reasonable but a significant 

amount of exploration will be required to define suitable 

rock. Furthermore, as far as it has been possible to 

ascertain from reviewing the technical press, the 

combination of diameter and depth needed for the 

Chakachamna Lake tapping is without precedent and 

considerable modification of.the tentative arrangement, 

developed as shown for preliminary estimating purposes on 

Figure 3-4, may be necessary before an acceptable design 

concept is reached. Specifically, the length of the 

final plug may need to be increased or multiple smaller 

diameter openings may be required to penetrate from. the 

underground excavations out into the lake. The length of 

the chamber between the bottom of the intake gate shaft 

and the lake may need to be increased. Factors such as 

these cannot be finally determined until some design 

phase subsurface exploration has been performed. 

Tunnel Alignment Rock Conditions 

As set forth in Section 7.2.2, bedrock characteristics, 

as they may affect tunnelling conditions, have not been 

specifically studied within the scope of studies thus far 

completed. No geological mapping has been done along the 

proposed tunnel alignment. However, aerial observations 

of rock exposed along the tunnel alignment and in the 

walls of the Me Arthur canyon lead to the indication that 

suitable tunnelling conditions should be encountered. 

This expectation needs to be qualified to the extent that 

the rock overlying about 25% of the length of the tunnel 

is concealed by glacial ice and its surface features 

cannot be seen. The depth of rock cover and ruggedness 
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of terrain over the tunnel alignment virtually rule out 

the practicability of conducting any subsurface 

explorations at tunnel grade, except in the vicinity of 

the upstream and downstream ends~ The depth of cover 

exceeds 3000 feet over about 40% of ·the tunnel length and 

it exceeds 2000 feet over about 66% of the length. 

(Figure 3-3). With such depths of cover, ground water 

under high pressure could be encountered where the tunnel 

penetrates permeable fissures or water bearing joints. 

Some dramatic changes in relief occur at several 

locations along the tunnel alignment. These could _give 

rise to the presence of troublesome stress concentrations 

particularly, for example, where a deeply incised 

U-shaped valley runs perpendicularly to the major 

principal stress of the in-situ bedrock stress field. 

Furthermore, due to the nearby presence of the Castle

Mountain-Lake Clark fault and the depth of cover over 

much of the tunnel alignment, there is the possibility 

that in-situ rock stresses may be high and that rock 

bursts may be a factor to contend with during excavation 

of the tunnel. 

High pressure ground water and adverse rock conditions 

are factors which could add to the cost of constructing 

the power tunnel. The great depth of rock cover prevents 

exploration at tunnel grade except near the two ends. In 

the absence of exploration over so much of the tunnel 

length, more water at high pressure, and more highly 

stressed rock than anticipated, might be encountered 

during construction of the tunnel, and in that case, the 

constructed cost could exceed the cost that was estimated 

at the present stage of the investigations. 

7-70 

r . 
\ 

r 
I.· 

L 
L 
r 

( . 
! 

L 

A' ., 
L 
J 
l 
l . 

[ 
L 



7.4.3 

7.4.4 

Underground Powerhouse Site 

Final determination and confirmation of the location of 

the underground powerhouse site should preferably await 

design level exploration, the construction of an 

exploratory adit and laboratory and in-situ measurement 

of the engineering properties of the rock. The walls of 

the McArthur canyon afford good rock exposures and allow 

a more ~eaningful assessment to be made of the rock 

quality than any number of drill holes. There is again, 

however, the nearby presence of the Lake Clark-Castle 

Mountain fault and the possibility that high in-situ rock 

stresses may occur near the fault. If so, rock bursts 

could occur during excavation of the powerhouse cavern 

and associated underground excavations. 

Barrier Glacier 

This is the glacier that contains Chakachamna Lake and 

controls its water level. It descends the southerly 

slopes of Mt. Spurr to the Chakachatna Valley, which it 

crosses, and thrusts against the steep face of the 

Chigmit Mountains that forms the south wall of the 

valley. During the summer of 1981, the U.S. Geological 

Survey conducted some measurements of ice thickness in 

connection with an evaluation of the volcanic hazards 

posed by Mt. Spurr. Many of the field data are still in 

raw form, but in the floor of the Chakachatna Valley, the 

thickness of ice in the Barrier Glacier was believed to 

be in the order of 500-600 feet (Mayo, u.s.G.S. 

Fairbanks, verbal communication, 1982). The depth of 

water in Chakachamna Lake is about 300 feet. 
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The natural outflow from the lake discharges via a 

channel eroded through the glacial ice along its contact 

with the mountain wall on the south side of the valley. 

The channel is armored with large boulders which are 

carried along by the glacial ice and are deposited in the 

channel as the ice melts. Over the years, the channel 

bed apparently aggrades, and the lake water level rises 

until there develops a combination of circumstances that 

produces an outbreak flood which erodes the channel bed 

and lowers the lake water level. The last known event of 

this nature took place on or about August 11, 1971. The 

flood peak was estimated to be in the order of 470,000 cfs 

and the lake level dropped about 14 feet. (Lamke 1972). 

Only unsubstantiated reports and fragmentary evidence 

exist of previous outbreak floods. It is, however, 

rather evident that these would be cyclic events having 

uncontrolled and indeterminate periods, and that the lake 

outlet is in a state of changing equilibrium that among 

other things is strongly affected by the rate at which 

the Barrier Glacier advances towards the south valley 

wall, and the annual runoff from the watershed area 

discharging into the lake. 

No evidence of surging has been reported in Barrier 

Glacier though Pothole and Harpoon Glaciers, nearby to 

the north, have both been identif~ed as surging glaciers 

(Section 5.2.1.5). Barrier Glacier has, however, gone 

through various cycles of advance and retreat in recent 

time, and may reasonably be expected to continue to do so 

in the future. The extent to which such cycles might 

affect the lake level, and thus the amount of regulatory 

storage available for power generation, cannot be 

predicted with certainty. 
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7.4.5 Blockade Glacier 

This glacier is fed by large snow fields high on the 

southerly slopes of·the Chigmit Mountains to the south of 

the McArthur canyon. At about 1700 feet elevation, the 

glacier splits into two forks, one flowing southwesterly 

and the other northeasterly towards the McArthur River. 

The glacier impounds Blockade Lake beyond the terminus of 

the soutwesterly lobe.· As set forth in Section 5.2.1.4 

of this report, Blockade Lake is the source of outburst 

floods that discharge into the McArthur River. 

The present terminal moraine of the northeasterly flowing 

lobe of Blockade Glacier lies within about 1-1/2 miles of 

the mouth of the McArthur canyon. If the Blockade 

Glacier were to advance during the life of the project, 

it is conceivable that the morainal material could also 

advance toward the McArthur River and cause the river bed 

to aggrade downstream of the mouth of the canyon. This 

could cause a rise in tailwater level to occur at the 

power plant site with the extreme consequence being a 

flooding of the powerhouse if a channel were not 

mechanically excavated through this material. 

As summarized in the closing paragraphs of Section 5.2.1.4 

of this report, Blockade Glacier's recent history has 

clearly been one of recession, and it is believed that it 

began to withdraw from its most recent maximum advance 

within the last few hundred years. At that maximum 

advance, melt water from the glacier joined the McArthur 

River near the canyon mouth and outwash may have caused 

some aggradation of the river bed in the lower reaches of 

the canyon. Surging of the Blockade Glacier is 
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7.4.6 

7.4.7 

considered to be the most likely mechanism that could be 

expected to produce an advance of the glacier· that might 

impact on the proposed McArthur powerhouse site. No 

evidence suggestive of recent surging was, however, 

observed during the field studies. 

The possibility that climatological changes and 

consequent changes in mass ice balance may trigger 

surging of the Blockade Glacier during the life of the 

project is a remote possibility that cannot be forecast 

or evaluated with any degree of certainty. 

McArthur Glacier 

The terminus of this glacier lies in the McArthur canyon 

about 5 miles upstream from the proposed powerhouse 

site. An advance of the glacier over that distance would 

endanger the tailrace channel and portals of the tailrace 

tunnel and access tunnel to the underground powerhouse. 

Such an advance would, however, involve almost doubling 

the existing length of the glacier and is, therefore, 

most unlikely to occur. Since the Blockade and McArthur 

glaciers are fed by adjacent snow fields, a change in 

sno~ supply needed to cause a five mile advance in the 

McArthur Glacier would create an even greater problem due 

to advancement of the Blockade Glacier. 

Mt. Spurr Volcano 

The summit of Mt. Spurr rises to elevation 11,070 feet 

above sea level and lies about 7 miles northeasterly from 

the outlet of Chakachamna Lake and 7-1/2 miles from the 

proposed power intake site. The intake could be located 
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further to the west to increase its distance from the 

volcano but this would increase the length and cost of 

the power tunnel, and also the difficulty and cost of 

access to the intake site along the. precipitous mountain 

slopes on the south side of the lake. 

Mt. Spurr's last major eruption occurred on July 9, 

1953. It ejected a large ash cloud which reached an 

altitude of approximately 70,000 feet,.darkened Anchorage 

and deposited about 1/4 inch of volcanic ash on the city 

(Juhle and Coulter 1955). 

The source of the eruption was reported to have been 

Crater Peak, a subsidiary vent at 7575 feet altitude on 

the southerly slopes of the volcano. The 

eruption triggered a mud slide that dammed the 

Chakachatna River about 6 miles downstream from the 

outlet of Chakachamna Lake. The river backed up nearly 5 

miles, overtopped the dam and has since partially eroded 

its way down through the debris. Abundant evidence 

exists along the northerly slopes of the Chakachatna 

Valley of a long history of violent volcanic activity. 

Large deposits of mud flow materials and pyroclastic 

breccias occur for several miles along its length. 

Examination of aerial photographs taken in 1954, 1957 and 

1978 suggest the possibility that some minor mud flows 

may have occurred on the slopes below Crater Peak since 

the 1953 eruption. 

The u.s. Geological Survey undertook a limited 

micro-seismic study of the Mt. Spurr area during the 

summer of 1982. The results have not yet been published 

but they are planned to be the subject of a report 

scheduled to be released during 1983. 
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Mt. Spurr is regarded by some volcanologists to be 

similar, in several respects, to Mt. St. Helens in the 

State of Washington whose May 18, 1980 eruption 

devastated a 200 square mile area. In the path of the 

main blast, devastation of forest land was complete as 

far as 18 miles from the crater. 

Present technology for predicting volcanic activity is 

limited to the short term, and there is no way to 

forecast when Mt. Spurr will next erupt, or whether it 

might erupt during the life of the project. A catas

trophic blast, such as occurred at Mt. St. Helens is a 

rare event but of course cannot be ruled out at Mt. Spurr. 

As discussed in Section 5.2.2.2 of this report, the 

general direction of a future blast at Mt. Spurr is 

expected to be in the southeasterly quadrant, or directly 

across and down the Chakachatna Valley. The proposed 

power intake site on Chakachamna Lake could be an area of 

ash deposition. It could also be affected by a large 

landslide or mudflow, or by hot blasts from pyroclastic 

flows if such were to occur, and the evidence is that 

these have occurred in the past, particularly in the 

Chakachatna Valley. 

While future events similar to the 1953 Crater Peak 

eruption would probably have little effect on the ability 

of the power facilities to continue in operation, they 

could readily put the fish passage facilities out of 

service. Another mud flow could dam the river below 

Crater Peak thus causing it to back up and flood the 

proposed structure at the downstream end of the fish 

passage facilities. The reduced flow in the Chakachatna 

River would not have the same erosive power to cut its 
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way down through the debris dam and it could well become 

necessary to mechanically excavate a channel through the 

debris to lower the water level and return the fish 

passage facilities into operation. A catastrophic event 

of the Mt. St. Helens type, if directed towards the lake 

outlet and intake structure, could have very serious 

consequences and possibly bury both the upstream and 

downstream ends of the fish passage facilities, and the 

power intake, beneath a massive mud flow. The tremendous 

amounts of heat released by pyroclastic ash flows could 

melt ice in the lower parts of the Barrier Glacier and 

interfere with the glacier's ability to continue to 

contain Chakachamna Lake. 

The powerhouse and associated structures in its vicinity 

would probably not be significantly affected by volcanic 

activity at Mt. Spurr because they are shielded from the 

direct effects of a volcanic blast by the high mountains 

between the Chakachatna and McArthur Valleys. Depending 

on wind direction at the time of the eruption, ash 

deposition is probably the main effect that would occur 

near the powerhouse site and this could lead to temporary 

interruptions in power supply. Similar outages could be 

caused by ash accumulating on transmission line 

insulators. 

Volcanic events are risks that would be associated with 

development of the project. The probability of major 

events occurring during the project's life is small, but 

the probability or effects on the project cannot be 

predicted with certainty. 
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7.4.8 

7.4.8.1 

Seismic Risk 

The site lies within a zone of high seismic risk. As set 

forth in Section 5.3.3.3 of this report, potential 

seismic sources which may affect the project site are the 

subduction zone, faults in the crustal seismic zone and 

severe volcanic activity. The Lake Clark-Castle Mountain 

fault (crustal source) and the megathrust segment of the 

subduction zone are considered the most critical with 

respect to peak ground acceleration and duration of 

strong shaking at the site. The maximum probable or 

operating basis earthquake for the site, defined as the 

earthquake that can reasonably be expected to occur 

during the life of the project has not yet been defined. 

The probability that the vibratory ground motion of the 

operating basis earthquake will be exceeded during the 

life of the project can be calculated by using generally 

accepted techniques. Thus, the seismic risks associated 

with the site can probably be submitted to more rational 

risk analysis than can the risks associated with 

glaciology or volcanism, principally because much more 

data is available on the frequency of occurrence of 

seismic events in the region than is available on the 

frequency of significant volcanic ~vents from Mt. Spurr 

or the frequency of aberrations in glacial activity at 

the site. 

Lake Clark - Castle Mountain Fault 

This is a major regional fault that has been traced for 

over 300 miles. (Magoon et al 1976). It extends from 

its northerly end near the Copper River basin about 120 

miles to the northeast of Anchorage (Figure 5-9), to the 
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7.4.8.2 

southerly end in the Lake Clark area. It crosses the 

McArthur Canyon at the canyon mouth where a prominent 

rift can be seen in the mountainside. The northerly 

parts of the Lake Clark-Castle Mountain fault have been 

extensively studied and evidence of recent displacement 

has been documented near the Susitna Valley. Less is 

known about the southerly portion of the fault but it is 

considered to·be capable of causing a large earthquake 

and of experiencing significant displacement during the 

life of the Project. For this reason, and for reasons of 

improvement in rock quality with distance from the fault, 

the proposed powerhouse is shown as being upstream from 

the mouth of the canyori, although this results in some 

head not being developed. 

At least one crossing of the fault by the power trans

mission line cannot be avoided; this will be in the 

vicinity of the mouth of the McArthur Canyon. The 

powerhouse switchyard also would be in this vicinity. 

Thus, some of the transmission towers and switchyard 

structures would be subjected to very strong shaking in 

the event of a major earthquake on the fault near the 

McArthur Canyon. Underground structures will probably be 

less vulnerable to damage than surface structures. The 

structures can be designed to withstand the strongest 

lateral forces expected to occur, but it is not possible 

to design against significant displacement in the 

foundation at any given structure site. Consequently 

structures should not be located in the fault zone. 

Bruin Bay Fault 

This is one of the major regional faults in Southern 

Alaska. In the vicinity of the project site, it is 
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7.5 

inferred to occur.more or less parallel to the Cook Inlet 

coastline about 20 miles southeast of the mouth of the 

McArthur Canyon (Figure 5-9). But, its trace in that 

area is obscured by glacial diposits and its relation

ship to the Castle Mountain Fault is not known. 

Faults in Chakachatna Valley 

Four features which may be significant to the Project 

have been identified in the Chakachatna Valley (Figure 

5-9), and are discussed in Section 5.3.3.3 of this 

report. Based on the 1981 geologic investigations which 

were limited to study of remote sensing imagery and of 

aerial (helicopter) observations, it was concluded that 

these features include faults which may offset Holocene 

deposits (less than about 2 million years old); also, one 

of the features trends toward the site of the proposed 

power intake structure. Further study of the Project 

should include evaluation of the age and extent of 

faulting which is related to these features, in order to 

better assess the potential for fault displacement at or 

near Project structures. 
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CONSTRUCTION COSTS 
AND SCHEDULES 



8.0 

8.1 

CONSTRUCTION COSTS AND SCHEDULES 

Estimates of Cost 

Estimates of construction costs have been prepared for 

the following alternatives for project development: 

Alternative A - 400 MW McArthur tunnel development 

Alternative B - 330 MW McArthur tunnel development 

Alternative C & D - 300 MW Chakachatna tunnel 

development 

Alternative E - 330 MW McArthur tunnel development 

The estimates are based on schedules of quantities of 

materials and equipment needed for the major features 

of each alternative to the extent permitted by the 

drawings for Section 3.0 of this report. In some 

cases, quantities were proportioned from the 

construction records of other projects bearing 

significant similarity of structures and conditions 

expected to be encountered during construction of the 

Chakachamna Hydroelectric Project. Unit prices 

developed for this and other projects involving 

similar types of construction and from analyses of 

bids received for the construction of similar types of 

projects in Alaska, adjusted as necessary to reflect 

January 1982 price levels, were then applied to the 

schedules of quantities to arrive at the estimated 

costs set forth in the Conceptual Estimate Summaries, 

sheets 1 of 2 and 2 of 2. The summaries show the 
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CHAKACHAMNA HYDROELECTRIC PROJECT 
CONCEPTUAL ESTIMATE SUMMARIES- SHEET 1 OF 2 

ESTIMATED COSTS IN THOUSANDS OF DOLLARS 
ALTERNATIVES 

A 

LAND AND LAND RIGHTS Not included 0 

POWER PLANT STRUCTURE AND IMPROVEMENTS 
Valve Chamber 5,600 
Underground Power House 26,200 
Bus Galleries 200 
Transformer Gallery 4,600 
Valve Chamber and Transformer 400 
Gallery - Access Tunnel 
P. H. Access Tunnel 13,500 
Cable Way 800 -- 51,300 

RESERVOIR, DAM AND WATERWAYS 
Reservoir 100 
Intake Structure 10,400 
Intake Gate Shaft 13,200 
Fish Facilities -
Dike & Spillway -
Access Tunnel 

- At Intake 21,600 
- At Surge Chamber, No.3 6,600 -

- At Mile 3, 5, No. 1 0 
- At Mile 7, 5, No.2 0 

Power Tunnel 626,800 
Surge Chamber - Upper 12,900 
Penstock- Inclined Section 18,000 

- Horizontal Section and Elbow 6,700 
- Wye Branches to Val,ve Chamber 13,200 
- Between Valve Chamber & Power House 800 

Draft Tube Tunnels 1,900 
Surge Chamber- Tailrace 2,400 
Tailrace Tunnel and Structure 10,300 
Tailrace Channel 900 
River Training Works 500 
Miscellaneous Mechanical and Electrical 7,100 -- 753,400 

A, B - McArthur development, high level tunnel excavated by drilling and blasting 
C, D - Chacackatna valley development excavated by drilling and blasting 
E - Me Arthur development, low level tunnel excavated by boring machine 

B c D 

Not included 0 Not included 0 Not included 0 

5,500 5,600 5,600 
25,200 26,200 26,200 

200 200 200 
4,300 4,300 4,300 

400 400 400 

13,500 13,500 13,500 
800 800 800 - 49,900 - 51,000 -- 51,000 

100 100 100 
9,300 10,400 10,400 

12,400 13,200 13,200 
- - -
- - -

19,100 21,600 21,600 
5,900 8,900 8,900 

0 20,800 20,800 
0 14,500 14,500 

580,400 7 12,500 712,500 
11,000 12,900 12,900 
16,500 15,400 15,400 
6,000 6,700 6,700 

11,900 12,100 12,100 
600 800 800 

1,700 1,900 1,900 
2,400 2,400 2,400 
9,600 10,300 10,300 

700 900 900 
500 . 500 500 

6,100 5,700 5,700 
-- 694,200 -- 871,600 -- 871,600 

E 

Not included . 
5,500 

25,200 
200 

4,300 
400 

13,500 
800 

49,900 

100 
9,300 

17,600 
85,400 

9,100 

0 
5,900 

0 
0 

447,800 
18,900 

0 
6,000 

11,900 
600 

1,700 
2,400 
9,600 

700 
500 

6,100 -- 633,600 
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CHAKACHAMNA HYDROELECTRIC PROJECT 
CONCEPTUAL ESTIMATE SUMMARIES- SHEET 2 OF 2 

ALTERNATIVES 
ESTIMATED COSTS IN THOUSANDS OF DOLLARS 

A 

TURBINES AND GENERATORS 67,900 

ACCESSORY ELECTRICAL EQUIPMENT 11,200 

MISCELLANEOUS POWER PLANT EQUIPMENT 8,600 

SWITCHYARD STRUCTURES 3,600 

SWITCHYARD EQUIPMENT 13,800 

COMM. SUPV. CONTROL EQUIPMENT 1,600 

TRANSPORTATION FACILITIES 
· Port 4,600 

Airport 2,000 
Access and Construction Roads 59,600 - 66,200 

TRANSMISSION LINE & CABLE CROSSING 63,200 

TOTAL SPECIFIC CONSTRUCTION COST AT 1,040,800 
JANUARY 1982 PRICE LEVELS 

ENGINEERING & CONSTRUCTION MANAGEMENT 124,900 

SUBTOTAL 1,165,700 

CONTINGENCY@ 20% 233,100 

ESCALATION Not Incl. 

INTEREST DURING CONST.@ 3% PER ANNUM 111,900 

OWNER'S COSTS Not Incl. 

ALLOWANCE FOR FISH PASSAGE FACILITIES -

TOTAL PROJECT COST AT 1,510,700 
JANUARY, 1982 PRICE LEVELS 

USE 1,500,000 

A,.,B - McArthur development, high level tunnel excavated by drilling and blasting 
C, D - Chacackatna valley development excavated by drilling and blasting 
E · - Me Arthur development, low level tunnel excavated by boring machine 

4,600 
2,000 

59,600 ---

B c D 

57,900 54,500 54,500 

9,500 9,000 9,000 

7,300 6,900 6,900 

3,600 3,600 3,600 

12,500 12,100 12,100 

1,600 1,600 1,600 

4,600 4,600 
2,000 2,000 

44,100 44,100 
66,200 50,700 50,700 

63,200 56,500 56,500 

965,900 1,117,500 1,117,500 

115,900 134,100 134,100 

1,081,800 1,251,600 1,251,600 

216,400 250,300 250,300 

Not Incl. Not Incl. Not Incl. 

104,100 101,400 101,400 

Not Incl. Not Incl. Not Incl. 

50,000 - 50,000 

1,452,300 1,603,300 1,653,300 

1,450,000 1,600,000 1,650,000 

E 

57,900 

9,500 

7,300 

3,600 

12,500 

1,600 

4,600 
2,000 

59,600 
66,200 

63,200 

905,300 

108,700 

1,014,000 

203,000 

Not Incl. 

97,400 

Not Incl. 

Under 
Reservoir 

Item 

1,314,400 

1,314,000 



following estimated project costs excluding owner's 

costs and escalation: 

Alternative A $1.5 billion 

Alternative B $1.45 billion 

Alternative c $1.6 billion 

Alternative D $1.65 billion 

Alternative E $1.32 billion 

The above costs include a 20% contingency added to the 

specific construction cost plus engineering and 

construction management, and interest during 

construction. The costs for Alternatives B and D 

additionally include a provisional allowance of $50 

million for fish passage facilities at the lake 

outlet. Costs for Alternative E include a constant 

grade tunnel from powerhouse level at the McArthur 

River to the base of the intake gate shaft at 

Chakachamna Lake, and pending the completion of 

geological studies of the tunnel alignment, the 

assumption is made that this tunnel will be driven by 

a boring machine. Included also in Alternative E is 

the estimated cost of proposed fish facilities at the 

Chakachamna Lake outlet as described elsewhere in this 

report and shown on drawings. The estimated project 

costs are considered to be conservative because of the 

conservative assumptions made regarding the amount of 

rock support required in the underground excavations. 

For all of the alternatives, the principal structures 

consist of the following: 

o Intake structure at Chakachamna Lake with 

underwater lake tapping, and control gate shaft. 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

Concrete lined power tunnel with constructiop 

access adits. 

Surge chamber and except for Alternative E, 

emergency closure gates at the downstream end of 

the power tunnel. 

Underground concrete lined pressure penstock and 

manifold. 

Concrete and steel lined penstock branches 

leading to a valve chamber and the turbines. 

Four unit underground powerhouse with exploratory 

adit (to become the ventilation tunnel) and main 

access tunnel. 

Underground transformer vaults and high voltage 

cable gallery. 

Tailrace tunnel and surge chamber. 

Tailrace outlet channel and river protection 

works. 

High voltage cable terminals and switchyard. 

Transmission lines to northerly shore of Knik Arm. 

o High Voltage submarine cable crossing of Knik Arm. 

In addition, for Alternative E the following principal 

structures are included: 
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8.1.1 

0 Concrete lined surge shaft connecting surge 

chamber and downstream end of power tunnel. 

o Rockfill dike at Chakachamna Lake outlet. 

o Spillway at lake outlet. 

o Fish passage facilities at lake outlet for both 

upstream and downstream migrants. 

Power Tunnel 

The cost of constructing the power tunnel is the 

dominant feature, representing more than half the 

estimated cost of constructing each alternative. 

Detailed evaluations were made of all operations and 

the direct costs considered necessary to construct the 

25-foot diameter concrete lined power tunnel for 

Alternatives A, C and D, using both rubber tired and 

rail haulage equipment. The difference in cost 

between the two was found to be small. Thus, the 

choice of haulage equipment will probably be 

determined by other considerations such as for 

example, whether excavation and concrete placement 

would be scheduled by a Contractor to take place 

concurrently in a given tunnel heading. This can be 

accomplished if necessary in a 25-foot diameter tunnel 

with either rail haulage or rubber tired equipment. 

The estimated cost of constructing the 23-foot 

diameter tunnel required for Alternative B was first 

proportioned from the estimated unit costs per lineal 

foot for constructing the 25-foot diameter tunnels for 

Alternatives A, C and D using the same construction 
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methods of drilling and blasting. These costs are 

indicated in the summary schedule for Alternative B at 

the end of this chapter as $580,400,000. 

For Alternative E, an alternative method of driving 

the tunnel by a boring machine was considered as well 

as a modification of the profile of the tunnel using 

uniform grade from near the base of the intake shaft 

to the powerhouse. Two surface samples of rock 

collected from the general vicinity of the power 

intake site at Chakachamna Lake and one sample 

collected from the surface in the vicinity of the 

powerhouse site near the McArthur River were tested 

for compressive strength, indentation, point load, 

quartz content and cutter penetration rate at The 

Robbins Company laboratory in Kent, Washington. 

Although test data obtained from surface samples can 

sometimes be misleading when compared to comparable 

data obtained from fresh rock samples taken at depth, 

the data were used with appropriate conservatism to 

estimate the rate of penetration of a tunnel boring 

machine working in this rock. The use of a boring 

machine for ex9avating showed a saving in costs of 

$126,700,000. Changing the grade of the tunnel showed 

an additional saving of $5,000,000. The total cost of 

constructing the tunnel was thus reduced from 

$580,400,000 to $448,700,000. This cost was used in 

the summary schedule for Alternative E, the 

recommended alternative. 

Tfie estimated tunnel construction costs are based on 

the following items: 
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o Excavation for Alternatives A, B, C and D would 

be by conventional drilling and blasting 

generally with full face excavation, drilling· 

12-foot depth rounds. Allowance is included for 

a nominal length of tunnel where the depth of 

rounds might have to be reduced, or where top 

heading and bench techniques might have to be 

used temporarily, if less favorable ground 

conditions are encountered. 

0 

0 

0 

Excavation for Alternative E would be by a boring 

machine to 27-foot boring diameter which after 

lining would be hydraulically equivalent to the 

23-foot diameter horseshoe for Alternative B 

driven by conventional methods. The rate of 

advance was estimated at 50 feet per day 

calculated on the basis of a similar project in 

similar rock formation. Assumptions for support 

were conservatively left the same as for the 

conventionally driven tunnel, although it is 

realized that some savings would probably result 

in actual operation. Also, sections of the 

tunnel may be left unlined because the boring 

machine provides a smoother excavated surface 

than conventional methods, thus reducing tunnel 

friction losses. 

The assumptions are made that 25% of the tunnel 

length would require steel rib support, 25% would 

be supported by patterned rock bolts and 50% 

would be unsupported. 

Chain link mesh for the protection of workmen 

from rock falls is provided above the spring line 

over the full tunnel length. 
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8.1.2 

0 

0 

Estimated excavation costs include provision for 

handling and removing 2000 gallons per minute of 

groundwater inflow in each tunnel heading. 

Excavation and concrete lining would proceed on a 

3-shift basis, 6 days per week. 

o Construction access adits would be located near 

the upstream and downstream ends of each tunnel 

alternative. In addition two intermediate adits 

would be provided for Alternatives C and D. 

Underground Powerhouse and Associated Structures 

For purposes of the current estimates, the powerhouse 

has been taken as an underground installation for each 

alternative, with a high pressure penstock shaft and 

low pressure tailrace tunnel. The estimates o£ cost 

are based on the following conditions: 

o All excavation and concrete work would proceed on 

a 3-shift, 6 days per week basis. 

o The powerhouse cavern, valve chamber and tailrace 

tunnel would be excavated by top heading and 

bench. 

o The penstock and surge shafts would be excavated 

first by pilot raise, then by downward slashing 

to full diameter. 

o Excavation for the horizontal penstock and 

manifold, access tunnel, cable gallery and draft 

tubes would be full face. 
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8.1.3 

o Chain link mesh is provided for protection of 

workmen over the upper perimeter of all 

excavations exceeding 12 feet in height. 

o All permanent excavations would be supported as 

determined necessary by patterned rock bolts. 

o Allowance is included for lining the upper 

perimeters of all caverns, chambers and galleries 

required for permanent access and those housing 

vulnerable generating or accessory equipment with 

wire mesh reinforced shotcrete (this may only be 

needed locally according to rock conditions 

exposed during construction) • 

0 

0 

0 

Excavation of an exploratory adit, and a program 

of core drilling and rock testing will precede 

and confirm the suitability of the site for the 

underground powerhouse complex during the design 

phase and the costs thereof are included in the 

estimates. 

The costs included for the major items of 

mechanical and electrical equipment are based on 

current data with added allowance for delivery 

and transportation to the powerhouse site. 

Installation costs are also included. 

Costs of mechanical and electrical auxiliary 

equipment and systems, control and protective 

equipment are included. 

Tailrace Channel 

The estimates include a monetary allowance for the 

construction of an outlet channel and river training 
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8.1.4 

8.1.5 

8.1.6 

works to protect it from damage during floods in the 

river. Details of such requirements are not well 

defined at the present stage but it is contemplated 

that extensive use would be made of rock spoil from 

excavation of the powerhouse complex for these 

purposes. 

River gravels excavated from the tailrace channel 

would be processed and used to the maximum extent 

possible for concrete aggregate. 

Switchyard 

In each alternative, due to space limitations, the 

switchyard would be located outside the mouth of the 

canyon on gently sloping land and an appropriate 

allowance is included in the estimates for their cost. 

Transmission Line and Cable Crossing 

Field data acquisition has not been performed and 

information regarding construction conditions is 

limited to aerial observation of the proposed 

transmission line alignment and cable crossing. The 

cost allowed in the estimate for the transmission line 

is based on experience and includes the estimated cost 

of the submarine cable crossing to a dead end 

structure on the Anchorage Shore of Knik Arm. 

Site Access and Development 

The estimates include costs of constructing access and 

support facilities needed for construction of the 

permanent works. These would consist basically of the 

following installations: 
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0 

Unloading facility on tidewater at Trading Bay, 

complete with receiving and warehousing 

provisions, bulk cement and petroleum fuels 

storage plus a small camp for operating staff. 

Gravel surfaced all-weather access roads to 

construction sites (Figure 8-1). It has been 

assumed that where existing roads are suitably 

located, permission to use them could be 

negotiated with their owners in exchange for 

improvements that would include widening them to 

full two-way traffic roads. Bridges and culverts 

would be provided at all streams and water 

courses and where needed for drainage. Year

round maintenance costs are included throughout 

the construction period. 

An aircraft landing facility with a runway of 

sufficient length to handle aircraft up to DC-9 

and 737 types, and ground support facilities. 

For Alternatives A, B and E, major construction 

camps would be located outside but close to the 

mouth of the McArthur Canyon to accommodate 

workers employed on the downstream heading of the 

power tunnel, the powerhouse and associated 

structures. A second camp for workmen employed 

on the upstream heading of the power tunnel and 

intake works would be provided just east of the 

Barrier Glacier on the northerly side of the 

river. This camp will also be used for 

construction of the lake outlet works and fish 

facilities for Alternative E. 
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o For Alternatives C and D the main construction 

camp would be located outside the mouth of the 

Chakachatna Canyon for workers employed on the 

downstream heading of the power tunnel, the 

powerhouse and associated structures and also for 

the second intermediate access adit to the power 

tunnel. A second camp for workers employed on 

the upstream heading of the power tunnel, intake 

works and headings driven from the first 

intermediate access adit to the power tunnel 

would be located east of the Barrier Glacier. 

o The construction camps would be self-contained 

with all needed support facilities which would 

include water supply sewage treatment, solid 

waste disposal, catering and medical services. 

o Electrical power during construction is provided 

for on the assumption that diesel driven 

equipment would be used. 

o Major compressed air facilities would be required 

for the excavation work and their cost is 

provided for in the estimates •. 

o Camps needed to accommodate transmission line 

workers would be light weight "fly camps". Much 

of the line work would be undertaken in winter 

and would be avoided during waterfowl nesting 

periods. 

As construction work approaches completion, all 

temporary facilities will be dismantled and removed 

from the site, which will be restored insofar as is 
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possible to its original condition, and the cost of 

such demobilization and site restoration is included 

in the estimates. 

8.2 Exclusions from Estimates 

8.3 

The estimates of construction costs do not include 

provision for the costs of the following items: 

o Owner's administrative costs. 

o Financing charges. 

b Escalation (Estimated costs are "overnight costs" 

at January 1982 price levels. 

o Land and Land Rights. 

o Water Rights. 

o Permits, licenses and fees. 

o Switchyard at the Anchorage transmission line 

terminal. 

Construction Schedules 

Typical construction schedules are shown on Figure 8-2 

for Alternatives A and B, on Figure 8-3 for Alterna

tives C and D, and on Figure 8-4 for Alternative E. 

These schedules have as their beginnings the existing 

schedule for completion of the project feasibility 

study and preparation of the application to the 

Federal Energy Regulatory Commission (FERC) for a 

license to construct the project. 
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The assumption has been made that the license 

application would be submitted to FERC March 1, 1984. 

Assuming also that the FERC licensing process 

continues in much the same manner as it does at the 

present time, an early step will be the preparation of 

an environmental assessment of the project by FERC 

staff. This generally takes about 12 months following 

which is a 60-day period for review and comment by 

interested agencies. Thus, by the end of April, 1985, 

it should have become clear whether there are any 

outstanding unresolved issues. If there are not, then 

it would be possible to forecast with reasonable 

certainty that the FERC license would be issued in 

early 1986, in which event there would not appear to 

be any reason why the construction of access 

facilities and camp installations could not commence 

by June 1, 1985. In order to provide adequate lead 

time to commence design and prepare plans and 

specifications for the construction of access 

facilities, design engineering of the project would 

need to commence at the beginning of 1985. 

Noting that there is a possibility that FERC might 

also require completion of an exploratory adit and 

rock testing program at the powerhouse site before 

issuing the project license, June 1, 1984 would appear 

to be a logical time to commence that program. Making 

an early start in the manner described above would 

permit the plant to commence commercial operation a 

year earlier than if the design of the project and 

construction of infrastructure did not commence until 

after the FERC license had been issued. 



Construction of the power tunnel lies on the critical 

path for completion of development via the McArthur 

River in Alternatives A, B, and E. For conventional 

excavation methods assumed for Alternatives A and B 

the schedule was based on tunnel excavation 

advancement at an average rate of 26 feet per day in 

each heading. At that rate, excavation would be 

completed in approximately 3-1/2 years. 

For excavation by boring machine assumed for 

Alternative E the schedule was based on net 

advancement of 50 feet per day from one heading at 

which rate the excavation would be completed in 

approximately the same time. 

Placement of the concrete lining would proceed 

generally concurrently with the excavation. Total 

construction time for the tunnel is thus 50 months and 

the first unit in the powerhouse could be started up 

by August 1, 1991. 

As discussed above a saving in time might be effected 

if any sections of the tunnel can be left unlined as a 

result of smoother boring machine excavation and 

reduction of rock shattering. 

For development via the Chakachatna River in 

Alternatives C and D, the ability to provide two 

intermediate construction access adits enables the 

tunnel construction to be completed within 32 months, 

or 18 months less than for the McArthur tunnel. 

Timely delivery of the turbines and generators, and 

construction of the powerhouse complex becomes more 

critical. Assuming an early start on site access and 
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development as described above for Alternatives A and 

B, the first unit in Alternatives C and D could be 

started up by February 1, 1990, or 18 months earlier 

than would be the case with Alternatives A, B and E. 
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9.0 

9.1 

ECONOMIC EVALUATION 

General 

During the initial project studies carried out in 1981, 

an evaluation was made of the economic tunnel diameter 

and economic tunnel length for the four basic alternative 

schemes developed at that time, Alternatives A, B, C & D 

(described in Section 3). This economic study was made 

using tunnel costs calculated for tunnel excavation by 

conventional drill and shoot methods. Subsequent studies 

performed in 1982 indicated that cost savings will be 

achieved if the tunnel would be driven by tunnel-boring 

machine. Alternative E is based on tunnel boring machine 

excavation. These studies are discussed in Section 8. 

No re-examination of the economic tunnel diameter or 

length has been made using these modified tunnel costs, 

but any change in economic diameter or length of tunnel 

is considered to be small. 

Determination of the economic tunnel diameter involves 

comparing the construction costs of tunnels of varying 

diameters, with the present worth of the difference in 

power produced over the life of the project as a result 

of the changes in hydraulic loss in the tunnel as the 

diameter is varied. The economic tunnel length is 

determined from an economic balance between the cost of 

increasing the tunnel length to develop additional head 

on the powerhouse, and the present worth of the additional 

power produced by the higher head over the life of the 

project. 

It should be noted that these economic evaluation studies 

were based on economic parameters prevailing in 1981. 

These parameters which include capital costs of thermal 

generating plants and fuel costs for both coal and 

natural gas have, of course, now been superseded. In 
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9.2 

9.3 

9.3.1 

future studies, the influence of updated economic 

parameters on the economic tunnel diameter and length 

should be made. 

Parameters for Economic Evaluation 

Alaska Power Authority has developed the following 

parameters for economic analyses of hydroelectric 

projects. 

Inflation Rate 

Real Discount Rate 

Economic Life of Hydroelectric Projects 

Economic life of thermal plants 

(conventional coal fired or 

combined cycle) 

0% 

3% 

50 years 

30 years 

In sizing the various project elements, i.e., tunnel 

diameter and length, the value of power generated by the 

hydroelectric project has been considered equal to the 

cost of the equivalent power generated thermally by coal 

fired plant or by natural gas fired combined cycle plant. 

As agreed with APA, in order to arrive at a project cost 

which can be readily compared with that for the Susitna 

Project a 50% plant factor has been used for determining 

the installed capacity of the power plants discussed in 

this report. Future studies should copcentrate on 

refining the preferred plant factor for the project. 

Cost of Power from Alternative Sources 

General 

To ensure uniformity of data between the various 

feasibility studies of hydroelectric projects which are 

currently in progress, including the Susitna 

Hydroelectric Project, APA requested that the following 
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sources be used for the development of cost of power from 

alternative thermal generation: 

(1) Acres American Incorporated report "Susitna 

Hydroelectric Project" Task 6 Development Selection 

Report, Appendices A through I, July 1981 for 

construction cost of coal fired and combined cycle 

thermal plants. 

(2) Battelle Pacific Northwest Laboratories, for the 

cost of operation and maintenance and fuel for coal 

fired and combined cycle thermal plants. Data on 

these items were obtained during a visit to 

Battelle's office on September 1, 1981. 

Construction Cost 

(a) Coal fired thermal plant: 

The Acres American report referred to above develops 

the construction cost of a 250-MW coal fired thermal 

plant at Beluga in 1980 dollars to be $439,200,000 

direct construction cost and $627,650,000 total cost 

including 16% contingency, 10% for construction 

facilities and utilities and 12% for Engineering and 

Administration, but not including interest during 

construction. This total cost corresponds to 

$2510/kW. Including interest during construction at 

3 percent per year for a 6 year construction period, 

the total cost amounts to $2706/kW. (This differs 

but little from the $2744/kW value given in Table 

B.l3 of the Acres Report apparently because of some 

rounding of numbers in the Acres calculation and 

apparently slight difference in cash flow during the 

construction period.) 
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9.3.3 

9.3.4 

(b) Combined Cycle Plant 

The Acres American report also develops the 

construction cost of a 250-MW combined cycle plant 

in 1980 dollars to be $121,830,000 direct 

construction cost and $174,130,000 total cost 

including 16% contingency 10% for construction 

facilities and utilities and 12% for Engineering and 

Administration, but not including interest during 

construction. This corresponds to ·$697/kW. When 

interest during construction is added at 3 percent 

per year, the total cost is $707.5/kW. 

Operation & Maintenance Cost 

Data obtained from Battelle is summarized below for 1980 

price levels. 

(a) Coal-fired Thermal Plant 

Fixed Operation and Maintenance $16.71/kW/year 

Variable Operation and Maintenance 0.6 mills/kWh. 

Escalation above general inflation rate 1.9% until 

year 2012 with no escalation after 2012. 

(b) Combined Cycle Plant 

Fixed Operation and Maintenance $35.00/kW/year 

Variable Operation and Maintenance 0 mills/kWh. 

Escalation above general inflation rate 1.9% until 

year 2012 with no escalation after 2012. 

Fuel Cost 

Data obtained from Battelle is summarized below for 1980 

price levels 
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(a) Coal from Beluga 

Fuel cost $1.09/mill. BTU 

Escalation above general inflation iate 1.5% until 

year 2012 with no escalation after 2012. 

Heat Rate 10,000 BTU/kWh. 

(b) Natural Gas - Combined Cycle Plant 

The natural gas prices as estimated by Battelle for 

the future years are given in Table 9-1. 

Heat rate 7500 BTU/kWh. 

TABLE 9-1 

NEW CONTRACT GAS PRICE (AML&P)-ANCHORAGE 

Year Gas Price 
$/Mill BTU 

1980 1.08 

1981 1.08 

1982 1.09 

1983 1.09 

1984 1. 09 

1985 1. 09 

1986 1.35 

1987 1. 56 

1988 1.65 

1989 1.89 

1990 2.11 

1991 3.62 
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9.4 

1992 
1993 

1994 

1995 

3.74 

3.86 

3.98 

4.11 

Forecast escalation after 1995 = 3% per year until the 

year 2012, and no escalation thereafter. 

Value of Hydro Generation 

The value of the hydro generation is established by 

determining the cost of generating power from alternative 

sources. For the purpose of this study an analysis has 

been made of the cost of alternative coal-fired and 

combined cycle genera~ion, using the basic cost data 

presented previously in Section 9.3. 

The annual cost of interest, depreciation and insurance 

for the alternative thermal plants were calculated on the 

following basis: 

Interest 

Depreciation (30 year life) 

Insurance 

Annual Charge on 

Capital Cost 

3.0% 

2.1% 

0.25% 

5.35% 

Based on an arbitrary selection of 1990 as the in-service 

date for the Chakachamna Project and examining a fifty 

year period, equal to the economic life of the hydro 

plant, and using the unit costs for thermal generation 

discussed above, comparative costs were prepared for each 

year of the 50 year period of the cost of generating 

power at 50% load factor by each of the two alternatives, 

r 
[ 

f' 
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conventional thermal using Beluga coal and combined cycle ~~ 
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using gas. These annual costs over the 50 year period 

were then used to determine their present worths at the 

first year of generation taken as 1990. The calculations 

were performed on a cost per kWh basis and are presented 

in Tables 9-2 & 9-3 for the conventional coal fired and 

combined cycle cases respectively. 

The levelized annual cost of generation by a coal fired 

plant using Beluga coal is calculated to be 55.60 mills 

per kWh compared with 75.21 mills per kWh for the 

combined cycle plant, based on 50% load factor 

generation. The higher cost for the combined cycle plant 

is due primarily to a higher initial fuel cost, a much 

higher escalation on the cost of fuel, and somewhat 

higher operation and maintenance cost. Taken 

collectively these more than offset the much lower annual 

charge on the capital cost of constructing the combined 

cycle plant. The cost of power produced by the coal 

fired plant was therefore adopted as the alternative for 

establishing the value of hydro generation. 

The capital cost of a hydro plant which gives a levelized 

annual cost over the 50 year life equal to the levelized 

annual cost of the coal fired thermal plant of 55.60 

mills per kWh, based on 50% plant factor, and including a 

credit of 5% less installed capacity required in a hydro 

pl~nt because of the reduced system reserve requirements 

with hydro generation, is calculated to be $6,117 per 

kW. This total cost includes contingency, construction 

camp facilities, engineering, and construction management 

and interest during construction. 
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TABLE 9-2 ( Sheet 1 o f 2 ) 

COAL FIRED PLANT 

COST OF GENERATING POWER AT 50% LOAD FACTOR 

Amortization Present 
Year & Insurance O&M Fuel Total Worth 

1 33.02 5.32 12.65 50.99 49.50 
2 33.02 5.42 12.84 51.28 48.34 
3 33.02 5.52 13.03 51.57 47.19 
4 33.02 5.63 13.23 51.88 46.09 
5 33.02 5.74 13.43 52.19 45.02 
6 33.02 5.84 13.63 52.49 43.96 
7 33.02 5.96 13.83 52.81 42.94 
8 33.02 6.07 14.04 53.13 41.94 
9 33.02 6.18 14.25 53.45 40.96 

10 33.02 6.30 14.46 53.78 40.02 
11 33.02 6.42 14.68 54.12 3 9 .1'0 
12 33.02 6.54 14.90 54.46 38.20 
13 33.02 6.67 15.12 54.81 37.32 
14 33.02 6.79 15.35 55.16 36.47 
15 33.02 6.92 15.58 55.52 35.64 
16 33.02 7.06 15.82 55.90 34.84 
17 33.02 7.19 16.05 56.26 34.04 
18 33.02 7.33 16.29 56.64 33.27 
19 33.02 7.47 16.54 57.03 32.52 
20 33.02 7.61 16.79 57.4 2 31.79 
21 33.02 7.75 17.04 57.81 31.08 
22 33.02 7.90 17.29 58.21 30.38 
23 33.02 7.90 17.29 58.21 29.49 
24 33.02 7.90 17.29 58.21 28.64 
25 33.02 7.90 17.29 58.21 27.80 

946.54 

NOTE: Escalation rates above the general escalation rate are as 
follows. 

Amortization & Insurance - Nil. 

Operation & Maintenance - 1.9% for first 22 years only. 

Fuel - 1.5% for first 22 years only. 
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TABLE 9-2 (Sheet 2 of 2) 

COAL FIRED PLANT 

COST OF GENERATING POWER AT 50% LOAD FACTOR 

Amortization 
Year & Insurance O&M Fuel Total· 

Fwd. 
26 33.02 7.90 17.29 58.21 
27 33.02 7.90 17.29 58.21 
28 33.02 7.90 17.29 58.21 
29 33.02 7.90 17.29 58.21 
30 33.02 7.90 17.29 58.21 
31 33.02 7.90 17.29 58.21 
32 33.02 7. 9 0 17.29 58.21 
33 33.02 7.90 17.29 58.21 
34 33.02 7. 9 0 17.29 58.21 
35 33.02 7.90 17.29 58.21 
36 33.02 7. 9 0 17.29 58.21 
37 33.02 7.90 17.29 58.21 
38 33.02 7. 9 0 17.29 58.21 
39 33.02 7. 9 0 17.29 58.21 
40 33.02 7.90 17.29 58.21 
41 33.02 7.90 17.29 58.21 
42 33.02 7.90 17.29 58.21 
43 33.02 7.90 17.29 58.21 
44 33.02 7.90 17.29 58.21 
45 33.02 7.90 17.29 58.21 
46 33.02 7. 9 0 17.29 58.21 
47 33.02 7.90 17.29 58.21 
48 33.02 7.90 17.29 58.21 
49 33.02 7.90 17.29 58.21 
50 33.02 7.90 17.29 58.21 

Equivalent Levelized Annual Cost = 55.60 mills/kWh. 
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Present 
Worth 

946.54 
26.99 
26.21 
25.44 
24.70 
23.98 
23.28 
22.61 
21.95 
21.31 
20.69 
20.08 
19.50 
18.93 
18.38 
17.84 
17.32 
16.82 
16.33 
15.85 
15.39 
14.94 
14.51 
14.09 
13.68 
13.28 

1430.64 
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TABLE 9-3 ( Sheet 1 of 2 ) ~-

COMBINED CYCLE PLANT 

COST OF GENERATING POWER AT 50% LOAD FACTOR 
r , 

\ I 

Amortization Present 
[ Year & Insurance O&M Fuel Total Worth 

1 8.64 9.64 21.1 39.38 38.23 
2 8.64 9.82 36.2 54.66 51.52 [ 
3 8.64 10.01 37.4 56.05 51.29 
4 8.64 10.20 38.6 57.44 51.03 
5 8.64 10.39 39.8 58.83 50.75 l 6 8.64 10.59 41.1 60.33 50.53 
7 8.64 10.79 42.33 61.76 50.22 
8 8.64 11.00 43.60 63.24 49.92 

r 
9 8.64 11.21 44.91 64.76 49.63 

10 8.64 11.42 46.26 66.32 49.35 
11 8.64 11.64 47.65 67.93 49.07 
12 8.64 11.86 49 •. 08 69.58 48.80 

l_ 13 8.64 12.08 50.55 71.27 48.53 
14 8.64 12.31 52.06 73.01 48.27 
15 8.64 12.55 53.63 74.82 48.02 

[ ~ 16 8.64 12.78 55.23 76.65 47.77 
17 8. 6 4 13.03 56.89 78.56 47.53 
18 8.64 13.28 58.60 80.52 47.30 
19 8.64 13.53 60.36 82.53 47.07 r 20 8.64 13.78 62.17 84.59 46.84 
21 8.64 14.05 64.03 86.72 46.62 
22 8.64 14.31 65.95 88.90 46.40 l ~ 23 8.6 4 14.31 65.95 88.90 45.04 
24 8.64 14.31 65.95 88.90 43.73 
25 8.64 14.31 65.95 88.90 42.46 

1195.92 [ 

NOTE: Escacalation rates above the general escalation rate are as 
[ -

follows. 

Amortization & Insurance - Nil. 
r 
l ' 

Operation & Maintenance - 1.9% for first 22 years only. 
f 

Fuel - 1.5% for first 22 years only. 
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TABLE 9-3 (Sheet 2 of 2) 

COMBINED CYCLE PLANT 

COST OF GENERATING POWER AT 50% LOAD FACTOR 

Amortization 
Year & Insurance O&M Fuel Total 

26 8.64 14.31 65.9 5 88.90 
27 8.64 14.31 65.95 88.90 
28 8.64 14.31 65.95 88.90 
29 8.64 14.31 65.95 88.90 
30 8.64 14.31 65.95 88.90 
31 8.64 14.31 65.95 88.90 
32 8.64 14.31 65.95 88.90 
33 8.64 14.31 65.95 88.90 
34 8.64 14.31 65.95 88.90 
35 8.64 14.31 65.95 88.90 
36 8.64 14.31 65.95 88.90 
37 8.64 14.31 65.95 88.90 
38 8.64 14.31 65.95 88.90 
39 8.64 14.31 65.95 88.90 
40 8.64 14.31 65.95 88.90 
41 8.64 14.31 65.95 88.90 
42 8.64 14.31 65.95 88.90 
43 8.64 14.31 65.95 88.90 
44 8.64 14.31 65.95 88.90 
45 8.64 14.31 65.95 88.90 
46 8.64 14.31 65.95 88.90 
47 8.64 14.31 65.95 88.90 
48 8.64 14.31 65.95 88.90 
49 8.64 14.31 65.95 88.90 
50 8.64 14.31 65.95 8 8. 90 

Equivalent Levelized Annual Cost = 75.21 mills/kWh. 
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1195.92 
41.22 
40.02 
38.86 
37.72 
36.63 
35.56 
34.52 
33.52 
32.54 
31.59 
30.67 
29.78 
28.91 
28.07 
27.25 
26.46 
25.69 
24.94 
24.21 
23.51 
22.82 
22.16 
21.51 
20.89 
20.28 

1935.25 



9.5 Economic Tunnel Sizing 

The economic diameter of the main power tunnel has been 

investigated by comparing the incremental cost of varying 

the tunnel diameter with the incremental value of the 

difference in power produced as a result of such 

variation in tunnel diameter. For the same powerhouse 

flow, increasing the tunnel diameter reduces the head 

losses in the tunnel thereby increasing the total head on 

the powerhouse with a consequent increase in power 

production. 

In establishing the variation in estimated tunnel 

construction cost it has been assumed that the tunnel 

will be fully concrete lined with the typical horseshoe 

section shown in Figure 3-2 and would be excavated by 

conventional drill and shoot methods. Future studies 

should evaluate the merits of a nominally unlined 

tunnel. It should also be noted that when the method of 

driving the tunnel by tunnel boring machine was examined 

in 1982, no attempt was made to refine the economic 

tunnel diameter. 

For the case of Alternatives A & C with no water release 

to meet instream flow requirements in the Chakachatna 

River (i.e., all controlled water being diverted for 

power production purposes) , Figure 9-1 shows the plot of 

estimated tunnel construction cost and value of power 

production with variation in tunnel diameter. This curve 

shows that the economic diameter of a concrete lined 

tunnel is 25 feet. In Alternative B, with the flow 

diverted to a powerhouse sited on the McArthur River, but 

with water reserved for instream flow requirements in the 

Chakachatna River a separate study to establish the 

economic diameter was not made. Instead, as an 

approximation, the tunnel diameter was selected such that 
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9.6 

the velocity of flow through the tunnel with the 

generating units operating at full output and at full 

level at Lake Chakachamna would be the same as that 

obtained under these same operating conditions in 

Alternative A for which the economic diameter had been 

calculated. This approximation gives a 23-foot horseshoe 

tunnel. 

In the case of Alternative D where only an average 

release of 30 cfs flow is maintained below Chakachamna, 

Lake, the 25 foot diameter tunnel was retained, since the 

powerhouse flow differs by less than 1%. 

In the case of Alternative E developed in 1982, based on 

driving the tunnel by tunnel boring machine, a 24 foot 

diameter circular tunnel was selected. This is 

hydraulically equivalent to the 23 foot diameter 

horseshoe shaped tunnel in Alternative B. If future 

geologic studies confirm the suitability of the rock for 

machine boring, the economic tunnel diameter should be 

re-evaluated. 

Economic Tunnel Length 

For both basic alternative developments by diversion to 

the McArthur River or downstream along the Chakachatna 

River, an examination has been made of the economic 

tunnel length. As the powerhouse is moved do_wnstream to 

develop additional head, the power tunnel becomes longer 

and hence more costly. The economic tunnel length is 

therefore determined from an economic balance of 

estimated tunnel construction cost and value of power 

produced. Based on the value of the hydro generation as 

discussed in Section 9.4, the present worth of the power 

produced by 1 foot of head when all controlled water is 

9-15 



used for power generation is equal to approximately 

$3,500,000 which corresponds to $139,000 annually over 

the 50 year life of the plant at 3% rate of interest. 

The economic balance includes consideration of the 

additional estimated tunnel construction cost by 

increasing the tunnel length, additional powerhouse cost 

to develop the power produced from the additional head 

and the value of the additional power generated by the 

additional head developed. The additional head is based 

on the increased gross head due to the lower tailwater 

obtained by extending the tunnel less the increased 

friction head loss in the longer tunnel. 

Figure 9-2 and 9-3 show respectively the plots of the 

economic tunnel length for the development via the 

McArthur River and down the Chakachatna River. The final 

selected tunnel lengths and corresponding powerhouse 

locations are shown in Figures 3-2 and 3-3. 
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10.1 

10.2 

10.2.1 

COORDINATION 

Introduction 

During the course of the project studies, coordina-

tion with various interested parties was conducted 

via informal contacts, written communication, and 

formal meetings in order to afford these parties an 

opportunity to make their interests in the project 

known and to enable the Power Authority to respond 

to questions and concerns ·about various aspects of 

the project. In this section of the report, copies 

of correspondence and meeting notes are reproduced to 

demonstrate coordination between the Power Authority 

and interested agencies. 

HUMAN RESOURCES 

Meeting - December 10, 1981 

Representatives of u.s. Bureau of Land Manangement, 

National Park Service, and the Alaska State Archae-

ologist were invited to attend a meeting with repre

sentatives of Bechtel, woodward-Clyde Consultants on 

December 10, 1981. A copy of the meeting notes pre

pared by Bechtel, Woodward-Clyde Consultants follows. 
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CHAKACHAMNA HYDROELECTRIC PROJECT 

JOB No. 14879 

MEETING NOTES 

DATE: December 10, 1981 

LOCATION: Business Park, Anchorage, Alaska 

PARTICIPANTS: 

Name 

Bob Loder 

David Cornman 

Hike Joyce 

Chuck Holmes 

Dave l1obraten 

Bailey Breedlove 

Organization 

Bechtel 

Bechtel 

loloodward-Clyde Consultants 

Subcontractor to Woodward-Clyde Consultants 

Anchorage District Office of the 
Bureau of Land Management 

National Park Service 

John Isaacs Woodward-Clyde Consultants 

SUBJECT: Human Resources Scoping Meeting. 

Representatives from Bechtel Civil and Minerals and Woodward-Clyde Consultants 
(WCC) presented a summary of the proposed 1982 Human Resources studies and the 
results of the 1981 reconnaissance program to representatives of the Anchorage 
District Office of the Bureau of Land Management (BLM) and the National Park 
Service (NPS). The State Archaeologist was unable to attend the meeting. 

An introduction describing the project, team organization, and potential 
development schemes was provided by Bob Loder. This included conceptual 
design and locations of the project alternatives. Mike Joyce presented a 
general overview of the environmental program, followed by Jon Isaacs, who 
discussed the 1981 Human Resources reconnaissance and the 1982 work program. 

The agency representatives each had received a copy of the 1982 proposed work 
plan prior to the meeting. At the conclusion of the presentations, the agency 
representatives were asked to supply oral and subsequently written comments 
expressing their concerns with the proposed hydropower project and the proposed 
human resources work plan for 1982. 

The major concerns expressed-orally at this meeting are listed below: 

BLM 

o mineralization of the area, and potential resource extraction 
should be investigated. 

o impacts on fish and wildlife resources are likely to be the 
big issue; economic impacts on the Cook Inlet fishery should 
be determined. 
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NPS 

o with regard to permits, it is likely that no permits for 1982 
studies within the power site withdrawal will be required. Out
side of the withdrawal, permits will be required for activities 
involving significant surface disturbance, such as drilling 
or road construction. 

o input from Cook Inlet Region Inc. (CIRI), Tyonek Native Corpora
tion (TNC) and the State of Alaska should be solicited. 

o maps conveying land to the Native corporations and state should 
be checked for road and powerline easements. 

o concerning project construction and operation, waste disposal 
from tunnel construction will be an issue of concern. BLM would 
have no problems with road construction within the power site 
boundaries. 

o use of the project related roads and where they might put use 
pressure are of concern, particularly in the vicinity of Chaka
chamna Lake, where Lake Clark National Park could be affected. 

o the potential drawdown of Lake Kenibuna by the project needs 
to be investigated. 

o interest was expressed on Mt. Spurr's influence on the project. 

o potential effects to salmon runs entering Lake Clark National Park 
(Kenibuna Lake) will be investigated. 

o potential impacts to the project from glaciers and volcanic activity 
were noted. 

o situation problems similar to those anticipated on Susitna, may 
occur on the Chakachamna Project. 

In addition to these comments, several questions where asked about the 
biological (winter fish distributions, peregrine falcon) and engineering 
(tunnel construction) aspects of the project. 
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10.2.2 

10.3 

10.3.1 

Response 

The concerns expressed by these agencies were noted 

and used for guidance in the planning and conduct of 

project studies. Fish and wildlife aspects were 

taken up with their respective Federal and State 

Agencies. Initial contacts were made with Cook Inlet 

Region, Inc. (CIRI) and Tyonek Native Corporation (TNC}. 

An attempt to schedule a meeting with TNC was unsuccessful 

but future meetings are planned. Contacts and a meeting 

also took place with the National Park Service and the 

Superintendent of Lake Clark National Park. 

Biological Studies 

Meeting - December 11, 1981 

A meeting was convened on December 11, 1981 between 

representatives of Alaska Department of Fish and Game, 

National Marine Fisheries Service, u.s. Fish and Wild

life Service and representatives of Alaska Power au

thority, Bechtel and Woodward-Clyde Consultants. The 

purpose of the meeting was to solicit and discuss 

verbal comments on proposed 1982 biological studies for 

the Chakacharnna Hydroelectric Project. A copy of the 

meeting notes prepared by Bechtel, Woodward-Clyde is 

reproduced on the following pages. 
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CHAKACHMNA HYDROELECTRIC PROJEC1· 

JOB 14879 

MEETING NOTES 

DATE: December 11, 1981 

LOCATION: Business Park, Anchorage, Alaska 

PARTICIPANTS: 

Alaska Department of Fish & Game 

Carl Yanagawa 

Don McKay 

Ken Tarbox 

Kelly Hepler 

Larry Heckart 

Paul Ruesch 

Ron Stanek 

Tom Arminski 

Bechtel 

David Cornman 

Bob Loder 

SUBJECT: Chakachamna Agency Seeping Meeting 

National Marine Fisheries Service 

Brad Smith 

U. S. Fish and Wildlife Service 

Dave Ferrel 

Alaska Power Authority 

Eric Marchegiani 

Woodward-Clyde Consultants 

Mike Joyce 

Larry Rundquist 

Paul Hampton 

Braxton Dew 

Wayne Lifton 

Jon Isaacs 

Representatives from Alaska Power Authority (APA), Bechtel Civil and Minerals, 

and Woodward-Clyde Consultants (WCC) presented a summary of the proposed 1982 

biological studies and the results of the 1981 reconnaissance efforts to repre

sentatives from the Alaska Department of Fish and Game (ADF&G), National Marine 

Fisheries Service (NMFS), and U.S. Fish and Wildlife Service (FWS). The purpose 

of the meeting was to discuss and solicit verbal comments on proposed biological 

studies for the 1982 Chakachamna Hydroelectric Project. 
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An introduction describing the project, its project team organization, 

and potential development scheme was provided by Eric Marchegiani, Bob 

Loder described the conceptual design and locations of the five project 

alternatives and Mike Joyce introduced the environmental presentation. 

The Woodward-Clyde task leaders (hydrology, aquatic, and wildlife bi

ology) then briefly described the results of the two reconnaissance 

efforts in 1981 and the proposed studies for 1982. 

The agency representatives each had received a copy of the 1982 proposed 

work plan prior to the meeting. At the conclusion of the presentations, 

the agency representatives were asked to supply oral and subsequently 

written comments expressing their concerns with the proposed hydropower 

project and the proposed environmental work plan for 1982. 

Che major concerns expressed orally at this meeting are listed below. 

0 

0 

Were the five reaches selected for Instream Flow Gauging 

chosen only on the basis of hydrologic information or was 

fishery information also used? 

Both hydrologic and fisheries data were used to select 

the number and location of critical reaches. 

Will one year of work be sufficient to accurately assess 

the instream flow requirements? 

One year should be sufficient because of the amount of 

data gathered in previous hydrologic and fisheries studies 

that can be compared to our data. Also, the IFG model will 

be verified after the initial July data are available. 

However, !f critical data deficiencies are identified, measures 

will be taken to resolve such deficiencies. 

o If only five critical reaches are chosen for the Instream 

Flow studies, will that information be sufficient to assess 

the impacts to the entire fishery? 
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Because the critical reaches include the major spawning, 

rearing, and migration areas, and the areas that could 

potentially be influenced the most by the project, we feel 

that the data gathered will provide enough information 

to assess impacts. In addition, if future studies indi-

cate that more critical reaches are needed, we will consider 

including them. 

Will the distribution of age and size classes as well as 

the intra-areal movements of juveniles and residents be 

investigated? 

Through the diverse nature o~ the collecting gear and the 

number of sample sites, age and size class distribution 

will be investigated. Local movements of residents and juve

niles within the study area will not be directly addressed, 

because data collected through other aspects of the program 

(maintenance of habitats) will be sufficient to assess 

project influences on local movements. 

Since the winter low flow periods are a critical time of 

year, will the winter studies be sufficient to evaluate the 

effects of altered discharge on the fish populations? 

At this time we feel that the sampling effort planned for 

the winter will be sufficient to assess the effects of 

altered discharge on the fish populations. 

Local fisherman and the resource agencies are perhaps most concerned 

about the cumulative effects of the Chakachamna and other Upper 

Cook Inlet projects on commercial fisheries. 

The comment was noted. 

Are the Habitat Evaluation Procedures being applied and what, if 

any, changes in the program are anticipated? 

The Habitat Evaluation Procedures are being applied. Only two 

changes are anticipated. 
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1) 

2) 

The change in habitat units over the life of the 

project will not be calculated because the potential 

effects of other nearby developments (Beluga Coal 

fields, timber harvesting, and offshore oil develop

ment) cannot be accurately assessed. 

Because the models describing the habitat preferences 

of the evaluation species are based on a generalized 

niche concept, changes will be made, where necessary, 

to make the models more applicable to the preferences 

of the species in the study area. 

Are the transmission line corridor and road right-of-ways 

going to be investigated? 

Both will be evaluated by all disciplines after the general 

routes have been determined. 

o Are any environmental studies planned for the marine or 

intertidal zone? 

The possibility of spawning, rearing, and migration areas 

in the intertidal zone will be investigated. The species 

composition and distribution of birds and mammals in the 

intertidal zone will also be investigated. No studies are 

planned at this time for the marine environment. 

o What facilities are planned for the coast? 

0 

At this time, the only proposed development of the coast 

will be a dock and an airstrip near Granite Point. 

Will the results of the 1981 investigations be available 

for agency review? 
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In January 1982, the results of the environmental studies 

as well as a complete project description will be sent 

to the agencies. 

Will a more detailed 1982 work plan be available that 

describes the functions that will be performed by subcontrac

tors, who the subcontractors are, and what the approximate 

level of effort is for each sub-task? 

A new work plan will not be prepared. However, a list of 

subcontractors and their obligations will be sent to the 

agencies along with a schedule of the approximate level 

of effort apportioned to each sub-task. 

Will an Agency Task Force approach be instigated to coordi

nate agency input to mitigative measures? 

If the agencies choose that approach, APA, Bechtel, and 

Woodward-Clyde are willing to work with the Task Force. 

When, where, and how many public meetings are planned? 

No specific times, dates, places, or numbers have been 

determined. However, due to the special interest of the 

people in Soldotna, one of the meetings may be held there. 

The representatives from the agencies agreed to submit further written 

comments after they had reviewed the results of the 1981 investigations 

and reviewed the preliminary project designs. They will each submit 

comments to their supervisor and one letter from the head of each agency 

will be submitted to the APA. 
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10.3.1.1 Response 

The responses to the questions raised at the meeting 

are set forth in the meeting notes preceding this 

paragraph, immediately after each question. 

10.3.2 Correspondence 

The following pages display reproductions of corres-

pondence received from the following agencies: 

o u.s. Fish and Wildlife Service, 

March 5, 1982, March 26, 1982 

o Alaska Department of Fish and Game, 

February 18, 1982 

o National Marine Fisheries Service, 

February 18, 1982 

This correspondence relates to the 1982 work plan which 

was distributed to the agencies prior to the December 

11, 1981 meeting as well asto the proposed project 

development. The comments received from the fishery 

agencies in these letters were taken under advisement 

and as guidance in defining and executing the final 1982 

work plan. The implementation of many of the agencies' 

suggestions however, has had to be deferred until later 

studies. Responses by the Power Authority to the letters 

from the agencies immediately follow the letters from 

each agency. 
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United States Department of the Interior 

IN REPLY REFER TO: 

WAES 

Mr. Eric P. Yould 
Executive Director 
Alaska Power Authority 

FISH AND WILDLIFE SERVICE 
1011 E. TUDOR RD. 

ANCHORAGE, ALASKA 99503 
(907) 276-3800 

0 5 MAR 1982 

333 West 4th Avenue, Suite 31 
Anchorage, Alaska 99501 

Dear Mr. Yould: 

Re: Chakachamna Hydroelectric Project 
1982 1iork Plan, Environmental Studies 

This letter transmits to the Alaska Power Authority (APA) comments and recom
mendations of the U.S. Fish and Wildlife Service (FWS) relative to the 1982 1iork 
Plan, Environmental Studies for the Chakachamna Hydroelectric Project. Our 
comments are based on a review of the 1982 Work Plan in conjunction with a 
review of the Chakachamna HYdroelectric Project Interim Report dated November 
30, 1981, and forwarded to us on January 9, 1982, and coordination meetings 
between APA, its consultant, FWS, the Alaska Department of Fish and Game 
(ADF&G), the National Marine Fisheries Service (NMFS), and other interested • 
parties. 

The FWS appreciates the opportunity to participate in developing the biological 
program for the Chakachamna Hydroelectric Feasibility Study. We feel that the 
1982 Work Plan has provided an outline for some of the basic biological studies 
that will be required to address the effects of the Chakachamna Hydroelectric 
Project on fish and wildlife resources. We are providing comments specific to 
the 1982 Work Plan to identify the information we believe is essential to 
identify fish and wildlife resources of the project area, determine potential 
impact of the project upon those resources, evaluate alternatives to the pro
posed project, and formulate mitigation/enhancement measures. Our comments are 
as follows: 

GENERAL COMMENTS 

As presently conceived, the scope of studies presented in the 1982 Work Plan 
will not provide the data necessary to meet the study objectives as identified 
on Page 1. Thorough interagency coordination and comprehensive planning of 
biological studies is needed to insure an adequate information base for the 
preparation of environmental exhibits for submittal to the Federal Energy 
Regulatory Commission (FERC). Formal state/federal interagency coordination can 
best be initiated by application for a FERC preliminary permit. Advantages in 
applying for a preliminary permit include the early identification of all 
involved agency concerns as well as establishment of a formal relationship with 
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the FERC. The identification of agency concerns early in the planning process 
can prevent delays in processing the application for license and preparation of 
an Environmental Impact Statement (EIS). Under the FERC licensing process, the 
applicant may be required to collect additional data if the environmental 
exhibits are found to be inadequate by state and federal resource agencies. 

To date, there has been only brief reconnaissance-level field investigations 
conducted late in the 1981 field season. We understand that field studies are 
scheduled to terminate in November 1982 and that, three months later, a feasi
bility report and FERC license application are due. Considering the complexity 
of the Chakachatna and McArthur River systems, the lack of basic qualitative 
fishery resource data, and the magnitude of the potential impacts to these 
resources which would result from hydroelectric development, the approximate ten 
months allocated to field studies and three months allocated to the analysis of 
the results of these studies is insufficient to adequately assess the effects 
this project would have on fish and wildlife resources. The impact of this 
proposed project upon both the Lake Clark National Park and the Trading Bay 
State Game Refuge adds to the complexity of the assessment. 

A list of literature cited should be added to the work plan to facilitate the 
use of references cited. 

Specific Comments 

Environmental Hydrology 

Regime Observations (Page 2) 

We are pleased with the scope of study of this section, but question how the 
regime characteristics identified on pages 3 and 4 can be adequately assessed in 
a single remaining field season. As related to salmonid spawning habitat, a 
more detailed discussion is needed to show how characteristics of side channels 
and high water channels, tributary characteristics, and bed scour, degradation, 
and aggradation within the Chakachatna and McArthur River systems will be 
assessed. The timing and level of field effort to accomplish this need to be 
identified. The use of aerial photographs should not be used as a substitute 
for ground-level observations incorporating physical parameter measurements. 
The erosion studies proposed for the lake tributaries need to be explained in 
further detail. 

Hydrology (Page 4) 

We feel that reliable flow data is obtainable, in light of the 13 years of 
record by USGS, for the Chakachatna River. We are concerned, however, that 
representative flows for the McArthur River may not be. An assessment of 
groundwater inflow through side channels and sloughs, again in relation to 
salmonid spawning habitat, is needed. The evaluation of winter flow charac
teristics needs expansion. The expansion should include the methodologies and 
study site locations as well as an assessment of the correlation between these 
sites and fish over-wintering habitat. 
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Page 3 

We are concerned that the level of effort needed to assess the flow requirements 
for the maintenance of the Noaukta Slough and Trading Bay wetlands will not be 
met. This portion of the hydrology program needs expanson. Additionally, a 
water-quality program needs to be developed and the timing and level of effort 
identified. 

Instream Flow Investigations (Page 5) 

We have contacted the FWS Cooperative Instream Flow Group (CIFG), Ft. Collins, 
Colorado, for input into this portion of the 1982 'vork Plan. Their comments, 
once received, will be forwarded to you for consideration into your study 
design. We are pleased that the IFG Incremental Methodology will be applied. 
However, there appears to be a limited data base to support the selection of the 
study sites identified in the study plan. Prior to application of the 
incremental methodology, a qualitative understanding of morphologic, hydraulic, 
and biologic characteristics of the two rivers must be obtained. The seasonal 
distribution and habitat utilization of fish species as well as the seasonal 
flow patterns and channel structure must be known before study sites can be 
selected. 

There are a number of anadromous and resident fish in this system. A good 
qualitative understanding of relative abundance, seasonal habitat requirements 
and distribution should be obtained for all key species. However, for appli
cation of the incremental methodology, and development of habitat suitability 
criteria we suggest that target species be selected in consultation with 
state/federal resource agencies for detailed analysis. 

We are concerned about the timing of the instream flow studies. These studies 
are generally conducted in two phases. During phase I a qualitative under
standing of the biologic, hydraulic, and morphologic characteristics of a system 
is obtained. From this information a phase II study plan is formulated. The 
river is subdivided into relatively homogenous segments and study sites are 
selected for detailed analysis. Relationships of existing fishery resources are 
reviewed and target species are selected for use in the analysis. Phase II 
includes the collection of hydraulic calibration data, computer modeling of 
study sites, development of habitat suitability criteria and analysis of pro
jected effect. Since the tasks in phase II are dependent on the results of 
phase I studies, we do not believe these two phases can be undertaken concur
rently. 

We refer you to An Assessment of Environmental Effects of Construction and 
Operation of the Proposed Terror Lake HYdroelectric Facility, Kodiak, Alaska, 
Instream Flow Studies, prepared by Arctic Environmental Information and Data 
Center, University of Alaska, March 1981, as a good example of an Alaskan 
application of instream flow techniques which required two full field seasons to 
obtain. 

Finally, there areno data to substantiate the 19% provisional reservation of the 
average annual inflow to Chakachamna Lake, as presented in the Interim Report 
and derived by the Montana Method, to meet the instream flow requirements for 
fishery resources in the Chakachatna River. Because of the apparent importance 
of side channel habitats, the Montana Method may not be appropriate for applica
tion to the Chakachatna River. The instantaneous and seasonal flows necessary 
to sustain this resource should eminate from the instream flow studies planned. 
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Aquatic Biology 

Macroinvertebrates (Page 7) 

While the effort presented in this section is commendable, we consider the 
forage studies to be of lesser priority than the fish studies. Accordingly, the 
primar,y objective should be conducting adequate fish studies. The timing and 
study site locations involved in the macroinvertebrate investigations should be 
identified in the study plan. 

Fish (Page 9) 

In general, we feel that the fish studies presented in this section are ont' of 
the stronger portions of the overall 1982 \vork Plan. Our major concern is ~.!J.a t 
one field season will not be adequate to gather the necessar,y field data to 
adequately assess species presence, composition, and distribution; spawning 
habitat; migrator,y pathways; juvenile rearing habitat; and general habitat 
utilization. This may be further complicated by the fact that 1982 represents 
an even-year pink salmon run in Cook Inlet and returns could be substantial. 
The use of hydroacoustics in identifying these parameters needs further 
explanation and expansion. We suggest the possible use of radio-tagging 
techniques to further identify migratory pathways and spawning habitats. The 
¥WS, Fisheries Research Center, Alaska Field Station, has successfully applied 
this technique in chinook salmon investigations on the Kenai River. 
Additionally, the Alaska Department of Fish and Game has applied the technique 
to assess chum, coho, and chinook salmon habitat in the Susitna River. It is 
particularly applicable in systems where visibility is a limiting factor. 

I 
Spawning (Page 9): It is necessary to identify the relative importance of 
different types of spawning habitats throughout the Chakachatna and McArthur 
Rivers and their relative contribution to the total production of the system. 
We are interested in the relative importance between mainstem and side channel 
habitats and an evaluation of incubation success in these habitats. We are 
particularly interested in the side channel habitat in the Chakachatna River 
which may be affected by reduced flows. Identification of spawning habitat in 
Chakachamna and Kenibuna Lakes and their tributaries is needed. 

Migration (Page 11): The assessment of migratory pathways should be focused on 
those areas to be impacted by the project. It is important to identify the 
relative importance of the various migratory routes. A more detailed discussion 
of the sampling site locations and timing involved in this effort is needed. 

Habitat Utilization (Page 12): We feel that the adequate assessment of over
wintering habitat is critical in regard to minimum flow requirements. A 
description of how and where this will be accomplished is lacking in this 
section. 

Community Analyses (Page 13): A further explanation of what this section will 
contribute to the overall analysis of fishery resources in the Chakachatna and 
McArthur River systems is needed. 

Impact Assessments (Page 13): It is essential for the FERC permit application 
to include a comprehensive mitigation plan developed in consideration of but not 
limited to the following: 1. Developing fish pathways at the mouth of 
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Page 5 

Chakachamna Lake to maintain outmigration and adult escapement, 2. use of 
artificial spawning channels to mitigate the loss of spawning habitat, 3. 
maintenance of migrational pathways to the tributaries of Chakachamna and 
Kenibuna Lakes after lake drawdown, 4. mitigation for the loss of spawning 
habitat along the lakeshores •. 

Temperature: The 1982 Work Plan lacks completely a section on the assessment 
of temperature regimes in the river and lake systems. We suggest a program be 
developed to address this issue and that the impacts of altered temperature 
regimes be assessed. A temperature model needs to be prepared. 

Wildlife Biology (Page 14) 

We are pleased that a HEP analysis is proposed. As an integral part of HEP, 
we encourage you to make use of a state/federal interagency team to select 
indicator species and technically assist in the application of HEP. In so 
doing you will insure that the perspectives of all agencies are included in 
the process, thus increasing the acceptability of the product. One indicator 
species, preliminarily chosen, the tule goose, has never been found to nest in 
the area. Its usefulness as an indicator species is questionable. We suggest 
that the project boundary be reevaluated to encompass not only the total land 
and water areas where direct impacts could occur, but where secondary impacts 
due to human encroachment and construction activities resulting in wildlife 
displacement are expected. Specifically, proposed construction camp sites, 
access road alignments, transmission corridor alignments, proposed airstrips, 
and tidewater facilities need to be assessed closely for potential impacts to 
wildlife migration routes as well as loss of potentially important feeding and 
cover habitat types. We would like to see a comparison, based on quantified 

I 
habitat units, of the relative impacts ·of alternative access routes and 
alternative project designs on wildlife resources. 

The mapping of vegetative habitat types should cover the entire area of pro
ject influence to a scale of 1 inch per mile. The scale should be expanded to 
4 inches per mile in areas of significant alteration. We recommend this 
expanded scale be used to map all riparian and wetland habitat types. We are 
particularly concerned about potential impacts to the trumpeter swan popula
tion in the project area (143 swans reported in 1980). Potential conflicts 
between migration routes and transmission corridor alignments for swans and 
other waterfowl species need to be identified early. Additionally, potential 
impacts to nesting pairs of swans should be examined carefully. 

Other important considerations include the identification of bear denning 
sites and moose and caribou calving grounds which may be within the project 
boundary. Particular attention should be focused on field investigatons of 
riparian habitat and the extensive wetland complex of Trading Bay in regard to 
the high use by wildlife these areas receive. 

While the Wildlife Biology portion of the 1982 Work Plan identifies these 
concerns in general, it fails to adequately describe the timing and level of 
effort to be applied to comprehensively evaluate them. Additionally, we are 
concerned about the disposal site location for talus material from power 
tunnel excavation and the location of a barge facility in the tidelands of 
Trading Bay. Alternative locations for these project features need to be 
identified and relative impacts assessed. 
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Endangered Species 

As required by the Endangered Species Act (87 Stat. 884, as amended), the 
FERC, or their designee, should formally request a list of threatened or 
endangered species from this agency. If the list indicates that these species 
are present in the project area, FERC is required under Section 7(c) to con
duct a Biological Assessment. This assessment would identify any listed or 
proposed threatened or endangered species and discuss potential project 
related impacts. The assessment is to be completed within 180 days after 
receipt of the official list, unless a time extension is mutually agreed 
upon. No contract for physical construction may be entered into and no 
physical construction may begin until the Biological Assessment is completed. 
If the conclusions drawn from the Biological Assessment indicate that endan
gered or threatened species are likely to be affected by the construction 
project, FERC is required by Section ?(a) to request formal consultation. 

Conclusion and Recommendations 

The results of the 1982 field investigations will provide some of the baseline 
data necessary for impact assessment. We feel this data will be qualitative 
in nature with refinement possible only after additional study and analysis. 
The compressed time-frame of the feasibility study as currently proposed, 
however, does not allow such analysis. To date, there has been little effort 
given to the development of impact assessment and mitigation strategies. As 
planning and studies continue, we feel a more comprehensive and formal coor
dination process should be established and implemented between APA, the con
sultant, and the resource agencies. Also, there has yet to be developed a 
forum for public input. It is obvious that there has not been adequate time 
allocated for environmental studies to be conducted which are comensurate with 
the magnitude and complexity of the potential impacts associated with the 
Chakachamna Hydroelectric Project. 

Accordingly, we recommend: 

1. That an Interagency Task Force be established in order to technically 
assist in the terrestrial habitat and instream flow analyses, 
coordinate and review the results of further environmental studies, 
assess impacts, and formulate mitigation proposals; 

2. 

5 

that the APA apply for a FERC prelimina~ permit to initiate formal 
interagency coordination; 

that the time-frame for the scope of the environmental studies 
associated with the feasibility study be expanded and that the 1982 
field season be utilized to collect adequate qualitative baseline 
biological data of sufficient scope; 

that a revised Work Plan for environmental studies, based on the 
expanded time-frame, be formulated and reviewed by the Interagency 
Task Force; 

that appropriate procedures be developed for coordination between 
resource agencies and the APA to include coordination meetings with 
sufficient lead time to allow for information exchange and project 
review; and 
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Page 7 

6. that a forum for meaningful public input be established. 

Finally, we can see no advantage in presenting an application to FERC, which 
will be reviewed by FWS, that does not contain an adequate assessment of 
project impacts to fish and wildlife resources and a comprehensive mitigation 
plan. Submission of environmental exhibits under such a compressed time-frame 
can only hinder the designing of an environmentally sound project. 
Accordingly, the FWS recommends the license application be delayed until 
sufficient biological data are available. 

We look forward to continuing to work closely with the APA in the future to 
develop and implement a mutually acceptable feasibility study. We encourage 
your consultants to now contact our Western Alaska Ecological Services Field 
Office for technical assistance in planning for the application of HEP and 
Instream Flow methodology. 

cc: FWS-ROES, WAES, CIFG 
ADF&G, NMFS, EPA, ELM, USGS, NPS, 
ADEC, ADNR 
Mike Joyce, Woodward-Clyde 
FERC, Washington, D.c. 
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United States Department of the Interior 

IN RE?L Y REFER TO: 

WAES 

Mr. Eric Yould, 
Executive Director 
Alaska Power Authority 
334 W. 4th Avenue 
Anchorage, Alaska 99501 

FISH AND WILDLIFE SERVICE 

Western Alaska Ecological Services 
733 W. 4th Avenue, Suite 101 

Anchorage, Alaska 99501 
(907) 271-4575 

c 'r r -c-' 

Re: Chakachamna Hydroelectric Project, 
1982 Work Plan, Environnfental 
Studies 

Dear Mr. Yould: 

This letter transmits to the Alaska Power Authority (APA) comments and recom
mendations of the U.S. Fish and Wildlife Service (FWS) Instream Flow and 
Aquatic Systems Group, Fort Collins, Colorado, relative to the 1982 Work Plan, 
Environmental Studies for the Chakachamna Hydroelectric Project. Previous FWS 
comments relative to the 1982 Work Plan, Environmental Studies, were forwa,rded 
to you on March 5, 1982. The enclosed comments are specific to the instream 
flow and hydrologic aspects of the 1982 Work Plan. 

I 

We look forward to continuing to work closely with the APA in the future to 
develop and implement a mutually acceptable feasibility study. We encourage 
your consultants to contact our Western Alaska Ecological Services Field 
Office for technical assistance in planning for the application of Instream 
Flow methodology for this project. 

Enclosure 

cc: FWS-ROES, WAES, CIFG 
ADF&G, NMFS, EPA, BLM, USGS, NPS 
Mike Joyce-Woodward-Clyde 
FERC-WDC 

Sincerely, 

Field Supervisor 
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United States l)epartment of the Interior 

FISH ANil \Vll.lll.IFE SERVICE 

OFFICE OF BIOLOGICAL SERVICES 
Western Energy & Land U~e Team 

Drake Creekside Building 
262 5 Redwing Road 

Fori Collins, Colorado 805 26 

Instream Flow and Aquatic Systems Group 

March 12, 1982 

Mr. Dave Ferrell 
Western Alaska Ecological Services 
733 W. 4th Avenue, Suite 101 
Anchorage, AK 99501 

Dear Mr. Ferrell: 

IFG 206 

As per your letter of February 1, 1982 and your phone conversations with 
Clair Stalnaker, I have reviewed the Interim Report on Chakachamna 
Hydroelectric Project and the work plan for the environmental studies. 

My initial reaction is that there is not enough information in the 
environmental work plan on which to base any comments. For instance, 
there is no information on water temperature aspects in the interim 
report and no mention of water temperature in the environmental work 
plan. I will return to the work plan later. 

first, let us look at the interim report; the purpose of the report was 
to provide a preliminary evaluation of the proposed project. Consequently, 
all elements of the proposed project could change before construction. 
The Tennett (Montana) method was used to obtain some idea of the instream 
flows which are needed in the various streams. It is interesting that 
the Bechtel staff have assumed rivers of the northern great plains are 
representative of glacial rivers in Alaska. It is not inappropriate to 
use a technique that uses a fraction of the natural flow in the stream 
as an initial estimation of the instream flow needs. The fraction 
should be developed for similar geomorphology and biological conditions. 
In the case of the Chakacharnna project; data fnr co~stal 0rcgon, Was!Jington, 
;tttd llr ( L.lr:lt Colultl(d 11, ll!t Wl'l.l 1111 Al1wku, could ltitVl' l>et·ll \l!ll'd l() dl've I <•!' 
the hydrograph multipliers to estimate the instrenm flow needs. 

If it is assumed all the information available about the fisheries 
aspect of the project area are covered in the report, then there is a 
major lack of basic data on the existing conditions which, in my opinion, 
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makes it difficult to develop .:1 \o.•ork plan for environmental studies. /\t 
this point, I can only outline a few of my major concerns; these arc 

1. There appears to be no element in the \.Jork plan to study the 
streams above the lake - they should be studied. 

2. The channel streams flowing into the lake are likely to change 
as a result of lowering the lake level - this aspect is very 
important and must be studied. 

3. T~mperaLu~e as~e~Ls shou:d be studied. 

4. The Chakachatna river channels do~~stream of the lake and the 
McArthur river channels are almost certain to change as a 
result of the project; an engineering study is required. 

5. 

6. 

What habitat criteria are to be used to relate the fish species 
to the physical habitat; are new criteria data to be collected? 

It is difficult for me to comment on the site selection 
because of the lack of information but the proposed sites do 
not include the channels below Noaukta Slough. I suspect the 
proposed project will have an impact on the channels below 
Noaukta Slough. 

I would like to know just what "community analysis" is as described on 
page 13 of the work plan and how it fits in with other elements of the 
work plan. 

If I were doing the project planning, I would consider ~electing only a 
few sites this year for instream flow studies and spend most of the 
effort obtaining a clear picture of the system. The following year 
would be used for the more detailed studies. This way I would soon have 
information on the instream flow needs on which to base future planning 
studies and have the type of information needed for the final analysis 
some time later. 

I hope these comments are of use to usc - unfortunately I can do little 
more because of the lack of information in the environmental work plan. 

Sincerely, 

Robert Hilhous 
Hydrologist 
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ALASKA POWER AUTHORITY 
334 WEST 5th AVENUE· ANCHORAGE, ALASKA 99501 

RECEIVED 

DEC 2 1982 
R. T. LODER 

Mr. Keith Schreiner 
Regional Director· 
U.S. Fish & Wildlife Services 
1011 East Tudor Road 
Anchorage, Alaska ~503 

Dear Mr. y?rJfn~~: 

November 26, 1982 

Phone: (907) 277-7641 
(907) 276-0001 

Please reference your agency's letter of March 5, 1982, concerning 
Chakachamna Hydroelectric Project 1982 Work Plan, Environmental Studies. 
The Alaska Power Authority appreciates the detailed comments your agency 
has provided, but due to severe budget restraints we have not yet been 
able to implement most of those. The Power Authority through our 
consultant, Bechtel/Woodward-Clyde, has collected fishery data during 
this past summer and fall. Your agency personnel visited the proposed 
project area while Woodward-Clyde was actually collecting this data 
during August 1982. 

We would like to invite you and your staff to a meeting at 9:30 
A.M. on December 9, 1982, in the new Federal Building, National Weather 
Service, 5th floor, East Conference Room. The purpose of the meeting 
will be to present information collected during the summer and fall and 
answer questions on an informal basis concerning the resource in the 
area. I have attached an agenda for the meeting. 

We have requested additional funding for the FY 84 budget year in 
order to complete the feasibility study. Once legislative approval has 
been acquired, a new work plan for environmental studies will be 
developed taking into account concerns previously expressed by your 
agency and others. It is our intent to coordinate this plan with the 
concerned agencies. 

Thank you for your continued participation in our planning 
activities. 

cc: .Robert.Loder, Bechtel 
Wayne Lifton, Woodward-Clyde 
Kenneth Plumb, FERC 

z:·.ly~ 

Eric P. Yould 
Executive Director 

Gary Stackhouse, U.S. Fish & ~Jildlife Service 
Lenny Carin, U.S. Fish & Wildlife Service 

Attachment: Agenda 
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ATTACHMENT A 

TENTATIVE AGENDA FOR DECEMBER 9 MEETING 

Chakachamna Hydroelectric Project 

I. Opening Remarks Eric Marchegiani 

Purpose of Meeting: 

Provide Background to New Personnel 

To Receive Agency Input 

To Keep Agencies Informed 

II. Description of Project Eric Marchegiani/Bob Loder 

Engineering Studies to Date 

Fish Passage Facility Concepts 

III. Environmental Studies Wayne Lifton 

FY 1982 

FY 1983 - scope, general objectives 

Hydrology L. Rundquist 

Aquatic Biology Wayne Lifton 
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DEP.-\RT:'tiE~T OF FISH .-\~D G:\llt: 

February 18, 1982 . 

Alaska Power Authority 
334 W. 5th Avenue 
Anchorage, Alaska 99501 

OFFICE OF THE COMMISSIONER 

Attention: Mr. Eric P. Yould, Executive Director 

Gentlemen: 

JAYS. HAM MONO, GOVERNOR 

P.O. BOX 3·2000 
JUNEAU, .AJ-.A$KA

41 
~~802 

PHONE: '1-b!:>- UU 

f\J .. A..~ 1 1982 

'AJ:}SXA POWER AUTHORrTY 

Re: 1982 Chakachamna Hydroelectric Project Study Plan Review, Interim Report 
Engineering and Geological Studies (November 1981), Woodward-Clyde 
Environmental Study Work Plan (December 1981) 

The Alaska Department of Fish and Game has reviewed the proposed 1982 Chakachamna 
Hydro Study Plan and submits the fo 11 owing corrments: 

1982 Environmental Study Work Plan 

We are concerned that the remaining one year of study may prove to be 
insufficient as very little is currently known about the fish and wildlife 
resources within the project area. In addition, the study plan does not specify 
the effort devoted to each task or expected sequence of events and from all 
appearances the 1982 effort looks to be an overly ambitious undertaking. As we 
have said in the past, we are willing to provide specific direction towards 
development of studies if you desire our assistance. Please find comments 
specific to portions of the 1982 Study Plan enclosed. 

In addition, please feel free to contact us if you have any questions or 
corrments. 

Sincerely, 

cc: c. Yanagawa R. Logan 
R. Andrews A. Kingsbury 
R. Redick s. Eide 
L. Trasky D. Daisy 
s. Pennoyer R. Roys 
R. Somerville J. Fall 
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1 1982 

ALASKA POWER AUTHORilY 

10.1 Engineering Studies 

Para. 1 

Engineering studies should also address development of structures to 

reduce or eliminate fish entrainment in the power tunnel or turbines. 

If' elevated thermal regimes are anticipated, multilevel intakes for 

both water diverted for generation and that to provide instream flows 

should be considered. 

10.1.1 Hydrological Studies 

Para. 1 

In addition to synthesizing Chakachamna Lake outflow data, we believe 

it necessary to determine the percentage of flow in the Chakachatna 

system contributed from tributary streams, wetlands, and groundwater 

with respect to specific stream reaches. This will reveal the 

significance of lake outflow regulation in reaches where lowered flows 

may limit habitat. It would be wise to analyze the McArthur system in 

much the same manner but with respect to augmented flows. Flow 

augmentation may result in morphological changes, changes in habitat 

suitability and possible thermal effects. 

Para. 2 
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In addition to making predictions with respect to Chakachamna Lake 

thermal regimes, it will also be necessary to predict changes in 

thermal regimes (which would affect salmonid incubation rates) in both 

McArthur River and Chakachatna River. Both systems have reaches in 

which spawning occurs that will be affected by lake releases or power 

diversions. We suggest that recording thermographs be placed in stream 

reaches where spawning might be impacted. This information along with 

Chakachamna Lake thermal modeling, meteorological data, and 

hydrological data can be used in a predictive stream thermal model. 

10.1.3 Reservoir and Fish Passage Facilities 

Para. 1 

In addition to passing fish in and out of Chakachamna Lake, provisions 

must be developed to allow fish to migrate in and out of tributaries to 

the lake. It appears that during operation, the lake water surface 

elevation will never reach currently existing levels and may drop in 

excess of one hundred feet below existing levels. This will 

effectively isolate tributaries with respect to fish migrations. 

10.1.4 Power Intake and Tunnel 

Para. 1 

Consideration should be given to design these features to prevent 

entrainment of fish. 

10-2 5 



10.1.5 Underground Powerhouse Complex 

Para. 1 

Since the tailrace discharge will be located in an identified spawning 

area, it should be designed to prevent habitat degradation. It may 

even be possible to design this feature to increase the quantity of 

spawning habitat available and help to offset habitat losses elsewhere. 

10.1.6 Transmission Line and Submarine Cable Crossing 

Para. 1 

Alignment selection and construction logistics should be coordinated 

with the environmental effort to determine the least detrimental 

alternative. 

10.1.7 Access Roads and Construction Facilities 

Para. 1 

Campsite selection, road alignments selection, and construction should 
' 

be coordinated with the environmental effort to determine the least 

detrimental alternatives. 

10.1.8 Cost Estimates and Construction Schedule 

10-2 6 
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Para. 1 

Construction scheduling should strive to minimize environmental impacts 

by avoiding disturbances to fish and wildlife during sensitive periods 

(spawning, calving, etc.). 

1982 Work Plan - Environmental Studies, Woodward-Clyde Consultants, 

December 8, 1982. 

ENVIRONMENTAL HYDROLOGY 

Regime Observations 

Para. 1 

Will these regime observations ultimately re~ult in a detailed 

predicti6n of potential morphological and sedimentation changes arrived 

at through modeling or will predictions be subjective in nature? 

Hydrology 

Para. 1 

What is the rationale for those locations? Have they been chosen with 

respect to influx· of tributary waters, channel configuration, fish 

habitat, etc.? 

10-2 7 



Will the gauges be operational for more than one year (1982) or at 

least one water year? 

Will synthetic data be developed for these gages whose period of record 

equals that used to determine generating capacity, reservoir operation, 

etc.? 

Para. 3 

Will any attempt be made to quantitatively assess the significance of 

the selected wetlands? 

In addition to the above questions, we are concerned that hydrological 

studies of the scope necessary to provide an adequate assessment of 

hydrologic-hydraulic impacts cannot be completed during the 1982 

season. We assume that the gauge network has.not been installed at 

this time nor have transects been located or surveyed. If these tasks 

are accomplished this spring and summer, the studies will have to be 

extended till at least summer 1983 to get one water year of data and 

that is a very minimal amount. 

Instream Flow Investigations 

Para. 1 

Are the five study sites considered representative or critical reaches? 

It is our understanding that the critical reach approach should be 
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applied to reaches whose physicgl or chemical characteristics limit the 

fishery resource. With the current knowledge we have of these systems, 

. we suspect that the sites should be treated as representative reaches 

with the possible exception of Chakachatna Canyon which could be a 

limiting' factor with respect to migrations. 

Para. 3 

With respect to the location of the transects, it is our understanding 

that two considerations are paramount: 1) a rigid channel; and 2) 

biological pertinency. Changes in channel shape and whether the 

location is at a hydraulic control are secondary considerations. 

In addition, it would be advantageous to have a resource interagency 

team review transect selection. 

Office Analysis 

Will the bed and bank erosion analysis of the McArthur River be a 

subjective effort or will it involve use of a sediment transport model. 

The analysis should be applied to Chakachatna River also. Operation of 

the project will attenuate peak events which probably move great 

amounts of sediment through the system. Without these events, there 

may be significant morphological changes. 

~Jith respect to the instream flow investigations, although not 

specified in the study plan, we assume that the IFG-3 model will be 

10-2.9 .. 



used to determine weighted usable area (WUA) once habitat suitability 

curves have been developed. 

AQUATIC BIOLOGY 

Macroinvertebrates 

How will impacts to macroinvertebrates be predicted? 

Fish 

Para. 1 

Will this characterization and quantification of habitat effort be 

coincident with the instream flow effort? 

Spawning 

Para. 1 

If spawning areas have yet conclusively identified, might it not be 

premature to have already selected IFG methodology study sites which 

are to be representative of spawning areas? 

Pertaining to the statement that hydro-acoustic techniques will be 

tested to estimate spawning density, if this technique proves 
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successful, will a full scale program be started? What will the 

program involve and who will be contracted to conduct it? 

Para. 9 

We believe that recording thermographs would be installed in selected 

spawning areas to provide additional data needed to determine if 

detrimental thermal impacts will result. Temperature probes should be 

installed to record temperatures of both surface and intragravel flows. 

Para. 10 & 11 

Are migration pathways addressed through the IFG methodology in a 

representative or critical reach study site? 

With respect to out-migrant monitoring, properly designed, this program 

could indirectly enumerate smelts and provide one way of quantifying 

the contribution of the McArthur and Chakachamna systems to the Cook 

Inlet fisheries to establish levels of mitigation necessary. The 

Department currently conducts a smolt out-migrant study on the Kasilof 

River that could serve as a model for the Chakachamna program. 

Habitat Utilization 

Para. 4 
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As mentioned earlier, it would be wise to review establishment of 

proposed habitat transects with an interagency team. 

Fish Populations 

Para. 1 

If it becomes apparent that the project will significantly impact the 

fisheries resources of these systems, it would be wise to continue fish 

population studies for several year·s. Otherwise there will be no data 

regarding numbers of fish on which to base levels of required 

·mitigation. 

Impact Assessment 

Para. 2 

We suggest that an interagency team be established to propose and 

review mitigation measures and to identify areas where further study 

might be indicated. 

WILDLIFE BIOLOGY 

Wildlife 

Para. 2 
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What is the reason for reevaluating the 1981 species selection? Are 

there other relevant criteria than the three mentioned here that must 

be considered. If so, what are they? 

Habitat Suitability 

Will the existing U.S. Fish and Wildlife Service Alaska models be used 

to derive HSI or will the consultant develop his own? 

Impact Assessment 

Rather than departing from the standard HEP analysis because of the 

uncertainty of future development, we suggest development of three 

scenarios that describe varying levels of impact to the area and use 

them to complete the HEP analysis. We believe that there is currently 

enough information for development of these scenarios. 
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f ALASKA POWER AUTHORITY 
334 WEST 5th AVENUE· ANCHORAGE, ALASKA 99501 

RECEIVE:D 

DEC 2 1982 
~I. LODfR 

The Honorable Ronald 0. Skoog, 
Commissioner 
Alaska Department of Fish & Game 
Subpart Building 
Juneau, Alaska 99801 

Dear Commissioner Skoog: 

November 26, 1982 

Phone: (907) 2n · 7641 
(907) 276-0001 

Please reference your agency•s letter of February 18, 1982, 
concerning Chakachamna Hydroelectric Project 1982 Work Plan, 
Environmental Studies: The Alaska Power Authority appreciates the 
detailed comments your agency has provided, but due to severe budget 
restraints we have not yet been able to implement most of those. The 
Power Authority through our consultant, Bechtel/Woodward-Clyde, has 
call ected fishery data during this past summer and fall. Your agency 
personnel were invited to visit the proposed project area while 
Woodward-Clyde was actually collecting this data during August 1982. 

We would like to invite you and your staff to a meeting at 9:30 
A.M. on December 9, 1982, in the new Federal Building, National Weather 
Service, 5th floor, East Conference Room. The purpose of the meeting 
will be to present information collected during the summer and fall and 
answer questions on an informal basis concerning the resource in the 
area. I have attached an agenda for the meeting. 

t4e have requested additional funding for the FY 84 budget year in 
order to complete the feasibility study. Once legislative approval has 
been acquired, a new work plan for environmental studies will be 
developed taking into account concerns previously expressed by your 
agency and others. It is our intent to coordinate this plan with the 
concerned agencies. 

Thank you for your continued participation in our planning 
activities. 

cc: Robert Loder, Bechtel 
Wayne Lifton, Woodward-Clyde 
Kenneth Plumb, FERC 

Sincerely, 

k!·"-\~ 
Executive Director 

Carl M. Yanagawa, Alaska Department of Fish & Game 
Don McKay, Alaska Department of Fish & Game 
Phi Byrna, Alaska Department of Fish & Game 

Attachment: Agenda 10-3 4 
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----------------- --------------·---------------

February 18, 1982 

Mr. Eric P. Yould 
Executive Director 
Alaska Power Authority 
333 West 4th Avenue, Suite 31 
Anchorage, Alaska 99501 

Dear Mr. Yould: 

U.S. DEPARTMENT C J:OMMERCE 
National Oceanic and -,;maspherlc Admlnl•tr•tlan 
NationaZ Marine Fisheries Service 
P. 0. Box 1668~ Juneau~ Alaska 99802 

RE(iElVED 

We have received the Chakachamna Hydroelectric Project Interim Report -
November 30, 1981, and the 1982 Work Plan for Environmental Studies 
Associated with this project. We have completed our review of both 
documents and offer the following comments. 

The Interim Report, according to your letter of January 8, 1982, is 
being distributed in order to provide additional data on which to base 
comments regarding the 1982 Environmental Studies Work Plan. Accordingly, 
we have limited our review of this document only to those sections perti
nent to the Environmental Studies program, sections 6 and 10. Section 6 
provides a summary of those reconnaissance-level surveys conducted 
during the 1981 season. Although little dataareprovided, this section 
identifies areas that appear to be important to fisheries resources 
and discusses gaps in available knowledge. Section 10 (describing the 
1982 studies) and the 1982 Environmental Studies Work Plan both target 
upon these important areas. However, we feel some caution should be 
used in basing future studies heavily on the results of the 1981 work. 
Paragraph 6.3.4 states that these surveys were of "limited duration" and 
provide only a limited "look" at these river systems. The extent of 
pink salmon spawning and the location of such spawning within the 
Chakachatna River are unknown. The same is true for coho within this 
system. Only limited survey work occurred on rivers tributary to 
Kenibuna Lake or within Kenibuna Lake itself. The strength of the 
1981 salmon runs may not have been representative, as even year runs of 
pink salmon in upper Cook Inlet are larger than odd year runs. It will 
be important for 1982 study efforts to remain flexible in order to fully 
understand the fisheries resources of the project area. The 1982 Work 
Plans presented to us do not have this flexibility or sufficient scope 
to adequately assess impacts or identify necessary mitigative measures. 
We have made some specific comments on both documents, which follow. 

10-3 5 



2 

Inter;-im Report 

10.1.3 Reservoir and Fish Passage Facilities 
The report states that studies will be conducted regarding fish passage 
into and out of the reservoir. The Environmental Studies Work Plan does 
not identify these studies. What type of research is being discussed 
here?· 

10.3 Environmental Studies 
This paragraph implies that current minimum flows were based on field 
research on fisheries. These preliminary releases were developed using 
a percentage of mean flow (the Montana Method) and do not necessarily 
meet the needs of the fishery resources within the system. 

1982 Work Plan - Environmental Studies 

General -We do not believe the proposed studies are of sufficient scope 
to achieve the stated objectives of providing data to accurately prepare 
environmental exhibits for the FERC application, assess project impacts, 
describe existing conditions or develop mitigation measures. At this 
time we are most concerned with identification of waters within the project 
area which support habitat utilized by fish, evaluation of altered flov1 
to fishery habitat and the impact of altered temperature regimes. The 
1982 fish survey sites should increase our understanding of the relative 
value of project waters as habitat. We are pleased that instream flow 
group (IFG) methodologies are being proposed to assess changes in habitat 
values. However, we believe that a proper application of this system 
requires considerable effort beyond that which is presented in the 
work plan. Input from several areas is required in order to apply the 
IFG methodology. It will be necessary to know the distribution of fish 
species within the system, to select target species and life stages, 
and to correlate this information with additional input concerning hydro
logy and project operations. We realize that much of this description 
would be too detailed to be included in a general work plan. However, as 
this study element is critical to impact assessment and mitigation planning, 
we believe a separate scope of work should be prepared and circulated for 
comment which deals with the IFG methodology as it applies to the Chakachamna 
project studies. The work plan does not adequately address the issue of 
altered temperatures. We suggest that the upcoming studies allow for this 
important issue. Continuous recording themographs may be valuable at sites 
which may be impacted by thermal changes. Will a temperature model be 
prepared? 

The Work Plan fails to discuss how mitigative measures will be developed 
for inclusion into the license application. We suggest early coordination 
between the contractor and resource agencies on this issue. A mitigation 
policy similar to that being developed for Susitna would be valuable. 

Page 4, paragraph 5. The criteria used in selecting these wetlands for 
study are not mentioned. Are these areas assumed to be representative of 
the wetlands within the area of impact or of a special value as habitat? 
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Page 7, paragraph 2. The instream flow investigations will provide 
necessary data on the impacts of flow regulation. Based on preliminary 
information presented by Woodward-Clyde it appears that sloughs or 
side channels in the upper McArthur and in the Chakachatna River below 
Str~ight Creek are important spawning areas: Man~ of these channels may 
be 1mpacted by altered flows and should be 1nvest1gated using in-stream 
flow methodology. The Work Plan is not clear on whether these sites 
will receive special attention, but states that new sites will be studied 
using IFG-2 methodologies. We feel that some new sites (such as side 
channels utilized by spawners) should receive the IFG-4 methodology to 
more closely assess project impact. 

Page 7, Aquatic Biology: The work plan does not describe what work is 
planned for further limnological investigation of Lake Chakachatna or 
Kenibuna. Water quality parameters, depth profiles and plankton tows 
are some things that should be considered. 

Finally, we must express our concern with regard to the project schedule. 
It is unlikely that any study effort, regardless of its thoroughness, 
could properly identify the fishery and related impacts within a 10 
month period (February to November). The fact that liti;le information 
currently exists for these systems adds to this concern, as much work 
will be needed to gather basic reconnaissance-level data. We suggest 
the timing of the FERC license application and the scope of environ
mental studies for this project be reconsidered with an aim at insuring 
a thorough understanding of the resources and a professional assessment 
of project related impacts and mitigation opportunities. 

We appreciate this opportunity to comment at this time. 

Sincerely, 

--C)..~ 77 £i:.'7--l~ 
~ob,rt w. McVey 
~ector, Alaska Region 
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ALASKA POWER AUTHORITY 
334 WEST 5th AVENUE· ANCHORAGE, ALASKA 99501 

RECEIVED 
Phone: (907) 277-7641 

(907) 276-0001 

DEC 2 1982 
R. T. LODER 

Mr. Robert W. McVey 
Director, Alaska Region 
National Marine Fisheries Service 
P.O. Box 1668 
Juneau, Alaska 99802 

Dear Mr. McVey: 

November 26, 1982 

Please· reference your a-gency•s letter of February 18, 1982, 
concerning Chakachamna Hydroelectric Project 1982 Work Plan, 
Environmental Studies. The Alaska Power Authority appreciates the 
detailed commer.ts your agency has provided, but due to severe budget 
restraints we have not yet been able to implement most of those. The 
Power Authority through our consultant, Bechtel/Woodward-Clyde, has 
collected.fishery data during this past summer and fall. Your agency 
personnel visited the proposed project area while Woodward-Clyde was 
actually collecting this data during August 1982. 

We would like to invite you and your staff to a meeting at 9:30 
A.M. on December 9, 1982, in the new Federal Building, National Weather 
Service, 5th floor, East Conference Room. The purpose of the meeting 
will be to present information collected during the summer and fall and 
answer questions on an informal basis concerning the resource in the 
area. I have attached an agenda for the meeting. 

We have requested additional funding for the FY 84 budget year in 
order to complete the feasibility study. Once legislative approval has 
been acquired, a new work plan for environmental studies will be 
developed taking into account concerns previously expressed by your 
agency and others. It is our intent to coordinate this plan with the 
concerned agencies. 

Thank you for your continued participation in our planning 
activities. 

cc: ''Robert Loder, Bechtel 
Wayne Lifton, Woodward-Clyde 
Kenneth Plumb, FERC 

~=Y·y\ \ JA 
Eric P. Yould ~ 
Executive Director 

Ronald Morris, National Marine Fisheries Service 
Brad Smith, National Marine Fisheries Service 

Attachment: Agenda 
10-3 8 
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10.3.3 Meeting - December 9, 198.2 

Representatives of the agencies listed below were 

invited to attend a meeting in Anchorage, Alaska on 

December 9, 1982: 

o u.s. Fish and Wildlife Service 

o Alaska Department of Fish and Game 

o National Marine Fisheries Service 

o National Park Service 

o Alaska Department of Natural Resources 

o Northern Alaska Environmental Center 

At this meeting, representatives of Alaska Power 

Authority, Bechtel Civil & Minerals, Inc., and Woodward

Clyde Consultants presented a summary of results of the 

1982 engineering and environmental studies performed on 

the project. A copy of the meeting notes is reproduced 

on the following pages. 
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AI~ASKA POWER AUTHORITY 

CHAKACHAMNA HYDROELECTRIC PROJECT 

MEETING NOTES 

DATE: December 9, 1982 

LOCATION: Anchorage, Alaska 

SUBJECT: Chakachamna Project Review Meeting 

PARTICIPANTS: 

Alaska Power Authority 
Eric Marchegiani 

Bechtel 
Bob Loder 
Dave Cornman 

Woodward-Clyde 
Wayne Lifton 
Larry Rundquist 
Mike Joyce 

National Park Service 
Larry Wright 

Alaska Department of 
Natural Resources 

Karen Oakley 

Alaska Department 
of Fish and Game 

Ken Tarbox 
Bruce King 
Phi 1 Brna 
Kevin Delaney 
Jim Faro 
Gary L iepitz 

U.S. Fish and 
Wildlife Service 
Lenny Carin 
Gary Stackhouse 

National Marine 
Fisheries Service 
Brad Smith 

NAEC 
rriC Meyers 

Representatives from Alaska Power Authority, Bechtel Civil and Minerals 9 f 
and Woodward-Clyde Consultants (WCC) presented a summary of results of the 
1982 engineering and en vi ronmenta 1 studies perfonned on the Chakachamna 
Hydroelectric Project to local, state, and federal agency personnel. The L 
purpose of the meeting was to provide background information to new agency 
personnel, to infonn all present of new project data, and to receive agency 
inputs regarding study results and future project plans. l" 
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Eric Marchegiani," Alaska Power Authority, initiated the meeting by 
introducing those present. A 61-page handout was distributed containing 
detailed drawings of conceptual fish passage facilities of 1982 fisheries 
data and other relevant information. Eric then reviewed principal project 
events which have occurred since the last project review meeting, 
December 11, 1981. In addition, Eric reviewed the Power Authority requests 
for funds and the funds appropriated, by the Legislature, for Chakachamna 
Project since 1981. The FY 83 budget made it possible to investigate fish 
passage into and out of the lake, enumeration of the fishery resources, and 
an evaluation of a reduction in the cost estimate due to utilizing a tunnel 
boring machine. The Power Authority has requested $2.9 million for FY 
1984, to carry the project through out Federal Energy Regulatory Commission 
(FERC) licensing. 

Bob Lode·r, Bechtel, briefly reviewed the engineering studies performed to 
evaluate various dam and tunnel alternatives for developing the Chakachamna 
Lake hydro resource. These studies were reported in the 1981 Interim 
Report. These engineering and cost studies showed that a Chakachamna Lake 
tap and tunnel diversion to the adjoining McArthur River was the most 
attractive alternative for power development. A preliminary capital cost 
estimate of $1.2 billion was arrived at assuming the use of tunnel boring 
machines. 

Loder then provided a detailed review of the fish passage facility concepts 
developed in 1982. Facility structures and operation were described on 
large multi-colored wall drawings. Seasonal passage for downstream and 
upstream migrant fish is provided at all projected lake operating levels. 
Fish passage facilities consist of a one mile long divided tunnel from the 
lake outlet to a point downstream on the Chakachamna River, a multi-level 
spiraling fish ladder for upstream migrants, and two alternative lake out
let facilities for downstream migrants. 

Wayne Lifton (WCC) presented a brief overview of environmental studies 
performed to date on the project. Larry Rundquist (WCC) then sulTVTlarized 
the results of the 1982 hydrologic studies conducted in August and October. 
Gage 1 ocati on·s were i 11 ustrated. The data base for recording gages on the 
Chakachamna and McArthur Rivers was provided in overhead presentation, 
along with a su!TVTlary of the staff gage data base. A general. description of 
flow distribution and sediment characteristics was given based on field 
observations and preliminary data. 

Lifton then presented the preliminary results of the 1982 fisheries program 
with a slide presentation illustrating the 24 sampling stations. Study 
emphasis was placed on the Chakachamna River. Fish habitat, habitat utili
zation, and spawning were investigated. Fyke nets and other gear were used 
in rivers and streams and gill nets, seines, and shocking were used on the 
lake. The results were summarized in figures (overhead presentation of 
graphs) representing each sampling station. Preliminary presentation of 
graphs) representing each sampling station. Preliminary escapement esti
mates were provided in the handout. It appears that only Sockeye and Dolly 
Varden are found in streams above Lake Chakachamna. 
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The major questions and concerns voiced at the meeting are listed below: 

Genera 1: 

* Eric Marchegiani - The total cost estimate is based on the Power 
Authority's economic parameters. Do not compare these costs with 
those on the Susitna Project, unless they utilize the same 
parameters in an economic comparison. 

Fish Passage Facilities: 

* 

* 

* 

* 

* 

* 

* 

Would someone be on site to control the gates? 

The system can operated manually or by aut~matic sensors. 

Has this system been used elsewhere in an automatic mode? 

An existing reservoir in Oregon acconmodates similar change in 
water level. A ladder is conventional, however, the water supply 
chambers and openings to the reservoir are unconventional. 

Has a gated system been used before? 

Not sure, need to find out. This is not exotic change from what 
has been used in the past. The most different feature is the 
one-mile-long tunnel. 

Is there an auxiliary water system to achieve 1,000 cfs? 

That is part of the downstream migration system, and will be 
discussed later. 

Will a dark tunnel make avoidance probable? 

The tunnel could be lighted if necessary. 

Could this create maintenance problems? 

There will be vehicular access. Someone would check facilities 
on a regular basis. The powerhouse operator would check water 
levels and gates. 

Will the water temperature be regulated in the lower outlet? 

No, not as planned. It just takes water from the channel. 
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Water taken from the lower depths would be colder. Thermocline i 
may cause fish to pool up. t 

[ 
10-42 



t 
L 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Would this be a year-round operation? 

Yes. 

How will ice and debris be handled in the system (i.e., at the 
grate)? 

We would probably provide means of eliminating ice and debris at 
the intake. 

After November 1, no fish will be going upstream. 

Ice is an issue that has to be dealt with in the design of the 
facilities. 

What is the depth of the power tunnel intake? 

Approximately 150 feet below normal lake level and below lake 
level in the spring. 

Will downstream migrants find the power outlet or lake outlet 
{attraction)? 

Intake must be designed so they do not fined the power intake. 

What is the possibility of varying temperature in the McArthur? 

Have not addressed this problem yet •. 

Explain the dyke. Where does it terminate? 

Protective device for design of fish channel. Channel has to be 
excavated to allow water entry at daylight level. 

What is cost estimate of tunnel? 

Do not know yet, but there is an advantage of a totally gravity 
system {pumps are another option). The water level variation was 
raised to accoiTITlodate the gravity system. (1,195 feet to 1,095 
feet). 

Will slough habitat be modified downstream? 

This is another aspect which will be addressed later. 

Fisheries Studies: 

* Explain the graphs. 

Live fish counts were made on weekly basis. Counts were plotted 
versus consecutive days. Area under curve: fish-days, these are 
divided by the amount of time the fish were in stream and result 
in estimated total number of live fish per stream. 
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Essentially, the same technique was used on Susitna. This 
information was supplemented with electroshocking, netting, and 
ground counts. Data gaps did occur during the September storm. 

How many people counted fish? 

Two. 

How did you cover the area? 

Helicopter was equipped with special bubble windows. Overflights 
were made as slow and as near to the ground as possible. 

Were there fish at streams you could not monitor? 

We counted every stream in which spawning fish were found and 
some where there were no fish. 

Were you aware of when runs began? 

We took the helicopter out once a week for the entire schedule, 
essentially since mid-July. 

It is hard to understand how two people did all that. 

Actually, five or six people were in the field. I am just 
covering spawning right now. 

Will count data be presented? 

Each count will be recorded. The hydroacoustic survey was 
conducted during the fall to count juvenile distribution in the 
lake (overhead presentation). We were eventually weathered out. 

What is the distribution at 100 feet? What do the nine and 
twelve mean? 

Number of fish per m3 x 103• Fish were gel"era lly found deeper 
than previously expected, to 100 feet. The numbers are ten foot 
depths intervals. Fish were shore-oriented. 

Did you find any lake trout? 

Yes, quite a few. 

Did you identify any areas where lake trout were concentrated? 

We identified large concentrations of lake trout in 1981. 
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How many Dolly Varden were there? 

They are residents and primarily caught by gear which gives 
relative abundance, so can only estimate. 

Are Dolly Varden the most abundant? 

Maybe, hard to say, lots of slimy sculpin, pygmy whitefish, etc. 
Also, lots of juvenile sockeye in lake. 

Are escape estimates minimum numbers and did you only count 
clearwater streams? 

Clearwater counts were great. We feel. very confident in those 
areas. When streams clouded up as in September, counts were much 
less reliable. Many cloudy areas-side channels were countable 
and counts were corrected by ground truthing. 

Any spawning in mainstream indicated or seen? 

Mainstream areas do not seem to be used. The water was too 
turbid, substrates were bad for spawning. Only fish we found in 
mainstream were not ripe or were spawned out (migrants). 

When was fyke netting started? 

August 6. 

What was your recovery on tagged adult fish? 

Not counting Dolly Varden, under 150 Petersen tagged salmon. 

Of all species? 

No, primarily sockeye, coho, and chums, with some pinks. 

General Discussions: 

Eric Marchegiani, Power Authority, explained the process for future project 
funding. A discussion ensued on the need to develop a detailed plan of 
study for full feasibility early in 1983 prior to continuance of plan11ed 
field studies. A two-step approach to agency review was suggested: 

1) Identify program elements and set priorities, 

2) Provide detail on agreed upon list of programs and priorities. 

Eric Myers (NAEC) expressed concern regarding the FERC licensing process on 
the Susitna Project and an apparent lack of commitment to adequately study 
Chakachamna as an a 1 ternative to Susitna. Eric Marchegi ani assured every
one that the Power Authority is committed to evaluating Chakachamna as an 
element of an alternative to Susitna as required for FERC licensing. In 
addition, the Power Authority is pursuing a detailed feasibility study of 
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Chakachamna as an independent project as indicated by its request for 
$2.9 million for the Project in FY 84. 

Eric Marchegiani, Power Authority, concluded the meeting, indicating that 
the next report will be out by the end of February. There will be a June 
Addendum to cover winter and spring work. Please review the fish and 
bypass system and provide your ideas to us. We will meet to discuss plans 

·for spring and winter. 
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Distribution of December 9, 1982 
Meeting Summary 

The Honorable Esther Wunnicke 
Commissioner 
Department of Natural Resources 
Pouch M 
Juneau, Alaska 99811 
cc: Mr. Robert Loder, Bechtel, San Francisco 

Mr. Wayne Lifton, Woodward-Clyde, Anchorage 
Ms. Kay Brown, Div. of Minerals & Energy Mgt., DNR, Anchorage 
Ms. Karen Oakley, Div. of Minerals & Energy Mgt., DNR, Anchorage 
Mr. Roland Shanks, Director, Div. of Research and Development 

Mr. Robert W. McVey, Director 
Alaska Region 
National Marine Fisheries Service 
Post Office Box 1668 
Juneau, Alaska 99802 
cc: Mr. Robert Loder, Bechtel, San Francisco· 

Mr. Wayne Lifton, Woodward-Clyde, Anchorage 
Mr. Brad Smith, Nat'l Marine Fisheries Service, Anchorage 
Mr. Ronald Morris, Nat'l Marine Fisheries Service, Anchorage 

Mr. Keith Schreiner 
Regional Director 
1011 East Tudor Road 
Anchorage, Alaska 99503 
cc: Mr. Robert Loder, Bechtel, San Francisco 

Mr. Wayne Lifton, Woodward-Clyde, Anchorage 
Mr. Lenny Corin, U.S. Fish & Wildlife Service, Anchorage 
Mr. Gary Stackhouse, U.S. Fish & Wildlife Service, Anchorage 

Commissioner 
Alaska Department of Fish & Game 
Subport Building 
Juneau, Alaska 99801 
cc: Mr. Robert Loder, Bechtel, San Francisco 

Mr. Wayne Lifton, Woodward-Clyde, Anchorage 
Mr. Carl Yanagawa 
11r. Don McKay 

Director 
National Park Service 
540 West Fifth Avenue, Room 201 
Anchorage, Alaska 99501 
cc: Mr. Robert Loder, Bechtel, San Francisco 

Mr. Wayne Lifton, Woodward-Clyde, Anchorage 
Mr. Larry Wright, National Park Service, Anchorage 
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10.3.3.1 Response 

The National Marine Fisheries Service and u.s. Fish 

and Wildlife Service replied to the Power Authority's 

invitation to comment on the proposed conceptual designs 

of the fish passage facilities for the Chakachamna Lake 

outlet as described at the December 9, 1982 meeting. 

Copies of the NMFS February 1, 1983 letter and u.s. 

Fish and Wildlife Service March 9, 1983 letter are 

reproduced on the following pages. Their suggestions 

have been taken under advisement but time does not 

permit action by the Power Authority at this juncture. 

Present plans provide for an addendum to this March 

1983 Interim Feasibility Assessment Report to be issued 

as rapidly as possible after the spring studies have 

been completed in June 1983. The Power Authority's 

response to NMFS and u.s. Fish and Wildlife Service 

suggestions will be addressed in that addendum. 
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February 1, 1983 

Mr. Eric Marchegiani 
Alaska Power Authority 
334 W. 5th Avenue 
Anchorage, Alaska 99501 

Dear Mr. Marchegiani: 

UNITED STATES t._..-'ARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NationaL Marine Fisheries Service 
P.O. Bo:r; 1668 
Juneau, ALaska 99802 

:0 FILES: 
~roject 0 General 0 

R f;~F lrM£ ~Q __ v_or. ___ -------
1. ~..!§ate Entered ----=----= 
f -

0 7 1983 
ALASKA POWER AUTHD8Jrt 

The National Marine Fisheries Service has reviewed the Summary of Fish 
Passage Facility Design Concepts and Preliminary Results of fY 1982-83 
Fish Studies - Cha·kachamna Hydroelectric Project, Bechtel/Woodward 
Clyde, December 1982. Our Fish Facilities Division has developed 
comments specific to the conceptual passage designs, and we are 
forwarding these for your consideration prior to completion of the 
February report. We will be able to provide a more complete.analysis of 
fishways design when operational concepts are finalized. The proposed 
fish passage structures appear feasible, but we believe relatively high 
mortality will occur with respect to out-migrants. 

1. The turn pools at all ladder turns are too short. The interior 
ladder wall at all turns should extend at least 8 feet upstream and 
downstream from the adjacent weirs. The exterior wall would of 
course e~tend further than 8 feet. 

2. All adult fish ladders and channels must be lighted to encourage 
fish movement. Natural light or artificial light can be used. 
Access for artificial lighting maintenance is required. 

3. The upstream passage facility shows a ladder with 60 pools. For 
this orifice-overflow type of ladder to function properly the water 
surface in the pools should be controlled to provide 1.0 ft. of head 
on the weirs, plus or minus 0.1 foot. The document does not explain 
how the water level in the ladder will be controlled during periods 
when the forebay elevation is above or below an even-foot elevation. 
It is assumed flow would be controlled by throttling the inlet con
trol gate to the appropriate water supply chamber. Proper operation 
of the ladder will require faultless operation of all 60 gates to 
the individual ladder pools and all inlet gates to the water supply 
chambers. This will require good access for frequent gate inspec
tion and O&M. No method of access is indicated. 

4. The ladder exits must be sufficiently removed from the downstream 
migrant facility to prevent adult fish from falling back downstream. 
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5. Both schemes for juvenile passage appear to have potential for high 
fish losses. Scheme A might be modified to avoid the turbulent 
plunge pool which would exist, particularly when either of the top 
two drum-type gates are operated. The drop of up to 80 feet ± into 
the basin shown would be very hazardous for fish, since they would 
be subjected to extreme turbulence with associated pressure fluctua
tions and shear forces prior to exiting through the tunnel. High 
injury and mortality rates can be expected. Continuous smooth 
spillway crests downstream of each gate to a standard spillway 
stilling basin, and a smooth gradual transition to the tunnel would 
be an improvement. 

Scheme B has more potential problems than Scheme A. These are: 
(1) More mechanical equipment is involved, therefore more chance for 
malfunction. (2) The entire flow is not near the surface where it 
would aid fish outmigration. {3) Fish may not readily sound to the 
depth required to exit through the tunnel, after they pass over the 
flow control plate. (4) Fish passing through the two 7 ft. x 4.75 
ft. tunnel discharge control gates can be expected to.suffer high 
mortalities, based on experience at other projects of even lower 
maximum heads. (5) Some fish can be expected to exit the forebay 
through the two low level bypasses, particularly if lower forebay 
elevations exist during outmigration, and flow conditions in the 
bypass conduits could be damaging to fish. 

6. The proposed breakwater in the lake could result in downstream 
migrants not finding the lake outlet so readily. The location and 
length of the breakwater and its relationship to shoreline 
topography should be co~sidered very carefully to avoid anadromous 
fish passage problems. ]The approach channel to the lake outlet 
should be designed with consideration to maintaining adequate 
velocities to move fish to the outlet structure. 

7. The proposed power outlet from the lake to the powerhouse will 
apparently be located considerable distance from the fish passage 
facilities. No information is given as to the magnitude of the 
power discharges. Power discharges can be expected to detract from 
the limited outmigrant attraction provided by the fish passage 
facilities, reducing their effectiveness in maintaining fish runs. 

Should you have any questions regarding these comments, please contact 
our Anchorage Field Office at 271-5006. 

SinceQ~ 
914
~ 

)«:lbeft W. McVey 
•1 o;yector, Alaska Region 
l / 
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United States Department of the Interior 

r INREPLVREFERTO: 

FISH AND WILDLIFE SERVICE 
1011 E. TUDOR RD. 
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WAES 
ANCHORAGE, ALASKA 99503 

(907) 276-3800 

Eric P. Yould, Executive Director 
Alaska Power Authority 
334 West 5th Avenue 
Anchorage ,'Alaska 99501 

Dear Mr. Yould: 

0 9 MAR 19bj 

The Fish and Wildlife Service has reviewed the report prepared for you on 
the Chakachamna Hydroelectric Project by Bechtel/Woodward-Clyde in 
December 1982 entitled, A Summary of Fish Passage Facility Design 
Concepts and Preliminary Results of FY 1982-83 Fish Studies. Our 
comments below are specific to the conceptual fish passage structures 
illustrated in the report and do not address the fishing studies. 
Previous letters, dated 5 March, and 26 March, 1982, provide comments 
which are still pertinent to the on-going fish and wildlife studies. 

The followin~ comments are presented in the order of the sketches 
contained in the Bechtel/Woodward-Clyde report: 

Drawing No. SK-C-001. 

1. The proposed reduction in discharge at the lake outlet may accelerate 
the lakeward movement of Barrier Glacier toward the proposed approach 
channel and passage facility structure. According to U.S. Geological 
Survey measurements made during 1961 through 1966, this glacier 
advanced several feet per year at measuring stations located near the 
river bank at the lake outlet. 

2. Anticipated flows in the vicinity of the rock-fill fish barrier 
should be determined. 

Drawings No. SK-C-002, SK-C-003. 

1. Fishway pools numbered 1105, 1125, and 1145 should be at least ten 
feet long, consistent with the design of the other fishway pools. 

2. Provision for an access walkway along the top of the fishway pools 
and natural or artificial lighting should be provided. 
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3. The proposed fishway is ·a weir type (six foot by ten foot pools) with 
split Ice Harbor type baffles. Each fishway pool would have the 
standard bottom orifice plus an additional gated opening in the 
outside wall of each pool to compensate for the anticipated 60 foot 
fluctuation in lake level. We recommend the following design 
parameters for the fi shway baffles:· 

Weir crest height = 
Weir overflow width = 
Orifice size = 
Fishway flow = 

6 feet 
3 feet 
18 inches x 18 inches 
27 cubic feet per second (with 12 
inch head on baffle) 

4. Gate operating mechanisms for the 60 gated openings in the fishways 
are not shown. We understand gate operation would be automatic, 
using sensors which open and close designated gates, and would 
compensate for changes in lake level. Due to the large number of 
gates, we anticipate operation and maintenance problems. Reducing 
the extent of lake fluctuations during the upstream migration period 
would reduce the number of gated openings required. 

5. The fishway pool size is dependent upon the design population of fish 
to be passed. The design population will need to be established and 
fishway pool size should then be adjusted accordingly. 

Drawing No. SK-C-004. 

1. The downstream migrant facility should draw flow from the surface of 
the lake as indicated on this drawing. However, the passage of ice 
through this system will be a problem during the winter and spring. 

2. The drop from the upper gate into the plunge pool can be decreased by 
utilizing an orifice or gate at the entrance to the discharge tunnel. 

Drawing No. SK-C-005. 

1. Scheme 8 may not provide sufficient flow from the surface of the lake 
to be effective for downstream migrants. The establishment of 
adequate lake releases is essential to assure that the system 
maximizes outmigration to the estuary. 

Drawing No. SK-C-006. 

1. It appears that the adult fish "fall backs" from the lake will be 
trapped by the horizontal grating proposed at elevation 1072 in the 
outlet structure. This potential problem could be avoided through 
use of an angled vertical screen or rack in lieu of the horizontal 
grating. This angled rack would also serve to guide upstream 
migrants to the fishway. 
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We hope that these comments are helpful as Bechtel/Woodward-Clyde 
continues to refine the initial passage facility concepts. If you have 
any questions regarding our comments, please contact Leonard P. Gorin 
(907-271-4575) at our Western Alaska Ecological Services field office. 

Sincerely, 

cc: FWS-WAES 
ADF&G, NMFS, EPA, Anchorage 
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10.4 National Park Service 

10.4.1 Lake Clark National Park 

The copy of the January 12, 1982 Power Authority letter 

to Mr. Paul Haertel, Superintendent of Lake Clark 

National Park is reproduced on the following three pages 

to illustrate the nature of coordination effected with 

the National Park Service. 
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ALASKA POWER AUTHORITY 
334 WEST 5th AVENUE· ANCHORAGE, ALASKA 99501 

Mr. Paul Haertel 
Superintendent of Lake Clark 
National Park Service 
U. S. Federal Building 
Anchorage, Alaska 99501 

Dear Mr. Haertel: 

January 12, 

Phone: (907) 277-7641 
(907) 276-0001 

We are presently undertaking a feasibility study of the proposed 
Chakacharnna Hydroelectric Project. The study cormenced in August 1981 
and is scheduled for completion in early 1983. 

The project area is located approximately 60 miles west of 
Anchorage. The water storage reservoir for the proposed hydro:p::Mer 
project would be existing Chakacharnna Lake, a 23 square-rrile lake fo!:1'l"ed 
in a steep valley behind a glacial rroraine. CUrrent studies have 
identified several alternative arrangerrents for the project. The 
alternative with the greatest power potential involves a lake tap 
leading through an 11 mile transrrountain diversion tunnel to a power 
plant on the McArthur River. Such a diversion of flCJIN nay have 
significant environrrental impacts in the McArthur River and in the 
Chakachatna River, the outlet stream fran Chakachamna Lake. These two 
rivers are knam to have runs of anadrarous fish. The planned project 
construction for any of the alternative layouts presently under 
consideration does not involve any construction activities within the 
boundaries of Lake Clark National Park. HCMeVer, as stated above, the 
project operation nay affect the fish and wildlife in the Chakachatna 
River basin including part of the National Park by diversion of water 
fran the Chakachatna River and by seasonal lc:Mering of the level of 
Chakacharnna Lake. 

The work being perfomed in the feasibility study includes an 
assessrrent of the envirornrental :inpa.ct of the project construction and 
operation. To evaluate the influence of the project on the fish and 
wildlife populations of the area it is necessary to include in this 
evaluation those resources within the National Park, specifically 
Kenibuna Lake since a portion of the anadrcm:::ms fish run passing through 
Chakacharnna Lake enters Kenibuna Lake. 

At this tine, the 1981 environrrental studies field program (aerial 
and ground reconnaissance of the general study area) has been carnpleted. 
The first overview was conducted in August with the oojectives being to 
dOCUITEI1t the presence of sockeye salrron in the major project waters and 
to survey the site in preparation for the fall reconnaissance. The 
second investigation was carried out in mid-September and involved two 
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January 12, 1982 
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weeks of field data collection. The objectives of the effort were to 
obtain sufficient info:rnation and understanding of the project site and 
its resources to allCM for the design of rrore detailed 1982 studies, and 
to assess, in a preliminal:y nature, the overall feasibility of the 
conceptual designs of the project alternatives. In this 1981 program, 
no activities were performed within the National Park. 

Since part of the 1982 field program will occur within Lake Clark 
National Park, we are requesting that a special use penni t be authorized 
for the envirol1I'lEI1tal investigations. Specifically, we are requesting 
that the follc:Ming nonconsunptive activities be authorized in the 
National Park: 

0 fly over and land near the Igitna, Neacola, Another, and 
Chilligan Rivers using a helicopter; 

0 use a rrotorized raft on Kenibuna Lake; 
0 use standard surveying techniques and depth sounding equiprent ~ 

and 
0 conduct vegetation surveys. 

In addition, we request that the folla.;ing consunptive, yet 
nondestructive, activities be authorized in the National Park: 

0 the collection of stream and lake substrates to assess stability; 
0 the use of fyke nets, electroshocking equiprent, and seines 

(adults captured by these techniques will be released); 
0 the limited use of gill nets along the steep banks of the lake 

shore. If used, the gill nets will be set for short periods of 
time to prevent excessive losses. 

There will be no canping or similar activities associated with 
these above activities. A schedule for these activities is attached. 

The \rork described above \rould be perfo:rned for the Authority by 
Bechtel Civil and Minerals, Inc. and their envirol1ITEI'ltal subcontractor 
Woodward-clyde Consultants. Subsequent to these studies, we do not 
anticipate any further investigations within the Lake Clark National 
Park. 

If you have any questions or if you require additional info:rnation 
on any phase of this program, please contact ne. 

Sincerely, 

Attachrrent: Schedule 

t:f~!E-
0 

cc: 
'( . ~. . . . ~--~ ' ~ . - ... . ·•t 
~ T. ·Loder,. Bechtel·. 
........ · .• : . .. ·; . . .. - . ~f . ..: . . ~ ... . . . . . J 
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ALASKA POWER AUTHORITY 

Table 1. Tentative Schedule for Activities to be Conducted .within Lake 
Clark National Park 

Fish Aerial 
Schedule* and Ground SUrveys 

31 .Ma.y-2 June X 

21-23 June X 

12-14 July X 

2-4 August X 

23-25 August X 

13-15 September X 

4-6 O:tober X 

Activity 

Wildlife Visual 
Reconnaissance 

X 

Hydrology 
Habitat 

Pararreter 
Measurerrents 

X 

X 

*Activities should only require one day during each schedule period. 

10-57 



10.5 

10.5.1 

10.5.1.1 

Northern Alaska Environmental Center 

Correspondence 

A copy of a December 13, 1982 letter received from 

Eric F. Myers of the above referenced agency is repro

duced on the following eight pages. 

Response 

A copy of the Power Authority's reply, dated December 

30, 1982, is reproduced on the two pages following the 

reproduction of Mr. Myer's letter. 
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Northern Alaska Environmental Center 
833 Gambell Streeet - Suite B 

Anchora?-e, Alaska 99501 

Mr. Eric Yould 
Executive Director 
Alaska Power Authority 
334 West 5th Avenue 
Anchorage, Alaska 99501 

Dear Mr. Yould: 

-
I 

r 

(907) 277-6814 

13 December 1982 

!,B ~ C J: 1 y JH~ J 

r·r:c ..;_ l 6]982 

~ fOWER AUT'HOMf1 

I am ~rriting to ex'!)ress forma-lly my great concern about the 
progress and adequacy of the Lake Chakachamna feasibility 
studies. As you well know, the Chakachamna project is the 

·most significant and likely hydro alternative to Susitna and 
a compr-ehensive evaluation of this potential hydro option is 
central to the on going Railbelt power studies. Without the 
commitment of the APA to undertake and execute the necessary 
investigations to assess project feasibility at the level of 
detail required for preparation of a FERC license application, 
the APA will preclude meaningful consideration of the Chaka
chamna option. 

As a result of attending the recent December 9, 1982 inter
agency briefing on the status of the Chakacpa~a studies, it 
is apparent that the APA is not honoring its nublic commitment 
to continue the Chakachamna investigations in a substantive 
and timely fashion. It is now evident that the FY 83 funding ·of 
$800,000 allocated by the APA Board to the Chakacharnna studies 
is entirely insufficient to address the outstanding questions 
about project feasibility and that this will have the effect 
of discounting the viability of the Chakachamna option as part 
of the FERC Susitna proceedings. 

The Northern Alaska F.nvironmenta.l Center has, over the past 
three years, repeatedly cited the need to move forward 'I:·Iith 
the Chakachamna investigations in an appronriately ag~ressive 
fashion so that the Chakachamna and Susitna outions can be 
considered on an equal basis. That is why last June I urv.ed 
the APA to allocate the full $3.3 million necessary to under
take the ful~. scope of feasibility studies required to assess 
the Chakachamna site. At that June Board meeting you represented 
that $800,000 ~10uld be sufficient to continue the evaluation of 
the Chakacr.amna option. At the December 9 interagency meetinr,, 
hmvever, APA project manager Eric Harcher.iani ~ade repeated 
reference to "budgetary constraints" and the fact that he has 
not "had the level of funding necessarv to sunport" a feasi
bility level report. The ~orthern Alaska Environmental Center 
continues to be deeply concerned that a lack of commitment on 
the part of the APA to conduct the appro~riate engineering, 
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geotechnical, and environmental studies of the Chakachamna 
site will result in_a prejudiced evaluation of Railbelt elec
trical options. Precisely the situation we had hoped to avoid 
is pow being realized. 

The limited work done by Bechtel and Woodward-Cl_ Je has accom
olished little more than confirm the fact that Chakachamna is 
very attractive economically (relative to Susitna) and that 
the site supports ~ significant fishery resource (as does the 
Susitna). The work by Bechtel/Woodward-Clyde, however, will not 
yield a level of assessment necessary for preparation of a FERC 
license application as stated by Mr. Marchegiani, nor will the 
Bechtel/Woodward-Clyde work provide a sufficient basis for 
comparing the relative economic and evironmental merit of these 
projects as required for the FERC/NEPA-EIS process. It seems 
inescapable that the submission of a Susitna license applica
tion in the first quarter of 1983 (as presently planned) would, 
on its face, be deficient in this t.·egard. 

The Northern Alaska Environmental Center shares your oft stated 
concern for the potential fishery impacts that could attend de
velopment of the Chakachamna site, as we are concerned with the 
myriad impacts that would be associated with development of the 
Susitna basin. Neither of these projects should enjoy blind 
support and both must be carefully evaluated as part of a com
prehensive Railbelt power planning effort. It is lamentable that 
some p~rceive the more modestly scaled 330MW Chakachamna project 
as a t~reat to Susitna. Especially at a time when electrical 
demand'projections are dropping dramatically and future load 
growth is clouded with great uncertainty, such a narrow perspec
tive contributes little to the need for cautious consideration 
and prudent planning to develop an optimal supply strategy for 
the Railbelt. As you well appreciate, the questionable need 
for a massive project like Susitna requires careful evaluation 
of more flexible capacity supply strategies which could include 
a combination of short-term benefits from combined cycle combus
tion turbines using natural gas and long-term benefits from s 
more modestly scaled hydro project like Chakachamna. 

For these reasons we formally ask the APA to defer filing of the 
Susitna license application in February so that (1) detailed 
evaluation of the Chakachamna option may be included in the 
application and (2) the fishery and wildlife impacts that would_ 
be associated with either project may be better understood. We 
ask, moreover, that the APA i~nediately dedicate the necessary 
financial and personnel resources to upgrade the Chakachamna 
study effort to that of a true feasibility study and so that 
the 1983 field season may be as productive as possible. At a 
very minimum, this should start with the convening of an inter
agency steering committee for the Chakachamna project analogous 
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Mr. Yould, p.3 

to the Susitna Hydro Steering Committee. 

In the absence of such action on the part of the APA to insure 
a thorough analysis of Railbelt power alternatives, we feel 
that vou will jeopardize the Susitna license application and 
subjL_t the entire process to unecessary delay. 

The Chakachamna Alternative 

The Northern Alaska Environmental Center has not been alone in 
its effort to draw attention to the need to carefully consider 
more modestly scaled power options such as Chakachamna as an 
integral aspect of formulating a responsible plan to meet future 
Railbelt power requirements. Indeed, the External Review Panel 
of international experts retained by the APA to provide an in
dependent assessment of the Susitna project, in formal testimony 
to the APA Board, strongly recommended that your agency identify 
viable power alternatives in the event that (1) Susitna is delayed 
or (2) the demand forecasts change. Precisely the latter circum
stance has emerged with current Battelle energy projections for 
the year 2010 as much as 447. lower than the ISER forecasts used 
by Acres in its development selection analysis which led to the 
adoption of the Watana/Devil Canyon scenario. See Table 1. 

This advice was reflected in the letter sent by the APA to the 
State legislature (April 26, 1982). which recorrnnended that the 
qhakachamna and North Slope gas alternatives be thoroughly in
vestigated. The APA Board specifically indicated that FY 83 costs 
to continue the Chakachamna feasibility studies was on the order 
of $3.3 million. 

The Policy Review Committee, charged with the responsibility of 
managing the Battelle Alternatives to Susitna study, concurred 
with these assessments and also supported FY 83 funding to assess 
the Chakachamna optic~ in detail along with additional investi-
gation of the North Slope gas and Beluga coal options. · 

More recently, the Division of Budget and Management noted cer
tain deficiencies in the FY 83 studies respecting the APA staff 
descision not to undertake necessary geotechnical studies. The 
Division of Budget memo (August 19, 1982), distributed to the 
full Board by Dr. Ronald Lehr, noted that the limited scop~ of 
the FY 83 Chakachamna studies "may result in a (Susitna) FEP-C 
license application next spring which is neither complete nor 
adequate." 

Funding 

As you know, when the legislture adjourned, it had appropriated 
$25.6 million for the continuation of the Susitna/Railbeltpower 
studies. At the June 24, 1982 APA Board meeting consideration 
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was given to the issue of submitting a FERC license applicati9n 
including the role that the Chakachamna feasibility study played 
in the overall evaluation of Railbelt power options. I myself 
took the opportunity at that time to make a statement to the 
Board and urged. that the full $3.3 million necessary for the 
Chakachamna studies be dedicated to that purpose from the $25.6 
million available. To my great disaoointrnent it was your 
recommendation to the Board that only $800,000 be allocated to 
the Chakachamna investigations. It was your contention that 
$800,000 was sufficient to carry the studies forward. As noted 
in the recently prepared APA FY 84 budget proposal relative to 
the Chakachamna project, the "FY 83 funds are coming from the 
Susitna funds since Chakachamna is considered as an alternative 
to the Susitna Project." The budget document goes on to state 
that the FY 83 ($800,000) phase of investigation "will see a 
threshold level of environmental investigation and additional 
engineering studies to confirm the construction cost estimate 
and cost of power." 

It is not clear to me what a "threshold level" of evaluation means 
in light of the data that has been gathered by Bechtel/Hoodward
Clyde and which was presented at the December 9 interagency meet
ing. Clearly, the project is still economically attractive, in 
fact even more so now than when Acres did their feasibility work 
on Susitna as a result of downward revisions in capital cost 
estimates by about $0.22 billion due to the ability to use state
of-the-art tunnel boring technology. As for the environmental 
work -- which has focused exclusively on the fishery --- there 
is little to be concluded 9eyond the fact that the McArthur and 
Chakachatna drainages support a significant fishery resource on 
the basis of very limited escapement data. The "threshold" level 
of data developed by Bechtel and Woodward-Clyde has confirmed the 
fact that the Chakachamna alternative is as much (if not more) of 
a Railbelt power alternative due to (1) downward revisions in 
expected capital costs and (2) downward revisions in expected 
load growth. 

The Need for Additional Investigations 

At this point, the Northern Alaska Environmental Center is very 
concerned that the Chakachamna studies be expanded substantially 
in scope. We urge that the APA immeadiately commit the financial 
resources preseptly at its disposal toward the development of a 
comprehensive f~asibility study of a quality and detail equal to 
the Susitna studies. The scope of investigations should include 
a--much more detailed examination of the Chakachatna tunnel alter
native, especially in light of the recent findings regarding 
tunnel boring technology. (While the Chakachatna tunnel alter
native may not be as attractive as the McArthur tunnel scenario, 
it offers the distinct advantage of perha~s avoiding altogether 
impacts to the HcArthur drainage.) It is imperative that this 
effort be initiated immediately and aggressively so that the 
Chakachamna hydro option can be considered on a parity basis with 
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Mr. Yould, p. 5 

Susitna. It was clearly evident from the comments made by the 
resource agency personnel at the December 9 meeting that there 
is a great amount of work to be done between now and the point 
when we could achieve such a level of comparability. 

This is particularly disturbing in looking back thrnugh the 
November 1981 Interim Report on the Chakachamna stu .. ies which 
was very explicit about the fact that the consultant was pro
viding services "for performing a feasibility study and for pre
paring an application for a FERC license to construct" the 
Chakachamna project. The "1982 Work Plan - Environmental Studies" 
circulated by the APA to the resource agencies almost exactly 
one year ago was equally explicit with regard to the overall 
objective being to prepare the necessary environmental exhibits 
to accompany an APA license application. Unfortunately, this 
"paper commitment" has not been supported monetarily. 

As currently planned, Bechtel/Woodward-Clyde will issue their 
findings at the end of February and the study at that point will 
not be of sufficient quality to make a clear determination about 
project feasibility. It is perhaps not entirely ironic that the 
same month is targeted for submission of the Susitna FERC license 
application. Further work on the Chakachamna feasibility study 
will then be dependent upon the vagaries of legislative appro
priation during a time when increasing political pressure is 
being orchestrated to "pour concrete." 

The Need for a New Plan of Study 

I do not mean to imply that even an unlimited budget for the 
Chakachamna studies as of last June could have yielded a com
pleted feasibility study by "late winter of 1983" as was pro
posed in the "1982 Work Plan - Environmental Studies" document. 
The 1982 Work Plan was deficient in many regards, as pointed out 
in the comments prepared by ADF&G (February 18, 1982), USF&WS 
(March 5, 1982; March 12, 1982) and NMFS (February 18,1982) 
much remains to be done to work out a comprehensive Plan of Study 
to identify and execute essential field studies. However, a ' 
larger budget last June and resolve on the part of the APA to 
initiate the necessary interagency processes would have advanced 
the studies much further than they are today. 

With the limited funding, the 1982 Work Plan and agency comments 
were "set aside" (to use Mr. Marchegiani's words) and a scope of 
work negotiated between the APA and Bechtel/Woodward-Clyde with
out the a · ro riate involvement of other resource agency personnel~ 
the resu t is that whi e we o know somewhat more about the project 
site, a great deal of money and, more importantly, time has been 
wasted. 

Based on the limited information currently available, the 330MW 
Chakachamna project still appears to be very attractive economically 
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with an estimated capital cost of approximately $1.23 billion 
(Bechtel/October 1982 Progress Report). As you noted in re-
cent remarks to the Alaska Environmental Assembly (November 13, 
1982) the Chakachamna project is very competitive with Susitna 
and qui.te possibly the more attractive economic choice. This 
is pa1 ~cularly so because a project the size of Chakachamna 
would not be vulnerable to the uncertainties of load projections 
(ie., we can reasonably assume the need to replace 330MW of 
thermal capacity but cannot necessarily assume the need for all 
1600MW' s offered by Susitna). While you have acknowle.dged the 
economic merit of Chakachamna, you have expressed great concern 
for the fishery impacts that could attend development of the 
project. This sentiment is reflected in the Acres feasibility 
reoort where Chakachamna was not included in the "base case" 
pl~m because "it may have a substc.>.ntial fishery impact" and 
because "studies to date have been insufficient to determine 
expected capital costs with precision" (Acres/Summary Report, 
March 1982, p. 7). Notwithstanding the substantial expenditures 
by APA to Acres, the same general observations may be made about 
the Susitna project. 

The Susitna related fishery resource is only dimly understood 
at this point with only the initial phases of a basic 5-year 
study program complete. Recent correspondence to your agency by 
USF&WS (October 5,. 1982) and NMFS (October 15, 1982) describes 
the more important fishery issues that remain entirely unresolved. 
The fact that the 1982 (second year) field data will not be in
cluded in the license application highlights further the severe 
limitations to our current understanding of the potential impacts 
to the Susitna basin fishery. More succinctly, at present the 
Federal and State resource agencies are only now in the process 
of describing the existing resource and are far from understanding 
the impacts associated with post-project conditions. 

Respecting confidence in the Acres capital cost estimates for 
Susitna, the fact that an independent cost estimate by Ebasco 
yielded a $0.36 billidn disparity clearly indicates that the . 
"precision" of Acres Susitna cost estimate is somewhat suspect. 

Finally, I would note that the minutes of the June 24th APA Board 
meeting reflect your comment that "Susitna must be the best alter
native before the FERC will issue a license." It is our hope 
that the FERC process will, in fact, insure that the Chakachamna 
alternative is investigated adequately and the best Railbele~Power 
alternative developed. To that end, we urge the APA to defer its 
Susitna license application and move forward immediate} y with 
expanded Chakachamna studies so that these two major alternatives 
may be considered on a comparable basis. 

Sincerely, 

L1-.~~ 
Eric F. My'ers 
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cc: APA Board 
USF&WS 
NM.FS 
ADF&G 
ADNR 
Susitna Hydro Steering Committee 
Quentin Edson, FERC 
Sierra Club 
Alaska Center for the Environment 
Trustees for Alaska 
Governor Sheffield 
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Year 

1980 

1985 

1990 

1995 

2000 

2005 

2010 

Notes: 

Table 1 

DECLINING LOAD GROWTH 
PROJECTIONS 

''Medium'' Load Growth 

1980 1982 
ISER1 Battelle2 

2790 2551 

3570 3136 

4030 4256 

5170 4875 

6430 5033 

7530 5421 

8940 6258 

Projections /GWh 

Revised 
Battelle3 

2551 

3000 

3391 

3884 

4010 

4319 

4986 

1. Used by Acres for generation planning studies for development 
selection; Acres feasibility study Table 5.6. 

2. Battelle "base case" ; Battelle Comment Draft Table A.l2. 

3. Revised Battelle forecast; Prologue Table 3 (Draft). 
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ALASKA.POWER AUTHORITY 
334 WEST 5th AVENUE- ANCHORAGE, ALASKA 99501 

~ECEIVED 

JAN 4 1983 

Mr. Eric F. Meyer 
Northern Alaska Environmental 
833 Gambell Street 
Suite B 
Anchorage, Alaska 99501 

Dear Mr. Meyer: 

Center 

Phone: (907) 277-7641 
(907) 276-0001 

December 30, 1982 

Please reference your letter of December 13, 1982 in which you 
suggest the Alaska Power Authority defer the filing of the FERC license 
on Susitna. 

We will not defer the filing of the Susitna FERC license 
application. The Power Authority believes the studies being done on the 
Chakachamna project to date are more than sufficient to fulfill all FERC 
requirements for the study of alternatives for Susitna license 
application. Furthermore, the Chakachamna project is not itself an 
alternative to Susitna, but rather an element of a larger alternative 
scenario that includes coal and natural gas fired generation. 

Over $1.8 million has been invested by the Power Authority and the 
Governor's office in evaluating the ChakaGhamna hydroelectric potential. 
Neither the Susitna Feasibility Study nor the Battelle Alternatives 
Study found the Chakachamna project to be the preferred Railbelt power 
generation alternative. At the same time, however, the potential for 
eventual contrary findings was recognized. New information on 
Chakachamna costs, Susitna costs, or load forecasts could conceivably 
reverse the findinQs. Therefore, additional work to explore money 
saving construction concepts was deemed advisable. The necessary funds 
were taken from the Susitna appropriation. A FY 82 study plan was 
drafted which addressed the primary area of concern affecting 
feasibility: project cost. Fishery impact was also deemed important, as 
mitigation measures (minimum flows and fish passage) could potentially 
impact project output and cost. 

The current program has three major components: 1) fish passage 
into and out of the lake, 2) enumeration of the fishery resource, and 3) 
the applicability of tunnel excavation by means of a tunnel boring 
machine. (This possibility represents the source of the greatest 
uncertainty in the cost estimate.) 

The fish passage facility analysis has involved the development of 
a structure which would permit passage of fish at various lake levels 
with gravity flow. In order to provide gravity flow through the 
facility, the project would require a small 50 foot rock filled dam at 
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Mr. Eric F. Meyer 
December 30, 1982 
Page 2 

the outlet of the lake. This structure would probably require 
cont}nuous maintenance due to the movement of the Barrier Glacier. 

The fishery enumeration program has collected data continuously 
between July and November. In addition, there will be a winter survey 
and a spring survey. The program will estimate the seasonal 
distribution, habitat abundance, and numbers of fish. ·The estimate of 
fishery impact will be updated based on this additional data. Further 
work such as an instream flow assessment would be required to fully 
evaluate project impacts and mitigation measures, but such impact work 
cannot effectively begin until a year of base line data collection is 
accomplished. 

As you are aware, a representative rock sample has been acquired 
near the McArthur power house site and has been sent to the Robbins 
Company Testing Laboratories in Seattle, Washington. The Robbins 
Company has reported that the rock is similar to the rock found at the 
Kerckhoff project in California, where a 24 foot diameter tunnel boring 
operation has been in satisfactory progress during the past year. The 
test data from the rock analysis has generated information which was 
utilized to estimate the cost of using a tunnel boring machine rather 
then the conventional drill and blast method. The estimate has reduced 
the cost of the project by app!oximately $200 million. 

In summary, the Alaska Power Authority has pursued the Chakachamna 
Project with the appropriate diligence, given that studies to date have 
shown it not to be the preferred Railbelt power generation alternative. 
The current studies are more than adequate to fulfill all FERC 
requirements for the study of alternatives. 

cc: · Robert Loder, Bechte 1 . 
Wayne Lifton, Woodward/Clyde 
Kenneth Plumb, Secretary, FERC 
William Wakefield, FERC 
Charles Conway 
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I _._·~·· ~ . 
Eric P. Yould 
Executive Director 
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~LASKA POWER AUTHORITY 

ALTERNATIVE A! MCARTHUR S~bRT TUNNELt W/0 FIS~ RELEASES 

.640 ... 7 00 .• aoo .92[1 1.000 ··----·---·-·--· . 

DATE 110581 PAGE. 

f) 

rj 

<) 

•) 

0 



PROJECT }qf!7<J001 

(' RFSERVCIP STVntf[-fLfVATIU~-IP[A! 

C~AKAC~AMNA PROJECT OPERATION STUDY 
1:/1~ oii&CF ollECI!TEL C 1 Vll&MINERALS INC. tSF • 

ALASKA POWER AUTHORITY 

ALTERNATIVE A: MCARTI'UR SHORT TUNNEL• W/0 FIS~ RELEASES 

DATE 110581 PAGE 2 

(' 0 AC-FT FffT ACFE 

c • 7f.C. c • 
202'i. 7 F. r:. • A I 0 • 
730 0. 77 c:. 130C. 

27200. 1f'· ('. 2£.-9 0. 
lllOCO. F2Ga 5f,70. 
241000. 10:' C • 73?t. 
3<J7CO 0. 1'40. A270. 
572COC. P~fJ. 921l0. 
7f>9800. 880. toqoo •. 
'Jflf,~CO. 9CC. 11590. 

12240CC. 92C. 11960. 
14!'7~00. S4 [I e 1232~. 

17170CO. <J f 0. 12!':50. 
l'iBDOC. 9ectl 1?980. 
?2~.6000. 1 0 c 0. L'.?P.O. 

. 2504COO. 1020. 13520 • 
2776000. 1 c 4 0. 13740. 
3G!'l3000. 1 a 11 o. 13%0. 
333~000. lCBC. 14170. 
3f2COOD. 1 1 c 0. 14390. (· 
3S1COOO. 1120. 14620. 

(' 
4033200. 112€. 15212. 

Tf. ILWATER -FLO\.! RFLAT!O;Sf!P: 

( 

( 
Fr.ET CFS 

210. 0. 

( 
21 c. 100000. 

MOI'nHL Y fqNJI'UM INSTRFAI' FLOIIS IN . CF S : .. 

( 
0. Q. 0 • o. 0. 0. 

r ~ONT'-IL Y DIV[RSJC~ RfQUIREMENT<; IN CF S: 

~. o. D. r. .• c 0 D • 

f~ONTiiL Y RLSERVC\IP EV~PCRATJ(JN JrJ P!C li[S: 

0. a. [·, 0. o. 0. 

·r 
t. 

r--... 

0. 0. 

0 0 0. 

0. 0 • 

o. 

0. 

G • 

0. 

c. 

0. 

- I 

t) 

0. 

i) 

·-· ,. ~ ·~··--· ··- .. .. ·------·-· ····· 

0 
0. 0. 

0 

c. 0. 

0 
0. 0. 

0 

0 



,.__, 

PROJECT 1'1!~7'J!l()l 

lr\FLOWS T0 THJ: LtKE II\ CFS 

YEAR JP! Fff' ~lA f.t APR 

I ,, r o • :'.C7. 267. 3'33. 
? fi77. :.P.CJ. 47G, 346. 
3 633. ~ '• 1 • 4 71 • 470. 
4 4<;8. 3~7. 315. ·"3 7. 
5 364. 4~5. 33 2. 477. 
6 419. :;> 1 s. 337. 3'.18. 
7 3 :~ 8. .33E. 350 • 'tl 0. 
A 5:" I • 44'.1, 384. RSO. 
9 5~4. 51 0. 467. 630. 

1 0 4fl5. 4e6. 500. 652. 
11 497. 5 04. 550. 899. 

r-'E~N 511 • 430. '104. 536. 

r-'AX 877. ~P.Y. 550. 1'99. 
Mil'! 364. 21S. . 26 7. 337. 

Ct:Lr~CI AMI\;A PROJE.CT OPERATION STUDY 
I /!'oH-"CF ofi[Cf.Tfl CJVJL&MJN[RIILS INC.,SF. 

n~St<~ POWER I•Ult'f1RITY DATE 110581 

~L HPI\Al IVE A: I'CARlt'UR SHORT TUNNEL• W/0 FISt- RELEASES 

,.. f· y JUN JUL AUG SEP OCT NOV 

3(-37. C:e:n. 11209. 9337. 3145. 1439. 799. 
1 H\1, 7'>83. 12808. 10899. 6225· 1586. 843. 
12t5. 7925. 13149. 10411. 5542. 1197. 863· 
11'.~1. 4 735 •·- 13:;>49 •. -· 12208 •. . 584 7. -· .2056·--·· 930. -·-- -·-
1 P.3 0. 8093~ 10700. 11798. 4246o 1245. 909. 
1286. 3490, 13046. 10516. 10802. 2114. 597. 
1 Bc;J3. 8 0 7,2. l!i303. 9974. 6608. 1953.· 910. 
2030. 8761. 14931. 15695. 6191. 20'10. 1215. 
299f:. 7808. 13117. 11257. 2793. 976. 689. 
1948. -----9271 •. --- 12510. .7297 •. 2793. .. 3057 .• ___ 1215· 
22£-.5. 6789. 1C360. 7986. 2734. 1359. 742. 

2076. 7251. 12307. 10671. 5175. 1729. 883. 

363 7. 9271. 14931. 15695. 10802· 3057. 1215. 
1265. .3490. .10303. 7297 •. 273'1. 9.76. ·- . 5'H• 

PAGE 3 t:t 

0 

DEC ,AV[YR CAL YR .-, 
870. 3220. 1960 
696. 3 76 7. 1961 
613. 3590. 1962 f) 
710. 3587. 1963 
662. 3'124. 1964 
'166. 3641. 1965 () 
313. 3'159. 196E> 
5 71. '1'173. 1967 
612. 3532. 1968 I) 
5'11. 3 396. 1969 
'160. 2929. 1970 

I) 
592. 35'17. 

870. 4473. f) 
313. 2929. 

I) 
. t 

0 

'l 

. i') 

.:) 

0 

•,) 

_) I 

J 



') 

'"" C liA 1': II CI'A "1\/\ PROJECT OPERIIT!ON STUDY 0 
fc/1!,1\&CF o[lECI-'TEL ClVILK~INERALS JrjC., SF. 

.. , PROJECT 111 117 9 C D 1 ALA.SKA POIJER ~U Hl(lR IT Y DATE 110581 PAGE 4 
0 

lllTfRNJITIVE A: MCARHiUR SHORT TUNNElt IUO FISt- RELEASES 
~, 

POIJER R£l[ II SF II\ CFS 
') 

-, YEAR J AI~ FER MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVEYR CAL YR 
') 

3P.J~. ~I'P.G, ~356. 299?. 2793. 2635. 2530. 2597. 3079. 3282. 3910. '1288. 3246. 1%0 
2 4014. 31< 7 7. 3443. 3149. 294 1. 2771. 2591. 2597. 2851. 3282. 3910. 4288. 3310. 1961 

• 3 4 r 1 4. 3P77. 3536. 3149. 2941. 2771. 2656. 2659. 2851. 3282. 3911. 44 03. 3338. 1962 0 
4 4CJ4, 3f77. 3536. 3149. 2941. 2845. "656. 2659. 2851. 3282. 3910. 4288. 3334. 1963 
') 4 (1 1 4 • ~f•7f. ~536. 3149, 2941. 2771. 26~·6· 2659. 2851. 3282. 391lo 4403. 3338. 1964 
6 4 c 1 ,, • ?.t:-77. 3536. 3149. 294 1. 21145. 2724. 2724. 2851. 3282. 3910. 4288. 3 34 5. 1965 0 
7 4 0 I 4. 31!77. 3536. 3149. 2941. 2771. 2656. 2659. 2851. 3282. 3910. 4288. 3328. 196f 
II 4014. 3A77. 3536. 3149, 2941. 2771. 2591. 2597. 2851. 3282. 3910. 4288. 3317. 1967 
9 4014. 3P.76. 3444. 3149. 2f.f>5. 2771o 25';11. 2597. 2851o 3282. 3911· 4403. 3313. 1%8 0 

10 4014. 3fH7. 3536. 3149. 2941. '2771.-- - 2591. 2659. 2851. --- 3282. - 3910. 4288. 3323. 1969 
1 1 4014. 3877. 3536. 3149. 28(,5. 2771. 2656. 2659. 2920. 3363. 4013. 44 05. 3352. 1970 

' t) 
t'EAN 3996. ~A~9. 3503. 3135. 291 4. 2772. 2627. 2643. 2878. 3289. 3920. lf330. 3322. 

fJAX 4014. 3t77. 3536. 3149. 2941. 2845. ~724. 2724. 3079o 3363. 4013. 4405. 3352. f) 
~IN ?;(\ 13. 3 (, !' 0. 3356. 2992. 2793. 2635. -2530. 2597. __ 2851. .3282. 3910 •. ... 4288. 3246. 

') 

r) 

0 

c) 
·-·· -~·-· -·-·-. --- .. - --· -··-----· --

1) 

<.) 

L) 

0 

0 

0 

0 
i 

r~ 
,-_.,, .-----. ~ -- ~~ --- - ~-

,--:-:--._ ~-, :------- ,..;::---=-. I 

, ____ 
..----- --~. 

,.-~--, ------- r~/ 



" 
PROJECT 14£179[01 

., SPILL II\ ffS 

YEAR JAN fEB ~lA R 

o. 0 • 0. 
;> 0. 0. 0. 
3 0. 0. o. 
4 0. 0. o. 
'i 0. 0. o. 
6 0. Q. o. 
7 0. 0. o. 
H 0. 0. o. 
9 o. G • o. 

1 0 o. 0. 0 •· 
11 o. 0 • 0.' 

f~E AN 0. 0 • o. 

I' AX 0. 0. (1. 
MIN o. c. 0 •· 

--J 
,--]"-'\, 
·I, I :. 

CHAKACI·Af'·NA PROJECT OPERATION STUDY 
f-./lltllf.CF tB[Cj,Hl C I V Il & MIN FR A L S INC.,SF. 

ALASKA P OIJER f•UTf'OR I TY 

IILTrfiNATIVf A: MCARTHUR SHORT TUNNEL• W/C FISI- RELEASES 

APR r·:A v JUN JUL fiUG SEP OCT 

0. r.. o. 1417. 6740. 66. o. 
0. o. o. o. 2437. 3374. o. 
0. 0. o. o. 12l!8. 2691. o. 
o. o. 0. o. ...-. 0 •· 23l!2o o. 
0. Q. 0. 0. 87'1. 1395. o. 
0. o. o. o. o. 3l!4l!. o. 
0 • 0. 0. 0. 0. 1882. o. 
0. o. o. o. 10188. 33'10. o. 
0. 0. o. o. 4580. o. o. 
0 •·" o. - ·- o. -· 0 •. 0 •. o. . ·---· --0 •. __ :. 
0. 0. 0. o. o. o. 0. 

0. o. o. 129. 2370. 161l5. 0. 

0. o. o. ll!17. 10188. 3l!'l4o 0. 
o. o. '0 ... o. .. .. o •. 0 •· ,._ .. o •. ·-· . 

.---.. 

DATE 110581 PAGE 5 

NOV DEC AVEYR CALYR 

o. o. 685. 1960 
o. o. 'IBl!o 1961 
o. o. 328. 1962 

. .. o. o. 195. 1963 
o. 0. 189· 196l! 
o. 0. 287. 1965 
o. 0. 157. 1966 
o. o. 1127. 196 7 
o. o. 382. 1968 

. ... _.o. o. o. 1%9 
o. o. Oo 1970 

o. 0. 34 9 •. 

o. 0. 1127. ') 
,,_0. o. o. 

0 

0 



f I I) 

(' C 11 A K A C tl A M N A PROJECT OPERATION STUOY 0 
h/HoH&CFoBECHTEL. ClVIL&MINERALS If,c •• sF. 

<'l' 
PROJECT 14879001 AUISK~ POIJER 1\UTHORITY OA TE 110581 PAGE 6 

f) 
ALTERNATIVE A: MCARTHUR SHORT TUNNELo 11/0 FISt- RELEASES 

(' 
FJSti RELEASE IN CFS 

0 
-·-·---·---·-··· 

(' 
YEAR JAN FEf1 fJAR APR MAY JUN JUL AUG SFP OCT NOV DEC AVEYR CALYR 

') 
1 o. 0. o. o. o. 0. o. o. o. o. o. o. o. 1960 
2 o. o. o. o. 0. 0. o. o. o. o. o. 0. o. 1961 

(I 3 o. c. o. 0. o. o. o. o. o. o. 0. 0. o. 1962 ) 
4 0 0 0. o. 0. o. ------0. o. o. o. 0 0 -- . o. o. o. 1963 

('· 
5 0. 0 • o. 0. 0. 0. o. o. o. o. . 0. o. o. 196'1 
6 0. 0. o. 0 • o. 0. o. 0. o. o. o. o. o. 1965 ') 
7 0. c. 0. 0. 0. o. o. o. o. 0. o. o. o. 1966 

(' 
R 0. 0. o. 0. o. o. 0. o. o. o. o. o. o. 1967 
9 a. ~ . 0. 0. 0. o. o. o. o. o. o. o. o. 1968 0 

1 0 0. 0 • o. 0. o. o. o. ·- 0 •. o. 0. ·--· .. ___ o •.. o • o. 1969 
,. ' 11 0 • 0. o. 0 • 0. 0. o. o. o. o. o. o. o. 19 70 

0 
I'EIIN 0. 0. o. 0. Q" o. o. o. 0. o. o. o. o. 

fJAX 0. c. o. 0. o. o. o. o. o. o. o. o. o. ') 
I'. IN 0. o. o. o. ~. .. o. .. 0 •· 0 •· .o. o .• __ o ...... 0. o. 

r) 

0 

0 

0 
··----· ---- --.---· 

l) 

0 

C) 

Q 

0 ! 

0 

0 

~--,.-~- ...... ,..._:;;.;;:-..\ ,---- ~~-
,..__., ,--...., .....--;.;.~. ,--..........-·-- _,--~ F"'~' ~- ~ 

....-~, '~ _,.,..~f 
~() 

r-- ~-. 
,---1 I 



PRCJECT l4R79C01 

', NET EVt.FORAT ION IN AC-FT 

'\ YEAR J~N FEE MAR 

1 0 • 0. 0. 

' 
2 0. 0. o. 
3 0. 0. o. 
4 0. 0. o. -

1 
5 0. 0 • o. 
6 0. 0 • o. 
7 o. 0. 0. 
ll 0. 0. o. 
'? 0. 0 • o. 

I 0 0. 0. o. 
11 0. 0. o. 

i"UN 0. 0. o. 

~AX ~. 0 • 0. 
~IN o. 0. o. 

.r-t; 
,, I 

C I! A I<~ C I· A I~ N A 

~·.,I.:. 

PROJEC1 OPERATION STUDY 
l1 /II ol! 1'. C r , fl E C In E L CJVIl&r'.INERALS INc •• sr. 

ALASKA POIJER AUTHORITY 

AlTERNATIVE A: MCARTJ-IUR SIIOR T TUNNEl, W/C FIS~ 

APR MAY JUN JUl AUG SEP 

Q. 0. 0. o. 0. o. 
0. o. o. 0. 0. o. 
0. o. 0. o. 0. o. 
o. -c •· --Co-- 0. -· c. ... ···- 0. 
0. 0. o. o. 0. o. 
0. o. c. 0. 0. o. 
0. o. 0. 0. 0. o. 
0. 0. 0. 0. o. c. 
0. 0. 0. 0. 0. o. 
0. o. ·--0. o. o. o. 
0. o. 0. 0. 0. o. 

0. o. o. 0. 0. o. 

0. 0 • 0 • 0. 0. o. 
o. 0. 0. 0 •. . . c. 0 •. 

DATE uo5el 

RElEASES 

OCT NOV DEC 

0. o. 0. 
o. o. 0. 
0. o. 0. 

---Co- .... --- 0. 0. 
0. o. o. 
0. o. o. 
o. o. 0. 
o. o. o. 
o. o. 0. 
o. ---C.·-···-·· o. 
0. o. 0. 

o. o. 0. 

0. o. o. 
o.- ___ o. 0 • 

PAGE 

AVEYR 

o. 
0 •. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
c. 
o. 

o. 

0. 
o. 

7 

CALYR 

1960 
1961 
1962 
1963 
196lf 
1965 
19'66 
1%7 
1968 
1969 
197 0 

•.!I 

; . 
f)\ 

:_) 

J 

0 



r , 

( 

(! 

( 

( 

( 

' 

PRCJECT 

E.O.P. 

YEAP. 

2 
:3 

" 5 
6 
7 
8 
9 

1 0 
11 

MEAN 

r• A)( 
MIN 

14B79C01 

STORAGE IN 

Jt~i 

31'23~~]. 

3331718. 
3317673. 
32743'39. 
3336069. 
3278243. 
33062'34. 
3314404. 
33539~·0. 

3246131. 
33189~0. 

3354649. 

3fl23331. 
3246l:'ilo 

ACKf.-FT 

FF£l I"AR APR 

3f.?'i312. ~4~'i~85. 3284714. 
3149100. 2966291· 279'i474. 
3132389. 2943921. 27fl4482. 
3071lF.97. 2880837. 271348'1. 
31~8121. 2941106. 2782084. 
3075077. 2878370. 2714647. 
310%25. 2913717· 2750708. 
3124011. 2930194. 2795151. 
31E031E. 297727(,. 2827358. 
:'1057793. 2871108. 27224'39. 
3131 !"'32. 2947'382. 2814070. 

31E2~85o 2971835. 2817152. 

3£'2')312. 3439385. 3284714. 
3057153. 2871108. 2"713484. 

CHAKACI'M1NA PROJECT OPERATION STUDY 
h/lloll&CF oOECIITEL CIVIU.MINERALS INc •• sr. 

ALASKA POIIER AUTHORITY DATE 110581 PAGE 8 

J1l TE P ~!AT IV [ A: MCARTHUR SHORT TUNNELt 11/0 FJSI' RELEASES 

MAY JUN JUL AUG SEP OCT NOV DEC AVEYR CAl YR 

~~~6f.37o ~58EE51. 403:"200. 4033200. 4033200. 3<;19884. 3734772. 3524610. 3698241. 1960 
2734289. 304'1413. 3672605. 4033200. 4033200. 3'i28923. 37'16429. 3525568. 3413767. 1961 
21:81421. 2988093. 3633277. 4033200. 4033200. 3905004. 372365'1. 340:0595. 3388909. 1962 
2643365. 2755850.-3407174. 3994312. 4033200. 3557822. .. 3780505. .3560504. 33'10029. 1963 
2713763. 3030432. 3525033. 4033200. 4033200. 3907956. 37293'13. 3499297. 338913'1. 1964 
2El2861o 2651264. 3285913. 3765014. 4033200. ~5!:1388. 376'1256. 3529253. 3295790. 1965 f) 
21:86245. 300H65. 3471855. 3921630. 4033200. 3951'189. 3772981. 3528571. 3370665. 1966 
2739128. 3095546. 3854284. '1033200. 4033200. 3556838. 3796480. 3567933. 3'136697. 1967 
2F35420o 31351'12. 3782341. 4033200. '1029735. 3887950. 36962'17. 3463126. 3431838. 1968 
2661418 •.. 3041!183 •. 3658052. 3943232. 3939767. 3S25938._376557~ • . 3535188. 336'1574. 1969 
2777185. ~OH272o 3489967. 381750'1. 3806440. 3!:83224. 3'188577. 3246018. 329'1813. 1970 

2765612· . 3032137. 361~427. 3967354. '1003776 • 3907856. 3727166. 3'197333. 3402223. 

3~36637. 351lH51. 403~200. 4033200. 4a332oo. 3%1388. 3796'180. 356 7933. 3698241. 
2f']?8blo ::·651264. 3285913. 3 7(,50 14. 3806440. 3~1!322'1 .• 3'188571 .• 3246018. 3294813. 

r) 

{) 

0 

0 

0 

0 



- -- -· ___,_ 
' ' 

'" 
., 

CHI·I':Act'AMI\A PROJECT OPERATION STUDY 
li /11,1 i &r: F , [1 E C liTE l CIVJL&~IJN(RALS INC.,SF. 

' 
PROJ[(T 141l7'3G01 /\LASKA POwER AUTHORITY DATE 110 581 PAGE <; 

~LTERNATJV[ A: f·1CARTIIUR SI!OR T TUNNEL, 1.1/C FIS~ RELEASES 
lolA l[R BALANCE 

' 
H AR J f. ~J rEf' I'AP. APR I'AY JUN JUL AUG SEP OCT NOV DEC AVEYR CALYR 

0. 0. 0. 0. 0. 0. 0. 0. 0. o. 0. 0. 0. 1960 
2 c • ~ . o. 0. 0. o. o. o. o. 0. o. o. o. 1961 
3 o. ( . c. 0. 0. 0. 0. 0. o. 0. o. 0. o. 1962 
4 0. 0. o. 0 0 o. . ... 0. u •. o •. o. 0 ...... c·O • o. o. 1963 
5 0. c. o. 0 • c. 0. 0. 0. o. 0. o. o. o. 1964 
6 0. 0. 0. 0. o. o. o. 0. o. 0. o. 0. o. 1965 
7 0 • o. 0. 0. 0. o. 0. 0. o. 0. o. 0. o. 1966 
fl 0. c. D • 0. o. o. c. o. a. 0. o. 0. o·. 1967 
9 0 • c • c. 0. 0. 0. 0. o. o. 0. 0. o. o. 1968 

10 0. 0. o. 0. o. 0. o. o. .. 0. .0 .... o. o. o. 1969 
11 o. 0. o. 0. o. 0. 0. o. 0. o. o. 0. o. 1970 

f) 

MEAN o. 0. 0. o. c. o. o. 0. o. 0. 0. 0. o. 

I' AX 0. 0. 0. 0. o. o. 0 • o. o. o. o. 0. o. 
f'I,[N (). o. o. o. 0 •. ............ o .• o ... . __ .... o .• -· . 0. . ............ 0 .... -. .. ..... ..0. o. o. 

r) 

0 

0 

·.) 

,') 

0 

) 

0 



I' 
!'• l.lif. ~A CHAMNA PROJECT OPfRATION STUDY 0 

1·/IJeli&CF oi3ECIHEL CIVIL&I'H<ERI\LS INc •• sr. 

('• 
PRCJECT 141\7~<·~1 ALASK~. POWER ~UTI-lOR IT Y DATE 110581 PAGE 1 0 

0 
HTERNAT!VE A: HURTI'UR SHORT· TUNNEL, 11/0 FISI- RELEASES 

POWER II\ ~11oJ 

C• ') 

('• 
YEAR J~.N f[[l MAR APR 1'-l~Y JUN JUL AUG SEP OCT NOV DEC AVEYR CALYR 

) 

2 11 0 0 ~27o 203. 103. 1f-7o 162. 159o 167. 183. 209. 24 0. 261. 200o 1960 
;> 240. 227o 203o 11'3. 167. 162. 159. 167. 183. 209. 240. 261. 200o 1961 

C• 3 24Co 227. 203. 183. 167. 162. 159. 16]. 183. 209. 240. 261. 200. 1962 ' ) 

4 240. 227o 203. 183. 167. ····· 162 ............ .... 159 • .... __ .... 167 •. 183 • 209. -- 240. 261. 200. 1963 
5 240. 227. 203. 183. 167. 162. 159o 167. 183. 209. 240. 261. 200. 1964 c 6 240. 227o 203. 183. 1C: 1· H:2. 159. 167. 183. 209. 240. 261. 200. 1965 0 
7 240. 227o 203o 183. H. 7 0 162. 159o 167. 183. 209. 240. 261. 200. 1966 
ll 240. 227o 203. 1e3. 167o 162. 159. 16 7 •· 183. 209. 240. 261. 200. 1967 

('- 9 240. 227. 203. 1e3. 167e 162. 159. 167. 183. 209. 240. 261. 200. 1968 0 
1 c 240. 227. 203. 183. 167. 162. ... ··- 159.- . - ... 16 7 • .183. ·---· 2 09. 2!1 0 • 261. 200. 1969 

(• 
11 240o 227o 203o 1133. 16 7. 162. 159. 167. 183. 2 09. 240. 261. 200. 1970 

0 
~·E ~N 2 4 0 ·- 2~7. 203. 183. 167. 162. 159. 167. 183. 209. 240. 261. 200. 

(• I-' AX 240. 22 7. 203. 1P.3. 1107. 162. 159. 167. 183. 209. 240. 261. 21i0o C) 
~lIN ('40. 227. 203. 183. 16 7. 162. 159. 167. 183. .. 209 •. -- 24.0. .. 261. 200 • 

C• r) 

(' I) 

C· 0 

0 

c t) 

0 

i,) 

() 

0 

0 

0 

---- . ---..., ,----._, ...... ~ . ,_;~ 

,,..., __ 
~-;:---..., --........... ,......~ ......... --_'? 

,____q 
r---"- .....,_..,, r:,.,........ _........_..,;,_,., .- ....__., 

' 
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~ C flAK A Cl' ~ NtJ A PR(;J[CT OPERATION STUDY 
1-/ll,fii;Cr ollECI,TEL CIVJL&MINERALS INC.oSF. 

. ' PRCJECT 14117'3001 AlftSKJ\ POWER ~UTIICRITY DATE 110581 PAGE 11 

ALTERNATIVE A: MCAR TI'UR SHORT TUNNELo W/0 FISt- RELEASES 
-, UiERGY IN ~!loll'. 

YEAR J f.rll rEP MAl'\ APR ~\A y JUN JUL AUG SEP OCT NOV DEC TOTYR CALYR 

171\5£..0. 157'H:?. 1513811. 131478. 124216. 11f452. 118393. 124216. 131478. 155270. 172800. 191!087. 1756299. 1960 
;> 178~;(-0. 152515. 151388. 131471lo 124216. 116452. 11P.393. 12'1216. 131'178. 155270. 172800. 194087. 1750852. 1961 
3 171l~~Q. 1~·251~. 1513f./1o 13147!1. 124216. 116452. 118393. 124216. 131478. 155270. 172800. 19'1087. 1750852. 1962 
4 17B!if>O. 15?515. 15138R. 131478. 124216. 116452. .118393. 124216. 131478. 155270o_._172800o. 19'1087. 1750852. 1963 
5 178%0. 1579~2. 1513f:'(l. 1314 78. 12421(,. 11645?. 118393. 1?4216. 1.31478. 1!:5270. 172800. 194087. 1756299. 1964 
6 '1785(,0. 152~15. 1~13fl.ll. 131478. 12'1216. 116452. 11P393. 124216. 131478. 155270. 172800. 194087. 1750852. 1965 
7 17R%0. 152~1~. 1~1388. 13147Ao 124216. 1H452o 11E'393o 124216. 131478. 155270. 172800. 194087. 1750852. 1966 
A 17A5!oO. 152515. 1~1388. 131478. 124216. 116452. 11£<393. 121!216. 1314 78. 155270. 172800. 19'1087. 1750852. 1967 
9 178560. 15791'?. 1!:13811. 131478. 124?16. 116452. 111'393. 124216. 131478. 155270. 172800. 194087. 1756299. 1%8 

1 0 178560. 152.515. 151388. 131478. 124216. 11(,452 •. 118393. 124216 •. . 131478. 155270 .• -~-172800. ..191! 0 8 7. 1750852. 1%9 
11 1785€:0. 152515. 1~131\8. 131478. 124216. 116452. 118393· 124216. 131'178. 155270. 172800. 19'1087. 1750852. 1970 

OlEAr. 1 785(:0. 154f'CO. 151381l. 131478. 124216. 116452. 118393. 12'1216. 131'178. 155270. 172800. 19'1087. 1752338. 

I" AX 178~f0. 1579E2. 1~1388. 131478. 124216. 116452. 118393. 124216. 131478. 155.270. 172800. 194087. 1756299. 

"'I< 178560. 15?515. 151388. 131478. 124216. .116'152 .• - .118393 •.. 12'1216 • 131'178 •. .1552.7.0 .• __ 172800 .• .19'1087. 1750852. 
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PRCJECT 14f75801 

REMAINI~G SPILLS I~ CFS 

YEAR 

1 
2 

lf 
5 
6 
7 
p. 

9 
1 0 
11 

I', A X 
MltJ 

J~N 

0. 
0. 
c 0 

o. 
c 0 

0. 
0 0 

0 0 

0 0 

0. 
c. 

G o 

~ . 
0 0 

FEP. 

0 0 

0. 
0. 
0. 
c 0 

0 • 
O·o 
0. 
0. 
0. 
0 0 

c 0 

r o 

G • 

I'AR 

0. 
o. 
o. 
o. 
0 0 

o. 
o. 
c. 
0 0 

o. 
0 0 

o. 

Q. 

o. 

-

Cllf•KACf'A~1NA PROJECT OPERATION STUDY 
h/Holf&CFoBECiiTEL CIVIL&MINERALS INCetSFo 

~LASKA POWER ~UTIIORJTY 

ALTERNATIVE A: ~lCAR.TIIUR SHORT TUNNELt W/0 FISI- RELEASES 

APR 

0 • 
0. 
0 • 
0. 
0. 
Oo 
0. 
0. 
0 o' 

o. 
r • 

Q • 

c II 
0. 

!-.......__ 

MAY 

o. 
o. 
o. 
0. 
0. 
o. 
o. 
0. 
o. 
0. 
0. 

r • 

c. 
(; ., 

-

JUN 

o. 
0. 
0. 

.. 0. 
o. 
0. 
0. 
o. 
0. 
0. 
0. 

o. 

0 • 
G • 

JUL 

0. 
0. 
o. 
c .... 
o. 
o. 
0. 
o. 
0. 
0. 
0. 

o. 

o. 
o. 

AUG 

3170. 
o. 
o. 

.0 • 
o. 
o. 
0. 

6619. 
1011. 

o. 
o. 

982. 

6619. 
.o .• 

SEP 

0. 
38. 
o. 
o. 
o. 

108. 
o. 
It. 
o. 
0 •. 
o. 

108. 
.. o. 

OCT 

0. 
o. 
o. 
0. 
0. 
0. 
o. 
o. 
o. 

.. ......... ··- 0 ..... .. 
o. 

o. 

o. 
.0 ....... 

DATE 110561 

NOV 

0. 
0. 
o. 

... 0. 
o. 
o. 
o. 
o. 
o. 

.0. 
o. 

o. 

o. 
.... 0 ....... 

DEC 

0. 
o. 
0. 
o. 
o. 
o. 
0. 
0. 
o. 
0. 
o. 

o. 

o. 
0 • 

PAGE 

AVEYR 

26'to 
3. 
o. 
o. 
o. 
9. 
o. 

552. 
84o 
o. 
o. 

83. 

552. 
o. 

------.., 

12 

CALYR 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

") 

') 

'), 

') 

0 

0 

0 

0 

0 
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C tlf, K A C f' AM N A PROJECT OPERATIOtJ STUDY 

1/H,H&CFoBfCiiTEL CIVIL&MINERALS JNc.,sr. 
PRCJECT 14117%01 ALASKA POIIER AUTIIORITY DATE 110581 PAGE 13 

1 

HTERNATIVE A: MCAR TI!UR SHORT TUNNELo 11/0 FIS~ RELEASES 
.. , AVERAGE GENE~,q lr·'' Iri rll-.! DLR HJG SP 1L L S 

YEAR J r.N r fP MAR APR M~- y JlJN JlJL AUG SEP OCT NOV DEC AVEYR CAL YR 

0 • 0 • o. 0. 0. 0. 256. 400. 188. o. 0. 0. 70. 1960 
;> 0. 0. 0. G • 

~ 0. 0 0 327. 400. o. o. o. 61. 1961 v • 

:z. 0. Q. o. 0. 0. 0. o. 253. 358. o. o. o. 51 • . 1962 0 
4 " 0. o. n 0 • ·--- 0 •· 0 ... o. 336 •. 0.-- ..... o. o • 28. 1963 v. v. 

!) 0. 0. 0. 0. 0. o. o. 229. 275o 0. o. 0. 42. 1964 
6 o. 0. 0. 0. o. 0. 0. 0. 400. 0. o. o. 33. 1965 f) 

7 0. c • 0. 0. o. o. o. o. 306. o. o. o. 25. 1966 
8 o. 0. 0. o. o. 0. o. 400. 400. 0. o. 0. 67. 1967 
9 c • 0. 0. 0. 0. 0. 0. 400. o. o. o. 0. 33. 1968 

l 0 0. a. o. o. o •. ·- 0 0------- . o. 0"" Oo ..... 0 •. -· . .... 0. 0 • o. 1969 
1 1 o. o. 0. 0. 0. 0. 0. o. o. o. o. 0. o. 1970 

f) 

MEAN o. 0. a. o. o. 0. 23. 183. 242. o. o. o. 37. 

t-:A~ 0. c. c. 0. 0. o. 256. 400. 400. 0. o. 0. 70. 
MIN 0. 0. 0. o. c. 0 • 0. ..... 0. o • .. o .•. __ . __ o. ·- o. o • 

0 

0 

<) 

<) 

,) 

0 
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:1 CI'-~KACt'AM~;A PR('J£CT OP[RATION STUOY 0 

~ll!tii!:CF oBECtiTEL CIVlLKMINERALS INC.,SF. 
.. , PROJECT l41l79f'Ol ALAS I': A POWER AUTHORITY DATE 110581 PAGE 14 

" 0 
AlTERNATIVE A: MCARTIIUR SHORT TUNNELo 11/0 FIS~ RELEASES 

~~ 
SL:RPLUS n;r R G v lfl I' loll; 

f) 
~ ·-- --· -------------------------------------. 

~\ 
YE~.R JAN FEr. MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTYR CALYR 

0 
1 0. 0. o. 0. 0. o. 72279. 173384. 4167. 0. o. 0. 249830. 1960 

~, 
2 0. 0. o. 0. o. o. o. 1187117. 156522· o. o. o. 275269. 1961 
3 0. 0. o. 0. o. o. o. 64330. 126l!89. o. o. o. 190819. 1962 0 
4 0. 0. o. o. o. . 0.- ···-·-· ··-···- 0 •·· ----- 0 •··- 110265 •. . 0. --. . .. 0 • 0 • 110265. 1963 

.. , 5 o. o. o. 0~ o. 0. 0. 46308. 66163. o. o. 0. 112ll71. 1964 
6 o. 0 • o. 0. o. 0. o. o. 156522. o. 0. o. 15.6522. 1965 () 
7 c • 0. o. 0. o. o. 0. 0. 88832. o. o. 0. 813832. 1%6 
A 0. 0. o. 0. 0. o. 0. 173384. 156522. o. o. o. 329906. 1967 

0 9 0. G • 0. I 0. c. 0. o. 17338l!. o. o. o·. 0. 173 384. 19613 
1 0 0 •. 0. o. 0. o. (). 0. o. o. 0 ·-·-··· ··- 0. -- ·-· o. o. 1969 
11 0 • 0 • o. 0 • 0. 0 •. o. o. o. 0. o. 0. o. 1970 

0 
t'EMJ o. n o. 0 • [', 0. 1':571. 68140. 71J680o 0. 0. o. 153391. ... 

I-' AX 0. 0. 0. 0. 0. 0. 7:>279. 173384. 156522. o. o. 0. 329906. (j 
~qN 0 0 0. ::. o. c. . o •· 0 • .. 0 •. o. ... 0 •. _o • 0. o. 

r) 

i) 
- ··--- --- ---······· ----- --·---------· 

0 

<) 
. -· ---------------·-- . - -· ---. ----------------~ - ·----------------· 

0 

0 

i.) 

() 

Q 

0 

0 

,.._.__ 
,__~~ ,....,....-, ,..--., ~-""-; ~ r-- r---.., ~. ~ 

~~ 
,--.,..,~ -- ,.......,.__ 
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FPUJECT l487~r21 

INSTALLED CAF&CilY: J3~JOD. KW 

ANNUAL PLANT fAClfk: .~ 

OVERLOAC FACTrR: 1.00 

PLANT EHICIE''CY: 

FAICTIC~ LOSS CCfFFICIENT! .0000~2!70 

f'ONTIILY L(IAO FfiCTOPS: 

C~ft~AC~AM~A PROJFCT OPERITION SiUDY 
1:/!:,P<.rr oi3ECHTEL C1Vll&MlNEF\ALS HIC .. sF. 

ftLAS~A PG4ER AUTPORITY 

-

01\H 110581 

I.LHHI.AT!Vf: F.: f'CAI<Tt!UR SHORT TUt~f~EL• WITH Fist- RELEASES 

.920 oA70 .760 o7CD o64D o620 .610 .640 .7rD .800 · .920 1.000 

l~lTJAL LAKE STCRAGE :4033200. AC-FT 

MINIMUM LAKE STCRAGE Oo AC-FT 

MAXIMU~ LAKf STCRAGE :4033200. AC-FT 

-

PAGE 
0! 

0 

'). 

l) 

•).' 

r) 

0 

0 

0 



PROJECT l4079u01 

RFSERVOIR STORAGE-ELEVATJOf\-AREA: 

AC -F T FFET ACRE 

0. 760. 0. 
2025. 76">. a 1 o • 
7300. 770. 1300. 

27200. 7AC. 2690. 
lll.COC. I' GO. 5670. 
24l~OC. f2Go 7320. 
397000. r3 4 r. 0270. 
57?~00. 1'1'>0. '?2130. 
76'.?COG. f<" c 6 104CC. 
9f11'COQ. '! c 0. 11590. 

1224000. t;=?O. 119f0. 
14E-7000. 1)40. 12320. 
1717CCO. r:: (: (l 0 12(,~(.. 

1573000. 9 f~ (I • 12'180. 
223HCO. 1000. 13?.110. 
25Q4QOO. 1 n c. 13520. 
2771'000. 1 H O. 13740. 
3053000. 1~60. 139E-Oo 
3335['00. 10110. 14170. 
3f2C;OOO. 110 0. ] 11390. 
3C.lncco. 112Go l4n20. 
'1033200. 11?fo 1521?. 

TIIIUJAHP-FL0\.1 PFLA Tl fi\SI'J P: 

FFET CFS 

210. o. 
210. 100000. 

MONTHLY f~H~HHH1 INSTRf.H FLOWS IN CFS: 

CHAKACHAMNA PROJECT OPERATION STUDY 
I' /II til & C F , 0 E C tHE L C I V ll & M HJ ERA L S INC. , SF • 

ALASKA POI.JER AUTIIORITY DATE 110581 

ALTERNATIVE A: MORTI!UR SIIORT TUNNEL, WITH F IS~ RELEASES 

365o 3f5o 3f5o 1Q54o 1094o 1094o l094o 1094o 1094o ~f5o 365o 365o 

MONTI'LY DJVERSJUf\ R[QUIREIIEr:TS IN CFS: 

o. 0. c • 0. 0. 0. 

MONTIIU R[_S[RVOIR I"VAPCRATION IN INCHES: 

0. ~. (I. G • 

,-_,.._ 
' 

0. o. 

0. 0. c. 0. 0. 0. 

0. o. 0. 0. o. o. 

I') 

PAGE 2 , 
") 

~ 

f) 

f) 

I) 

') 

') 

f) 

I) 

') 

·) 

.) 

.) 

) 

J 

J 

,J 

0 

0 
~ .--...--, .-...-: 

'' 
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Cllf. Kf.CI·AMNA PROJECT (lP[RATJON STUDY 
Ulloii&Cf oBECiiTEL CIVIL&MINERALS INC.oSF. 

PRCJfCT 1'tl!7 <; i' 0 1· ALASKA PO~J[R AUTHORITY 

ALTEiiNATIVE o: 11CAR H'UR SHORT TUNNELo WITH 
INFLOWS TO n;r LIIKE II\ CFS 

YEAR J~N rE£1 ~AR /IPR I'AY JUN JUL AUG SEP 

' 1 4ro. 307. 267. 393. :,(..j7. 6837. 112C9, 9337. 31'15. 
;> 877. SP.9. 470. 346. 1 f r 1. 7983. 12A08, 10899. 6225. 
3 6.13. 5 41 • 4 71. 470. 12t-::5. 7925. 13149. 10'111. 55'12. 
lj '• ') (!. ~!:7. 315. 337. l 8 0 I • lj 735. 1~249. 12208 •. 5847. 
5 3Glt. 4:.'!5. 3.32. 4 77. 11'.30. 8093. 1£'700. 117'Hl, 4246. 
6 419. 21'3o 3.37. 398. 1256. 3'190. 130'16. 10516. 10802. 
7 3 '~ e • ~3(,, 350. 410. 18'J3. 1'072. 1(~03. 997'1. 6608. 
8 5~1. 4'15. 384. BllO, 203C. f:l761o 14931. 15695. 6191. 
9 534. "10. '167. 630. 2996. 7AOB, 1:3117. 11257. 2793. 

1 0 4h!'l. 4F.f':. 500. 6!32. 1'340. . 9271. 12510. 7297 • 2793. 
11 4'-;7. c04o 550. E'?'l, 22F.5. f.789. 10360. 7986, 2734. 

I'[ AN 5 11 • 4~0. '10'1. 536. ~C7f.. 7251. 12307. 10671. 5175. 

f'AX 877. 5P.9. 550. 899. 3(:37. 9271. 14931. 15695. 10802. 
!'IN 364. 219. 267. 337. 1265. ·- 349 0. 10303. 7297. 27~4. 

--. ..._, 
I 

DATE 110581 

FIH RELEASES 

OCT NOV DEC 

1'139. 799. 870. 
1586. 843. 696. 
1197. 863. 613. 
2056. 930. 710. 
1245. 909. 662. 
2114. 597. 466. 
1953. 910. 313. 
2040. 1215. 571. 

976. 689. 612. 
3057. --- 1215 •. 5'11. 
1359. 742. 460. 

1729. 883e 592. 

3057. 1215. 870. 
. 976. 59.7 .•. - 313. 

f) 

PAGE 3 
f) 

0 

AVEYR CALYR 
') 

3220. 1960 
3767. 1961 
3590. 1962 f) 
3587. 1963 
3424. 1964 
3641. 1965 I) 
3459. 1966 
4473. 1967 
3532. 1968 ') 
3396. 1969 
2929. 1970 

0 
3547o 

4473. 0 
2929. 

t') 

() 

() 

() 

() 

,) 

0 

0 

Q 

0 i 
I 
! 

0 I 
I 

0 I 
I 
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CI'I,KACLMit~A PRG.JECT OPERATION STUDY 
I n:,H.CF.flECtiTfL CIVIL&MIHRALS INC.,SF. 

.. , PRCJECT 1 11 117<1 ( pI nASK/1 P OI·!ER AUTI!GH I TY DATE 110581 PAGE 4 

Al TEI<t•!A T I VE E: .f·,CARTiiUR SHORT TUNNEL, \IIJH F I Sl- RELEASES 
-, POWER RELEf.S[ lrJ CFS 

YEAR J f· N FEP fo:AR APR ~;A y JUN JUL AUG SEP OCT NOV DEC AVEYR CALYR 

1 31 C 11 o ::>sc;e. 2739. 2448. 2232. 2160. 2075. 2130. 2335. 2682. 3180. 3475. 2630. 1 '36 0 
2 32£.0. 3 1 ~ 1 • 21109. 2573. 234 5. 226'3. 2125. 2130. 2335. 2682· 3180. 3475. 26'34. 1 '361 
3 32f-O. 3 1 ~ 1 • 280'3. ;:>5 73. 2 3'• 5. 2269. 2125. 2180. 2335. 2682. 3180. 3475. 2699. 1962 
4 32(, 0. 3151. 2809. 2573. ~345. 2269 •. ---217 7. 2180 •··· .2335. -2682o- 318 0 •. 34 75. 2703. 1963 
5 3260. 3151. 2809. 2573. 2 34 5 e 2269. 2177. 21/lOo 2335. 2682. 3180. 34 75. 2103. 1964 
6 32r;o. 3151. 2809. 25 73. 2345. 2328. 2231. 2232. 2336. 2682. 3180. 3475. 2717. 1965 
7 3 2 (, 0 • j 151. 21l09. 2573. 23'15. 2269· 21 77. 21110· 2335. 2682. 3180. 3475. 2703. 1966 
8 3?. (· 0. 31!'1. 2809. 2573. 2 34 5. 2269. 2125. 2130. 2335. ·2682. 3180. 3475. 2694. 196 7 
9 32"0· 3072. 2809. 2573. 23'15. 2213. 2125. 2130. 2335. 2 682. 3180. 3564. 2!:91. 1'368 1) 

1 0 32(.0. 31~1. 2881. 2573. 240 6 •. ·--2269 ... ·-· 2125 •. . 2180 ... 2390 • --27116.---- 3180 .•.. ... 3564. 2127. 1969 
11 326C. 31!:1. 21!81. 2573. 2345. -2269. 2177. 2232. 2390. 2813. 3260. 3658. 2 751. 1970 

~EAN 32'16. 3130. ?.815. 2562. 23'1 0. 2260. 21'19. 2171. 23'15. 2699. 3187. 3508. 2701. 

~AX 3 2 (, 0 • :'.1 ~ 1 • ;>lllll. 2573. 24G6. 2328. 2231. 2232. 2390. 2813. 3260. 3658. 2751. f) 
fo:IN 31C'I. 2CJSL!. 2739. 2'1'18. 2232. 2160. 2 0 75 •. 2130 ... 2335. ... 2 682. -- 3180 •. 3475. 2630. 

i) 

,) 

IJ 

r---. 
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PRCJECT 14!!7'lC01 

SPILL II\ CFS 

YEAR JAN f[fj "AR 

1 c. 0 • 0. 
;> 0. 0. o. 
3 0 0 0 • 0. 
4 0 0 0. o. 
5 n. 0. o. 
f, 0. u. o. 
7 0. 0. o. 
8 0 •. o. o. 
9 Q. c • 0. 

10 n. 0. o. 
11 o. 0 • c. 

I'EAN 0. 0 • 0. 

r-'AX c. 0. o. 
~~ J N o. 0. o. 

--','! I 

r-
l, J -' 

Cllt,KAChAMNA PllCJECT OPERATION STUDY 
~llloi!&CFoBECHTEL CIVIL&MINERALS lNCetSF. 

ALASKA POIIER AUTHORITY 

AlTERNATIVE A: ~'CARTIIUR SfiOR T TUNNEL, WITH 

. --·---------
APR MAY. JUN JUL AUG SF.P 

0. 0 0 o. 836. 6113. o. 
D • o. o. 0. 2062. 2796o 
0. 0. 0. 0. 1218o 2113. 
c. o. o. .o. o. 201:5. 
0 • o. o. o. 831. 8-17. 
o. o. 0. o. o. 3180. 
0. o. 0. 0. 0. 1321. 
o. c. o. o. 9736. 2762. 
0. 0 • 0. 0. 4288. > o. 
0. G. > 0. 0. 0. o. 
0. c. o. 0. 0. o. 

0. c. 0. 76o 2206. 1368. 

0 • 0 0 0. 836. 9736. 3180. 
0. o. . o. o • > 0. o. 

' 

-. 

DATE 110581 PAGE 5 

FIS~ RELEASES 

I 
' 

f") 

I f") 

I I) 

OCT NOV DEC AVEYP CAL YR 
f) 

o. o. o. 579. 1960 
0. o. 0. '106o 19.61 
o. o. o. 278. 1962 0' 

- 0. >-- 0. o. 172. 1963 
0. o. o. 137. 196'1 
o. o. 0. 265. 1965 f) 
o. o. 0. 110. 196 6 
o. o. o. lOifle 1967 
0. o. o. 357. 1968 f) 

0 ·--- >>> 0. 0. o. 1969 
o. o. 0 0 o. 1970 

') 
o. o. o. 30'\o 

0. o. o. 1041. 0 
o. __ a. o. o. 

1) 

') 

c) 

.-) 

•) 

\) 

0 

() 

Q 

0 

0 

0 
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PRCJECT 14879001 

(.• I' J Sli RELEASE JN CF5 

('· 
YEAR JAN FEE f'AR 

1 365. 307. 267o 

C· 
2 3~5e 365. 365o 
3 3(·. 50 .3f.5. 365o 
4 3f.5o ~57. -315.--

c 5 3!J4o 3f:5e 332o 
(, 3F5o 219. 337. 
7 365o 3~(: 0 350o 

C'· 
!' 3f.5. 365. 365. 
9 3fi5o .365. 365. 

1 0 3€-5" 3(:5. 365. 

(' 
11 3&5. 3E~o 365o 

MEAN 365. 343. 345o 

( f'AX 3f-.5 0 3f:5o 36!'io 
MIN 364. 219. 267o 

(' 

( 

J 

CIIAKACI\/l~lt\/1 PROJECT OPERATION STUDY 
f./lloH&C:F,nECHTEL CIVIL&~1lNERALS INC.,SF. 

~LASKA POWER AUTHORITY DATE 110581 

ALTERNATIVE B: MCARTIIUR SHORT TUNNELo WITH FIH RELEASES 

APR MAY JUN JUL AUG SEP 

393o 
1094. 1094. 1094. 1094. 1094. 
1094. 1094. 1094. 1094. 1094. 

··- --33 7 0 ............. .} 0-9 4 o -----·1 0.94 o----1-09 4-o----· -10.94 •-·-----1 0 9 4 •--
477o 1094o 1094o 1C94o 1094o 1094o 
398. 
41 0. 
1'80. 
630o 

1094. 1094. 1094. 1094. 1094o 
1C94o 1094e 1094o 1094o 1094o 
1C94. 1094. 1094. 1094. 1094. 
1094. 1094. 1094. 1094. 1094. 

652o ··· 1094o ------l094e------1094o----·--- .. 1094o--- --l094o 
899. 1094. 1094. 1094o 1094. 1094o 

5~6. 

899. 
337. 

1094o 

1094o 
1094. 

1094. 

1094. 
1094. 

1094o 

1094. 
1094. 

1094o 1094o 

1094. 
10.9 4. 

OCT NOV DEC 

365. 365. 365. 
365. 365. 365. 
365. 365. 365. 

.... 365·----'--· .365.------365. 
365. 365. 365. 
365. 365. 365. 
365o 365o 313o 
365o 365o 365o 
365. 365. 365. 

----365.---- 365. ·----- 365. 
3~5. 365. 365. 

365. 365. 

365. 365. 
365..... . 36.5 •. 

360. 

365. 
.. 313. 

PAGE 6 

AVEYR CALYR 

658. 
667. 
677. 
662 • 
675. 
657. 
664. 
71-2. 
(:91. 
693. 
713. 

679. 

713. 
657. 

196 0 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

--

0 

I) 

0 

f) 

0 

,) 
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PROJECT 14A7Y001 AL~.SI<A P 0 ~~ E R AUTHORITY DATE 110581 PAGE 7 
I") 

AL TEiiNATJVE fl: MCARH:UR SHORT TUNNELo \.liTH f!S~ RELEASES 
NrT EVA FOR AT I 'HJ H! AC-FT 

0 
-' 

YEAR ,Jf>N FEP. MI.R /,PR MAY JUN JUL AUG SEP OCT NOV DEC AVEYR CALYR 
0 

0. u • 0. 0 • 0. 0. o. 0. o. 0. o. o. o. 1960 
2 a. 0 • 0. 0. o. o. 0. 0. o. 0. o. 0. o. 1961 
3 0. c • 0. 0. 0. 0. 0. 0. o. o. o. 0. o. 1962 0 
4 c. c • o. 0. o. . o. 0 .... ··- 0. o • . o. o. 0 • o. 1963 
5 0. r • e. 0. 0. 0. 0. 0. o. 0. o. 0. o. 1964 
6 0. 0. 0. 0. 0. o. o. o. o. o. 0. o. o. 1965 0 
7 0. D • o. 0. o. 0. 0. 0. o. o. o. o. o. 1966 
8 0. 0. o. o. o. o. o. o. o. o. o. 0. o. 1967 
9 e. 0. o. 0. o. 0. o. 0. o. o. o. o. o. 1968 0 ' 

10 o. 0. o. o. c. ... o." 0 •· o. o • ... 0 ....... ... 0 ·-· 0 • o. 1969 
11 0. 0. 0. o. 0. 0. o. 0. o. o. o. o. o. 1970 () 

MEAN 0. 0. 0. 0. 0. 0. 0. 0. o. 0. o. o. 0. 

~lAX 0. 0 • o. 0. o. 0. o. 0. o. o. o. o. o. r') 
IHN 0. c. o. o. c. 0. o. 0. o. -0. ·- ... 0. 0. 0 • 

1) 

') 

<) 

'.J 

i) 

0 

0 

0 

() 

0 

Q 

0 
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Cf'AKAct•AMNA PR('JECl OPF.RATION STUDY 
f'll:oH&CF,OECHTEL CIVILUIINERALS INCooSF. 

~, PROJECT 14137'JU01 ALASKA P0~1 ER ~UTHORITY DATE 110581 PAGE fl 

HTE~NATJVE o: fo'CARTHUR SHORT TUNNEL• II I T11 FISI- RELEASES 

-~ 
E.O.Po STORAGE Ih. AC:RE-FT 

'• YE 1\R JAN FF[i MAR APR "'A y JU.N JUL AUG SEP OCT NOV DEC AVEYR CALYR 

31:4 4 41' 6. 36720~1. ~50~609. 3357932. 3~770!'!4. ~59C235. 4033200. 4033200. 4016273. ~51 7430 o 3754049. 35714 03. 3722577. 1960 

'I 2 3402437. 3239t>e5. 3073650. 2920553. 2824773. 309%75. 3689300. 4033200. 4033200. 3543396. 3782633. 35£19288. 3469332. 1561 
3 3405319. 324C1C1. 3073928. 2920830. 2787174. ~051H:25. 3669218. 403320(!. 4033200. 3<;;19477. 3759904. 3561456. 3ll55203o 1962 1)1 

4 33£91116. 315ll1<;;:'i. 3021502. ·286£1358. 2767700. 2849328o-~462870o--ll012209o-ll033200o 3 c;; 7 2 2 9 5 •. 3 816 7 0 9 •. 3624225. 3415984. 1963 

- ·5 3't237'37. 3246581. 3(!73891. 2920753. 2821878. 3103326. 3560138. 4033200. 4033200. 3522428. 3765593. 3570158. 3456249. 1964 
I 

. 6 3."H30?-0o 3158037 • 30253H>o 2872242. 2739877. 2743529. 3341621. 3783716. 4033200. 3975861. 3800460. 35<;; 2974. 3373358. 1965 I) 
7 3393940. 32H':i47. 3046256• 2893152. 275El110. 307e308o 3510710. 3922686. 4033200. 3965961. 3809186. 3595489. 3438829. 1966 

- 8 34V!J247o 3234C:20. 3063397. 2910300. 2e23682. 3144879. 386!'!042. 4033200. 4033200. 3971311. 3832684. 3631653. 3495793. 1967. 
\ 

9 3441617. 3273230. 31 061)1 ().. 2953713. 2926492. 3194307. 3802931. 4033200. 3995328. 31!68016. 3698073. 349'1111Jo 3482320. 1968 
1(l 33\11049. 3132755. 2963905. 2810801.-2715393. 3066938o~363R240o . 31185616. 384lt473. ~841176 • .3702533. 3494213. 3366lt25o 1969 
11 3301Ril1. 3134~<;1. 2968811. 2 8,15 7 0 7. 27lt35lt9. 2947400. 3383303. 3669834. 3625181. 3513341. 3341792· 31:22697. 3214007. 1970 

I'E AN 3423817. 325320P.. ~083737. 2931311. 2£'47790. 3075723. 3632416. 3952114. 3973968. 3851881. 3733056. 3531607. 3444552. 

r'AY 31"144116. 36720~1. 3503609. 3357932. 3377054. 3590235. 4033200. 4(!33200. 4033200. 3975861. 3832684. 3631653. 372<'571. 
r'IN ?,3n1 04'Jo 31327!)5. 2963905. 2810801. 27153911. £743929. 3341621. 3669834. 3625181. 3513341. 33417.92. 3122697. 3214007-o 

i) 

.J 

J 

-
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WATER f'HANCF 

YEAR JJIN 

0. 
2 c • 
3 0. 
4 0. 
5 o. 
f. 0. 
7 a. 
!l o. 

"' 
0. 

1 0 o. 
1 1 c • 

I'[MJ 0 • 

"AX 0 • 
MIN 0. 

F[P "AR APR 

c • 0. o. 
c. o. 0. 
0 • 0. 0. 
0. o. 0. 
~ 

~. c. ' . 
0 • o. 0. 
c. o. 0. 
0. o. 0. 
0 • o. 0. 
0. o. o. 
0. c. 0. 

0. 0 0 0 • 

0 • o. 0 • 
0 •. o. o. 

-
CH~ K /1CH A 1·1NA PROJECT f.PERATION STUDY 

1-./li t>!&CF • BECIH EL CIVIL&MJNERALS If\c •• sF. 
ALASKA POt.'[R ~UTIIOR I TY 

tll EP. ~~,q I VE P.: ~'CARTI'UR .SHORT TUNt\EL o WITH F IS!-

I~ A Y JUN JUL AUG SEP 

0. o. o. 0. o. 
c. o. o. 0. o. 
o. 0. o. 0. o. 
o. o. o. o. o. 
o. 0. 0. 0. 0. 
o. 0. o. 0. o. 
0 • o. o. 0. o. 
G • o. o. 0. o. 
o. 0 • 0. 0. o. 
o. c. o. o·. o. 
0 0 0. o. o. o. 

0. 0. o. 0. Oo 

0. o. 0. o. o. 
0. 0. o. 0. . 0 •. 

'1 

DAH 110581 PAGE <; 

0 
RELEASES 

') 

OCT NOV DEC AVEYR CALYR 
') 

o. o. o. D • 1960 
o. o. 0. o. 1961 
0. 0. 0. o. 1962 f) 
o. o. 0. o. 1963 
o. o. 0. o. 196lf 
o. o. 0. o. 1965 f) 
o. o. o. o. 1966 
o. . 0. 0. 0. 1967 
o. o. 0. c. 1968 1') 
c. .. 0 •. 0. o. 1969 
o. o. 0. o. 1970 

f) 
o. o. o. o. 

0. o. o. 0. r') 
.0. ...0. . 0. o • 

1) 

() ! 

() 

C) 

·"J 

0 

0 

0 

0 

I 

0 ., 
I 

0 
I 
I 

i 

0 



., 

(\ 
Cllf,K ACI'AMN!I PROJECT OPERATION STUDY 

h/Htli&CFtBECHTEL CJVIL&MINERALS INC.,SF. 

(\ PPCJECT l4H7°l':Ol ALASKA P 0 ~I[ R AUTHORITY DATE 110581 PAGE 1 0 

~LTEPNATIVE o: ~~CARTIIUR SIIOR T TUNt;EL • Ill T I' FIH RELEASES 

(' PGIIF:P · Ifl ~·u 

(' 
YEA f.: ~ f-N Ff[] fJAR APR MIIY JUN JUL AUG SFP OCT NOV DEC AVEYR CALYR 

1 '·' P. • 1 e 1 • 16/lo 151. 138. 133. 131. 138. 151. 172o . 19·8o 215o 165. 1960 

( ·, 
;> 1 (.q:~. 1 !' 7 0 lE R. 151 • 1~8. 133. 131. 138o 151. 172o 198. 215. 165o 1961 
3 1 f_) Be !P7. 168. 151. 138. 133o 131. 138. 151. 1 72 0 198o 215. 165o 1962 
4 }';fl. lll7. 16Ro . 151. 1 ~. P.. 133 • 131o. .. --138 •... 151o . .... 1.72o ·-· 1.98 ...... . 215. 165o 19(>3 

( 
5 1Cf'o 1 [• 7. 11'-ll. 151. 13P.. 133. 131o 138. 151. 172. 198o 215o 165. 1961f 
6 l"B. 1E 7. 16P.. 151. 138. 133. 131. 138. 151o 172. 198. 215. 165. 1965 
7 1"8. 1 P. 7 • HA. 151. 13A. 133. 131o 138. 151. 172. 198o 215. 165. 1966 

c ·. il 1'38. 1P7o 16!l. 151 • L\1•. 133. 131. 138. 151. 172o 198o 215. 165. 1967 
0 1 '3 r.. lEI. 168. 151. 1 ~- 8. 133. 131 • 138. 151. 172. 198o 215. 165. 1968 f) 

1 0 . 1 '.18. I P 7 • 16{1. 151. 1 ~'I'. 133. 131. 138. 151. . 172. --- 198a 215. 165 • 1969 
, .. 11 l':iB o Je7. 1 (, 8. 151. 1 ?· E • 133. 131. 138. 151. 172. 198. 215. 165. 1970 

I'[AfoJ 1 r, !l. 11'7. 168. 151 • 1~0. 133. 131. 138. 151. 172. 198o 215. 165. 
,., 

I'. AX 1 "8. 1 p 7. H. e. 151. 138. 133. 131. 138. 151. 172. 198. 215. 165. •") 
I': IN 1 C) H. 11'7. 1f>B. 15lo 138. 133. . 131 0 138 • 151o 172o 19.8. 215. 165. 

() 

J 

J 

.- ......----,, 
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1·1 H oil & C F o f3 E C liTE L . C I VI L & ~H N ERA L S JNCaoSF. 

PRCJECT 14l!79COI ALASKA P 0 ~IE R AUTHORITY DATE 110581 PAGE 11 

ALTERNATIVE B: MCARHIUR S~IORT TUNNELt WITH F IH RELEASES 
UJERGY II\ MWII 

Yf AR JAN ff[' fiAR APR Mr, v JUN JUL AUG SEP OCT NOV DEC T.OTYR CALYR 

1 I" 731 2. 13o:1r. 124895. 108470. 1n2478. 96073. 97674. 102478. 108470. 128097. 142560. 11:0122. 1448947. 196(1 
2 14731?. l?:f'2S. 1?4895. 10€470. 102478. 96073. 97674. ·102478. 108470. 1:18097. 14?560. H0122. 1444453. 1961 
3 147312. 12~:E25. 124895. 10e410. 102478. 96073. 97674. 102478. 108470. 1:18097. 142560. H 0122 • 1444453. 1962 
4 147312. 125(:2!;. 1?4895. 108470. 102478. 96073.- . ...... 976 74 ··-. 102'178 •. 108'170. 1:18097..- 1'12560 .•. .11:0122. 1'144453. 1963 
5 (47312. 13031!!. 124895. 108470. 1C2478. 96073. 97674. 102478. 108470. 128097. 142560. 160122. 1448947. 1964 
(, 147312. 125(·2:. 124895. 108470. 102478. 96073. 97674. 102478. 108470. 128097. 1'12560. 11:0122. 1444453. 1965 
7 1 117312. 12 5 I' 2!: • 124895. 108470. 102478. 96~73. 97674. 102478. 108470. 128097. 142560. 160122. 1444453. 1966 
8 14731:1. 125f25. 1?4895. 101!470. 102478. 96073. 976 74. 102478. 108470. 128097. 142560. 16 0122. 1444453. 1967 
9 147312. 130318. 124895. 108470. 102478. 9(,073. 976 74. 102478. 108470. 128097. 142560. 11:0122. 1448947. 1968 

.--) 

1 0 147312. 125f.~=. 124895. 10fl470o 102478. 96073. 'J767'1o 102478. - 108470~ 128097. ... 142560 •. H 0122 • 1444453 • 1969 
11 147312. )?~ f2~ 0 124895. 101'470. 102478. 96073. 97674. 102478. 108470. 128097. 142560 •. 11:0122. 1444453. 1970 

MEAN 147312. 1?7050. 124895. 108470. 102478. 96073. 97674. 102478. 108'170. 128097. 142560. 11:0122. 1445679. 

I" AX 147312. 13G31E. 124!!95. '108470. 102478. 9'6 0 7 3. 97674. 102'178. 108470. 128097. 142560. H0122o 1448947. 
M u• 147312. 1?5f25. 124895. 108470. 102478.- -9607.3 •. ___ 97674. - 102478 •. 108470. 128097 .• --1'12560. . H 0122. 1444453. 

:) 

i) 

i.) 

0 

0 

0 

0 

0 
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;, 

f- /II, li&CF ·,BE CtqfL CIVIL&MINF:RALS INc •• sr. 

(\ PRCJECT 14!'79001 ALASK~ POWER AUTHORITY DATE 110581 PAGE 12 
~ 

ALTERNATIVE I' : MCARTI'UR SIIOR T TUNNEL • WITH F I Sl' RELEASES 

(' 
REMAINHG SPILLS H CFS 

~ 

('\ 
YFAR JAN f E t~ fJAR ~PR MAY JUN JUL AUG SFP OCT NOV DEC AVEYR CALYR , 

0. c • o. 0. c. 0. o. 3189. 0. 0. 0. 0. 266. ,196 0 

r· 2 Q. 0. o. o. 0. 0. o. o. 66. 0. o. 0 •. 5o 1961 

3 0. 0. o. 0. 0. o. o. o. o. o. o. o. o. 1962 I) 

4 o. 0. o •. 0. c.' ' .o •· -·---· 0. . --· _____ .. o •·- .. ... - ·- .. 0. _, 0 ........ o. ,o 0 o. 1963 

[' 
5 0. 0. o. 0 • o. 0. 0. o. o. 0. o. 0. o. 1964 

I) 
6 o. 0. o. o. o. o. Oo 0. 445. o. o. 0. 37. 1965 

7 0~ 0. 0. 0. o. o. o. 0. o. o. o. 0. o. 1966 

("· 
R c. 0. o. o. c. 0. o. 6812. 32. o. o. 0. 570. 1967 

') 
9 0. 0. o. 0 • o. 0. 0. 1364. o. o. o. 0. 114. 1968 

10 o. o. o. 0 •·-. o. . . 0 ... o. 0 .. 0. .. .. 0 ...... o. 0. o. 1969 

11 c. 0. o. o. 0. o. o. 0. c. o. o. 0. o. 1970 
0 

MEAIIJ 0. 0. 0. 0. o. o. o. 1033. 49. o. o. o. 90. 

MAX c. 0. o. o. 0. o. o. 6812. 445. 0. o. o. 570o 1) 

MIN 0. 0. o. 0. o. . .... - .... 0 ..... ' ' 0. .... _. ... 0 .. o. .. o. -· ...D • .. - o. o. 
t) 

0 

0 

'.) 

0 

0 

0 

0 

~) 

' 

J 

~ 
,......._.., ,..---.. ~ ,.....--- ~ 

___a, 
,.........-, ___, ....--._ --- ~ I ! 



PRCJECT 14!i79001 

AVERAGE GENERATlCI\ II\ t'W DURING SPILLS 

YEAR JAN fEE' r-AR APR 

1 0 • c • 0. 0. 
2 0. 0 • 0. 0. 
3 0 ~ 0 • o. 0. 
4 c. 0. a. 0. 
5 0. 0 • o. 0. 
6 0. 0 0 c. 0. 
7 0. 0 • o. 0. 
F. c 0 0. o. 0. 
Q c. 0 0 o. 0. 

1 a 0. 0 • o. o. 
11 0. o. 0. 0. 

MEMJ 0. o. 0. o. 

r-'AX 0. 0 • o. 0. 
MIN o. o. o. 0. 

- .--
CHAKACHAMNA PHQJECT OPERATION STUDY 

1-/Holt&Cf,BECETEL CIVIL&MINERALS H\C. oSF. 
ALASKA POlJER ~UTHORJ.TY 

~LTERNATIVE n: ,_,CARTiiUR SHORT TUNNELo t.IITH 

MAY JUN JUL AUG SEP 

0. 0. 190. 330. o. 
0. 0. 0. 275. 330. 
0 0 0. 0. 222. 290. 
o. 0 •. . 0. 0. 287 • 
o. o. o. 196. 205. 
Oo 0 • 0. o. 330. 
0 0 o. 0. 0. 238. 
0. 0. 0 • 330. 330. 
c. o. o. 330. o. 
o. .0. o. - 0. --- - 0. 
0. o. 0 • o. o. 

o. o. 1 7. 153. 183. 

0. o. 190. 330. 330. 
a. o. 0. o. o. 

DATE 110581 

FIS~ RELEASES 

OCT NOV 

o. o. 
o. o. 
o. o. 
o. .. 0. 
o. o. 
o. 0. 
o. o. 
o. o. 
o. o. o. _____ ..... 0 .•. 
0. o. 

o. o. 

o. o. 
. o. __ o •. 

PAGE 

DEC AVfYR 

0. 43. 
0. 50. 
0. 43o 
o. 24o 
0. 33. 
0. 27. 
0. 20. 
0. 55. 
0. 27o 
o. o. 
0. o. 

o. 29. 

o. 55. 
o • o. 

13 

CALYR 

1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

___, 
I 



0 CHAKACf'AM~A PROJECT OPERATION STUDY 
, 

hllltii&CF 9 £1ECHTEL C!VIL&~IJNERALS INC.,SF. 

r• PRCJEC T 14879~01 ~LASKA POWER AUTHOR 1 TY DATE 11051!1 PAGE 1'1 
I') 

ALTERNATIVE p: I"ORTHUR SHORT TUNNEL, WITH F 1 s~ RELEASES 

('I SURPLUS fNFRGY II\ "l.JJ! ') 

('I 
y[JIR JMI FER MAR AFR MAY JUN JUL AUG SEP OCT NOV DEC TOTYR CALYR 

') 

1 0 • 0 • o. 0. c. 0. 43738. 143042. 0. 0. 0. 0. 186780. 1960 

~. ? o. c. o. 0. o. o. o. 102145. 129130· o. o. o. 231275. 1961 

' 3 r. 0 0 o. 0. o. 0. 0. 62388. 100187. o. o. o. 162575. 1962 ') 

4 o. 0. ··-··· 0. ······ .. o .•. -· ··----0. ···-·----0 -----·-0. --· ---0----9 7 9 4 6 •·· ···---·----0·----· ·-·· o .• ---··-·· ... 0 •· 97946. 1963 
~, 5 o. 0. o. 0. o. o. o. 43608. 39391. o. o. o. 82999. 196'1 

~ 0 • 0. o. 0. o. 0. 0. 0. 129130. 0. o. 0. 129130. 1965 !') 

7 0. 0. 0. o. o. 0 0 c. 0. 63069. o. 0. 0. 63069. 1966 
8 0 • 0. 0. 0. o. 0. o. 143042. 129130. o. o. 0. 272173. 1967 
9 o. o. o. 0. o. 0. 0. 143042. o. o. Oo 0 •. 143042. 1968 

I 
L 

() 

1 0 0. o. o. .o. o. .. 0. 0 •.. 0 •·· . 0 • . .. o.- .... o •. o. o • 1969 
11 0. 0 • o. 0. o. 0. o. o. o. 0. 0. o. o. 1970 

0 
f'EAN 0. 0. o. 0. 0. 0. 3976. 57933. 625'14. 0. o. 0. 12'1'154. 

"AX o. G • o. 0. 0. 0. '13738 •, 143042. 129130. 0. 0. 0. 272173. ') 

MIN o. 0. o. 0. c. ... . 0 •.. o. o • o. .... 0. -··· __ o • o. o. 
') 

Q 

() 

0 

·) 

\) 

0 

J 

I 

,....,.----, "), ,,'·. 
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PROJECT lll117900t 

~ rn :rr;; r:-:--; :-: r-:--
CHAKACHAHNA PROJECT OPERATION STUDY 

tt/H,HI!.CF,Bf.CHTEL CIVILI!.MINERALS INC,,SF. 
ALASKA POWER AUTHORITY 

,....--, -
DATE 

ALTERNATIVE Ci CHAKACHATNA TUNNEL, WITHOUT FISH RELEAS~S 

3231!3 PAGE 

INSTALLED CAPACITY! 300000: KW ~ 

ANNUAL PLANT FACTUR: :s 
.OVERLOAD FACTURj 

PLANT EFFiciENC~I 

1,00 

• BSit 

FRICTI!Jtl Lnss COEFFICIENT! ,OOOOU21l00 

MONTHLY LOAD FACTURSi 

·• 920 ,B7o :7eo ~700 :biiO ,620 

INITIAL LAKE STDRAGE I 11033200, AC•FT 

MINIMUM LAKE STORAGE 12423ooo. AC•FT 

MAXIMUM .LAKE STORAGE 111033200, AC•FT 

•• b I 0 ,ouo ~700 ,600 :q20 1'. 0 0 0 

' """ 

' "" 



PROJECT lt1A7QOOt 

RESERVOIR STORAGE•ELEVATIUN•ARfAI 

AC•FT FEET ACRE 

o, 7b0, (). 

202'5, 7oS. 81 0. 
7300, 770, 1300, 

27200, 780, 2b90, 
I It ou 0. ooo. Sb7o. 
2Uiouo, U20. 7J20. 
397ooo. 640. 8270, 
572ooo, 860, 9280, 
7b9ooo. 880, 10400. 
98Booo, 900, 11590, 

122Uooo, 920, 119oo. 
Jllb7ooo. 940. 12320. 
1717ooo. 9b o.. l2b50. 
l97:sooo. 980. 12980, 
223l,(l00. I 00 0., 13280, 
25011000. 1020. 13520. 
2776ooo, !OliO, I :\7/J U • 
lo53ooo. lObO, 139bO, 
333Sooo, 1080. 1111 7 (). 
3o20ooo. II 00, IIJ390, 
Hloi;loo. i 120. lllb20. 
4033200. 1128. 15212. 

TAILWATER•FLOW RELATIUNSHIPi 

n.ET CFS 

IJOO, o. 
uuo. 1uoooo. 

MONTHLY I~ IN I MUM HIS T REAM FLOWS IN 

0. 0. 0. 0. 0. 

HUNTHL.Y DlVEF<SIUN R EQU 1 R Et1EN T S IN 

0. o. 0. 0. o. 

MmHHLY RESERVOIR EVAPORATION HI 

... . 0 ··-· ··-- Q • - ...... 0 • . 0. 0. 

CfS! 

o. o. 

CfSI 

0. o, 

It~CHES i 

o. o, 

CHAKACHAMNA PROJECT OPERATION STUDY 
H/II,H&CF,BECHTEL CIVIL!I.MINERALS INC,,SF, 

ALASKA POWER AUTHORITY DATE 32383 

ALTERNATIVE Cs CHAKACHATNA TUNNEL, WITHOUT FISH RELEAS~S 

0. 0. o. 0. 0. 

0. 0. o. 0. 0. 

-- -0. -·--·-·--0 ~------·-Q •.. ----· 0. ·-· .. __ 0_. ·- . 

2 
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CHAKACHAHNA PROJECT OPERATIOI~ STUDY 
H/H,H&CF,BECHTEL CIVILI!.MINERALS INC,,SF, 

PROJECT 14879001 ALASKA POWER AUTHORITY DATE 32383 PAGE 3 

ALTERNATIVE Cl CHAKACHATNA TUNNEL, WITHOUT FISH RELEASES 
INFLOWS TLJ THE LAKE Itl CFS 

YEAR JAN FEB MAR APR HAY JUNE JULY AUG SEPT OCT NOV DEC AVEYR CALYR 

I 1100~ 307, 2b7, 393. 3o37. 6837~ 11209·, 9337. 31115, lliH. 799, 870, 3220, 19b0 
2 877, 589, 1170, 3116. 1881. 7983~ 12808, 10899. 6225. !566, 8113. o96. 376 7. I 961 
3 633. 5111, 1171, 117 0. 1265, H25. 131119. 10tll1, 55112, 1197. 863, b 13. 3590, 1962 
Q 1198: 357, 31 5. 337. 18ot. 11735~--- 132119. 12208. 58117. 2056, 930. 710 1 3587, 1963 
5 3bll. 4 35 1 332, 477. 1830, 8093. 10700, 11798. ll2llb. 12115. 909. (;,62, 311211. 19611 
b 1119: 219, 337. 398, 128b, 3~9o: 13046. 10516, 108021 211ll. 597. t1o61 36411 1965 
7 38~, 336. 350, 1110 1 1893. 8072. 10303. 9'Htl, boOB, !9531 910, 313, 31159, 1966 
8 531 • 11119. 3811, 8801 2030, 8761~ 111931. 156951 6 19 1 I 20110. 12!5, 5 '11. 111.1731 1967 
9 5311~ 51 0. 1167, 630. 2996, 7808' 13117. 11257, 2793. 97&, o89 1 612, 3532, 19bA 

10 11Bs. 486, 5oo. o52. !9118, 9271:_ ··- 12 51 0. 7297, 2793 I 3057, 1215, 541 1 3396, 1969 
11 IJ97: SOli, 550, 899. 2265. 6789'. 10360. 7986 1 27311. 1359. 742, llbO, 2929, 1970 

MEAN 511: 430, 4011, 536 1 2076. 7251: 12307, 10671, 5175. 1729. 883, 592, 351J7, 

MAX an: 589, 550, 891). 3o37. 9271~ 111931. 15695. 10802, 3057. 1215. 870, 11473. 
MIN 3611, 219, 2b7, 337, 12b5. 31190. 10303. 7297, 2734. 971.1, 5971 313 1 29291 



PROJECT 148790oi 

POWER RELEASE It~ CFS 

YEAR JAN FEB MAR APR 

I 367,: 3567. 326o. 2903. 
2 3Q3Q: 3o28, 33811. 3!11. 
3 3939. 3628. 3384. 3 I 1 1 , 
IJ 3939: 3831. 3508. 3 I I 1 , 
5 3939~ 3628. 3384. 3!11. 
b 3939. 3831, 3508. 3 Ill , 
7 3939~ 3831. 3508. 3 I I 1 o 
8 3939, 3828. 3381, 3 I II • 
q 3939. 3828. 33811. 31 11. 

I 0 3939: 3831. 3508. 3 Ill , 
I I Hlb. 3828. 3384, 3!1 I , 

f1EAN 39111: 380b. 31U8, 3o92, 

MAX 3939: 3631. 3508, 31 I I , 
MIN 3673. 3567, 326o. 2Q03. 

CHAKACHAHNA PROJECT UPEHATION STUOY 
rl/H,H~CF 0 HECHTEL CIVIL~HINERALS INC,,SF, 

ALASKA POWER AUTHORITY 

ALH::RNATIVE Cl C~AKACHATNA 

HAY JUNE JULY 

2o3b. 2550~ 2429. 
2821. 2726~ 2507. 
2Q23. 2727. 2507. 
2924. 2825'. 2590. 
2821. 2727: 2590. 
2921.1. 2825. 2bBO. 
2'123. 2727~ 2590. 
2821. 272b, 2507, 
21:!21. 2726. 2507, 
2'124. 
2821. 

2727~ 
2726. 

2507, 
2507. 

285 I. 27 28 ·• 2538. 

2921J. 2825~ 2680. 
2b3b. 2550. 2tJ2q. 

,...---, 
,I 

TUI·JNEL, 

AUG 

21178, 
21179. 
211791 
2556, 
2556, 
2638, 
2556, 
2479, 
21179. 
2555, 
2556, 

2528, 

2638. 
21178, 

WITHOUT 

SEPT 

2725. 
2725, 
2725 •. 
2725, 
2725, 
2725, 
2725, 
2725, 
2725. 
2725. 
2725, 

2725, 

2725, 
2725. 

-' 

DATE 32363 PAGE. 
..... 

FISH RELEASES 

..... 

OCT NOV DEC ~VEYR CALYR 
.... 

3!4b. 3H8, 1118 7 1 3 It 3, IQbO 
3!46, 3798. 11!87. 3221. !961 
3IIJ6, 3796. 1Ji83, 3229. IQ62 ' -311J6. 3798, 4187, 3262, !9b3 
3146, 3798, IJ187, 3231.1, !9b4 
:311J6. 3798, 4!87. 327b. !9b5 ~ .... 
3146. 3798, 4!87, 3253, 19bb 
311J6, 3798, 1Jt87, 32 21. !9b7 
314b. 3-80 0. IJ31J3. 3234, 19b8 , .... 
311J6. 3670. tq87. 32Jb. !9b9 
32118. 3800. IJ343. 32(19, 1970 

.... 
3156. 37B7, 1.1215. 3230, 

321J8. 3800, ll31J3 0 3276. ..... 
3IIJ6. 3o7o. 1!183. 3113. 

...,: 

..... 

_, 

.... 
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CHAK ACHM1NA PJWJECT OPERATION STUDY 

PROJECT I4AHOOt 
H/H,tt&CF,f:!EC:HTEL CIVIL&MINERALS 

ALASKA POWER AUTHORITY 
INC:,,SF. 

DATE 32383 PAGE 5 

IlL TERN AT I VE C I CHAKACHA TtiA TUNNEL, WITHOUT FISH RELEASES 
SPILL IN CF"S 

YEAR JAN FEB MIIH APR HAY JUNE JULY AUG SEPT OCT NOV DEC AVEYR CALYR 

t 0~ 0, 0, 0. 0. 0~ 2177', oB59, 420. 0, 0. 0. 788. lq60 
z o, 0, 0. / 0. o. 0. 0. 3.3b5. 35oo. 0. 0. 0. 572, lqbt 
3 o, 0, 0. 0 I 0. 0' 0. 2292. 2817, o. 0. 0 1 42b. lq&z 
4 9, 0. 0. 0 I 0. o' 0 1 221. 3122, o. 0. 0. 2791 19o3 
5 0 1 

... I' 
18b2, 1521. 0~ 0. 0. 2132, 1964 o, 0. 0. 0. 0. 0, 

b o, 0. 0, 0 1 0. 0 •• 0. 0 I 44071 o. 0. 0 1 367, 19&5 
7 0. 0. 0. 01 o. 0 •• o. o. 27q1. 0. 0 1 0. 233. lqbb 
8 o: 0. 0. 0, 0. o: 0. 11212. 34ool 0. o. 0. 1223. 19&7 
9 0. 0. 0, 0. 0. 0. f), 5433. b8, 0 1 0. 01 1.158, \908 

1 0 
, o. 0, I)' 0. 0~ o. o. o. o. o. 0. (l. lqoq o, 

II o. 0. 0, Q I o. o. 0, 0 I 0. o. 0. 0. 0. 1970 

tiE AN o: 0 1 0, 0 0 0, 0~ 198, 2840, 2010. 0 0 o. 0. 421. 

MAl( o: 0. 0. 0 I 0. o: 2177. 11212. ll407. 0. Oo 0 0 1223, 
~11 N o: 0. 0. 01 0. o: 0. o. o. o. o. 0 a 0. 



CHAKACHAI'1NA PROJECT OPERA TIUN STUDY ..... 
H/H,H&CF,Hf.CHTEL CIVILI!.MINERAL.S INC.,SF. 

PRUJfe T IIIA7900l ALASKA POWER AU fHOR I TY DATE 32383 PAGE b 

""' ALTERNATIVE Cl CHAKACHA HlA TUNNEL., W!THUUT FISH RELEASES 
Fl Slf RELtt\SE IN CFS 

...... 

YEAR JMI FEB MAR APR HAY JUNE JULY AUG SEPT OCT NOV OE.C AVF.Yil CALYR 

n~ o' 
.... 

l 0. 0. u. 0. 0. 0. 0. o. 0. 0. 0. 19b0 
2 (l. u. o. Q. 0. 0 •• o. 0. 0. o. 0. 0. 0' 19b1 
3 0~ u. 0. o. 0. o' 0. 0. o. 0. o. 0' 0. 19"2 l 

0~ 
.... 

/J o, 0. o. o, o. 0. 0. 0. 0. 0. 0. 0. 1963 
5 o, u. o. 0. o. o' 0. o. o. 0. 0. 0. ll. !9bLI p 

b 0. o. (). o. o. o. (). 0. 0. 0. fJ • 0 1 0. !965 . 
""' 7 0 •• 0. I). 0. 0. o·. o. 0 1 0. 0. 0. 0. 0. l9bb 

8 o: 0. 0. o. 0. 0 ·• 0. 0 1 0. 0. 0. 0. 0. !967 
9 n~ o. I). 0, 0. o: 0. o. 0. 0. o. 0. 0. 19b8 

, -1 0 0. 0. o. o. 0. 0 ·• 0. o. o. 0. o, 0. 0. 1969 
11 o: 0. 0. 0. 0. 0 ·• 0. o. 0. 0. 0. 0. 0. 1q1o . -~IE AI~ I)·. 0. 0. 0. 0. o: 0. o. o. 0. o. 0. o. 

MAX o: o. 0. (l. 0. o: o. 0. 0. o. 0. 0. 0. 
MIN 0 •• 0. 0. 0. o. o·. 0. o. o. 0. 0. 0. 0. 

--
-

----, 
......--• I 
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CHAKACHA11NA PROJECT OPERATION STUDY 
HIH,H&CF,BECHTEL CIVII.I!.MINERALS INC., sF. 

PROJECT ltiR79UOl ALASKA POWER AUTHORITY DATE :3236:3 PAGE 7 

ALTERNATIVE C I CHAKACH/ITNA TUNNEL, WITHllUT FISH RELEASES 
,NET EVAPURATIOtJ HI ACooFT 

YEAR JAN fEB MAH APR HAY JUNE JULY AUG SEPT OCT NOV OE.C AVEYR CALYR 

I o: 0. 0, o. o. 0~ o. 0. o. 0. o. 0. 0. tq&o 
2 o, 0. 0. o. o. o, o. o. 0. (). 0. 0 0 (). lqb1 
3 o. 0. 0, o. 0. 0. o. o. 0. Q. 0. 0. 0. lqb2 
4 0~ 0. 0, 0, 0 •. 0~ 0. o. o. 0. o. 0. 0. lqbJ 
5 0. 0. 0, 0. o. o. 0, o. 0. 0. 0. 0. 0. iqb/.1 
b 

, 
0. 0. o. o. 0~ o. o. o, 0. o. 0. 0. lq&S Or 

7 o, o. 0, o. 0. o, 0, o. o. 0. o. 0. o. lqbb 
8 0. 0. 0, o, o. o. o. o. 0. 0. 0. 0 0 o. 1%7 
q 0~ 0. 0. 0, 0, 0~ o. 0. o. o. o. 0. o. 1%8 

I 0 o, 0. 0. 0. 0, o. 0, 0 I o. o. 0. 0. 0. lqbq 
I I o. 0. 0. 0, o. o. 0, 0 I o. 0. 0. 0. (). 1q7o 

fiE AN o: 0. 0. o. 0. 0~ o. 0. 0. 0. 0. 0. 0 • 

MAX 0~ 0. 0. o. 0. 0~ (). 0. 0. o. 0. 0, 0. 
MIN 0. 0. 0. 0, 0. 0. o, o. 0. o. 0. 0. 0. 



PROJECT 148l900J 

E0 Q,P, STORAGE IN ACRE•fl 

YEAR JA~-j FEB MAR APR 

I 38lt93J: 3bl.!ll415. 1459987. 331oooo. 
2 33<;7525~ .3i77o21. ;?998461J, 2833'11:11. 
3 331lJQ8o. Jlo0911, ?981815. 2824690. 
lj . 33o7o0ll~ Jit1Jo56, ?9!832/J, 2753265. 
5 J3{!1B.7~, 3l6bb90, 2(j790II8, 2822339, 
b 331 II q I. 5110578, 29!5599, 2754189. 
7 33j2ioo: J'i3798f;. 2943606, 2763110, 
8 Hqo21 i~ 3iS2532, 29&6270. 283551J2. 
9 3379757. 3186665, 30095113, 2861'1H. 

10 3272B4t~ 3087057, 2902100, 2755605. 
t 1 34o8b30. 32211007, 301197b6. 29t8t7t, 

~lEAH 338ot011: 319&849, 3011520. 2859<121. 

to~ AX 3!lJtll53: .501111415, ~1159967. 3310b0b. 
MIN 327?.8 111. 3087057, 2902100, 2753265, 

CHAKACHAHNA PROJECT OPERATION STUDY 
H/H,H&CF,BECHTEL CIVIL&MINERALS r~c.,sF. 

ALASKA POWER AUTHORITY 

ALTERNATIVE Ci CHAKACHATNA TUNNEL, WIHiOUT 

MAY JUNE JULY AUG SEPT 

3372125. 3b27219: 11033200, 4033200. 403'5200 0 

277blb3. 301:18<171~ 37?23&1:1, 4033200. 4033200. 
21227.3b. 3032053. 3bBb391, /1033200, 4033201). 
26611231. 2797895' • 31l53292. uo332oo. IJ033200, 
27bliJOb. 3080719:· 357fl11l2, /l0.33200. IJ033200. 
2o53470. 2693051. 33301JbO, 38148&4. IJ0332oo. 
2719771. 3037835~ 3512089, 3966230. IJOH2oo. 
278b90b. Jjilb007~ 3'1o99LIO. 4o332o·o. IJ033200 •· 
2872700. J!7So911, 313271189. 11033200, IJ0332oo. 
2u95Ho. 
2883985, 

JoBS 1 99~. 37oo27o. 
ll2574q. 3608&17. 

J991B3o. 3995875. 
39q2S21. 3943055. 

2811753, 3080890'. 36&94!1, 39951140. 4021&12. 

3372125. 3b27219' 110332011, 4033200. 11033200. 
2653470. 2b93051~ 3330llb0. 38!118611. 39qJo5s. 

r--!'1. •, i J ~! 

DATt 32383 

FISH RELEASES 

OCT NUV 

3928218, 3749757, 
3937256, J7bi1J14, 
3913338, 373Rb85 I 

396&156, 37951J90, 
39!6289, 3 7 11'137 4. 
39b9722. 377921l 1. 
395'1822. 3787967. 
3965172 • .38!11165. 
38997119. 371/JbOB. 
399oJ79. 
382b882, 

38Qt1274. 
3b4t18(j5, 

3933907. 37&1106. 

3990379, 381.142711, 
3826862. 3b41l895. 

DEC 

3545788, 
351l67116, 
35!9172. 
3581683. 
3527616. 
35SOIJ32 1 

J5ll9749. 
3589111. 
3485208, 
3620075. 
340&148, 

3538339. 

3&20075, 
3110&1118, 

~I 

J 

PAGE. 8 

AVFVR CALYR 

3714137, 1960 
31A3B9o7, 1961 
34!5Bo6. 1962 
3Jb(j918, 11163 
3417181. 1964 
3326333 0 1965 
3311713'1. 1966 
311642'1&. 19&7 
3456781. 1968 
3411711!, 196q 
311152o2. 1970 

3438863. 

371111J7. 
332&333, 
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CHAKACHAHNA PROJECT OPERATION STUDY 

PROJECT IQA7900t 
HIH.H~CF,HECHTEL CIVIL&HINERALS XNC 0 ,SF, 

ALASKA POWER AUTHURITY DATE 32383 PAGI: 9 

ALTERNATIVE Cl CHAKACHATNA TUNNEL, WITHOUT FISH RELEASES 
E,O.P. LAKE LEVEL I tJ FEET 

YEAR JAN FEB MAR APR ~lAY JUNE JULY AUG SEPT OCT NIJV O!:C AVEYR CALYR 

I 110()~ II o 0, 1080, lObO, 1080. 1100~ 1120. 1120. 1120, I 12 0. 1100, lOBO, I09B. 19bO 
2 lOBo. lObO, I 0 II 0 • to4o, 1 OliO. lObO. 1100. 1120. 1120. 112 0. 11 0 0. lOtiO, 101!0. ICh,J 
J to8o: lObO, I 011 o. lo4o, 1020, 1o11o: 1100. 1120. 1120, 1120. 1100. 1 o8 o. 1077. 191.12 
q 10oo, lObO. !Olio. 1(120. 1020, 1 Oil o. _ ·- ·- 1 0 8 0 •. 1120, 1120, I 12 0 • I 10 0 • 1080, 1072, 19b3 
5 lOBo, lObO. I Oil 0, J(lilO, 1020. lObO~ 1080. 1120. 112 0. 1120. II 0 0. lotio. 1 0 77. I 9bl~ 
b lObO. lObO. 1 0 ll 0. 10201 1020. 1020. lObO. II 0 0. 1120, 1120. 1100, 1080. 10671 19bS 
7 lObo: I ObO. !OliO, 1040, 1020. I OliO~ 1080. 1120, 1120 I 1120. 1100. 1080, 1073, !9bb 
8 1080~ lObO. I Oil 0, iolio, 1 0 II 0. lObO~ 1100, 1120. 1120. 1120. 11 (tO, 1080, loao. 19b7 
q lOBO. I ObO • !OliO. !OliO, I OliO. lObO. 1100, 11201 1120, 11110, II 00 • loBO, 107B. !9b8 

. 1 0 lObo: lObO. 1 Oil 0, I021J. 1020. .lObO~ . ...1100,. 1120 •. 1120, 1120. II 0 0 I 1100. 1 0 7 7. 19b9 
1 I lOBO. lObO, 10110. I (JII 0 I 1040. lObO. 10801 1120, 1120. 1100, 11 0 01 1080, 1077, 1970 

MEAN to7s: IObli, 104Q. !03b 0 I 033. 1 oss·. 1091 • 1118. 1120. 111 b. 1100. 1082. 1076, 

MAX II 00: 11 0 u. lOBO. lObO, 1060. 1100: 1120, 1120. 1120. 112 0. 1 I 0 0 • 1100, 1098. 
!'liN lobo: lObO, I 0110. 1021)1 1020. 1 o2o'. lObO. 1100 0 1120. 1100. 1100, 1060, 1 0 b 7. 

.. · 



CHAKACHM1NA PROJECT OPERATION S TIJDY 
H/H,tl&Cf 1 BECHTEL CIVIL&MJNERALS INC 1 ,SF 1 

PROJECT l4EIHOO-t ALASKA POWER AUTHORITY DATt: 32363 PAGE I 0 

ALTERNATIVE C I CHAKACHIITNA TUIINEL, WITHUUT FISH RELF.:ASES 
WATER BALANCE 

YEAR JAN FEB MAR APR NAY JUNE JULY AUG SEPT OCT NOV DEC AVEYR CALYR 

I 0~ 0. 0. o. n. 0 •• o. a 0 a. o. o. 0. 0. IQbO 
2 n. 0. 0. 0, o. 0 ·• 0. o. 0. I). o. 0. 0. I qb I 
3 n~ 0. 0. o. 0. 0 •• 0. o. 0. a. 0. 0. o. 1q112 
4 o, 0. o. 0, 0. 0 ·• o. 0. 0. o. 0. 0. 0. lqbJ 
5 0. 0. o. 0. 0. a: 0, 0. 0. 0, 0. 0. 0. lqbtj 
b 0~ 0. 0. 0. 0. a·. 0. 0. 0. 0. 0. a. 01 IQbS 
7 o, 0 0 o. 0. 0. a·. o. 0, o. 0. 0. 0. o. lqbb 
8 a. 0. 0. a. 0. 0 ·• 0. 0. 0. a. 0. 0. 0. lqb7 
q o: o. 0. 0. a. 0~ o. o. 0. 0. a. 0. 0. 1%8 

I 0 a. 0. 0. o. a. ---0 r 0. a. a. 0. a. (I • 0. lqbq 

1 I a: 0. 0. o. 0. 0. a. o. 0. 0. o. 0. 0. 1q7o 

}lEAN . 
0. o. o. 0. 0. 0 • • 0. 0. 0. 0. 0. 0. 0. 

MAX o, 0. o. o. 0. o: IJ. 0 I 0 •. 0. 0. 0. o. 
MIN o. 0. 0. I) 1 0 •. -- 0: 0. o. 0. 0. 0. 0. 0. 

-
~--, 
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CHAKACHAI1NA PROJECT OPERATION STUDY 
H/H,H&CF,BECHTEL CIVIL&MINERALS INC,,sF. ·-PROJECT lll137900t ALASKA POWER AUT HOIU TV DATE 32383 PAGE 1 I 

ALTERNATIVE C I CHAKACHATNA TUNNEL~ IHTHUUT FISH RELEASES 
POWER Hl l~w 

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV OEC AVfVR CALYR 

I iso~ I 7 0. 153. 13 7. 125. 121~ I 1 9 • 125. 137. 1S7. 18 0. 19b, 15 0. 19b0 
2 tBo, I 7 o. I 'B • I 3 7, 125. 121~ 11 q. 125. 137. 1S7. I B 0 • 19b. 15 0. I 9o I 
3 18 n. I 7 0. 153. 137. 125. I 21 • 11 q. 125. t 37. 15 7. 180. t9b. 15 0. 19b2 
II lBO~ 1 7 0. 153. I 3 7. 125. 121 ~- . . 11 q. 125 •. . 13 7. 1S7. 18 Q 1 19b. 15 0. 1%3 
5 18 0. I 7 0. 153. 13 7. I 25. 12 I • 11 q. 125. 137. 157. 180, 19b. ISO. 1%11 
b 1ao: I 7 0. I 53. 137. 12S. 121~ 119, 12S. 13 7. 157. 18 0. t9b. I 5 (l • !9oS 
7 IBo, 1 7 0. 153. 137. 125. 121, 11 q. 125. 137. 157, teo. 19b. 150, 19bb 
8 tao, I 7 0. 153. 137. 125. 121. 11 9. 125. 137. 157. 180. t9a. It; 0 , 19b7 
9 IBo, 1 7 0. IS 3, 137. 125. 12 1 •• II 9. 125, 13 7. 157, tao. 19b. IS 0 • 1%8 

I 0 lBO I 7 0. 153. 137, 125 •. 121'. 119. 125. 137, 15 7. 180, !96. IS 0. 19&9 
. . .. . ' 

11 tB 0. 170. 153. 137, 12S. . 121 ~- t 1 q. 125, 13 7. 157. 180. t9b. ISO, 1970 

I~EAN lao: I 7 0. 15 3. 137. 125. 12 !'. 11 9. 125. 137. 157. I 8 0. 19b, ISO. 

HAX 180~ I 7 0. 153. t37. 125. 12 1 ·• I I q • 125. 1371 157. I B 0 • t9b. I 'i o. 
HIN tBO. I 7 0. I 53. 13 7. 125. 12 !'. 119. 125. 137. 157. 18 0. 19b. 15 0. 



... 

CHAKACHAHNA PROJECT OPERATION STUDY loo 
H/H,HI!.CF,BECHTEL CIVIL&MINERALS HJC.,sF. 

PROJECT IIIA7900l ALASKA POWER AUTHORITY DATE 32383 PAGE 12 

ALTERNATIVE Ct CHAKACHATNA TUNNEL, WITHOUT FISH RELEASES 
EtJERGY IN MWH 

... 
YEAR J AtJ FEU MAfl APR HAY JUNE JULY AUG SEPT OCT NOV DEC TOTYR CALYH 

.... 
I I B92o: I !84 7 I • ! I 3Stl I • 98oo'l, Cl31c:..2. 67339'. 88795, 93162. 98609. 1161152. 129600. 1455&5. !317224, 19b0 
2 1~3920: 111138b, 1135111. 91lo09. 93ib2. 137339' 88795. 931b2. 98b09. II 61152. 129bOO. 11~5565 • 13131]9, 1901 
3 1 B92o. IIIJ386, 113'541. 98u09, 93162. 87339~ 88795, 931b2. 98b09, 11 6 II 52. 129600, 145565, 1313139. 1962 ..... 
II I 33920~ IJIJ38b. 11 35'11. 98609, 93Jb2. 1!7339~ 88795, 931b2. 98609, 11 bll52. 12'l6QO, 145565, 13!3139. 1963 
5 1 B92o, I !84 71 • I 13541. 98609, 931o2. ll733'l 1!8795. 93162. 98609. 1161152, 129600, IIJ556S, !3172?.1.1. 1964 
6 I 'B920. llld8b, I I 35111 • 98u09, 93tu2. 117339~ 88795, 93162, 98609, 11bil52. 129600, 11J5Sb5 1 1313139, 19&5 ..... 
1 1 B92o~ j !IJ 386. 1135111. 96uo?. ?31o2. 87339~ 88795. 931&2. 98609, 1161152. 129600, 145565 1 1313139, !9b6 
8 133920, 114386. II 3541. 98uiJ?, 93162. 1!7]39 88HS. '131 b2. 98609, 11bll52, 129bOO, 145565. 1313139. 19b7 
9 1B92o. I t8tl 71 • I I 3511 I • <lauot:J, 931o2. 87339: 88795, 931b2, 98609, llb'~52. 1296oo. 145565, 1317221.1. 19b8 

I 0 133920~ I 11J 38b. 1135ll 1. 98o09, 93162. 8733<1' •. - 88795. 93162. 98b09, 11 biJ52~ 129600. ltJ5565, 1313139. 1969 
1 I 133920. IIIJ386. 1135lll. 98609. 93162. 87339'. 8879'3. 93162. 981,09, lloll52, 129b00 0 1115565, !3131l9. 1970 

I·IEAN 1 j3no: 115Soo. l135ll 1. 98u09. 9311J2. 137339'. 88795. 93162, 98609, 11bll52. 129~00. 1115565, 1311.1253. 

114 X 133920: l 18ll 71. I I 3511 I. 981:>0'1, 93162. 87339' 88795. 93162. 98609. l16ll52. 129600. 1115565, 1317221.1. 
MIN ll3920. I IIJ 386. 1135111. 98609, 931o2. 87339: 88795. 93162. 98609. 1l6ll52. 129600. 145565. !313139, 

;:-r-, 
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PROJECT 14A79ooi 

ENERGY DEfJCIT IN H:~H 

.. 
YEAR JAN FEB MAR 

.. 
I 0~ 
2 0. 

0. 0. 
o. 0. .. 3 0~ 

1.1 o, 
s o, 

~ b 0. 

0 1 o. 
0 1 01 
0. 0. 
0. 0, 

7 o: 0. o. 
8 o: 

' 9 0. 
0 I 0, 
0. 0. 

I 0 0~ 
II o. 

0. 0. 
o. o. 

tiE AN 0 •• 0. 0. 

IH)( o: 0. 01 
MIN o: 0. o. 

~ 

r/1 

; 

rl 

, 

, 

" 

-r: .1, )' 
Ml"", 
~ : I 1 

C HAK AC HAf1N A PROJECT OPERATION STUDY 
~l/H ,Ji&Cf, BECHTEL CIVILIJ.HINERALS INC.,Sf, 

ALASKA POWER AUTHORITY 

ALTERNATIVE Cl CHAKACHATNA TUNNEL, WITHOUT 

APR HAY JUNE JULY AUG SEPT 

o. 0. 0~ n. o. 0. 
1), 0. 0. o. o. 0. 
0 I o. o: n • 0 0 0. 
o, o. o. 0, o. 0. 
o, o. 0~ 0, o. 0. 
o. o. 0. o. 0. 0. 
o. 0. 0~ 0, 0. o. 
Q, 0. 0~ o. o. 0. 
o. o. 0. o. 0. o. 
o. o. 0~ o. o. o. 
o. 0. 0. o. o. o. 

0, 0. 0 ·• o. o. 0. 

0 I 0. o'. 0. o. 0. 
o. o. o: 0. 0. 0. 

DATE: 32383 PAGE 13 

F'l SH RELEASES 

OCT NOV DEC TOTYR CALYR 

0. 0. 0. 0. 19b0 
0. o. 0 0 01 !9bl 
I). 0. 0. o. !9b2 
0. 0. 0. 0. t9bl 
0. 0. 0. 0 1 19bll 
o. o. 0. 0. 19b5 
0. 0. 0. 01 19bb 

0. o. 0. 0 1 19b7 
0. 0 1 0. 0. 19b8 
o. o. o. o. 19b9 
o. 0. 0. 0 0 1970 

0. o. 0 0 0. 

o. 0. 0. 0. 
o. o. o. o. 



... 

CHAKACHAMNA PROJECT OPERA TIUN STUDY .... 
I1Ja?90oi 

H/H,H&CF,BECHTEL CIVIL&MINERALS INC.,SF. 
PROJECT ALASKA POWER AUTHORITY DATE 32383 PAGE IIJ 

...... 
ALTERNATIVE Cl CHAKACHATNA TUNNEL, WITHOUT FISH RELEASES 

AVERAGE GEtJERAT IllrJ IN HW IN MONTHS UF SPILLS 

YEAR JAN FEB HAR APR HAY JUNE JULY AUG SEPT OCT NOV DEC AVEYR CALYR 
._, 

o; I 0. o. 0' o. o·. 23b·, 300. lbO, 01 0. 0. sa. 19b0 
2 o, 0. o. 0. 0. o: 0. 299. :soo. 0. 0, 0. so. 19bl 
3 o, 0. o. 0, o. 0~ 0. 21JQ, 282, 0. o. o. IJIJ, 191>2 ...., 
q o, 0. 0. 0, o. o .. 0. lll2, 297, 0. o. 0. 37. 19b3 
5 o, 0. 0. o. o. o. o. 226, 211>. 0. o. o. 37, 19bQ 
b 0. 0. 0, o. o. 0~ 0. o. 300, 0. 0 1 0. 25, 19&5 -' 
7 0~ 0. o. ()' 0. o. o. o. 280, 0. o, o. 23, 19bb 
8 (I • o. 0, o. o. 0~ o. 3oo, 300, 0. 0. 0. 50, 19b7 
9 o: 0. o. o. 0. o: o. 300, 1142, o. 0. 0. :57. t9b8 

1 0 o, 0, 0, 0, 0. o. 0, 1), 0. 0. o. o. 0. 19b9 
1 I 0. 0. o. o. o. 0 ·• o. o. 0 0 0. 0. 0. 0. 1970 

I·IEAN o. 0. o. "· o. 0 ·• 21 1 lbS, 207, o. 0 0 0. 33. 

MAX 0~ 0. o. o. 0. o' 23b. 300, 300. 0, 0. 0. sa. 
MIN 0. o, o. o. 0. . 0 ·• o. 0. 0. 0. 0. 0. 0. 

-
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C HAK ACHAt1 NA PROJECT OPERATION STUDY 
H/H,H&CF,BECHTEL CIVIL&MINERALS lNC.,SF, 

PROJECT 148HOOt ALASKA POWER AUTHORITY DATE 32383 PAG!: 15 

ALTERNATIVE Cl CHAKACHATIIA TUNNEL, WITHOUT fiSH RELEASES 
SURPLUS EtlfHGY IN t1i'IH 

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTYR CALYR 

" I 0~ 01 
2 o, 01 , 3 o. 0 I 

0. 0. 0. 0 ·• 8bb81. 130038. lb51CI 0 o. 0. 0. 233238. 1960 
o. 0. 0. 0~ o. 129139. 11 73CI 1 1 0 ·• 0. 0. 211b530. 19ol 
0. o. 0. 0 ·• 0. 88.H 9. 1o112o11, 0. 0, 0 I 1CI2S83, !962 

II 0~ 0, 
5 0. o. 

o. 0, Q, o: 0, 12317. l15ll29. o. 0. 0. 1277llb. 19o3 
0, o. 0, o. 0. 7llbb0o 5&822. 0. 0 0 0. 1311182, !9btl , 0 0~ 01 

7 o, 01 
8 0; o. 

,; 9 o, o. 
1 0 o, 01 
11 0. 0. 

0. 0. 0, 0~ o. o. 117391, 0. 0. 0 1 117391. !96'5 
0. 0. 0. o. o. 0. 103318. lj. o. 0 0 103Jt8, tlloo 
0. 01 0. o: o. 130038 0 117391. 0. o. 0. 21171130, 1907 
0, o. o. 0~ o. 130038, 3oH, 0. 0, 0. 133&71, 19o8 
0 0 o, 0. o, o. Oo 0 0 0. Oo 0 0 0. !9b9 
0 I 0. 0. 0, 01 o. 0. 0. 0 I 0 0 0 1 !970 

,; 
MEAN 0 •• 01 0 I 0 I 0 ·• o: 7880. 631111. b8378. o. 0. 0. 13CI399, 

, ~1AX 0~ 0 1 

MIN o • 0 I 
o. 0, 0~ 0~ 8bb81. 130038. 117H1. 0. 0. 0. 21171130. 
o. o. 0. 0.' Oo o. o. o. 0 0 o. 0. 

., 

,; 

J 

,; 

J 

,; 

.I 

.J 

;· 

, 
-, 
I 

, 



PROJECT 14B790oi 

RE"1AlNlNG SPILLS 

YEAR JAN 

I o: 
2 o: 
3 o. 
4 0~ 
5 o, 
b 0. 
7 0~ 
8 o, 
9 0. 

1 0 o: 
11 0. 

MEAN 
, 

0. 

MAX 
, 

o, 
MIN o. 

IN CFS 

FEll MAR 

0. 0. 
0. 0. 
0. o. 
0. 0. 
0. 0. 
0. 0. 
o. o. 
0. 0. 
o. 0, 
0. o. 
0. 0, 

0. o. 

0. 0, 
0. 0. 

r--

APR 

o. 
0. 
0, 
0, 
o. 
o. 
o. 
o. 
o. 
0. 
o. 

0, 

0, 
0, 

-,, 

CfiA K II C H MIN A PROJECT OPERATION STUDY ... 
H/~,H~CF,HECHTEL CIVIL&~IINERIILS INC,,SF. 

ALASKA POWER AUTHORITY DATE. 32383 PAGE lb 
... 

1\LTERNATIVE Cl CHAKACHI\TNA TUNNEL, WITHOUT F'I SH RELEASES 

MAY JUNE JULY AUG SEPT OCT NOV DEC AIIEYR CALYR 

0. 0 ·• o. 3470. o. 0. 0. 0. 289, !9&0 
o. o· o. o. 3211. 0. 0 I 0. 27, 19&1 
o. o: 0, 0. 0. 0, o. 0. 0. 1902 
0. 0~ 0. 0 0 0. o. o. 0. 0. 1903 
0. 0. o. 0. o. 0. 0. 0. 0. 19bll 
0. 0~ 0. 0. 1232, o, 0. 0. ln3, 19b5 
o. o, 0. o. 0. 0. 0. o. o, 19b6 
o. o, 0. 7823, 290, 0. 0. o, b7b, 19b7 
o. 0. o. 20lll!, 0, 0, 0. 0. I 7 0 • 1968 

o. - 0~ 0. o,. 0. o. o. 0. 0. i9b9 
0. 0. o. 0 0 0. 0. o. 0. 0. i'HO 

0. o: o. 1212, 1b8, 0. 0. 0. 1 t 5 • 

0. 0~ 0. 78ia3. 1232. IJ. 0. 0, l:l7b, 
0. _o. - o. o, 0. 0. o. o, 0. 

.-~ 
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PROJECT lllA790nj 

INSTALLED CAPACiTYi lOOOOo: KW 

ANNUAL PLANT FACT()RI :s 

OVERLOAD FACTORj 1,00 

PLANT EFFICIENcvi ,6So 

FRICTION LOSS COEFFICIENTs :ooooo2aoo 

M'ONTHLY LUAD FAcrw~si 

~920 ,a7o :7ao .700 :b40 ,620 :oto 
IIIITIAL LAKE STORAGE :110332001 t\C .. FT 

HINIHUM LAKE STOfUGE a2ll23boO, AC,.FT 

MAX Jr-1Ut1. LAKE STORAGE 111033200, AC"FT 

'~I '· ,"'M"""'"\j ,~ ~ ,,] I LJ 

CHAKACHAHNA PROJECT OPERATION STUDY 
HIH,H&CF,BECHTEL CIVIL&HINERALS INC,,SF, 

ALASKA POWER AUTHORITY DATE 32383 

ALTERNATIVE 01 CHAKACHATNA TUNNEL, WITH FISH RELEASES-

~o11o ·• 7oo ,600 •• 920 1:ooo 

,,I 



PROJECT J1lA)900 I 

RESERVOIR STURAGE•ELEVATION•AREAI 

AC•rT FEET ACRE 

0. 7t10, o. 
2025. 765. 810, 
7~oo, 770. !300, 

27200, 780, 2b90 .• 
Ill o oo, 600~ Sb7o. 
21llooo. 820 .• 7320. 
3q7~oo, 811 o.. 8270, 
572ooo. 8bO,. ?280, 
7b9~oo. 88 0 .• I ~IJ o o .• 
98Booo, 900, 11590, 

12211~(10. 920 ·• 11%0, 
11Jo7ooo, 9110, 12320. 
1717noo, 9b0, 1?b50. 
1 973ooo, 980, 12980, 
223bnoo, 100 0. 13280, 
2So4ooo. 1o2o~ 13520. 
2776000. I OliO~ I 3740, 
305Jnoo, lObO, 139bO, 
lBSooo. lll80, IIJ I 7 0 ~ 
3t~2onoo. II 00, 11J390. 
H1onoo, I 12 0 ·, lllb20. 
11033200, 1128. I <;212, 

TAILWATER•FLOW RELATIONSHIP 1 

FEET CFS 

'100. o. 
400, 1onooo, 

MONTHLY l~lNIHUH IIJS THE AM FLOWS IN 

30, 30~ JO, 30, 30, 

MONTHLY DIVERSION RE:QUIREI·lf:'NTS IN 

0. 0. 0. 0. 0. 

MONTHLY RESERVoiR EVAPOflATION HI 

o,_ _n, .o. 0. 0 0 

'~ 

CFSI 

30, JOe 

CfSI 

0. 0. 

!IJCHES i 

0. 0 •. 

CHAKACHAHNA PROJECT UPERATIUfJ STUDY 
tt/H,H&CF,BECHTEL CIVILIJ.MINERALS INC,,sF. 

ALASKA POWER AUTHORITY 

ALTERNATIVE D! CHAKACHATNA TUNNEL, WITH FISH RELEASES 

3 () ·• 

0. 

0 •. 

30, 30, 30, 30, 

0. u. 0. 0, 

,_ .. 0. .. ·- q L .. ___ ,_0 ·, o. 

.~· 
,.....__..._ 

r 

DATE 32383 2 
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CHAKACHA~NA PROJECT OPERATION STUDY 
H/H,H&CF,BECHTEL ClVlL&MINERALS INC 11 SF 1 

PROJECT lllA790oi ALASKA POWER AUTHORITY DATE. 32383 PAGE J 

ALTERNATIVE Dl CHAKACHATNA TUNNEL, WITH FISH RELEASES 
INFL(l;o~S TO THE LAKE I IJ C F S 

YEAR JAN FEB MAR APR ~lAY JUNE JULY AUG SEPT OCT NOV DEC AVEYR CALYR 

1 40(); 307, 2b71 3931 3o37. bB3 7 ·• 11209, 93 371 31115, 1439, 799, 870, 32?.0, !9b0 
2 617, 589. IJ70, 31161 18 81 • 7'183~ 12808, 108991 622'5, 1586, 8113. &96. 37o7, 1Qb1 
3 b3J. Slll • 4 71. 4701 12b5, 7925. 13149, 104111 55421 1197. 863. o131 35'lO, 19b2 
Ll tt98~ 357, 315, 3371 1801~ 4735~. 132491, 12208, S8tt7, 2056, 930, 7 I 0, 35871 19b3 
5 Jot~. 435, 332. u771 1830, 8093. 10700, 11798. 42Libl 12LIS, 909, bb2. 3LI2LI, 19btl 
b Ul9: 219, 337, 3981 128b. 3ll90~ I 3 Oil b. 1051&. 10802, 21 JL( 597, Llbb, lbiJ 1. !965 
7 388 3Jb, 350, IJ 1 0 • 1893. 8072. 10303, 99741 bbOB 1 1953, 9 I 0, 31 3 1 34S9, !9bb . r 
6 531

1 
41J9, 36ll, a6ol 2030. B7bl~ 11J931. 15&95, 61911 201JO. 12151 5711 4473, 1907 

9 SJIJ, 5 I 0, 4671 ol01 299b, 7aoa: 131171 112571 27931 91b, - b89 1 b121 3532, 1968 
1 0 IJ8S, 4Bb, 500, b521 !9LI8, 9271: 12510, 7297, 27931 3057, 121 51 SIJ1, 3Hb 1 19&9 
11 U97. 50/J, 550, 8991 22b5, b789: 103&0, 798&1 273/J, 1359, 742, Ub0 1 29291 1'HO 

MEAN S I i: Ll30, IIOLI, 53b, 207&, 7251: 123071 10671. 51751 1729, 883, 592, 35u7, 

MAX 817~ 569, 550, 89'll 3b37. 9271: 111931, 156951 10802. 3057. 1215, 870. L147J. 
. MIN 3b1J. 219, 2b7, 3371 1265. 3li90. 10303, 7297. 2734. 91b, 5117. 313. 29?.9, 



41 

-ill CHAKACHAMNA PROJECT OPERATION STUDY 
H Iii, H & C F 1 13 E C H TEL C I V I L & MINERALS INC.,SF. 

PROJECT 14879001 ALASKA POWER AUTHORITY DATE 32:583 PAGE 

ALTERNATIVE Dl Cl'iAK ACHA PIA TU~INEI., HITH FISH RELE.ASES 
POWER RELEASE HJ CFS 

YEAR JAN FEB MAR APR MAY JUNE. JUI.Y AUG SEPT OCT NOV DEC AVEYR CALYR 

I 3673: 3567. 3266, 2903. 2726, 2550'. 21129. 2478. J07b, 31 Lib. 3798, tq 87. 31sn. 1%0 
2 3939: 3828. 3384. 3 1 i I • 2821. 2727: 2507. 21l79. 2725. 31116, 3798. tl!ll7. 32.? I • lllbl - 3 3ClH, 3828. 3381. 3 111 • 2923. 2727. 2506. 2555, 2725. 3146. 37Cl8, 10113. 321J8. lllh2 

" . 3ClH~ JIB I. 3508. 3 Ill • 292/l. 2825~ 2591. 2556, 2725. 31116. 37Cll:l. tlt87. 3262, 1Clb3 
5 3Cl3Cl, 3828. 3 381. 3 I I I • 2Cl23. 2727, 2590. 2556. 2725, 3146. 37Cl8, 4187, 3243. lllbll 

..; b 393Cl. 3831. 35o8. 3 I 1 I • 29211. 2825. 2680. 2o3B. 2725, 31116, 3798. tq87, 3271J. 1965 
7 3Cl3Q~ 3831, 3'508. 3 I I I , 29211. 2727~ 2'590. 2556. 2725, 31116. 3798. tq87. 32'53, lllbb 
6 3939, 3831. 3'508. 311 I , 2821. 2727, 2507. 21l79. 2725, 3146. 3798. 1118 7. 3232, 1 Cl6 7 

..; 9 393Q. 3828. 3384 • 3 I 1 l , 2821. 272o. 2507, 21179, 2725. 31116, 3800, 113113, 32311, t9bll 
1 (I 3939~ 3831. 3508. 3 1 1 1 • 29211, 2727: 2507, 2555, 2725, 31116. 37ll8. llj87, 3247, lqbq 
1 I 3939. 3828. 3l811, 3 I I 1 • 2821. 2726. 2590 • 25So. 2811, 32119, 3800. 113118, 32611, lll70 .., 

Hts: 2728 •• 11EAN 3806, 3112ll. 3oll2, 2868. 254o. 2535, 2765, 3156. 3799, 11230, 3239, 

- MAX 3Cl3Q~ 3831. 3508. 3 1 I l , 2Cl2LI. 2825~ 2680, 2638, 3076. 324Cl. 3800. 43118. 327b, 
MIN 3673. 35o7. 32bb. 2Cl03, 2726. 2550. 2429. 2478. 2725. 3146. 3798. 4187. 31 so. 

-

,,..........~) . .---.., ~~·......_, .-----
' l/ 

---l 
J 
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C HAK AC HAf~NA PROJECT OPERATION STUDY 
H/H,H~CF,HECHTEL CIVIL&MINERALS iNc.,sF, 

PROJECT lt1a7qool ALASKA POrlER AUTHORITY DA H. 32383 PAGE 5 

ALTERNATIVE Di CHAKACHATNA TUNNEL, WITH FISH RELEASES 
SPILL Itl CFS 

YEAR JAIJ FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC AVEYR CALYR 

I 0~ 0. 0. o. o. o' 1882. b6.2q. 3q. o. 0. 0. 72q, tQbO r 
2 0. (I. 0. o. 0. 0. o. lOtiO, lt170 1 0. 0. 0. Su3, lqbl 
3 0~ 0. 0. 0, 0. o' 0. 18qb, 2787, 0. 0. 0. :SQO, lqb2 
4 Q, 0. 0. 0. 0. o' 0. 0. 2820, 0. o, 0. 235, lqb3 
s 

. r 
14381 ltlqi. 0 ·• 0. 0. zuu. lqbU o, 0. 0. 0 I o. o, 0. 

b o, 0. o. o. 0. o, o. o. 4042, o. 0. 0. 337, tqbs 
7 0. o. o. 0. o. o. o. 0. 2425, 0 ·• 0. 0. 2o2. !Qbb 
a , 

0. 0. o. o. o' o. 10757, 343b, o. o, 0. 111\3, lqb7 o. q 0. 0. o. 0. 0. o· 0 .• 5108. 38, 0. 0. 0. 42q, lqb8 
I 0 0~ o. o. 01 o. o' o. 0 •. o. o. o. 0. 0. IQbq 
I 1 o. 0. o. 0. o. 0~ 0. 0 I 0 1 o. 01 0. 0. 1q1o 

MEAN 
.. 

0. o. o. o. 0 0 o' 171. 2b42, 18b8. 0. 0. 0. Jqo. 

MAX o: 0. 0. 0 I 0. o: 1882. 10757. 4011?. o. 0~ 0. 11 A 3, 
MIN 

, 
0. 01 o, 0. . ' .. --·- 0~. o. o. 0. o. o. 0. 0 I o. 



CH AK ACHAMN A PROJECT UPER A TI UN STUDY 
H/H,H&CF,BECHTEL CIVIL&MINERALS INC,,SF, 

PROJECT Jll.A7900I ALASKA POWER AUTHORITY DATE 32383 PAGE b 
..., 

ALTEHNATIVE Dl CHAKACHATNA TUNNEL, WITH FISH RELEASES 
FISH RELEtsE IN CFS 

..., 

YEAR JMI FEB MAR APR MAY JUNE JULY AUG SE.PT OCT NOV DEC AVEYR CALYR 
...., 

I 3o: 30, 30. 30. :so. 30~ 30~ 30, 3o. 30. 3o. 30, 30, l9b0 
2 30. 30. 30, 30, 30. 3o, 30. 30. 30, 30. 30. 30, 30. 19b 1 
3 30~ 30, 30, 3o. 30. 3 0' 30 ·• 30, 30, 30, 30, 30. 30, 19b2 . ...., 
Ll 3o, 30, 30, 30, 30. 3o, 30. 30. 30, 30, 30, 30. .30 • 19b3 
5 3or 30. 30. 30. 30. 30. 30, 30, 30, 30. 30, 30, 30, 19bLI 
b 3o, 30. 30, 30, 30. 30' 30, 30, 30, 30~ 30. 31), 30. 19b5 ...., 
7 3o, 30. 30, 30, 30. 3o' 30. 30. 30, 30, 30, 30, 30, !9bb 
6 3o, 30. 30. 30. 30. 30: 3o. 30, 30. 30, 30. 30, 30, !9b7 
9 3o, 30, 30. 30. 30, 30~ 30, 30. 30, 30, 30, 3o. JO. !9b8 -I o. lo, 30. 30. 30. 30. 30 •.. 30, 30, 30, 30. 30, 30, lO, 19b9 

1 1 3o. 30, 30, 3o. 30, 3o: 30 ·• 30, 30. 30, 30, 30, 30. 1970 
' -HEAN 3o: 30, 30. 30, 30. 3o: 30 ·• 30. 30, 30, 30. 30. 30. 

MAX 3 0 ~ 30, 30, 30, 30. 30' 3 0 ·• ·30. 30. 30, 30, 3o .• JO. 
MIN 3o. 30, 30, 30. 30. 30: 30~ 30, 30, 30. 30. 30, 30. 

-
.... 

-
-

~' . ..--~ ~. ~----
( 
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CHAKACHAt1NA PROJECT OPERATION STUDY 
H/H,H~CF,BECHTEL CIVILM.MINERALS INC,,SF. 

PROJECT 1487900t ALASKA PO~IER AUTHORITY DATE 32363 PAGE 7 

ALTERNATIVE Dl CrlAKACHATNA TUNNEL, WITH FISH RELEASES 
,NET EVAPORATION IN AC•FT 

YEAR JAN FEB MAH APR HAY JUNE JULY AUG SEPT OCT NOV DEC AVE.VR CALVR 

I 0~ o. 0. 0 1 0. 0~ 0, o. 0. 0. 0. 0. 0. 1%0 
2 o, o. 0. o. 0. o, o. o. 0. 0 ·• o, 01 01 19bl 
3 o. o. o. 0. 0. o. o. o. 0 1 0. 0. 0 0 0. !9b2 
ij 

-. 
0. 0. o. 0. 0~ 01 o. o. 0. o. o. 0. 19b3 o,. 

5 0. 0. 0 1 0. 0. 0. o. o. o. 0 0 0. 0. 0. l9bU 

b ' 0. 0 1 0 1 o. o' 01 ·o • 0 ~ o. 0. 0. 0. !9b5 o,. 
7 o .. 0. 0 1 01 o. o" o. o. 0. 0. 0. o. 0. !9bb 
8 o, 0 I 01 ()I o. o: o. o, 0. 0. 0. 0. 0. 1%7 
q o, 01 o. 0 I 0. o: o. o. 0. 0. 0. 0. o. !9bll 

I 0 o, 0. o. o. 0. 0~ o. o. 0. o. 0 I 0. 0. !9b9 
II o. 0. 0. o. 0. 0. o. o. 0. 0. 0 1 0. 0. !970 

~1EAN '. 0. 0. o. 0 I o. o: o. o. 0. o. 01 0. 0. 

HAX ()~ 0. o. 0. o. o' 0. (). 0. o. o. 0. 0. 
MIN o. 0. o. 01 o. 0~ 0. o. o. 0. 0. 0. 0. 



PROJECT lll87900t 

E,O,P, SlUR AGE JN 

YEAR JAN 

I 38J0088: 
2 335020b~ 
3 33lblbl. 
4 ... . 32904bO~ ... 
5 33c;us57, 
b 33uJ872. 
7 33?4781: 
8 33]2892~ 
9 3372438, 

10 32~552?: 
II 337!807. 

MEAN 33757o7: 

MAX 38 ~ 11 oaa; 
MIN }2&5522. 

ACRE•FT 

FEB 

3biJOBllll, 

3Jb81.>3b, 
315192&. 
3Q958t15, 
Jt57b45, 
311)!593. 
3i29000. 
3i43387, 
3179840, 
Jii7Bo72, 
3185517. 

3184755, 

3bi.I08114. 
3078072, 

MAR 

31154572, 
2987&35, 
29711&8, 
2697bb8, 
29&831.11, 
"?904769, 
293297&, 
?9491152, 
;?998b54. 
}.89!270, 
1009435, 

299t>903, 

3451!572. 
289!270, 

,,..::.,...,... 
i 

APR 

33031.106, 
282t34b, 
2612258, 
2730844, 
26098471 
271.115751 
27704951 
28149391 
281l92b5, 
2711Jj90, 
287ou52, 

284Jo201 

3303tJOb, 
2730811/.j 1 

CHAKACHA~NA PROJECT OPERATION STUDY 
H/rl,H&CF,AECHTEL CIVIL&MlNERALS INC,,Sf. 

ALASKA POWER AUTHORITY DATE 32383 

ALTERNATIVE Dl CHAKACHATNA TUNNEL, WITH I'ISH RELEASF.S 

MAY JUNE 

3357590. 3&10899: 
27&17oll. 
2700459. 

3072&87~ 
3015991. 

2o599u&. 2771825~ 
2740789. 30'58318, 
2o39nto. 267&807, 
27o525ll. 3021533', 
27o'ltJ59. 3!2173&~ 
2858!81. 3tS8Ho. 
2&81330. 
28401121. 

30b8954~ 
307999o, 

27921131. 305977&: 

3357590, 3&!0899~ 
2b39(l10. 2o7o80?_. 

JULY 

403320(1, 
J70il237. 
3668577. 
3 'l25 34 5. 
3555lbb, 
3312371, 
3119391.12. 
l8638211. 
380931.10, 
3b82t8!. 
3555938, 

3647&117·. 

4033200, 
3312371. 

AUG 

tln33200, 
4033200, 
4033200, 
4017005. 
40332001 
37911930. 
39118239. 
40332001 
4033200. 
3971897, 
3887997, 

39835701 

40332001 
37949301 

-I 

SEPT OCT NOV DEC 

tlll33200, 392&373. 37tlb127, 351J03111, 
11033200, 3'1351112. 375778tl, 351ll272, 
4033200, 39111193, 373505&, 3503872, 
40332001 ]9t;,t1311, 379J8b0 1 3571;)209, 
110332001 39!4/llllll 374071~11. 3522!111, 
11033200. 3967877, 3775&\21 J5llll957. 
40332001 3957978, 3781J337 1 35114275, 
4033200, ]9&33271 3607835, 3583o37 I 
11033200 I 38979011, 37!09791 31.179733. 
3971Jt5bl 3966816, 381!321l. 3585281, 
3861o2o. 37&3544. 3579772. 3338880. 

110111053, 39211498, 37119221. 3523&88, 

4033200. 39&7877. 38!1324·, 3585281, 
3881o2b, 37&35111.1, 35797721 3.5388801 

,...:---: 

PAGE: ll 

AVEYR CALYR 

37091'51, 19b0 
3430&10, I 9b 1 
340b71lO, 19b2 
335451J3, !9b3 
3II073bbl !9bll 
33lb38!1 19b5 
3387tb7, !9bb 
3452&57. !9&7 
311484b0, 19o8 
33933331 t9o9 
33bli215, 1970 

3424bOb 1 

3709151. 
33!b38!1 

-~ 
I 
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CHAKACHAMNA PHOJECT OPERATIOM STUDY 

I 'll\7900 t 
~l/H,ti&CF ,BECHTEL CIVIL&MINERALS INC,,SF. 

PROJECT ALASKA POWER AUTHORITY DATE 323!!3 PAGE 9 

ALTERNATIVE Dl C rl A K A C H A Tl'l A TUNNEL, WITH FISH RELEASES 
E,I),P, LAKF. LEVEL JIJ fEET 

YEAR JAN FEB MAR APR MAY JUNE JULY AUii SEPT OCT NOV DEC AVE'fR CALYR 

I II 0 0 ~ I I 0 0 • 1080, 1noo, 1080. 1080~ 1120, 1120. 1120, II 2 0 • I I 0 0 • lo8o. 1097. ICJbO 
2 1080. I OoO, I 0 tl 0. 1 o4 o. 1020. lObO. 11 0 0. 1120. 1120. I I 2 0. I I 0 0, lOBO, 1078, 1% I 
3 1080~ lObO, I 0 tl 0. I (Ill 0. 1020. IO'lO~ I I 0 0, 1120. \120, I 12 0 • II 0 0, 1()80, 1077, 1962 
u 1000. lObO, 1040. 1020, 1020, 1020, 1080, 1120. 1120, 1120. II 0 0, I 0 8 0, I o 7 o, 19b3 
s 108o: lObO, I 0 tl 0, 1 olt o, 1020, lObO~ 1080, 1120, 1120, I I 2 0 , II 0 0, I 0 8 0, I 071, 19btl 
0 lObO. IOoO. 1040, 1020. 1020. 1020. lObO, 1100, 1120. 1120, 1100, 1080, 1067, 1%5 
7 10oo: lObO, 1040, I 0 2o) 1 1020. 1040: 1080, 1120, 1120, 11201 11001 1080, 1072, 19bb 
e lObo: lObO, 1040, I 0 4 0 I 1020. looo: 1100, I 12 0, 1120. 1120, I I 0 o, I 0 b 0 I I o 7 7, 1%7 
q 1080. lObO, 1040, I 0 tj I) I I 0 /J 0, IOoO. 1100, 1120, 1120, 1100, I I 0 0 I 10&01 1078, 1%8 

I 0 lObO~ I OoO, 1040, 1020, 1020, lobo: I I 0 0, 1120. 1120. I 12 0, II 0 0 • lOBO, 107~. 1%9 
I I 1080. IOoo. I 0 4 0, 1o'lo. I o 110. I OoO •• 1080, II 0 0, 11 0 0. II 0 0 • 1080, lOBO, 1072, !970 

tlE AN 1 o73: IOo4, 104tl, 1oJS, 1029. 1051~ 1091, Ill b. 11 18. I II b, 1098, 1080, I 0 7 b • 

MAX ti 0 0 ~ II 0 0. 1080, IOoO, 11180, 1 oso·. II 2 0. 1120, 1121). 1120, 11 o o • 1 oa o. I 097. 
MIN 1000. lObO, 1040, 1020, 1020. I 020'. IOoO, 110 Q 1 1100, 11 0 0. 1080, lOBO, 1067, 



CHA K ACHA 11N A PROJECT OPE RAT ION STUDY 
H/ti,H&CF,BECHTEL CIVIL&MINERALS INC,,SF, 

PROJECT I487900J ALASKA POwER AUTHORITY DATE 32363 PAGE. I o 

ALTERNATIVE 01 CHAKACHATNA TUNNEL, 'IIITH FISH RELEASES 
WATER BALANCE 

YEAR JAN FEB HAR APR MAY JUNE JULY AUG SE.PT OCT NOV DEC AVF,YR CALYR 

I 0~ 0. 0. o, o. 0~ . n. 0, 0. 0. 0. 0. 0. 19b0 
2 o, 0, 0 0 o, 0 ·• o. o. 0. 0. 0. 0. o. 0 1 I 9b I 
3 o, (I. 0. o. o. o· 0. o. 0. 0. 0 0 0. 0. 1962 
/J o, 0, 0. o, o. o' o. 01 o. 0. 0. 0. 01 19b3 , . 
5 o, 0. o. o, o. o. 0, 0. 0. 0. 0. 0. 0 1 19bll 
b o, 0. 0. o. 0 ·• o' o. o. 0. o. 0. o. 0. 19b'5 
7 o, 0. 0. o, 0. o' o. 0 I 0. o. o. 0. 0. t96b 
8 0. o. 0. 0 I o. 0 •• o. o. o. 0. o. 0 1 0. !967 
9 o: o. o. o. o. o' 0, o. 0. o. 0. 0. 0 I t9b8 

I 0 Q, 0. o. o. 0. o' o. o. 0. 0. o. o. o, !9b9 
II 0, 0~ 

.. , 
0. 0. o. 0, 0 1 1970 0. o. 0, o. o. o. 

~1EAN '. o. 0 1 o. 0. 0. o' 0. o. o. o. 0, 0. Q 1 

HAX o'. o. 0, o. 0~ o' o. o. 0. o. 0. o. 0. 
MIN o: 0, 0, 

f o. 0. Oo 0 0 o. o, o. o. o. 0. 

- .----., 
j 

,.._......., 
' I 
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CHAKACHAMNA PROJECT OPERATION STUDY 
H/H,H&CF,BECHTEL CIVIL&HINERALS INC,,SF. 

PROJECT 141\7900l ALASKA POwER AUTHORITY DATE:: 32363 PAGE:: I 1 

ALTERNATIVE Dl CHAKACHA HIA TUNNEL, WITH f 1 S~i RELEASES 
POWER IN Mw 

YEAR JAN FEll HAR APR HAY JUNE JULY AUG SEPT OCT NOV OE:.C AVEYR CALYR 

I lBO~ I 7 0, 153, t37, 125, 121~ I I 9, 125. 137. 15 7. 180. I 9b, 1 c;o, 19b0 
2 lBO, 170, 153, t37. 12S. 121, 11 q. 125. 13 7. IS 7, 18 0. t9b, 1501 19bl 
J lBO. 1 7 0. IS3. tH. 125, 121. 11 q. 125, 13 7. 157, I 8 0. t9b, I c; 0, !9b2 
4 tao: I 7 0, IS 3, 137. 12S, 121~ II 9, 125, 137, 1 s 7 ·• 180, t9b, 150, 19b3 
5 lBO. 1 7 0. 15 3. I 37. 12S. 121. 11 q. 12S, I 3 7', !57, I f.\ 0. t9b, ISO, 19bU 
b tllo: 1 7 0. !53. 137, 125. 121~ 11 q. 125, 137, !57, 180, 19b, 15 0. 19b5 
7 tBo, 170. 153, 137. 12S. 121, I 1 q, 125o 137. I 57. I 80. t9b. 1'50. lqbb 
8 )Bo, 170. 153, !37. 125. 121, II q, 125, 137. IS 7, !80. I 11b, 15 0. lqb7 
q tllo, 170, I 53, 137. 125. 121, II q • 125, 137. 157, lBO I I 9b I I so I !9b8 

I 0 tao, 170, 153, 13 7. 125, 121, I I 9, 1251 137. I 57, lf.\0, t9b, I '50 I 19t>Q 
II lllO. 170. IS3, 1 3 7. 12S. 121. II 9, 125, 137, IS 7. 180, 19b, 150, 197!\ 

MEAN llln: 170 1 153. !37 0 125, 121 •• 11 q. 125. 137. IS 7, lBO, I 9b, I 'iO, 

MAX !Ill): I 7 0, !53, 137 0 125. 121' 11 '1. 125, 137, IS 7. 180. lqbl 1 c;o. 
ri I"' 1t1o. I 7 0, IS3, 13 7. 125. 121~ II 9, 12So 137. lS 7. 180, t9b, I SO, 



CHAKACHAHNA PROJECT OPERATION STUDY .. 
lt187900J 

H/H,H&CF,BECHTEL CIVIL&MINERAL.S INC.,SF, 
PROJECT ALASKA PO~ER AUTHORITY DATE 32383 PAGt 12 .. 

ALTERNATIVE Dl CrlAKACHAHIA TUNNEL., WITH FISH RELEASES 
ENERGY IN MWH 

YEAR JAil FEB MAR APR MAY JUNE JULY AUG SEPT OCT N()V DEC TOTVR CAL yR 

1 1 ~H2o'. I I 8t171. 1135111. 98t~09, 931b2. B73H: 88795, 93162, 986()9, II bll52. 129bOO, 1t1556S, 13172?11, 1960 
2 13H2o: I tll386 • II 3541, 98oOq, 931b2. 97339: 88795. 93162, ?8oo9, II btl 52, 129600, 1t155b5, 1313139, 1961 
3 133920. 111131:\6. II 3541, 98o09, 931b2. 87339. 88795, 931b2. 9B6o9, II 61152, 129600, 1ll55b5, 1313139, 19b2 
II 133920~ li43Bo. II 35111. 96609, 931o2. 87339~ 88795, 93162, 98609, 11b452, 129bOO, i11~5b5, 1313139, 1903 
5 I B92o, U8t171, II 3541, 98609, 93162. 87339, 88795, 93162. 986o9, 1161152, 129600, 1115565 1 13172?.11, 1964 
6 1~3920. 111138b, 113541, 98o09 1 93162. 87339. 88795, 93162. 986o9, 116452, 1296oo. 1ll5565 0 !313139, 1905 
7 I ~392o: 114386, 113541, 98t.09, 93162. 87339: 88795. 931o2. 98oo9, 11bll52. 129bOO, 145565, 1313139, l96b 
8 1 B92o: 1111386, 113541, 98o09, 93to2, '37339' 88795, 93162, 9R6o9, 11b452, 129600, 145565, 1313139, 1967 
9 IH920. I 18il71, 113541, 98b09. 9311.12. A7339: 88795. 93162, 96oo9, 116452, 129boo. 1115565, 13172?4, 1908 

10 133920~ ii438b, 113541, 98o09, 93lb2, 87339' 88795, 931o2. 986()9, 116452, 129bOO, !1155b5 0 !3!3!39, 1969 
II IJ3Q20. 114386, 113541. 98o09, 93162, 87339~ 88795, 93162. 98609, 116452. 1296oo. 145565, 1313139, 1970 

~lEAN 13392o: 115500, 113541, 98o09, 931o2. 87339: 88795, 93162, 98609, 116452, 129bOO, 145565. 1311l253. 

MAX 133921')~ I 18 t17 1 • II 3541, Q8o09, 93lb2. Fl7 33<1~ 88795·. 93162. 9B6o9. 1lb452~ l29bOO. 145565. 13172?11, 
H!N 133920. i!4386, 1135111. 96609, 931o2. 87339. 86795, 93162. 98609, 116452. 1296oo. 145565. 1313139. 
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CH/IKACHA~NA PROJECT OPER/ITIUtJ STUDY 

14A7900J 
H/H,H&CF,HECHTEL CIVIL&MINERAL.S INC.,SF, 

PROJECT ALASKA POWER AUTriURI TY DA Tl 32383 PA(;t 13 

ALTERN A Tl VE D I CHAKACHATNA TUNNEL., WITH HSH REL.E.ASES 
ENERGY DEFICIT ytJ MWH 

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTYR CALYR 

I 0~ 0. 0. o. 0. 0~ o. 0. 0. o. o, 0. 0. !9b0 
2 o, 0. 0. 0, 0 ·• o· 0. o. 0. 0. 0. 0. 0. l9bl 
3 o, 0. 0. o. 0. o' 0. 0. 0. o. 0. 0. 0. !9b2 
lj o. 0. o. 0. . o. o·. 0. o. 0 • o. 0. 0. 0 I 19b3 
5 0~ 0. 0. 0 1 o. o· o. o. o. 0. o, 0. 0. 1Qb4 
b 0. 0. 0. 0. o. 0~ 01 0. 0 1 0. o. 0 0 0. !9bS 
7 o: 0. 0. o. 0. 0 ·• o. 0. 0. 0. 0. o. 0. 1966 
6 o. 0. 0. 01 0, o: 0. 0. 0. 0-. 0. 0. o, !967 
9 0. 0. o. o. o. o. 

0 -· 
0. 0. 0. o. 0. 0. !96A 

I 0 0~ o. 0. o. 0. 0~ 0 •. o. 0. 0~ 0. 0. 0. 1969 
II o. 0. o. 0. o. o. o. o. 0. 0. 0. 0. 0. 1970 

~lEAN 
. 

0. 0. Q I 0. o: 0. (). 0 0 o. 0. o. 0. 0. 

MAX ()~ 0. 0. 0, 0. o' 0 ·• o. o. o. 0. 0. 0. 
MIN o. 0. 0. 0 0 o •. 0: _. 0. o. o. o. 0, 0. 0. 



CHAKACHAMNA PROJECT OPERATION STUDY 

tus79ooi 
H/H,H&CF 1 BECHTEL CIVIL!IMINERAL.S INC.,sF. 

PRUJEC T ALASKA POWER AUTHORITY DATE 32383 PAGE ItA 

ALTERNATIVE Dl CHAKACHATNA TUNNEL, WITH FISH RELEASES 
AVERAGE. GEfJ('RAT I 0/J IN M~ IN MONTHS UF SPILLS 

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC AVEYR CALVR 

I 0~ 0. o. o. o. o' 221. 300, IIH • 0~ 0. 0. ss. 19b0 
2 o, 0. 0. o. 0. o' o. 282. Joo. 0. o. 0. a9. t9bl 
3 C>, o. 0. o. o. 0 •• 0. 227, 281), 0. 0. 0. 112. 1962 
lj o, 0. 0. o. o. o· o. o. 282. 0. 0. 0. z.s. 1963 
s o, 0. o. o, 0. or o. 204. 214, 0. o. 0. 35, l9bt.l 
b o, 0. o. 0. 0. o: o. Q I Joo. o. 0. 0. 25, ICI65 
7 o, 0. (l. o. o. o' o. o. 262, 0. 0. 0. 22, 196b 
8 o. 0. 0. o. 0. 0 ·: 0. Joo. Joo. o. 0. 0. so, 19b7 
q o; 0. o. 0. 0. o' 0. 300, 140, 0. 0. (j • 37. 19b8 p 

I 0 0. 0. 0. 0. o. o, o. o. o. 0. 0. 0. 0. 19b9 
l I o: o. 0 • 0. o. o. 0. o. o, 0. 0. 0 1 0. 1970 

MEAN 
. , 

0. o. o, 0. o·. 0. 20, 11.17. 202. 0. 0. 0. 31. 

MAX 0~ 0. 0. o, o. 0~ 221 ~ 3oo. 300, 0 ·• 0. o. ss. 
MIt~ 0. 0. 0. o. 0. .o. 0. o. 0. 0. 0 0 0. f), 

-
.~ 

,,.....__..., 
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~ ., C HAK h C HA f1NA PROJECT OPERATION STUDY 
H/H,H&CF,HECHTEL CIVIL&MINEflALS INC.,SF. 

PROJECT 1liRHOOt ALASKA POWER AUTHOHI TY DATE 32383 PAGE 15 

""" ALTERNATIVE Dl CHAKACHAHIA TUNNEL., WITH FISH RELEASES 
SURPLUS EI~ERGY IN M;-4H 

""' 
YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DlC TUTYR CALYR 

""" I 0~ 0. 0. 0. 0. 0 ·• 75427. 130038. 2679. 0. 0. 0. 2081llll, 19&0 
2 o, 0. 0. o. o. 0~ 0. 1lb782, 117391. o. 0. 0. 2.341711, 19bl 
3 0. 0. o. 0. 0. 0. 0. 75918. I03lbb. 0. I). 0. 1790AU, 19b2 
ll 0~ 0. 0. 0. 0. 0~ o. o. 101131)8, 0. 0, Oo !Oil368o 1Qb3 
5 0. 0. 0. 0. o. o. o. 58541. 5572Uo 0. o, 0 0 111126So 19bll 
b 

, 
o. 0. o. 0. 0~ o. o. 11739 l. o, o. o. 117Hto !965 o, 

7 o, o. 0. 0, o .. 0. o. o. 89921. o. 0. 0. 8992lo l9bb 
8 o, Oo o. 0. o. 0 ·• Oo 13110.38. 117391o 0. o, 0. 2471130, 1967 
q o, 0. o. 0. 0. o: o. 130038o 2535. o, o. 0 0 1325730 19b8 

I 0 o, o. o. 0. 0 ·• o' o. Oo 0. 0. 0. 0. (). 1Qb9 
11 0. 0. 0, Oo o. 0~ 0. 0 0 0. 0. 0. 0 0 0. 1970 

HEAN o: 0. o. 0. o. o' b857. 56305. b4597, o. o. 0~ 1297'59, 

MAX o: o. o. 0. 0. o: 751127. 130038. 117391, 0. 0. 0. 21171l30, 
MIN o. 0. o. 0. o. 0 •. 0. 0. o. 0. 0. 0. 0 0 



C HAK ACH A f1NII PROJECT OPERATION STUDY 
H/H,H&CF,BECHTEL CIVIL&MINEHALS INC 11 SF, 

PROJECT lii87900i ALASKA POWER AUTHORITY DATE 32363 PAGt I 6 

ALTERNATIVE Di CHAKACHATNA TUNNEL, WITH fiSH RELfASf.S 
RE~tAINlt!G SPILLS IN CFS 

YEAH JAN FEB MAR APR HAY JUNE JULY AUG SEPT OCT NOV DEC AVEYR CALYR 

0. 0, 0. 0. 0. 0 •• o. 311'10, 0. 0~ 0. 0. 2fl7, !960 
2 o: 0. 0. o. o. o' o. 0. 2911. o. 0. 0. 25. I 96 I 
3 o. o. 0. o. 0. 0·. o. o. 0 0 0. 0. 0. 0. 19&2 
4 0~ o. o. o. o. o· o. o. 0. o. 0. o. 0. jQb3 r 
5 o, 0. o. o. 0. o, o. 0. 0. o. 0. 0. 0. t96ll 
0 o. o. o. o. o. o. 0. o. Bo7, o. 0. 0. 72, !965 
7 o: 0. 0. 0. 0~ o: o. 0. 0. o. o. 0. 0. t9bb 
8 o, o. o. 0. o. 0~ o. 73b8. 2oo, o. 0. o. b3b, 19&7 
9 0 • 0. o. o. 0. o. 0 .• 171 q. o. o. o. 0. ill3, t9bB 

I 0 
. o. o. o. 0. 0~ o. 0. o, o. o. o. o. !969 o, 

11 0. 0. 0. o, 0. o. o. 0. 0. 0. o. 0. 0. 1970 

t1EAN o: 0. o. 0, 0. o: o. 1139. 129, 0 ·• 0. 0. I Ob, 

MAX 0~ 0. o. o. o. 0~ o. 73oB. 8o7, 0. o. o. b3b, 
MIN 0. 0. o. o. o. 0. o. o. 0. 0. o. 0. o. 

-,--, 
I ' , 



- ,-
PROJECT l41l79001 

INSTALLED CAPACITY: 330~00. KW 

ANNUAL PLANT FACTOR: .45 

OVERLQAE FACTOR: 1.00 

PLANT EFFICIENCY: .850 

FRICTIQN LOSS COEFFICIENT: .000002370 

STARTER CAPACITY: 50~0. CFS 

TOLERAII!EE! • 010 PERCENT 

MONTHLY LOAD FACTORS: 

,,.....,.-, 
._. I J 

,.,...,_, 
'J '· I " ~· 
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CHAKACHAMNA PROJECT OPERATION STUDY 
H/tt,H&CF,OECHTEL CIVIL&MINCRALS INC.,SFo 

ALASKA POWER AUTHORITY DATE 32483 

ALTERNATIVf E! MCARTIIUR SHORT TUNNEL, WITH FISH RELEASES 

.640 .620 .610 .640 .700 .BOO .920 1.000 .920 .A70 .780 .700 

INITIAL LAKE STORAGE !4'177500. AC-FT 

MINIMUM LAKE STORAGE !3377750. AC-FT 

~AXIMUM LAKE STORAGE :4477500. At-FT 

-.., 
J 

--, 
i 

PAGE 

) . -



CHAKACIIAMNA PROJECT OPf.RATION STUDY 
( IIIHtii&CFoOECHTEL CIVIL&I-1INERALS INC.,SF. 

PROJECT 14879001 ALASKA POWER AUTHORITY DATE 3?.483 PAGf 2 

ALTERNATIVE E: MCARTHUR SHORT TUNNEL• WITH FISH RELEASES 

RESERVOIR STORAGE-ELEVATION-AREA! 

AC-F T FEET IICRE 

0. 76 0. 0 0 

2C25. 76!). 810. 
7300. 770. 1300. 

27200. 780. 2£,90. 
lllO'JO. 809. 56 70. 
241 J ao. 820. 7320 0 

397~oo. P.4 0. 8270. 
572~('0. 86 0. 9280. 
769030. 880. 1 D 4 O'J. 
9AI_lSOt'. 9CO. 1159:1. 

1224000. 920. 119€-:J. 
1467000. 94 0. 12320. 
17170GD. 96 0. 1265::1. 
197301)0. 981). 12980. 
2236000. 1CGO. 132110. 
25~4~('0. 1['20. 13520. - 2776800. 1040. 1371t0. 
3G53ilOO. 1 06 r. 13%0. 
333500C. 1 08 0. 14170. 
36200CO. 1100. 14391). 
391GOOt'. 112 c. 14620. 
42180()~. 114 0. 1610('. 
425')()~0. 114 2. 16788. 
447751)C. 1155. 17842. 

- TAILIJATER-FLOII RELATIONSHIP: 

..... 
FU:T CFS 

21'J. lJ: • 
21~. 100000. 

110NTHL Y MI IJH1UM INSTREAM FLOWS IN CFS: 

1 a 9'1. 1 G9 4, 1 0 9 4. 1094, 1 0 9 4. 36 5. 365. 365. 36 5. 365. 365. 1 09 4. 

MONTHLY DIVERSION REQU IR [11ENTS IN CFS: 
..... 

0. ' J • 0. G • o. 0. o. 0. o. 0. 0. 0. 
..... 

f10NTIILY HE~ERVOIR EVAPOKATilitJ IN lNCtlES: 

:_;;._ 0. a. 0 0 a • a. 0. o. 0. o. 0. o. 0. 

ltJ 
,---. - ,...----

~--- :--- ,.....-- ,...._._., 
'--"l 

,....~, 
,....._......, ,.............., .----..; ~ .------, -.... -----1 I i 



PROJECT 148'{9('01 

l~FLO~S TO T~E LAKE IN CFS 

YEAR 

1 
2 
3 
4 
5 
6 
7 
r. 
9 

lG 
11 
12 
13 
14 
15 
16 
17 
lS 
19 
2C 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

~lAX 

MIN 

MAY 

4513. 
2055. 
38J1. 
2027. 
3992. 
3434. 
2193. 
2936. 
4393. 
24%. 
3120. 
3637. 
1flfl1. 
1265. 
18;)1. 
Ul3il. 
1286. 
189.3. 
20.30. 
2996. 
1948. 
2265. 
4~63. 

3468· 
2131. 
4215. 
4 784. 
5283. 
5335. 
5387. 
6776. 

32G1. 

6776. 
12E.5. 

JUIH: 

10728. 
8572. 

10719. 
8 2 04. 

13247. 
9002. 
6826. 
74 75. 

14R17. 
9930. 
9459. 
6A37. 
7983. 
7925. 
4735. 
8093. 
3490. 
8H2. 
8761. 
78(18. 
92 71. 
6789. 

12672. 
8228. 
7115 7. 
6248. 

10649. 
8587. 

19 !l64 • 
7917. 
8514. 

8991;. 

19R64. 
3490. 

JULY 

1522 o. 
13194. 
13 095. 
12575. 
13355. 
12091. 
12996. 
14601. 
13149. 
1Qlf.3. 
10388. 
1120<1. 
12808. 
1314 0.. 
13249. 
1070G. 
11633. 
1(1303. 
14931. 
13117. 
12478. 
1Q360. 
13 69 5. 
13'190. 

A 851). 
6 781. 
1~889. 

8 3 04. 
13898. 
lfll'16. 
8958. 

11928. 

1522 Q. 

6781. 

AUG 

11615. 
10548. 

8831. 
94 31. 

1 (lfl 08. 
12046. 

9983. 
10235. 
1 0 4 05. 
8691. 

11731. 
9337. 

1 0 8 99. 
10411. 
12208. 
11798. 
11929. 

99 74. 
15695. 
11257. 

7297. 
7986. 

16680. 
9263. 
7 8 09. 
6159. 
68 02. 
64 94. 

112 24. 
7865. 
9157. 

10147. 

16680. 
6159. 

,:r; 
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SEPT 

6305. 
4 521. 
8635. 
3562. 
45~5. 

6075. 
5068. 
5 94 0. 
6910. 
3452. 
3662. 
3145. 
6225. 
5542. 
5847. 
4 24 6. 

10802. 
6608. 
6191. 
2793. 
2 793. 
2734. 
5075. 
5012. 
2794. 
6850. 
5107. 
4 94 7. 
6G59. 
4513. 
4572. 

5177. 

10AG2. 
2734. 

OCT 

2689. 
1761. 
3216. 
2712. 
2002. 
2787. 
1988. 
2053. 
2707. 
1896. 
13 70. 
1439. 
1586. 
1197. 
2086. 
12 45 •. 
2114. 
1953. 
2040. 
976• 

3057. 
1359. 
3181. 
2396. 
2527. 
3059. 
3136. 
3917. 
3709. 
3258. 
4471. 

2383. 

4471. 
976. 

NOV 

802. 
5b9. 
842. 
865. 
629. 
755. 
595. 
583. 
793. 
526. 
654. 
799. 
843. 
863. 
930. 
909. 
597. 
91 !l. 

1215. 
689. 

1215. 
742. 

1090. 
679. 
740. 
909. 
814. 

1058. 
922. 
706. 

1412. 

828. 

1412. 
526. 

DEC 

636. 
532. 
699. 
642. 
550. 
619. 
532. 
565. 
562. 
4 83. 
5 08. 
8 70. 
696. 
613. 
710. 
662. 
466. 
313. 
5 71. 
612. 
601. 
460. 
736. 
514. 
623. 
53!). 
622. 

1055. 
700. 
7 () 1 • 
882. 

621. 

1055. 
313. 

JAN 

542. 
495. 
63n. 
523. 
52 7. 
578. 
504. 
569. 
569. 
426. 
400. 
877. 
633. 
498. 
364. 
419. 
388. 
531. 
534. 
485. 
497. 
394. 
581. 
495. 
558. 

. 498. 
544. 

1 04 4. 
6J9. 
597. 
76 2. 

551. 

FEfl 

488. 
472. 
495. 
477. 
472. 
507. 
475. 
536. 
51'Jo 
468. 
307. 
589. 
541. 
357. 
435. 
219. 
336. 
449. 
510. 
486. 
504. 
441. 
?31. 
492. 
526. 
485 • 
524. 
773. 
537. 
562. 
718. 

4 91. 

773· 
219. 

MAR 

4 9 3. 
450. 
467o 
4 7 7. 
458. 
466. 
4 4 Q. 

505. 
489. 
'14 9. 
26 7. 
47C. 
471. 
315. 
332. 
33 7. 
35 ['. 
384. 
467. 
50 C.. 
55-). 
513. 
492. 
480. 
?01. 
41'5. 
498. 
606. 

5 (l "'· 
547. 
64 7. 

647. 
26 7. 

APR 

541. 
631. 
510. 
641. 
541. 
487. 
4 96. 
598. 
6 75. 
526. 
3 9.). 
346. 
4 70. 
337. 
4 77. 
398. 
410. 
88~. 

63~. 

6 52. 
899. 

12 75. 
4 79. 
585. 
554. 
4 89. 
6 25. 
6 es. 
558. 
713. 
810. 

588. 

12 75. 
337. 
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AV[YR CALYR 

4 54 8. 
3 65 0. 
4 32 8. 
3 511. 
4 ;:>57. 
4 0 71. 
35C9. 
381'3. 
4 665. 
3292. 
3522. 
3 296. 
3 75 3. 
3539. 
359P.. 
34£!5. 
3651). 
3 52 3. 
4465. 
3 531. 
3426. 
2943. 
4940. 
3 759. 
292 3. 
3 059. 
3 75 0. 
3556. 
5327· 
3576. 
3973. 

3 781. 

5 32 7. 
2923. 

1950 
1951 
1952 
1953 
1954 
19~5 

1956 
1957 
1958 
1959 
1960 
19n 
1962 
1963 
1964 
1%5 
1%6 
1967 
1968 
1%9 
1970 
1971 
1972 
.!.97~ 

1974 
1975 
1976 
1977 
1978 
1979 
1980 



PROJECT l41i79C01 

POWER RELEASE IN CFS 

YEAR 

2 
3 
4 
5 
6 
7 
8 
9 

H 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2H 
29 
3~ 

31 

MEArJ 

r~A X 
MIN 

MAY 

183 11. 

1962. 
1968. 
1961. 
1952. 
1966. 
19<;2. 
1970. 
1959. 
196 0. 
1971. 
1976. 
197a. 
1975. 
19E 2. 
1972. 
1984. 
1977. 
1973. 
1962. 
1 9fl6. 
195 7. 
1973. 
1951. 
19<;13. 
19(11. 
1949. 
1947. 
1931. 
1943. 
1938. 

1959. 

1986. 
lo34. 

JUNE 

1756. 
1879. 
1867. 
lflAO. 
1842. 
1874. 
18136. 
1887. 
184Co 
11>.69. 
1879. 
1892. 
18A9. 
1898. 
1917. 
1891. 
1927. 
1896. 
1889. 
18713. 
lll99o 
1881. 
1862. 
lf.64o 
lllllq. 
1&78. 
1846. 
1850. 
1794. 
1849. 
1836. 

Hl70. 

1927. 
1756. 

JULY 

1712. 
1 782. 
1 766. 
1 7 8 7. 
173 7. 
1 781. 
1796. 
1 78 8. 
1 731. 
1 7131. 
1 79 0. 
lilt' 9o 
1 795. 
18 02. 
183 0. 
180 5o 
1852. 
1811. 
1 78 3. 
1 7 85. 
18 0 c. 
18 0 3. 
1 75 4. 
1771. 
1813. 
1 816. 
1 758. 
1776. 
1 716. 
1 7 71. 
1 76 3. 

178 3. 

1 !!52. 
1 712. 

AUG 

lll10. 
1813. 
1 f< 19. 
1818. 
1813. 
1808. 
lll22. 
1814. 
1814. 
le.23. 
1820. 
1B42e 
1 A 19 o 

1826. 
1843. 
1832. 
1868. 
1845. 
1796. 
1811. 
18 37. 
1844. 
1793. 
1818. 
1860. 
11!78. 
1826. 
18 33. 
1811. 
1823. 
1818. 

1 826. 

11178. 
1 793. 

C II AKA C H A r1 N A P R 0 J E C T 0 PER A Tl 0 N STUDY 
Hllltli&CF, BECHTEL C I VIL&MINfRALS INC. oSF. 

ALASKA POWER AUTHORITY D~.TE 32483 
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SEPT 

2004. 
2010. 
199 5. 
2014. 
2 011. 
2005. 
20!l8o 
2005. 
2002. 
2014. 
2014. 
2016. 
20:l4. 
2007. 
20!)6. 
2012. 
1 9fl7. 
20C3. 
2004. 
2 01 7. 
2017. 
2 01 7. 
2008. 
2 0 J9. 
2 02 0. 
2029. 
2GJ8. 
2009. 
2r05. 
2 011. 
2 01 0. 

2009. 

2 02 9. 
1 98 7. 

,____, I 

OCT 

2311. 
2315. 
2309. 
2311. 
2314. 
2311. 
2314. 
2314. 
2311. 
2315. 
2317. 
2317. 
2316. 
2318. 
2314. 
2318. 
2314 ..• 
2315. 
2314. 
2322. 
2312. 
2321. 
2309. 
2313. 
2318. 
2310. 
2309. 
2306. 
2307. 
23 09. 
2303. 

2313. 

232 2. 
2303. 

'-r 

NOV 

2682. 
2693. 
2681. 
2681. 
2690. 
268;:>. 
2690. 
2689. 
2682. 
26 91. 
2696. 
2695. 
::>693. 
;:>697. 
2687. 
2696. 
268q. 
26P9o 
2686. 
2704. 
2679. 
2700. 
2680. 
2685. 
2691. 
2681. 
2682. 
2680. 
2681. 
2682. 
26 78. 

2688. 

;>704. 
2678. 

DEC 

2954. 
2970. 
2953. 
2953. 
2965. 
2954. 
2966. 
2965. 
2954. 
2969. 
2974. 
2969. 
2967. 
2973. 
2959. 
29 72. 
2965. 
2964. 
2957. 
2983. 
2949. 
297q. 
2950. 
2960. 
2966. 
2953. 
2954. 
2948. 
2952. 
2 954. 
2945. 

2961. 

2983. 
2945. 

JAN 

2740. 
2756. 
2738. 
2739. 
2752. 
2740. 
2753. 
2751. 
2741. 
2756. 
2761. 
2751. 
2752. 
2759. 
27 116. 
2758. 
2753. 
2751. 
2744. 
2768. 
2735. 
2766. 
2735. 
2747. 
2752. 
274 0. 
2740. 
2728. 
2737. 
2 74 0. 
2728. 

274 7. 

2768. 
2728. 

FEn 

2614. 
2631. 
2612. 
2613. 
2626. 
2614. 
2628. 
2625. 
2614. 
2631. 
2638. 
2622. 
2625. 
2634. 
2622· 
2633. 
2629. 
2626. 
2618. 
2643. 
2610. 
2642. 
2609. 
26 21. 
2625. 
2614. 
2614. 
2598. 
2611. 
2613. 
2600. 

2621. 

2643. 
2598. 

HAR 

2360. 
2376. 
2359. 
2360. 
2372. 
2360. 
2374. 
2370. 
2361. 
2377. 
23114. 
2.~68. 

2371. 
2381. 
2369. 
2380. 
2376. 
2372. 
2365. 
238 7. 
235&. 
2386. 
2356. 
2367. 
2371. 
2361. 
2361. 
2343. 
2357. 
2:'i59. 
2345. 

2367. 

2387. 
2343. 

APR 

213'1. 
214q. 
2133. 
213'1. 
2145. 
2135. 
2147. 
2143. 
2135. 
2150. 
2157. 
21'11. 
2144. 
2154. 
21'13. 
2153. 
2149. 
2146. 
2139. 
2159. 
2130. 
2157. 
2130. 
2141. 
2144. 
2135. 
2135. 
2117. 
2131. 
2133. 
2119. 

2141. 

2159. 
2117. 
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2243. 
2278. 
2267. 
2271. 
2268. 
2269. 
2279. 
2277. 
2 21i 2. 
2 27 8. 
2 284. 
2283. 
2279. 
2285. 
22R5. 
2285. 
2291. 
2283. 
2272. 
2285. 
2276. 
2288. 
2263. 
2270. 
2285. 
2280. 
2265. 
22<;1. 
2253. 
2265. 
2257. 

2 27 4. 

2291. 
2 24 3. 

1950 
1951 
1<;52 
1953 
1954 
lq55 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
1969 
1970 
1971 
19 72 
1973 
1974 
1975 
197& 
1977 
1978 
1979 
198l' 

.. 

... 

... 

.... 

-
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SPILL Ill CFS 

YEAR 

2 
3 
If 

'j 

6 
7 
8 
9 

1 n 
11 
12 
13 
l'i 
15 
lli 
17 
18 
19 
20 
21 
22 
;:>3 
24 
25 
26 
27 
28 
29 
30 
31 

MEAN 

·~r. X 
MIN 

1585. 
0. 
0 • 
0. 
0. 
0. 
0. 
0. 
0 • 
0. 
c • 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
(\. 

0. 
0 • 
o. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 

51. 

1505. 
0 • 

JUNE 

7878. 
0 • 
(I • 

0. 
0. 
0. 
0. 
3 • 
0. 
0. 
a • 
0. 
0. 
0. 
o. 
a • 
~ 

0.: • 

~ . 
0. 
c. 
0. 
0. 
0 • 
0 • 
0 • 
a. 
0. 
0. 

6592. 
0. 
0. 

'167. 

7871l. 
0. 

JULY 

12'114. 
77'J. 

3074. 
o. 

7508. 
40'1. 

o. 
731. 

8312, 
o. 
o. 
c. 
o. 
0. 
o. 
o. 
c. 
a. 

153 3. 
471. 

o. 
0. 

5219. 
2584. 

o. 
Do 

3215. 
0. 

11088. 
802. 

1436. 

1921. 

12414. 
(1. 

JIUG 

8711. 
7641. 
5918. 
63 78. 
79 01. 
914 4 • 
6028. 
7327. 
7'1 97. 
52 38. 
7217. 
2€61. 
(,926. 
58 03. 
'1180. 
55 42. 

575. 
2 R 09. 

12805. 
8352. 
2567. 
1P.66. 

13793. 
6351. 

0 • 
0 • 

3882. 
2695. 
8319. 
4948. 
6245. 

5791. 

13793. 
0. 

I~ -' ' ,, 

CIIAKACIII\I'NA PROJECT OPERATION STUDY 
HI H , H & C F , [l E C Ill E L C I VI L& M I N E. R A L S 1 tl C • , SF • 

ALASKA POI.IER AUTHORITY DATE 32403 

AL TE.RNATI VE E: MCAR TtiUR SHORT TUNNELt !.II TH F I Sit RELEASES 

SEPT 

3207. 
1417. 
55'1 6. 

454. 
140(). 
2976. 
1966. 
2841. 
3814. 

34 4. 
554. 
35. 

3127. 
2441. 
2747. 
1140. 
7721. 
3511. 
309 3. 

0 • 
0. 
a. 

1973. 
19~9. 

o. 
l!J7. 

2DJ5. 
184 4. 
2%0. 
1408. 
1468. 

2 Q[l 0. 

7721. 
0. 

OCT 

13. 
o. 

542. 
36. 

0. 
111. 

0. 
0 • 

31. 
(). 

0. 
o. 
0. 
(). 

0. 
0. 
0. 
o. 
0. 
I). 

7 2. 
0 • 

507. 
0. 
0 • 

384. 
462. 

1246. 
1~37. 

584. 
1803. 

220. 

1803. 
0. 

NOV 

1), 

o. 
(1. 
0. 
c. 
o. 
o. 
o. 
o. 
o. 
o. 
0. 
o. 
o. 
o. 
o. 
o. 
o. 
0. 
0. 
o. 
0. 
a. 
o. 
0. 
o. 
:~. 

0. 
0. 
o. 
o. 

c. 

o. 
o. 

DEC 

0. 
o. 
0. 
0. 
0. 
() . 
0. 
0. 
o. 
0. 
0 • 
0. 
0. 
0. 
0. 
0. 
o. 
0. 
o. 
0 • 
0. 
0. 
0. 
(). 

c. 
o. 
0. 
o. 
0. 
0. 
0. 

c. 

0. 
0. 

JAN 

0. 
0. 
0. 
0 0 

0 • 
o. 
0. 
0. 
o. 
o. 
0. 
0. 
o. 
o. 
1). 
0. 
0. 
o. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
a • 
0. 
0 • 
o. 
0. 

Q. 

0. 
0. 

FEO 

0. 
0. 
I) • 

0 • 
0. 
o. 
0 • 
c. 
o. 
0. 
0 • 
0 • 
0. 
0. 
I) • 

0 • 
0. 
0. 
0 • 
() . 
0. 
o. 
0 • 
0 • 
0. 
0. 
o. 
o. 
c. 
a. 
0. 

0. 

0. 
0. 

MAR 

0. 
o. 
c. 
(). 
a. 
~. 

0. 
o. 
o. 
'). 

0. 
o. 
(). 
o. 
o. 
o. 
o. 
1}. 

c. 
~. 

n. 
o. 
0. 
('. 

~. 

c. 
a. 
c. 
(). 

Q. 
o. 

o. 

o. 
0. 

APR 

0. 
0. 
() . 
0. 
0. 
I) • 

0 • 
(). 

~. 

0. 
o. 
0. 
D •. 
0 • 
c. 
(). 

'J • 
(). 

0. 
0 • 
0. 
0. 
(I. 

c. 
c. 
0. 
0. 
0. 
0. 
no 
0 • 

a. 

0 • 
0. 

PAGE 5 

AVEYR CALYR 

2 817. 
819. 

125 7. 
572. 

14!ll. 
1 05 3. 

666. 
9~8. 

1638. 
465. 
648. 
241. 
83B. 
li87. 
577. 
557. 
691. 
52 7. 

1453. 
735. 
220. 
155. 

1791. 
904. 

0. 
4 1 • 

79 7. 
'182. 

2500. 
li4 5. 
913. 

871. 

2817. 
Q. 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1%0 
1961 
1962 
1%3 
1964 
1%5 
1%6 
1%7 
19(.,8 
19h9 
197G 
1 ':.'7 I 
1972 
1973 
1974 
1975 
1970:. 
1977 
1978 
1979 
19f\C 



PROJECT 1'1879001 

FISH RELEASE IN CFS 

YEAR 

1 
2 
3 

" 'i 

6 
7 
P. 
9 

1C 
11 
12 
13 
1'1 
15 
1S 
17 
lb 
19 
20 
21 
22 
23 
2'1 
25 
26 
27 
2Jl 
29 
30 
31 

MEAN 

MAX 
MIN 

MAY 

1G94. 
1 ()9 4. 
1 09'1. 
109'1. 
1 09'1. 
lC9'1. 
109'1. 
1~94. 

1 ;9 4. 
1~94. 

1094. 
10'?4. 
1094. 
1094. 
1 094. 
1094. 
1 1)94. 
1094. 
11)'? 4. 
1 09 4. 
1094. 
1094. 
1;j94. 
1 ()94. 
1 G9 4. 
1894. 
1 Q94. 
1C94. 
1094. 
1 094. 
1C94. 

1 094. 

1 094. 
1094. 

JUNE 

1G94. 
1 G94 • 
1 0 94. 
1 0 94. 
1 c 94. 
1094. 
1 0 94. 
1094· 
1094. 
1 Q94. 
1094. 
1094. 
1 0 94. 
1094. 
1 094. 
1 094. 
1 n 94. 
1 c 94. 
1C94. 
1 c. '?4. 
1 094. 
109'1. 
1C94. 
1 ~94. 
1 Q94. 
1G94. 
1 0 94. 
1C94o 
1 Q 94. 
1 ~ 94. 
1 a 94. 

1 (194. 

lU94. 
1 ~ 94. 

JULY 

trl94. 
1 09 4. 
1 09 4. 
1 C9 4. 
1 0'? 4. 
1 ~9 4. 
1 (194. 
1 09 4. 
1 09 4. 
1 09 4. 
1 094. 
1 094. 
1 0 94. 
1 G94. 
1 ~9 4. 
1 09 4. 
1 09 4. 
1 09 4. 
1 09 4. 
1 Q94. 
1 09 4. 
1 0 9 4. 
1 il9 4. 
1 () 'J 4. 
1 094. 
1 094. 
1 09 4. 
1094. 
1 09 4. 
1 09 4. 
1 0 9 4. 

1 09 4. 

1 094. 
1 ()9 4. 

AUG 

1 G 94. 
1 [.94. 
1 094. 
1C94. 
1 ~ 94. 
1 G 94 • 
1 ':'94. 
1 ')94. 
1 G 94. 
1 f: 94. 
1 a 94 • 
1 ~94. 
1 0 94. 
1 'J 94. 
1 r. 94. 
1 2 94. 
1(94. 
1 () 94. 
1 0 94. 
1 ~ 94. 
1 0 94. 
1 (194. 
1 ~ 94. 
1 Q91J. 

1 094. 
1 094. 
1 G 94. 
1 ~ 94. 
1 :t94. 
1 c 94. 
1 0 94. 

1 c 94. 

1 (' 94. 
1 J 94. 

CIIAKACHAMNA PROJECT OPERATION STUDY 
H/1-ftii&CF ,BECHTEL C I VIL&MINERALS INC •, SF • 

/\LASKA POWER AUTHORITY DATF: 32483 

ALTERNATIVf. E: MCARTf\UR SHORT TUNNEL, IIITH FISH RELEASES 

SEPT 

109'1. 
1 094. 
1 09 4. 
1094. 
1G94o 
1 094. 
1 n9 4. 
1 094. 
10Q4. 
1 094. 
1 094. 
1094. 
1 094. 
1094. 
1094. 
1 C94. 
1 094. 
1094. 
1 094. 
1 C94. 
1394. 
10'J4o 
1094. 
1 094. 
1 ~94. 
1094. 
1 09 4. 
1 094. 
1 Oq4 • 
1 094. 
1 094. 

1 094. 

1094. 
1 09 4. 

I 
,..--'---, 

OCT 

365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
. 365. 
365. 
365. 

365. 

365. 
365. 

NOV 

365. 
3 65. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
3f.5. 
365. 
3 65. 
365. 
365. 
365. 
3'S5. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365 • 
365. 
365. 

365. 

365. 
365. 

DEC 

365. 
365. 
365. 
3&5. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
313. 
365o 
365. 
365. 
365o 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 

363. 

365. 
313. 

JAN 

36~. 

3&5. 
365. 
365. 
365. 
365. 
36 5. 
365. 
365. 
365. 
365. 
365. 
365. 
3&5. 
364. 
365. 
365. 
36 5. 
36 5. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
36 5. 
365. 
365. 

365. 

365. 
364. 

FEB 

365. 
365. 
365· 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
307. 
36'1. 
365. 
357. 
3&5. 
219. 
336. 
365. 
365· 
365· 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365· 
365. 

357. 

365. 
219. 

MAR 

365. 
365. 
365. 
3 6 5. 
365. 
365. 
365. 
365· 
365. 
365. 
26 7. 
365. 
365. 
315. 
332. 
33 7. 
35 0 0 

365. 
365. 
365. 
365. 
365. 
36'1. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 
365. 

351l. 

365. 
26 7. 

APR 

5'11. 
6 31. 
510. 
641. 
541. 
487. 
4 96. 
598. 
6 75. 
526. 
393. 
346. 
4 70. 
337. 
477. 
398. 
410. 
880. 
630. 
6 52. 
8 99. 

1 0 94. 
4 79. 
586. 
554. 
4 89. 
625. 
6 06. 
5~8. 

7 13. 
810. 

5112. 

1 (J 94. 
337. 
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61l3. 
691. 
681. 
692. 
68 3. 
679. 
68 0. 
68 8. 
695. 
6!1 2. 
f.5ll. 
66 7. 
678. 
662. 
675. 
657. 
669. 
707. 
691. 
693. 
713. 
73 0. 
678. 
68 7. 
685. 
679. 
690. 
689. 
6A5. 
698. 
7 06. 

6fl5. 

730. 
65 7. 

195~ 

1951 
1952 
1953 
1954 
1.955 
1956 
1957 
1Q58 
1959 
191'>C 
1961 
1962 
196:3 
1964 
1%5 
1966 
1%7 
1'?6A 
1969 
197!) 
1971 
1972 
1973 
1974 
1975 
1':'76 
1977 
1978 
1979 
1980 

'' 

~ 
j 



PROJECT 1'+879C01 

oNET EVAPORATION IN AC-FT 

YEAfl 

1 
? 
3 
'+ 
'i 
6 
7 
8 
9 

1 0 
1 1 
12 
13 
1'+ 
15 
16 
17 
18 
19 
2J 
21 
22 
23 
2'+ 
25 
26 
27 
:>8 
29 
3C 
31 

MEAtJ 

MAX 
MIN 

MAY 

c. 
') . 
o. 
(). 

0. 
(l • 

0 • 
0. 
Q. 

0. 
0. 
0. 
0 • 
0. 
0. 
0. 
0 • 
0. 
0. 
0 • 
0. 
0. 
0. 
c. 
0 • 
0. 
0. 
c. 
0. 
c. 
D • 

0 • 

0 • 
0 • 

JUNE 

(). 

Q • 
0 • 
0. 
0 • 
0. 
0 • 
0. 
0. 
0. 
0 • 
0. 
0 • 
0. 
0. 
0. 
0. 
D • 
0. 
0. 
G • , 
0. 
0 • 
0. 
0. 
c. 
(l • 

0 • 
0. 
0 • 
Q. 

D. 

0. 
0 • 

JULY 

0. 
0. 
o. 
o. 
o. 
0. 
o. 
o. 
G. 
o. 
o. 
o. 
0. 
0. 
o. 
0. 
D • 
o. 
0. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
c. 
o. 

D. 

o. 
o. 

AUG 

0. 
0 • 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
o. 
o. 
0. 
o. 
0. 
0. 
0. 
0. 
0. 
~ . 
o. 
0. 
0. 
0. 
0. 
0 • 
c. 
0. 
0. 
0. 

0 • 

0. 
0. 

,~. 
.. , 1. j ' ' 

"' 

CHAKACHAMNA PROJECT OPERATION STUDY 
H/HoH&CFoAECIITEL CIVIL&MINERALS INCotSF. 

ALASKA POWER AUTHORITY DATE 32'183 

ALTEKNIITIV[ E: MCARTHUR SHORT TUNNELt WITH FlSit RELEASES 

SEPT 

0. 
o. 
o. 
0. 
0 • 
0. 
0 • 
0. 
0. 
0. 
0. 
o. 
0 • 
0. 
0 • 
0. 
0 • 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
o. 

0. 

0. 
0. 

OCT 

0. 
o. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
o. 
0. 
0. 
o. 
0. 
0. 
0. 
o. 
o. 
0. 
0. 
o. 
0 • 
0. 
0. 
o. 
0. 
0. 
0. 

0. 

0. 
0. 

NOV 

o. 
0. 
o. 
o. 
o. 
0. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
0. 
0. 
o. 
o. 
o. 
o. 
0. 
o. 
o. 
0 •. 

o. 
c. 
o. 
0. 
o. 
o. 
o. 
o. 

o. 

o. 
0. 

DEC 

() . 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 
0. 
0. 
o. 
o. 
0. 
0 • 
o. 

o. 

o. 
0. 

JAN 

0 • 
0. 
0. 
0. 
o. 
o. 
0. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
o. 
0. 
o. 
IJ. 
0 • 
0. 
0. 
o. 
0. 

o. 

o. 
0. 

FEB 

0. 
0. 
0 • 
(). 

0. 
0. 
o. 
(). 

0. 
0. 
0. 
o. 
0. 
o. 
o. 
0. 
0. 
c. 
0. 
0. 
o. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 
o. 
0. 

0. 

0. 
0. 

o. 
"· 0. 
o. 
c. 
c. 
o. 
c. 
o. 
o. 
o. 
D. 
a. 
o. 
o. 
o. 

c. 
'). 

o. 
a. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
1). 
o. 
c. 

~. 

o. 
o. 

APR 

0. 
0. 
0. 
3. 
0. 
') . 
0. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 
o. 
0. 
0 • 
0. 
0. 
0. 
[' . 
0. 
0. 
0. 
0. 
a • 
o. 
0. 
0. 
0. 

(1 • 

0. 
0. 

-
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o. 1950 
o. 19'il 
o. 1952 
c. 19 53 
o. 1954 
r. 1955 
o. 1Q56 
o. 1957 
:~. 1958 
o. 1959 
o. 1960 
o. 1961 
0. 196?. 
o. 1963 
0. 1964 
o. 1965 
0. 1966 
o. 1967 
o. 1966 
0. 1969 
o. 1970 
c. 1971 
o. 1972 
o. 1973 
o. 1974 
0. 1975 
(). 1976 
:1. 1977 
a. 197B 
0. 19 79 
o. 1980 

Q. 

o. 
0. 



PROJECT 14879C01 

E.o.p. STORAGE IN ACRE-FT 

YEAR ~1A Y JUNE JULY AUG 

1 4477500. 4477500. 4477500. 11477500. 
2 35~172RO. 3A'!C445o 4477500. 4477500. 
3 3575%1. 4037?06. 4477500. 4477500. 
4 3561561. 3872769. 4468818. 4477500. 
5 3671l513. 4292[86. 4477500. 4477500. 
6 3576621. 3935657. '14 7750 3. 4477500. 
7 35634il6. 3792268. 441~665. 4477501). 
8 3534480. 3801875. 4477500. 4477500. 
9 3f-46696. 43531109. 4477500. 4477500. 

10 35P.1877o ~.996422. 4444553. 4477500. 
11 3531794. 3917746. 4379145. 4477500. 
12 3520005. 3749135. 4259863. 4477500. 
13 3504%5. 3802458. 4412330. 4477500. 
14 3449689. 3743212. 4373660. 4477500. 
l"i ?.·427032. 3529642. 4164483. 4477500. 
16 34£19171. 37931)96. 4272757. 4477500. 
17 3399476. 3427392· 3961509. 447750'). 
18 34603r7. 3762715. 4217620. 4477500. 
19 341l6753. 383Cb84. 4477500. 4477500. 
20 3589145. 3876930. 4477500. 447750C. 
21 3404028. 3777592. 4366893. 4477500. 
22 3595992. 3822934. 4281846. 4477500. 
23 355324 7. 4131416. 4477500. 4477500. 
24 3669439. 3983032. 44 7750 o. 4477500. 
25 3523781. 37900Q4. 4155425. 4453961. 
26 3633198. 3828135. 4 0 66131. 426211A. 
27 . '3722292. 418ln04. 4477500. 4477500 • 
28 3754042. 4089818. 4423913. 4477500. 
29 31l59593. 4477500. 4477500. 4477500. 
30 37831~.7. 407914G. 4477500. 11477500. 
31 3858416. 4190670. 44 7750 o. 4477500. 

~1EAN 3611904. 3943038. 4381455. 4469793. 

MAX 4477500. 447750D • 4'177500. 44775GO. 
IHN 3339476. 3427392. 3961509. 4262118. 

CHAKACHAMNA PROJECT OPERATION STUDY 
H/H,HS.CF,BECHTEL CIVIL&MINERALS INCotSFo 

ALASKA POWER AUT IIOR IT Y DATE 3 24 83 

ALTERNATIVE E: MCARTHUR SHORT TUNNELt WITH FISH RELEASES 

SEPT OCT NOV DEC JAN FEB MAR APR 

44775Cl0o 4477500. 4343937. 4178902. '1021409. 3Afl3070. 3745820. 3618830. 
44775(10. 4420969. 4272884. 4100551. 3q39069. 3798899. 36581)01. 3530102. 
4477500. 44775'30. 4346329. 4185300. 4033252. 3890484. 3751712. 3624782. 
4477500. 4477500. 4347705. 4183166· 4024470. 3885551. 3747341). 362!1366. 
4477500. 4435854. 4291513. 4120550. 3961305. 3821397· 3681259. 3553606. 
4477500. 4477500. 4 341126. 4175085. 4019690. 3882394. 3743466. 3616452. 
4477':JfJO. 4434989. 42~8605. 4116489. 3955768. 3810939. 3670121. 354 2351. 
4477500. 4439004. 4291944. 4121916. 3965287. 3829002. 369186 o. 3564316. 
447751)1). 4477500. 43433911. 4173860. 4017892. 3880744. 3743219. 3616202. 
4477500. 4429.~07. 4278737. 4103451. 3937736. 3797327. 3656348· 3528432. 
4477500. 4396818. 4253567. 4079480. 3911849. 3760115· 361349q. 341l5129o 
4477500. 4401080. 4266546. 4115051. 3977393. 31144210. 3705083. 3577675. 
4477500. 4410160. 4278352. 4116247. 3963506. 3827479. 3688216. 3560635. 
4477500. 4386133. 4255271. 4087709. 3926248. 3779949. 3633568. 3505411. 
44775CO. 4441042. 4314758. 4154012. 3985169. 3838383. 3692693. 3565157. 
4477500. 438%98. 4261018. 4096569. 3930333. 3784082. 3637751. 3509638. 
4477500. 4442771. 4 296588. 4120495. 3952648. 3806661. 3661)597. 3532726· 
4477500. 4432827. 43C5262o 4123035. 3964069. 3822909. 3678212. 3550527. 
4477500. 4438201. 4328934. 4159771. 4001459. 3859198. 3720060. 3592806. 
44585P.O. 4353391. 4211779. 4043551. 3880715. 3740634. 3602136. 3473645. 
445851.!0. 4477500. 4361l638. 4201814. 4041746. 3904523. 3771048. 3644315. 
4455056. 4373491. 4235260. 4057948. 3889667. 3747179. 36 09563. 3491978· 
4477500. 4477500. 4 361162. 4202599. 4047738. 39J7217o 3770185. 3643444. 
4477500. 4460189. 4319090. 4146270. 3985373. 3846862. 3708384. 3581010. 
4434923. 4425319. 4287507. 4121009. 3963688. 3826825. 3689411. 3561842. 
4477500. 4477500. 4350336. 4171l901. 4018605. 3880068. 3742288. 3615262. 
4477500. 4477500. 4344654. 4178842. 4021391. 3880166. 3743191. 3616174. 
4477500. 4477500. 4359248. 4220394. 40944il4. 3972776. 3843551. 3717551. 
44775no. 4477500. 4351114. 4190204. 4036918. 39H486. 3765440. 3638650. 
4477500. 4477500. 4338314. 4177313. 4023122. 3888934. 3755092. 3628197. 
44775C·O. 4477500. 4380421. 4231118. 4087815. 3958563. 3831711. 3705592. 

4474182. 4442521. 4311!129. 4143925. 3986443. 3847033. 3708091. 3581058. 

4477500. 4477500. 4380421. 4231118. 4094404. 3972776. 3843551. 3717551. 
4434923. 4353391. 4211779. 4043551. 3880715. 3740634. 3602136. 3473645. 

,......--

/' 
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4221420. 195Q 
41)50058· 1951 
4112885. 1952 
4095354. 1953 
4105715. 1954 
4100041· 1955 
4045300. 1956 
4056015. 1957 
41~0485. 19'iA 
4059099. 1959 
4023679. 1960 
4030920. 1961 
4043279. 1962 
4007987. 1963 
4':'05(,14. 1964 
4009876. 1965 
3962988. 1966 
4022707. 1967 
4070855. 1968 
4()15459. 1969 
4074515. 197G 
4CD3201. 19 71 
4127251. 1972 
4u94346o 1973 
4C19474. 1974 
4044170. 1975 
4133143. 1976 
4159016. 1977 
4177575. 1978 
4131939. 1979 
4179525. 19PO 

4()74964. 

42?1 1120. 
3962988. 

'-' 

\,p 

'-

... 
'-

..... 

-
-

-
~~ 

J 



-l 

PROJECT 14879001 

E.O.Po LAKE LEVEL IN FEET 

YEAR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0 
11 
12 
13 
1'1 
15 
16 
17 
18 
19 
20 
21 
22 
2~ 

24 
25 
26 
27 
28 
29 
3P 
31 

f1E AN 

MAX 
MIN 

MAY 

1155. 
1096. 
1097. 
1C96. 
11u4. 
1 09 7. 
1096. 
1C':'4. 
1102. 
1097. 
1ti9q, 
1 093. 
1092. 
1 QA 8. 
1086. 
1 091. 
1085. 
1 089. 
1091. 
1 098. 
1 08 5. 
1 ac: a. 
1 095. 
1103. 
1 093. 
1101. 
1107. 
1109. 
111 7. 
1111. 
1116. 

1 099. 

1155. 
1085. 

JUNE 

1 155. 
1119. 
1128. 
1117. 
11'14. 
1122· 
1112. 
1113. 
11'18. 
1126. 
1121. 
1109. 
1113. 
1108. 
1 Q 9'1. 
1112. 
1086. 
1110. 
1115. 
1118. 
1111. 
111 q. 
113". 
1125. 
1112. 
111'1. 
1138. 
1132. 
1155. 
11 31. 
1138. 

1122. 

1155. 
H86. 

-

JULY 

115 5. 
115 5. 
1155. 
1155. 
115 5. 
1155. 
1151. 
1155. 
1155. 
1153. 
114 9. 
.114 3. 
1151. 
11 q 9. 
1137. 
11'1 3. 
112 3. 
114 n. 
115 5. 
115 5. 
114 9. 
1 14 4. 
1155. 
115 5. 
113 6. 
113 a. 
1155. 
115 2. 
115 5. 
1155. 
1155. 

114 9. 

115 5. 
112 3. 

llUG 

1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
115!:i. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
115'1. 
1143. 
1155. 
1155. 
1155. 
11 55. 
1155. 

1155. 

1155. 
11 q 3. 
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SEPT 

1155. 
115 5. 
1155. 
11 !:·5. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 
115 5. 
1l!:i5. 
1155. 
115'1. 
115'1. 
1154. 
1155. 
1155. 
1153. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 

1155. 

1155. 
1153. 

OCT 

1155. 
1152. 
1155. 
1155. 
1153. 
1155. 
1153. 
1153. 
1155. 
1152. 
1150. 
1151. 
1151. 
115 0. 
1153. 
1150. 
1153. 
1152. 
1153. 
1148. 
1155. 
11'19. 
1155. 
115'1. 
1152. 
1155. 
1155. 
1155. 
1155. 
1155. 
1155. 

1153. 

1155. 
11'18. 

NOV 

11'17. 
1143. 
1148. 
1148. 
1144. 
11'17. 
11'14. 
1144. 
11'17. 
114'1. 
1142. 
1143. 
114'1. 
1142. 
11'16. 
11'13. 
11'15. 
11'15. 
11 q 7. 
11'10. 
1149. 
1141. 
1148. 
1146. 
114'1. 
1148. 
11'17. 
11'18. 
1148. 
1147. 
11'19. 

1145. 

1149. 
1140. 

DEC 

1137. 
1132. 
1138. 
1138. 
11 3'1. 
1137. 
1133. 
113'1. 
1137. 
1133. 
1131. 
1133. 
1133. 
1132. 
1136. 
1132. 
113'1. 
113'1. 
1136. 
1129. 
1139. 
1130. 
1139. 
1135. 
113'1. 
1137. 
1137. 
11 q 0. 
1138. 
113 7. 
1141. 

1135· 

11'11. 
1129. 

JAN 

1127. 
112 2. 
1128. 
1127. 
1123. 
1127. 
112 3. 
112'1. 
1127. 
1122. 
112 0. 
112'1. 
1123. 
1121. 
1125. 
1121. 
1123. 
1124. 
1126. 
1118. 
1129. 
1119. 
1129. 
1125. 
1123. 
1127. 
1127. 
1132. 
112A. 
1127. 
1132. 

1125. 

1132. 
1118. 

FEB 

1118. 
1112. 
1119. 
1118. 
111 q. 
1118. 
1113. 
111 q. 
1118. 
1112. 
111 0. 
1115. 
111'1. 
1111. 
1115. 
1111 • 
1113. 
111'1. 
1116. 
1108. 
112 0. 
1109. 
112 0. 
1116. 
111 q. 
1118. 
1118. 
112'1. 
1119. 
1119. 
1123. 

1116. 

1124. 
1108. 

MAR 

11G<l. 
11('3. 
1109· 
1109. 
1104. 
1109. 
11 C3. 
1105. 
11 o a. 
11 Q ~. 

11 0 0. 
1106. 
1B5. 
1101. 
1105. 
1101. 
110 3. 
1104. 
110 7. 
1 09 9. 
111 0. 
1 09 9. 
111 o. 
11 0 6. 
1105. 
1108. 
1108. 
1115. 
1110. 
110'1. 
1115. 

110 6. 

1115. 
1099. 

APR 

11:30. 
1 0 94. 
1101). 
1100. 
1 0 95. 
11 G 0 • 
1 0 95. 
1096. 
1100. 
1 0 9'1. 
1n91. 
1C97o 
1096. 
1092. 
1096. 
1C92. 
1094. 
1095. 
1 0 98. 
1090. 
1102. 
1091. 
1102. 
1 c 97. 
1 () 96. 
11(10. 
11 0". 
11 rn. 
11 Ql. 
11 ('1 • 
11 06. 

1097. 

1107. 
1090. 

- J 

PAGE 9 

AVEYR CALYR 

113'1. 
1128. 
113 2. 
1131. 
1132. 
1131. 
1128. 
1128. 
1134. 
1129. 
1126. 
112 7. 
1128. 
112 5. 
1125· 
1126. 
112 2. 
1126. 
112 9. 
1126. 
1130. 
1125. 
1133. 
1131. 
1126. 
1128. 
113'1. 
1135. 
1136. 
113 4. 
1137. 

113 (1, 

113 9. 
112 2. 

1950 
1'151 
1952 
1953 
1954 
1955 
1'156 
1957 
1958 
1959 
196G 
1'lfi1 
1962 
1963 
196'1 
1965 
1966 
19£:7 
1968 
1969 
1970 
1"'71 
1972 
1 '17~ 
197'1 
1975 
1976 
1977 
1978 
1979 
1980 
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~. 
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o. 

Q. 
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o. 
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Q. 
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AL TERNA Tl VE E: MCARHiUR SHORT TUNNELt IJ!Tii FISII RELEASES 
ENERGY IN MtJH 

( 

YEAR NAY JUNE JULY AUG SEPT DC T NOV DEC JAN FEB MAR APR TOT Y R CALYR 
\' 

1 92:?30. e."' 'J tj f. • Fl7907. 92;'30. 97623. 115288. 1:?8304. 144110. 132581. 113242. 112405. 9762:'J. 1300008. 195() 
2 922.30. 86466. 87907. 9223!1. 97623. 1152fl8. 128304. 144110. 132581. 113242. 112405. 97623. 1300008. 1951 

f 3 <12230. 86466. 87907. 92230. 97623. 11!i:?88. 121l304o 144110. 132591. 117287· 112405. <17623. 1304C52. 1°52 
4 92230. 86466. 87907. 92230. 'J7623. 115288. 12ll304. 144110. 132581. 113242.· 112405. 976?.3. 1300008. 1953 
5 92230. e6466. li7907. 92230. 97623. 1152fl8, 128304. 144110. 132581. 113242. 112405. 97623. 130('008. 1954 r 6 92230. 86466. 87907. 92230. 97623. 115288. 12B3G4, 144110. 132581. 113242. 112405. 97623. 1300008. 1955 
7 92230. 8641',6. 87907. 92230. 97623. 115?.88. 1?.P304o 144110. 132581. 117287· 112405. 97623. 1304052. 1956 
B 92230. 86466. 87907. 9223C. 97623. 115288. 128304. 144110. 132581. 113242. 11240!i. 976?.3, 1300008. 1957 r: 9 9223C. 86466. 117907. 92230. 97A23o 115?.88. 1 ?.83C4. 144110. 1325111. 113242. 1124C5. 0762-~. uoooos. )90:,8 

10 9?.23:1. 86466. l:l7907. 92230. 97623. 115288. 1211304. 144110. 132581. 113242. 112405. 97623. 13000~8. 1959 
1 I 92?.30. 86'166. 87907. 92230. 97623. 115288. 12El304. 144110. 132581, 117287· 112405. 97623. 13t'4052· 1960 

(" 
12 92230. 136466. fl7907. 92230. 97623. 115288. 128304. 144110. 132581. 113242. 112405. 9 76 ;:>3. uooooa. 1961 ·.J 

13 92230. El6466. 87907. 92230. 97623. 115288. 12£1304. 144110. 132581. 113242. 1124:!5. 97623. 1300008. 1%2 
14 92;:>30. 86466. f179D7. 92230. 9 7 62 3. 115i88. 128304. 144110. 132581. 113242. 112405. 97623. 1300008. 1963 ro, 15 92230. El6466o P.7907. 9223G. 97623. 1152118. 12£\304. 144110. 132581. 117287. 112405. 97623. 1304 052. 1964 
16 92230. 86466. P79H • 92230. 97623. 115288. 128304. 144110. 132581. 113242. 112405. 97623. 1300008. 1965 
17 92230. 86466. 87907. 92230. 97623. 115288. 128304. 144110, 13f>581. 113242. 112405. 976;:>3. 1300008. 1966 

("'_. 
1!! 92230. fl6466. 87907. 92230. 97623. 115288. 128304. 144110. 132581. 113242. 112405. 97623. 1300008. 1967 
19 92230. 86466. fl7907. 92230. 97623. 115288. 128304. 144110. 1325131. 117287. 112405. 97623. 1304 052. 1968 
20 92230. £16466. 87907. 92230. 9762:'J. 115288. 128304. 144110. 13251l1. 113242· 112405. 97623. 1300008. 1969 r; 21 92230. 86466. 87907. 92?30. 97623. 115288. 1?.8304. 1'14110. 1325A1. 113242. 112405. 976?3. 1300008. 19 7 0 
22 ');:>230. 86466. 879(!7. 92230. 97623. 115288. 128304. 144110. 132581. 113242. 112405. 97623. 1300008. 19 71 
23 92230. 86466. 87907. 922:')0. 97623. 115288. 128304. 144110. 1325131. 117287. 112405. q 76 23. 1304052. 1972 
24 92230. 86466. 87907. 92230. 97623. 115288. 12El3t'4. 144110. 132581. 113242. 1124Q5. 97623. 130 o oo a. 1973 f) 

25 9?.230. 86466. 87907. 9;:>?30. 97623. 115288, 128304. 144110. 132581. 113242. 112405. 97623. 13000J8. 19 74 
26 92230. 86466. El7907. 92230. 97623. 115288. 12U3u4. 144110. 1325131. 113242. 11240!i. 97623. 130000fl. 1975 
27 92230. 86466. 873u7. 92230. 97623o 115281!. 12P304. 144110. 13?.!iA1, 117287· 112405. 97623. 1304052. 1976 0 
28 92?.30. 86466. 87907. 92230. 97623. 115288, 128304. 144110. 132581. 113242. 112405, 97623. 1300008. 1977 
2'1. ':1;:>230. 86466. 87907. 92230. 97623. 1152/lA, 128304. 144110. 132581. 1U242, 112405. 9 76 23. Boooaa. 1978 
31 92230. 86466. 87907. 92230. 97623. 115288. 12fi304. 144110. 132581. 113242. 11240'io 97623. 1300008. 1979 r; 
31 92230. 86466. 87907. 92230. 97623. 115288. 128304. 144110. 132581. 117287. 1124C5. 97623. 1304 052. 1980 

MEAN 92230. El6466. 87907. 92230. 97623. 115288. 128304. 14411fJ. 13251ll. 114286. 112405. 976?.3. 1301051· (j 

~lAX ';12230. 86466. 87907. 92230. 97623. 115288. 128304. 144110. 132581. 117287. 112405. 97623. 130'1052. c MIN 92230. 86466. 87907. 922jQ. 97623. 115288, 128304. 144110. 13251l1. 113242. 1124[15. 97623. 1300fJQ8. 
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PROJECT 14B79Q01 

ENERGY DEFICIT I~ M~H 

YEAR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 J 
11 
1 2 
13 
14 
15 
16 
17 
16 
19 
2C 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

MEAN 

f1AX 
~11 N 

MAY 

c. 
~ . 
0. 
n " . 
0. 
0. 
c • 
0. 
c. 
0. 
0. 
0. 
0 • 
o. 
c. 
o. 
0. 
(). 

0. 
0 • 
~. 

0. 
0 • 
o. 
o. 
0. 
c. 
0. 
0 • 
0. 
0. 

() . 
o. 
0 • 

JUNE 

0. 
0 • 
n " . 
0 • 
0. 
0. 
~ . 
0. 
(I • 

(! 0 

0 • 
(l • 

0. 
o. 
0. 
0 • 
0. 
~ . 
0. 
0. 
0. 
() . 
a • 
0. 
0. 
() . 
0. 
o. 
:I. 
~. 

a • 

~. 

o. 
0. 

JULY 

o. 
0. 
~. 

o. 
c. 
o. 
c. 
o. 
r:. 
o. 
CJ. 
('. 

o. 
o. 
o. 
o. 
a. 
o. 
0. 
c. 
o. 
~. 

o. 
o. 
o. 
9. 
a. 
o. 
o. 

0. 

0. 

J. 
c. 

AUG 

0. 
0. 
0 • 
c. 
0. 
o. 
0. 
c • 
c. 
0. 
0. 
0. 
0. 
o. 
o. 
o. 
0. 
() . 
0. 
c. 
0. 
!) • 

(!. 

0. 
0. 
0 • 
0. 
0. 
0. 
0. 
!!. 

0. 

0. 
0. 

C:HAKACHAMNA PROJECT OPERATION STUDY 
ltll-ltii&CFoBECitTEL CIVIL&MINERALS INC.,SF. 

ALASKA POUER AUTHORITY 

-
DATE 324 0.5 

ALTERN A T I V E E : M C A R 1 H U R S H 0 R T TUNNEL • W 1 T II F I S fl R E LEA S E S 

SEPT 

0. 
0. 
0. 
0. 
0 • 
0. 
0. 
0. 
c. 
0. 
0. 
:I. 
I) • 

::~. 

0. 
0. 
0. 
0. 
o. 
c. 
0. 
o. 
0 • 
0. 
o. 
0. 
0. 
0. 
o. 
0. 
0 • 

0 • 

I) • 

0 • 

OCT 

0. 
0 • 
0. 
o. 
0. 
a. 
0. 
0. 
(). 

0. 
0. 
0. 
0 • 
0. 
0. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 
0. 
o. 
0. 
o. 
0 • 
0. 
0. 
o. 

() . 
0. 
0. 

NOV 

o. 
o. 
0. 
0. 
o. 
o. 
o. 
0. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
0. 
o. 
o. 
o. 
o. 
o. 
0. 
o. 
o. 
o. 
o. 
0. 
o. 
o. 

o. 

0. 
o. 

DEC 

o. 
o. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
o. 
o. 
0. 
o. 
0. 
o. 
o. 
o. 
0. 
0. 
0. 
o. 
(1. 
0. 
0. 
o. 
0. 
0. 
0. 
o. 
o. 
o. 

o. 

0. 
0. 

JAN 

0. 
0. 
0. 
0. 
0. 
o. 
0. 
0. 
o. 
0. 
0. 
0 • 
o. 
o. 
0. 
0. 
0. 
0. 
o. 
0 • 
o. 
0 • 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 

0. 
0. 

FEB 

0. 
0. 
0. 
::~. 

0. 
o. 
c. 
0. 
0. 
0. 
c. 
c • 
c • 
0. 
o. 
o. 
0. 
c. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
c. 
0. 

0. 

c. 
0. 

MAR 

o. 
o. 
'J. 
o. 
o. 
a. 
o. 
['. 

I). 

o. 
a. 
o. 
o. 
o. 
o. 
o. 
o. 
c. 
o. 
o. 
a. 
o. 
o. 
o. 
a. 
o. 
1). 
a. 
IJ. 
IJ. 
'J. 

')., 

o. 
0. 

APR 

0. 
0. 
0 • 
D • 
c. 
0. 
0. 

" . . 
() . 
0. 
0. 
c • 
c. 
t'. 
0. 
Go 
0 • 
c. 
0. 
0. 
') . 
0 • 
!) • 

o. 
0. 
0. 
0. 
0. 
0. 
a • 
0. 

0. 

0. 
0. 

--
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TOTYR CALYR 

o. 1950 
o. 1951 
o. 1952 
o. 1953 
o. 1954 
o. 1955 
o. 1956 
o. 1957 
o. 1958 
o. 195~ 

0. 1%0 
o. 1961 
0. 1962 
0. 1963 
o. 1%4 
0. 1965 
o. 1%6 
o. 1967 
o. 1968 
0. 1%9 
o. 1970 
o. 1971 
o. 1972 
o. 1973 
o. 1974 
o. 1975 
(1. 1976 
!). 1977 
(). 1 S'78 
o. 1979 
o. 198iJ 

0. 

o. 
o. 
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PROJECT 141:1791JD1 

AVERAGE GU:ERAT 10~! IN MIJ ItJ t10NTIIS OF SPILLS 

YEAR 

1 
2 

'I 
5 
6 
7 
8 
9 

1 0 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
2 T 
28 
29 
3Q 
31 

MEMJ 

MAX 
".IN 

MAY 

2.31 • 
0. 
0. 
o. 
~. 

0. 
0. 
0. 
a • 
o. 
0 • 
e. 
c. 
c. 
a • 
0. 
0. 
0. 
() . 
0 • 
a. 
0. 
() . 
0. 
0. 
G. 
0 • 
0 • 
c • 
c • 
0 • 

7. 

231. 
0. 

JUNE 

33D. 
0. 
0. 
0. 
c. 
0. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 
a • 
0. 
0. 
0 • 
(l • 

(I • 

0 • 
G • 
J. 
0. 
J. 
c • 
0. 
c • 
0 • 

330. 
o. 
0 • 

21 0 

330. 
:J • 

JULY 

33 G. 
17'.?. 
32 ~ .• 

o. 
3 3 0. 
14 7. 

('. 

11 a. 
33 ~. 

a. 
o. 

o. 
~. 

0. 
a. 

?.2 4. 
152. 

o. 
c. 

33 0. 
294. 

o. 
o. 

330. 
o. 

33 ~. 
1 7 4. 
216. 

124. 

33 (). 
~. 

AUG 

330. 
330. 
:~ 30. 
330. 
330. 
330. 
33ilo 
3 30. 
330. 
330. 
330. 
317. 
3 3C. 
330. 
330. 
330. 
165. 
314. 
330. 
330. 
297. 
2 50. 
330. 
330. 

0. 
0. 

33:J. 
3 05. 
330. 
330. 
330. 

2 98. 

33(). 
0. 

CllAKACHAMNA PROJECT OPERATION STUDY 
ll/JI,II&CFtflECHTEL CIVILUHNERALS !NC •• SF. 

ALASKA POWER AUTHORITY DATE 32483 

IILTERNATJV[ E: MCARTHUR SIIORT TUNNEL, WITH FISH RELEASES 

SEPT 

330. 
231. 
330. 
166. 
230. 
330. 
267. 
326. 
33!l. 
159. 
173. 
u n. 
330. 
299. 
320. 
212. 
330. 
330. 
330. 

o. 
0. 
0. 

268. 
264. 

o. 
144. 
271). 
259. 
330. 
230. 
234. 

--

231. 

330. 
0. 

~ 
' I , 

OCT 

156. 
o. 

191. 
157. 

0. 
163. 

0. 
0 • 

157. 
0. 
0. 
0. 
0 • 
0. 
0. 
0. 
0. 
0. 
o. 
o. 

160. 
o. 

189. 
0. 
0. 

181 • 
186. 
2'38. 
2 24. 
194. 
275. 

80. 

275. 
o. 

NOV 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
Q. 
Q. 
o. 
0. 
o. 
o. 
o. 
o. 
0. 
0. 
o. 
o. 
o. 
o. 
o. 
o. 

o. 

o. 
o. 

DEC 

0. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 
o. 
o. 
0. 
o. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 • 
0. 
o. 
o. 
0. 
() . 
o. 

o. 

o. 
o. 

JAN 

0. 
o. 
o. 
o. 
0. 
0. 
o. 
o. 
o. 
o. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
o. 
0. 
o. 
o. 
0. 
o. 
o. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 

o. 

0. 
0. 

FEB 

o. 
0 • 
0. 
0. 
0. 
0 • 
0. 
0 • 
0 0 

0. 
0. 
0 • 
() . 
0. 
IJ • 
o. 
o. 
0 • 
0 •. 

c. 
0. 
0 0 

0. 
0. 
0. 
Oo 
0. 
0 • 
0 
u • 

0. 
0. 

0. 

0. 
0. 

MAR 

' :JO 

~. 

(). 

o. 
0. 
(t. 

~. 

o. 
0. 
0. 
o. , . 
o. 
o. 
0. 
J. 
o. 
o. 
Q. 

0. 
0. 
n. 
c. 
o. 
o. 
(1. 
o. 
9. 
J. 

o. 

a. 
J. 

APR 

0. 
0. 
o. 
0. 
0. 
0. 
D • 
!) a 

o. 

o. 
(1. 

'J • 
a • 
0. 
0. 
0 • 
c. 

.o. 
0. 
0. 
a • 
o. 
o. 
a. 
:J. 
D. 
0. 
a. 
c. 
0. 

a. 

0. 
0. 
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AVEYR CALYR 

142. 
61. 
91lo 
54., 
7 4. 
81. 
50. 
69. 
96. 
41. 
,, 2. 
38o 
55. 
'52. 
51f. 
4 5. 
41. 
5'to 
74. 
4 0. 
3e. 
21. 
'13. 
7'l. 

0. 
27. 
93. 
67. 

129. 
77. 
as. 

63o 

14 2. 
0. 

1950 
1951 
1952 
1953 
195'1 
1955 
1956 
1957 
1958 
1959 
196r 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
198( 



PROJECT 1487~001 

SURPLUS fNERGY IN Hllli 

YEAR 

1 
2 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1€: 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3" 
31 

MEAN 

MAX 
MIN 

~1A Y 

79356. 
0 • 
0. 
0. 
0. 
0. 
(I. 

0 0 

c. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 • 
0. 
0. 
0. 
0. 
'l. 
0. 
0. 
0. 
IJ • 
0 • 
0. 
a. 
3. 
0. 

JUNE 

151134. 
0. 
0. 
0. 
IJ • 
0. 
c • 
0. 
c. 
0. 
3. 
a. 
0 • 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 • 
0. 
c • 
c • 
0. 
c. 
0 • 
c • 

151134. 
0. 
0 0 

JULY 

] 57613· 
40191. 

155008. 
c. 

157613. 
21737. 

o. 
38512. 

157613. 
0. 
Jo 
a. 
o. 
0. 
0. 
c. 
o. 
o. 

78505. 
25 2 9 5. 

o. 
c. 

157613. 
130615. 

o. 
o. 

157613. 
o. 

1 ~7613. 
41236. 
72645. 

2560. 9751. 49981. 

79356. 151134. 157613. 
o. o. u. 

CHAKACHAMNA PROJECT OPERATION STUDY 
H/HtH&CFtBECilTEL CIVIL&MINERALS lNCotSF. 

ALASKA PO\IER AUTHORITY 

-
DATE 32483 

ALTERNATIVE E! MCART1-'UR SHORT TUNNEL• \liTH FISil RELEASES 

AUG 

153290. 
153290. 
153290. 
153290. 
153291). 
153290. 
153290. 
153290. 
153290. 
153290. 
153290. 
143566. 
153290. 
153290. 
153290. 
153290. 
30253. 

141059. 
153290. 
153290. 
128560. 
93760. 

153290. 
153290. 

0. 
3. 

153?90. 
135D36. 
153290. 
153290o 
153290. 

SEPT 

139977. 
6A462o 

139977. 
21985. 
67686. 

139977. 
94971. 

137231. 
139977. 

16654. 
2€i832. 

1 776o 
139977. 
117943. 
132724. 

55134. 
139977. 
L'i9977. 
139977· 

0. 
0. 
o. 

95310. 
92257. 

0. 
5914. 

96 861. 
891C7o 

139977. 
6fl074. 
70933. 

135416. 81279. 

153290. 139977. 
0 • i). 

OCT 

723. 
0. 

27030o 
1871. 

0 0 

5615. 
Oo 
0. 

1621. 
.. o. 
!) • 

o. 
o. 
0. 
0. 
0. 
0. 
0. 
o. 
0 • 

37 3 2. 
0 0 

25283. 
IJ • 
0. 

19192. 
23036. 
621)23. 
51639. 
29126. 
89677. 

10986. 

89677. 
0. 

NOV 

o. 
o. 
o. 
o. 
o. 
o. 
0. 
o. 
o. 
o. 
o. 
o. 
o. 
0. 
c. 
0. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
0. 
o. 
0. 
o. 
o. 
o. 
o. 
0. 

o. 

0. 
o. 

DEC 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
() . 
0. 
() . 
0. 
c 0 

o. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
IJ • 
0. 
0. 
0. 
0. 
0. 
0. 
o. 
!' • 
0. 
0. 

0. 

0. 
o. 

JAN 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
(I. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
o. 
o. 
0. 
o. 
0 • 
0. 
0. 
0. 
0. 
0. 
0. 
o. 
o. 

0. 
0. 

FEB 

0. 
c. 
0 • 
0. 
o. 
o. 
0. 
c. 
0. 
c • 
0. 
0. 
0. 
c. 
IJ • 
IJ • 
0. 
o. 
0. 
0. 
0 0 

0. 
0. 
c. 
0. 
o. 
0. 
0. 
0. 
0. 
0. 

0. 

0. 
() . 

MAR 

o. 
':'. 
o. 
o. 
o. 
0. 
o. 
~. 

0. 
11. 
o. 
o. 
0. 
o. 
D • 
o. 
9. 
o. 
o. 
o. 
0. 
c. 
o. 
c. 
o. 

o. 
o. 
o. 
o. 
o. 

Oo 

0 0 

o. 
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APR TOTYR CALYR 

O. 682G93. 
o. 261942. 
o. 475305. 
o. 177146. 
o. 378589. 
o. 320619. 
o. 248261. 
o. 3290~3. 

Oo 452502. 
o. 1E>99q4. 
c. 180121. 
o. 145342. 
o. 2932;7. 
o. 271233· 
o. 286014. 
o. 208424. 
o. 170231. 
o. 201036. 
o. 371773. 
o. 178585. 
o. 132293. 
o. 93760. 
0. 431496. 
o. 376162. 
~. 0. 
a. 25107. 
o. 430801. 
o. 2fl6166. 
o. 653654. 
o. 291726. 
o. 386546. 

o. 289973. 

3. 682093. 
0. 0. 

19:.() 
19 51 
1952 
1953 
195q 
1955 
1956 
1957 
1958 
1959 
1961) 
1961 
1962 
1963 
1964 
1965 
1%6 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 



PROJECT 14879001 

REMAINING SPILLS IN CFS 

YEAR 

1 
2 
3 
4 

5 
6 
7 
8 
9 

1D 
11 
12 
13 
14 
15 
16 
1 7 
18 
19 
2Q 
21 
22 
23 
24 
25 
26 
27 
21l 
29 
30 
31 

MEAN 

~~A X 
MIN 

rH Y 

0 • 
(l • 

0. 
0. 
o. 
0. 
Q • 

G • 
0 • 
a • 
o. 
0 • 
0 • 
\1 • 
() . 
0. 
a. 
0 • 
0. 
n -. a. 
0. 
0 • 
(l • 

0. 
0 • 
C' • 
0. 
c. 
('. 

0. 

~ . 
!!. 
0. 

JUNE 

4742. 
a • 
0. 
c. 
u; 
0. 
0. 
0. 
0 • 
c. 
J • 
0. 
0 • 
0. 
0 • 
0 • 
a • 
0 • 
0 • 
c. 
0 • 
c. 
c. 
3. 
c. 
J • 
a • 
0. 

3494. 
0. 
0 • 

266. 

4742. 
~. 

JULY 

9239. 

o. 
4 353. 

o. 
(l. 

G • 
5151. 

o. 
c. 
o. 
o. 
a. 
['. 

o. 
o. 
o. 
a. 
o. 
a. 
0. 

2082. 
o. 
~. 

a. 
81. 

D • 
7917. 

o. 

93 0. 

9 239. 
a. 

AUG 

5629. 
4562. 
?845. 
33 G4. 
4 822. 
6060. 
2959. 
4 249. 
4419. 
2169. 
4145. 

0. 
3A53 • 
2 736. 
1126. 
2482. 

0. 
0 • 

9709. 
5271. 

o. 
o. 

1069'1. 
3277. 

i) • 

() . 
816. 

Q. 

5238. 
11179. 
3171. 

3 0 78. 

1069'1. 
0. 

CHAKACHAMNA PROJECT OPERATION STUDY 
HIHtlf&CF,BECHTEL CIVIL&MINERALS INC.,SF. 

ALASKA POWER AUTHORITY DATE 32483 

ALTERNATIVE E: MCARTHUR SHORT TUNNEL, WITH FISH RELEASES 
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APPENDIX TO SECTION 8.0 

ESTIMATE 
SUMMARIES 



~ "'. ~' ' r--"'1 r-r-. ,..~ ,--, ~·I, j.,l 1:. Ljl ,~. ·._ ' j ~II' I :l) ~..J J -,,) ( ' 

CHAKACHAMNA HYDROELECTRIC PROJECT 
CONCEPTUAL ESTIMATE SUMMARIES- SHEET 1 OF 2 

----. 

ESTIMATED COSTS IN THOUSANDS OF DOLLARS 
ALTERNATIVES 

A 

LAND AND LAND RIGHTS Not included 0 

POWER PLANT STRUCTURE AND IMPROVEMENTS 
Valve Chamber 5,600 
Underground Power House 26,200 
Bus Galleries 200 
Transformer Gallery 4,600 
Valve Chamber and Transformer 400 
Gallery - Access Tunnel 
P. H. Access Tunnel 13,500 
Cable Way 800 -- 51,300 

RESEk'IOIR, DAM AND WATERWAYS 
Rerar•oir 100 
lntal:_.; Structure 10,400 
lma.kf. Gate Shaft 13,200 
Fisn Facilities -
Dike & Spillway -
Access Tunnel 

- At Intake 21,600 
- At Surge Chamber, No.3 6,600 
- At Mile 3, 5, No. 1 0 
- At Mile 7, 5, No.2 0 

Power Tunnel 626,800 
Surge Chamber - Upper 12,900 
Penstock- Inclined Section 18,000 

- Horizontal Section and Elbow 6,700 
- Wye Branches to Valve Chamber 13,200 
- Between Valve Chamber & Power House 800 

Draft Tube Tunnels 1,900 
Surge Chamber - Tailrace 2,400 
Tailrace Tunnel and Structure 10,300 
Tailrace Channel 900 
River Training Works 500 
Miscellaneous Mechanical and Electrical 7,100 

-- 753,400 

A, B - McArthur development, high level tunnel excavated by drilling and blasting 
C, D - Chacackatna valley development excavated by drilling and blasting 
E - Me Arthur development, low level tunnel excavated by boring machine 

B c D 

Not included 0 Not included 0 Not included 0 

5,500 5,600 5,600 
25,200 26,200 26,200 

200 200 200 
4,300 4,300 4,300 

400 400 400 

13,500 13,500 13,500 
800 800 800 - 49,900 - 51,000 -- 51,000 

100 100 100 
9,300 10,400 10,400 

12,400 13,200 13,200 
- - -
- - -

19,100 21,600 21,600 
5,900 8,900 8,900 

0 20,80() 20,800 
0 14,500 14,500 

580,400 12,500 712,500 
11,000 12,900 12,900 
16,500 15,400 15,400 
6,000 6,700 6,700 

11,900 12,100 12,100 
600 800 800 

1,700 1,900 1,900 
2,400 2,400 2,400 
9,600 10,300 10,300 

700 900 900 
500 500 500 

6,100 5,700 5,700 
-- 694,200 -- 871,600 -- 871,600 

J 

E 

Not included 

5,500 
25,200 

200 
4,300 I 

400 

13,500 
800 --- 49,900 

100 
9,300 

17,600 
85,400 

9,100 

0 
5,900 

0 
0 

447,800 
18,900 

0 
6,000 

11,900 
600 

1,700 
2,400 
9,600 

700 
500 

6,100 -- 633,600 



- ~: -, I rrr:; 
CHAKACHAMNA HYDROELECTRIC PROJECT 

CONCEPTUAL ESTIMATE SUMMARIES- SHEET 2 OF 2 

.--. 

ALTERNATIVES 
ESTIMATED COSTS IN THOUSANDS OF DOLLARS 

A 

TURBINES AND GENERATORS 67,900 

ACCIESSORY ELECTRICAL EQUIPMENT 11,200 

MISCELLANEOUS POWER PLANT EQUIPMENT 8,600 

SWITCHYARD STRUCTURES 3,600 

SWI1'CHYARD EQUIPMENT 13,800 

COMM. SUPV. CONTROL EQUIPMENT 1,600 

TRANSPORTATION FACILITIES 
Port 4,600 
Airport 2,000 
Access and Construction Roads 59,600 -- 66,200 

TRANSMISSION LINE & CABLE CROSSING 63,200 

TOTAL SPECIFIC CONSTRUCTION COST AT 1,040,800 
JANUARY 1982 PRICE LEVELS 

ENGINEERING & CONSTRUCTION MANAGEMENT 124,900 

SUBTOTAL 1,165,700 

CONTINGENCY @ 20% 233,100 

ESCALATION Not Incl. 

INTEREST DURING CONST.@ 3% PER ANNUM 111,900 

OWNER'S COSTS . Not Incl. 

ALLOWANCE FOR FISH PASSAGE FACILITIES -

TOTAL PROJECT COST AT 1,510,700 
JANUARY, 1982 PRICE LEVELS 

USE 1,500,000 

A, B - McArthur development, high level tunnel excavated by drilling and blasting 
C, D - Chacackatna valley development excavated by dri!ling and blasting 
E - Me Arthur development, low level tunnel excavated by boring machine 

4,600 
2,000 

59,600 --

B c D 

57,900 54,500 54,500 

9,500 9,000 9,000 

7,300 6,900 6,900 

3,600 3,600 3,600 

12,500 12,100 12,100 

1,600 1,600 1,600 

4,600 4,600 
2,000 2,000 

44,100 44,100 
66,200 50,700 50,700 

63,200 56,500 56,500 

965,900 1,117,500 1,117,500 

115,900 134,100 134,100 

1,081,800 1,251,600 1,251,600 

216,400 250,300 250,300 

Not Incl. Not Incl. Not Incl. 

104,100 101,400 101,400 

Not Incl. Not Incl. Not Incl. 

50,000 - 50,000 

1,452,300 1,603,300 1,653,300 

1,450,000 1,600,000 1,650,000 

E 

57,900 

9,500 

7,300 

3,600 

12,500 

1,600 

4,600 
2,000 

59,600 
66,200 

63,200 

905,300 

108,700 

1,014,000 

203,000 

Not Incl. 

97,400 

Not Incl. 

Under 
Reservoir 

Item 

1,314,400 

1,314,000 



ALTERNATIVE A 
ESTIMATED COST 



- ,-.---. 

HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE A 
NO. DESCRIPTION 

POWER PLANT STRUCTURE 

Valve Chamber 

& 

M-i"". 
\1 I 11) 

IMPRC 

Excavation & Supports 
Concrete & Reinf Steel 

l"'"i1 
',, ' -t ' 

,----""' 
J 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

VEMENTS 

10,500 CY 270 2,835,000 
6,520 CY 410 2,673,200 

Struc. Steel & Misc.Meta s 52 TON 1,800 93,600 
Round-Off (1, BOO) 

Underground Powerhouse 

DewaterinJ;t LS 4,100,000 
Excavation & Supports 64,000 CY 155 9,920,000 
Drilling-Percus.& Rotary 15,000 LF 30 450,000 
Concrete & Reinf.Steel 14,200 CY 630 8,946,000 
Struc. Steel & Mise Metals 330 TON 5,300 1,749,000 
Architectural LS 1,000,000 
Round-Off 35,000 

•. 

Bus Galleries Between Power 
house fl. Transformer Vaults 

--· 
Excavation fl. Supports 200 CY 825 165 ,000 
Concrete 120 CY 290 34,800 
Round Off ioo 

H&CF CSE 623 13-801 

-- -· > 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 1 OF 15 

TOTALS REMARKS 

5,600,000 

Entire Underground Complex 

211 
- 3"~ 

26,200,000 

200 000 

--··· 



- ~ ~ 
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HAJ/ APD e ESTIMATE SUMMARY 
14879-001 

PREPARED BY JOB NO. 

MF NOV. 1981 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 2 OF 15 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE A PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS COSTS 

Transformer Gallerv & Tunne s 

Excavation & Supports 13,000 CY 280 3,640,000 
Concrete & Reinf Steel 900 CY 460 414,000 
Struc Steel & Misc.Metals 130 TON 3,800 494,000 
Round Off 52,000 

4,biJU,IJUU 

Valve Chamber & Transformer 
Gallery-Access Tunnels 

Excavation & Supports 1.500 CY 250 375.000 
Concrete 60 CY 290 17 400 
Round-Off 7,600 

400.000 

Powerhouse Access Tunnel 

Portal Excav.& Protection 56.000 CY 10 560 000 
Portal Cone.& Reinf.Steel 1.000 CY 570 570 000 
Tunnel Excav.& Supports 24 000 CY 300 7 200 000 
Tunnel Concrete 900 CY 290 261 000 
Tunnel Misc. Metals 30 TON 11 000 330.000 -

Subsurface Exoloration 
Mobilization LS 1 500 000 
Exploratory Adit 1,000 LF 1.800 1.800 .ooo 
Core drilling 5,000 LF 140 700.000 
Helicooter Service LS 600 000 
Round-Off (?1 000) 

__ l}_,?QO.OOO 
rt6CF CSIE 523 13-80) 



- ~ . ' . - -. .--. 
) 

ESTIMATE SUMMARY 
HAJ/APD 14879-001 

PREPARED BY JOB NO. 

MF NOV. 1981 
CHECKIED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 3 OF 15 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE A PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

COSTS 
AMOUNT TOTALS REMARKS 

f!S~blP Wav 

f!nnt'r~f'~ F. RPinF StPPl 1 000 r.v 700 700 000 
Mia! Me~als & Cab 1 f' Sun. 26 TON 5 100 132 600 
p,.. ... ,.. PAn<>la 

Rnun.-1. -Off (32 .600) 
800.000 

TnTAT PnTJF.R PT.4.NT s I'll IRF. TMP-IJVI':Mtt:NTS 151.300.000 

iS.CF CSE 523 13-801 



-

HAJ/APD 
ESTIMATE SUMMARY 

14879-001 
PREPARED BY JOB NO. 

MF NOV. 1981 
CHECKED BY DATE 

CHAKACHAMNA HYDROELECTRIC PROJECT 
CONCEPTUAL PROJECT SHEET 4 OF 15 

TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE A PREPARED FOR 

l NO, DESCRIPTION QUANTITY 
UNIT 

UNIT AMOUNT 
COSTS 

TOTALS REMARKS 

'RF.~F.UUOlR nAM ~ WATF.RWAVS 

Doao ..... ,of yo 

t.J .. t- .. ..- T.•nr.,.l RPrn..-1'\ino LS 100.000 

Tnt- :alr"' St- THr t-11re 

~it-o F.vnlnY"<tt"inn 

Mnld 1 i .,.,.t--f nn ILS 150 000 
rn .. o fiY'-t11ina 5,000 ILF 80 400 000 . 
J.l,:>]irnnt-""r SPrv-fr,:> l.S 150 000 

TunnA] Rvr"'" F. ~· onnn'l"t'<:l 12,000 ICY 470 5 640 000 
T,...,.,, •1 f'nn<" li. 'Ro-fnf' ~t-<><> 100 r.v 350 35 000 
T.alr<>-T:an fR-ln::1l RnHnil) 'LS 3 000 000 L 26' 
1>1 o><"<> ~· DA.nn•ro To.nn r.nn<' 600 lev 700 420 000 
n-fu-f.,o r .. ,...,. 60 I DAYS tl.O .ooo 600.000 
Rnnnn:Off 5 000 

10 400.000 

Intake Gate Shs..ft 

Sh::~ft- F.xr<>u 1. ~llnnnrtA 10 000 CY 360 3 600 000 
Mso<HI Su..-fsor"' F.vr<>: 50 000 lev 30 1 500 000 
ennrl'"ete & R~inf Steel 5. 700 •r.v 890 5 073 000 
MiAr Met:tlA.GateA li. Hni ~t- 244 I TON 2.500 3.050 000 
Rnt~nii-Off (23 000) 

13 200 .non 

1Cf CSE 523 {3~0) 
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M""'l"""l ["'7'"1, : •I, I 1', , 

' I, ' ' 
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HAJIAPD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE A 

NO. DESCRIPTION 

Access Tunnel at Intake 

Portal Excav. & Protectio 
Tunnel Excav.& Supports 
Tunnel Cone. & Reinf.Stee 
Round-Off 

Access Tunnel at Sun!e Cham 

Portal Excav & Protectio 
Tunnel Excav.& Suooorts 
Tunnel Cone. & Reinf.Stee 
Groutin2 Contact & Pressu 
Wateri£ht Bulkhead & Fram 
Rounrl-Off 

Power Tunnel 

Excavation & Suoports 
Concrete 
Grout"inP C.nntact & Pressu 
Round-Off 

H&CF CSE 523 13-801 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 

er 

re 

~e 

PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

6.000 CY 50 300.000 
72,000 CY 295 21 240.000 

200 CY 500 100,000 
(40.000) 

6.000 CY 35 210,000 
17 000 CY 295 5,015,000 

2,000 CY 420 840,000 
2.500 CF 58 145,000 

27 TON 13,800 372,600 
17.400 

53.400 LF 8.800 469,920,000 
410.000 CY 334 136,940,000 
370.000 ~E 54 19,980,000 

(40,000) 

.~ - -

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 5 OF 15 

TOTALS REMARKS 

' 

21,600,000 

6,600,000 

626,800,000 

--~--····~----·· 



T ....., 
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HAJ/APD 
PR~PARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE A 

NO. DESCRIPTION 

Snrll~ f'h<>-~er - Unn~r 

F.xr~nr::.t"inn & Snnnnrt~ 

Conl:'ret:~ & Rein£ ~t"o:><>l · 
F.art:hwnrkR & F<>nrino 
Round Off 

PenRtnr"k-Tnrl inerl SPrf"inn 

F.xr.<au::.tinn & Snnnnrt"~ 
Concrete & Reinf. Steel 
GroutinP Contact & Pres 
Round-Off 

Penstock-Horizontal Sectio 

F.xcavat:ion & Suonorts 
CnncrPtP S Reinf Steel 
Groutinfl - Contact 
Round-Off 

!ICF CSE 623 13-801 

r-: L,, _j -
ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT UNIT AMOUNT COSTS 

35 500 ['X 200 7,100.000 
6 100 r.v 880 5,368,000 

15 000 CY. 27 405,000 
27.000 

27.000 CY 280 7,560,000 
12.000 CY 845 10,140,000 

lsure 6 200 CF 52 322,400 
(22,400) 

h & Elbow 

14,000 CY 310 4,340,000 
6.000 CY 365 2,190,000 
3.000 CF so 150,000 

20,000 

TOTALS 

12,900,000 

18,000,000 

6,700,000 

-, 
J 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 6 OF 15 

REMARKS 

Heliport, Storage, Work Area 

--· 



---' ' 
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HAJ/APD 
ESnMATE SUMMARY 

14879-001 
PREPARED BY JOB NO. 

MF NOV. 1982 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 7 OF 15 
TYPE OF ESTIIIIIA TE 

ALTERNATIVE A ALASKA POWER AUTHORITY 
PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS 
COSTS 

REMARKS 

P~nAt-ne_k-Wv@ Rr;=-nrh<>a t-n V;; il ve Chamber 

Excavation & Supports 10_.000 CY 440 4.400 000 
Concrete & Reinf. Steel 7,200 CY 608 4.377.600 
Steel Liner 850 TON 5.000 4.250 000 
Grouting-Contact 3,000 CY 50 150,000 
Round-Off 22.400 

13,200,000 

Penstock ·Between Valve Char her & Powerhow e 

Excavation & Supports 1,000 CY 440 440,000 
Concrete & Backfill 600 CY 550 330.000 
Round-Off 30,000 

800,000 

Draft Tube Tunnels 

Rock Bolts & Grout 19,000 LF 27 513,000 
Concrete & Reinf. Steel 3,300 CY 425 1,402,500 
Round-Off (15 ,500) 

1,900,000 

Sur~e Chamber - Tailrace 

Excavation & Suooorts 5,000 CY 480 2 400.000 

···--. 

&CF CSE 523 (3-60) 
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HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAl. 
TYPE OF ESTIMATE 

ALTERNATIVE A 

NO. DESCRIPTION 

Tailrace Tunnel & Structures 

Coff~rdam & D~wat~rin12: 

Portal Excav & Protecticn 
Concrete & Reinf Steel 
lJ<>lln.•<tv Brid 12:e 
Stooloszs & Hoists 
_TunnPl Exrav & SnnnortR 
J.llu~:t_ li'~ ........ "ltion 
Round-Off 

Tai1rarP Ch::~nnPl 

Ch<~nn~~>l Exravat:ion 

River Traininll Works 

River Bed Deepening 

Mech & E1ec. 

,...,......--, 
, , I > 

r-,
~ , I : . 

ESTIMATE SUMMARY 

r--: 
'' 

CHAKACHAMNA HYDROELECTRIC PBO.JECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

LS 2.000,000 
2.000 CY 65 130,000 
1 200 CY 600 720,000 

LS 65,000 
81 TON 8.500 688,500 

25 000 CY 260 o ,SOD ,000 
4.000 CY 50 200 000 

(3 .500) 

100.000 CY 9 

50.000 . CY 10 

LS 

TOTAL RESERVOIR, DAM AND Wl TERWAYS 

S.CF CSE 523 IJ.80I 

-
14879-001 

JOB NO. 

NOV. 1981 
DATE 

SHEET 8 OF 15 

TOTALS REMARKS 

10,300,000 

900,000 

500,000 

7 100 000 

753,400,000 



-
HAJ/APD 

"REPARED BY 

MF 
:HECKED BY 

CONCEPTUAL 
"YPE OF ESTIMATE 

ALTERNATIVE A 

NO. DESCRIPTION 

Turbines & Generators 

Turbines 
Generators 
Round-Off 

Accessorv Electrical Enuint ent 

Equipment 

Misc. Power Plant Eauinmen 

Crane Bridee 
Other Power Plant Eauiu. 

Switchvard Structures 

Earthworks 
Concrete & Reinf. Steel 
Struc. Steel & Misc.Meta s 
Round-Off 

CF CSE 523 13-801 

ESTIMATE SUMMARY 

CHAK!CUAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

4 EA 9,93o,oop 39 '720 ,000 
4 EA 7,050,00) 28,200,000 

{20,000 

LS 

l EA l 100.000 
LS 7,500,000 

15,000 CY 25 375 000 
3,800 CY 640 2.432 000 

225 TON 3,500 787,500 
5,500 

TOTALS 
-

67,900,000 

ll,;wu ,uuu 

8,600,000 

3,600,000 

-,, 
J 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 9 OF 15 

REMARKS 

-· 



HAJ/APD 
PREPARED BY 

CHECKED BY 

CONCEPTUAL 

-' 

TYPE OF ESTIMATE 

ALTERNATIVE A 

NO. DESCRIPTION 

Swi..tchvard Eauinment 

TrAne~fnrmPrA lOS MVA 
11" it: & T · i "" Breakers 
C::..,i rrh<><> & T.i oht:n Arrest 
'1~0 KV C.::1bles 
Cont:rnlA & Metr'2 Eauio. 
Rnttnri Off 

Communic::1tion ann Sunv 
C.nntrnl F.n dn 

I&CF CSE 623 (UOI 

rs 

!:Tl -
I ' 
I 
I 

!, I 

ES~ATE SUMMARY 
I 

I 

I 
I 

I ' 

CHAKACHAMN~ uknROELECTRIC PROJECT 
1 n 
I :I PROJECT 

ALASKA\ P~WER AUTHORITY 

1 
REPARED FOR I ~ 

QUANTITY 
I ', UNIT 

U1NI~ COSTS AMOUNT 

I 
I 
I 
I 
,, 

II 

5 EAi [152000 5,760,000 
7 EA] 206..000 1,442,000 

30 EA 37,00 1,110,000 
18 000 LF / 140 2,520,000 

LS ( 3,000,000 
I' 132 ,OOG) 

/ 

LS 

- -
14879-001 

JOB NO. 

NOV. 1981 
DATE 

SHEET 10 OF 15 

TOTALS REMARKS 

13 .~uu ,uuu 

l,buu;uuu 

----
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ESTIMATE SUMMARY 
HA~[APD 14879-001 

PREPARED BY JOB NO. 

MF NOV. 1981 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 11 OF :t,5 
TYPE OF ESTIMATE 

ALASKA' POWER AUTHORITY 
ALTERNATIVE A PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS COSTS 

TRANSPORTATION FACILITIES 

Port Facilities 

Causeway 19,600 CY 80 1,568,000 
Trestle Piles so TON 11,300 565,000 L = 150 LF, g)l2 , t = ~ 
Trestle Struct. Steel 110 TON 3,500 385,000 
Trestle Reinf. Cone. 150 CY 700 105,000 
Facilities - Allowance LS 2,000,000 
Round-Off (23,000) 

4,600,000 

Airport 

Earthwork 54,500 CY 16 872,000 
Culverts 1,000 LF 65 65,000 
Subbase & Base 55,000 CY 14 770,000 
Building - Allowance LS 300,000 
Round-Off (7,000) 

2,000,000 

!ICF CSE 523 I:HIO) 



-
HAJ/APD 

PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE A 

NO. DESCRIPTION 

Arri!>RR & ConRtruct.ion Rn::u\s 

Mil<> 0+00 t-n lR+OO 
F.strt"hwnrlt-
f'.nlu.,.rt"a 

Rridl1f'>R 
SuhhAR<> li. R<~Rf> 

n ....... ;~ lla.fl 

R"'nair F.-viqt.in11 Rn::arf 
C::nn.., l<'<>n""'"' 
Round~Off 

M.flo IA+-00 t-n 1'i+l)O 

li'art-hwnrk<> 
Culverts 
Snhh,a<u~ E. R~se 

Guard Rail 
Rf'>nair li'-viqt-fnu Rnarf 
Snow Fenr~'>R 
Round Off 

Mi.lP 1'\-1-00 t-n 1q+OO 
F.::arthwork 
r.ulu.,.rts 
RrirloP 

Suhh;se E. R::~ '""' 
C:nard R,ai 1 

SnnY F~nC.PR 
Rnunrl-Off 

H6CF CSE 623 (3-801 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 

PREPARED FOR 

QUANTITY 
UNIT 

UNIT AMOUNT 
COSTS 

175 000 CY 6.60 1,155,000 
1 500 LF 65 97,500 
1 400 SF 150 210,000 

85.400 CY 15 1,281,000 
1 200 LF 25 30,000 

95.000 LF 10 950,000 
5 000 LF 35 175,000 

1,500 

1 465 000 CY 6.60 9,669,000 
3.600 LF 80 288,000 

165 000 CY 15 2,475,000 
13 .ooo LF 25 325,000 
16 000 T.F 10 160,000 
1.000 LF 35 35,000 

482000 

445.000 CY 8.30 3,693,500 
1 000 LF 80 80,000 
9 000 SF 150 1,350,000 

38 000 f'.V 15 570,000 
10.000 LF 27 270,000 

2,000 T.F 35 /0,000 
133 ,500) 

-

TOTALS 

36 n-;i r.MP 

3,900,000 

48"~ CMP 

13,000,000 

48"r/J CMP 

6,000,000 

- J 
~ 

i 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 12 OF 15 

REMARKS 



- -

ESTIMATE SUMMARY 
HAJ/APD 14879-001 

PREPARED BY JOB NO. 

F NOV. 1981 
CHECKED BY DATE 

CONCEPTUAL CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT SHEET 13 OF 15 

TYPE OF ESTIMATE 
ALASKA POWER AUTHORITY 

ALTERNATIVE A PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT COSTS TOTALS REMARKS 

Walkwav To Gate Shaft 
Earthwork 1 200 CY 20 24 000 
Guard Rail 1 000 LF 25 25 000 
BridRe 200 SF 150 30.000 
Riorao 100 CY 35 3.500 
Round-Off 17.500 

100,000 

Access Road to MacArthur Valley 
FArthwork 545,000 CY 7 3,815,000 
Culverts 2,400 LF 75 180.000 36"~ and 48"~ CMP 
BridRe Imorovements 9,000 SF 70 630,000 
Subbase & Base 105,000 CY 15 1.575,000 
Guard Rail 6,000 LF 25 150,000 
Snow Fences 3,000 LF 35 105.000 
Round-Off 45,000 

6,500,000 

Access Road to Tailrace runnel 
Earthwork 56,000 CY 8 448,000 
Culverts 100 LF 80 8,noo 48"¢ CMP 
StthhliA~ & RaA~ 2,500 CY 20 50,000 
Guaril R.Ril 600 LF 25 15,000 
Round-Off (21,000) 

500,000 

--
HIIICF CSE 523 13-601 



~ .. - ---, 
J 

ESTIMATE SUMMARY 
HAJ/APD 14879-001 

PREPARED BY JOB NO. 

MF Nov. 1981 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 14 OF 15 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE A PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS 
COSTS 

Access Road to Downstream 1.', ~er Tunnel 
Earthwork 215 000 CY 9.80 2.107.000 
Culverts 800 LF RO 64.000 48"gl CMP 
Brid2e 3 000 SF 150 450.000 
Subbase & Base 10,000 CY 21 210.000 
Guardrail 9 000 LF 32 28R,OOO 
Snowshed & Slide Fall 1 000 LF ROO 800 000 
Round-Off (19.000) 

3,900,0()0 

TeiDDorarv Construction Roadl3 
Earthwork 61~000 CY 6 366.000 
Culverts 600 LF 80 48.000 48"gl CMP 
Bridge 3 000 SF 150 450 000 
Guardrail 2,000 LF 25 50,000 
Round-Off (14.006) 

900,000 

Road Maintenance 

SuiiDller Season 45 MO 150,000 6,750,000 
Winter Season 30 MO 600,000 1R,OOO,OOO 
Round-Off 50.000 

24,ROO,OOO 

TOTAL ACCESS & CONSTRUCTION RC lADs 59,600,000 

IIIICF CSE 523 (3-801 



- - j - -c. I 

ESTIMATE SUMMARY 
HAJ/APD 14897-001 

PREPARED BY JOB NO. 

NOV. 1981 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 15 OF 15 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE A PR EPARED FOR 

NO. DESCRIPTION QUANTITY 
UNIT 

UNIT 
COSTS AMOUNT TOTALS REMARKS 

Transmission Line 

Clear & Grub 82 MI 225.()00 18,450,000 
Tranczm-faaion Line 82 MI 343 000 28 126.000 
Submarine Cable 21 MI 792,000 16,632,000 
Round-Off (8,000) 

63,200,000 

TOTAl~ SPECIFH"! IJN:-i" "I< "()N ( hs'T' 
A'!' .TANTTA"RY 1 Qs:l? PRTr.R T.RVRT~ 1,040,800,000 

--
----

H&CF CSE 523 (3-801 



ALTERNATIVE B 
ESTIMATED COST 



r-"' --' ' 

HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE B 
NO. DESCRIPTION 

POWER PLANT STRUCTURE & IMPRC 

Valve Chamber 
Excavation & Supports 
Concrete & Reinf Steel 

~~· ~J' ,, , I 11 ; 

ESTIMATE SUMMARY 

...
.. 1 

CHAKACUAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

VEMENTS 

10,000 CY 275 2_, 750,000 
6,520 CY 410 2_~673,200 

Struc. Steel & Misc.Meta s 52 TON 1,800 93,600 
Round-Off (16,800) 

Underground Powerhouse 

Dewatering LS 4,100,000 
Excavation & Supports 58 900 CY 168 9,895,200 
Drilling-Percus.& Rotary 12 700 LF 27 342,900 
Concrete & Reinf.Steel 13 100 CY 630 8,253,000 
Struc.Steel & Mise Metals 300 TON 5 300 1,590,000 
Architectural LS 1,000,000 
Round-Off 18,900 

Bus Galleries Between Power 
house & Transformer Vaults 

... 

Excavation & Supports 200 CY 825 165,000 
Concrete 120 CY 290 34,800 
Round Off 200 

IIICF CSE 623 IJ.80I 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 1 OF 15 

TOTALS REMARKS 

5 soo.ooo 

Entire Underground Complex 

2"- 3"0 

25,200,000 

200.000 



r--· 
I ' 

rrn 

HA'J/ APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE B 

NO. DESCRIPTION 

TransfoTmer Gallerv & Tunnf" 

Excavation & Supports 
Concrete & Reinf Steel 
Struc Steel & Misc.Metals 
Round Off 

Valve Chamber & Transformer 
Gallery-Access Tunnels 

Excavation & Supports 
Concrete 
Round-Off 

Powerhouse Access Tunnel 

Portal Excav.& Protection 
Portal Cone.& Reinf.Steel 
Tunnel Excav.& Supports 
Tunnel Concrete 
Tunnel Misc. Metals 
Subsurface Exploration 
Mobilization 
Exploratory Adit 
Core drilling 
Helicopter Service 
Round-Off 

H&CF CSE 523 13~01 

- I 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

lls 

11,960 CY 290 3.468 400 
830 CY 460 381,800 
120 TON 3,800 456.000 

(6 200) 

1,500 CY 250 375.000 
60 CY 290 17.400 

7.600 

Sb,UOU CY lU 560.000 
1,000 CY 570 570,000 

24,000 CY 300 7 200,000 
900 CY 290 261,000 

30 TON 11,000 330,000 

LS 1,500,000 
1,000 LF 1,800 1,800,000 
),000 LF 140 700,000 

LS 600,000 
(21.000) 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 2 OF 15 

TOTALS REMARKS 

4,300,000 

400,000 

-

13,500,000 ·----



- -
HAJ/APD 

PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE B 

NO. DESCRIPTION 

CahlP Wav 

r.nn<'_TE!.t"E!. F. RPinF StPPl 

MiA!! Metals & Cable Suo. 
Pnrt. ppno>la 

Ronnel -Off 

TOTAl. POWF.R PLANT ~- I'K ITRF. 

I&CF CSE 523 (3-601 

-• I ' 
• , __ 1 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

COSTS 
AMOUNT 

1,000 CY 700 700,000 
26 TON 5 '100 132,600 

(32,600) 

rMPKUVt.;Mt.;N' ,S 

-· ....•. \ 
,,1 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 3 OF 15 

TOTALS REMARKS 

800,000 

49,900.000 



r--•. 
\ ,, 

HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE B 

NO; 

Jl)l'l 

DESCRIPTION 

'1"""1'""7"1 
U I : J 

·o DAM t. tJATF.Rt.r.t\.YS 

ll<>a<>.-.,rt-1.-

l.J<>t"<>.- T.<>u<>l n. ~inn 

Tnt-<>k<> Strurt-_ure 

~-It-<> F.vnln.-,.t-inn 
M..,.l.-fl-f.,.,t-i..,.n 

rn.-<> nrill-fno 
UQli,..nnt-o.- Sp.-u-fl'<> --.-

Tunn<>l 1l'Yl"AU li. Sunnn.-tA 
T .. nnAl f'nnl' ~ llt>-fnf' C:t-Pf"o 

T.<>lr<>-TAn (lH n"'l Rnun.-l) 
'01 ~,..~ s..' n. Taonn f'nn,. 

niuinn ,., ......... 

Rnuntf-nf'f 

Intak,:a l!<~.t~ ~h<>f't 

Sh::~ft- F.XC'::IU F. Snnnnrt-"' 
M::IRI'I s,.rf::~rP Rxr::~" 

r.onrr~t-P li. RP-Inf StPPl 
Mi Rr Met.:=ll"' l!<\ t.eR li. Hf)i ~ ... 

Rnun..t-Off 

HIIICF CSE 523 13-60) 

-. I , 

ESTIMATE SUMMARY 
14819-001 

JOB NO. 

NOV. 1981 
DATE 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT SHEET "· 4 OF 15 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY 
UNIT 

UNIT COSTS AMOUNT TOTALS REMARKS 

LS 100,000 

IT.S 150,000 
5.000 LF 80 400,000 

lt.~ 150 000 
10.000 r.v 510 5.100,000 

90 ("'{ 350 31 500 
LS 2,500,000 L 26' 

550 lr.v 700 385 000 
60 I DAY~ 10.000 600,000 

(16,500) 
9.300,000 

10 000 CY 360 3 600 000 
50 000 lr.v 3(] 1.500 .ooo 
5,200 :r.Y 890 4,628,000 

220 ITnN 12,200 2,684,000 
(12,000) 

12 400 000 

-



-
HAJIAPD 

PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE B 

NO. DESCRIPTION 

Access Tunnel at Intake 

Portal Excav. & Protecti01 
Tunnel Excav.& Supports 
Tunnel Cone. & Reinf.Stee 
Round-Off 

Access Tunnel at Surge Cham 

Portal Excav & Protectio 
Tunnel Excav.& Sunoorts 
Tunnel Cone. & Reinf.Stee 
Groutimz Contact & Pressu 
Wateright Bulkhead & Fram 
Round-Off 

Power Tunnel 

Excavation & Supports 
Concrete 

.Groutinl! C.nntart &. Pre!'l!'ltl 

Round-Off 

I&CF CSE 623 (3-80) 

-
ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

COSTS 

6.000 CY tiO 
60.000 CY 312 

170 CY 500 

AMOUNT 

300 000 
18.720 000 

85 000 
(5.000) 

er 

6 000 CY 35 210 000 
14 000 CY 317 4 438 000 

1 700 CY 420 714.000 
e 2 260 CF 58 131 080 

27 TON 13,800 372.600 
34.320 

53.400 LF 8.372 447.064.800 
348,000 CY 334 116 232.000 

fp 317,000 CF 54 17 118.000 
(14.800) 

TOTALS 

19.100 000 

5,900,000 

580 ,400_,000 

- I 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 5 OF 15 

REMARKS 

---



r--· ' ' 

HAJ/APD 
PREPARED BY 

F 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE B 
I 

NO. DESCRIPTION 

Sura~ r.hamb~r - Uoo~r 

'IO'v .... ..,., . ..,t::inn Ji. Snnnnrf'Q 
r.nnr.ret~ & RE>inf .StP.Pl · 
F.&~.rthworks Ji. lt'Pnl'in<> 
Round Off 

PPnaf'nl"k-Tnrl ino.-1 SPt'f'inn 

lt':vr!>vatinn Ji. Snnnnrf'l'l 
Concrete & Reinf. Steel 
Groutin~ Contact & Pres 
Round-Off 

Penstock-Horizontal Sectic 

"'"'" .... '\tion & Sunoorts 
Conr::rete $ Reinf_. Steel 
r.routin~ r.ontact 
Round-Off 

,cf CSE 523 (3-801 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

UNIT 
QUANTITY UNIT 

COSTS 
AMOUNT 

2'l c;oo r:v 227 5,788,500 
5 500 r:v 880 4,840,000 

15.000 r.v 27 405,000 
(33 ,500) 

24 000 CY 306 7,344,000 
10 500 CY 845 8,872,500 

lsure 5 500 CF 52 286,000 
(2,500) 

n & Elbow 

12 000 CY 334 4,008,000 
5 100 CY 365 1,861,500 
2.600 CF 50 130,000 

500 

TOTALS 

Heilnort 

11 000 000 

16,500,000 

6,000,000 

---.. 
) 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 6 OF 15 

REMARKS 

Storage Work Area 

- .. 



--1 

' 

HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE B 

NO. DESCRIPTION 

Penat"oc..k.-Wve Br~nrh<=>a to V~ 

Excavation & Supports 
Concrete & Reinf. Steel 
Steel Liner 
Grouting-Contact 
Round-Off 

Penstock Between Valve Chan 

Excavation & Supports 
Concrete & Backfill 
Round-Off 

Draft Tube Tunnels 

Rock Bolts & Grout 
Concrete & Reinf. Steel 
Round-Off 

Surge Chamber - Tailrace 

Excavation & Supports 

I&CF CSE 523 (3-60) 

- - --, - 'Tr,, ' ' ' ., ' ' 

ESTIMATE SUMMARY 
14879-001 

JOB NO. 

NOV. 1982 
DATE 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT SHEET 7 OF 15 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS COSTS 

11 ve Ch:~mhP.r 

9 000 CY 480 4.320.000 
6 100 CY 608 3.708.800 

700 TON 5 000 3 500.000 
7 000 CY 56 392,000 

(20,800) 
11, 900,_000 

her & Powerhou~e 
. 

850 CY 440 374,000 -
500 GY 550 275.000 

(49.000) 
600,000 

15.000 LF 29 435,000 
2,975 CY 425 1,264,375 

625 
1,700,000 

5 000 CY 480 2,400,000 

---- . 



-\ 

HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAl. 
TYPE OF ESTIMATE 

ALTERNATIVE B 

NO. 

:rrn 

DESCRIPTION 

Tailrace Tunnel & StructurEs 

Cofferdam & Dewaterim! 
Portal Excav & Protectic n 
Cnncretf'! F. Rf'!inf Steel 
Walkwav Bridtze 
St-nnlnaa & Hoists 
Tunnel Exl'av F. Snnnorts 
Plucz Excavation 
Round-Off 

Tailrace r'l><:mn"! 1 

r.h .. nnal ...,,.,.,.. .. "\tion 

River Trainimz Works 

River Bed Deepening 

Mech & Elec. 

,-:-r-:; 
~. i l I )' 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROEI.ECTRIC PRO.JECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

LS 2.000 000 
2.000 CY 65 130,000 
1 200 CY 600 720 .ooo 

LS 65,000 
81 TON 8,500 688,500 

20 000 CY 290 5.800.000 
4.000 CY 50 200,000 

(3 ,500) 

80.000 CY 9 720 .ooo 
(20,000) 

50,000 CY 10 

LS 

TOTAL RESERVOIR, DAM AND WJ TERWAYS 

rCF CSE 623 l3.fiOI 

,-----.., - -
14879-001 

JOB NO. 

NOV. 1981 
DATE 

SHEET 8 OF 15 

TOTALS REMARKS 

9,600,000 

700,000 

500,000 

6,100,000 

694,200,000 

... 



- - -. - -l 
HAJ/APD 

ESTIMATE SUMMARY 
14879-001 

PREPARED BY JOB NO. 

MF NOV. 1981 
CHECKED BY DATE 

CONCEPTUAL CHAKACHAMNA HYDROELECTRIC PRQJECT 
PROJECT SHEET 9 OF 15 

TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE B PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS COSTS 
REMARKS 

Turbines & Generators 330 MW 

Turbines 4 EA 8,480,001 33,920,000 
Generators 4 EA 6,00(\001 24~000,000 

Round Off T2lf,OOO) 
':J 1 .~uu ,000 

Accessorv Electrical Eouiot ent 

Eouioment LS ~,':JUU,UUU 

Misc. Power Plant Eouiomen 

Crane Brid2e 1 EA 930,000 
Other Power Plant Eouiu. LS 6,370.000 7,300,000 

Switchvard Structures 

Earthworks 15,000 CY 25 375,000 
Concrete & Reinf. Steel 3,800 CY 640 2 432 000 
Struc. Steel & Misc.Meta s 225 TON 3,500 787.500 
Round-Off 5 500 

3,600,000 

. 

loCF CSE 623 I:HIOI 



...--
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j ',I J•.l i l t I ) l. I I I: . 

HAJ/APD 
PREPARED BY 

QJJ 
f61 

CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE B 

NO. DESCRIPTION 

Swit:~hvard EQuioment 

TransfnrmP.rs 105 MVA 
Unit & Line Breakers 
_Switches F. T.i ohtn.Arrest~ rs 
210 KV Cables 
Controls & Metr 1

2 EQuio. 
Rn m~ O-ff 

t r:ommunication and Su12v 
Control F.nnto -

H&CF CSE 623 (3-60) 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 

QUANTITY 

5 
7 

30 
18,000 

PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

UNIT 
UNIT AMOUNT 

COSTS 

EA 1,030,00 5,150,000 
EA 185,00 1,295,000 
EA 34,00 ) 1,020,000 
LF 130 2,340,000 
LS 2,700,000 

(5,000) 

LS 

·. 

-

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 10 OF 15 

TOTALS REMARKS 

12,500,000 

1,600,000 

·-··-



- -- -

HAJ/APD 
PREPARED BY 

___, 
''I __. 

,--, 
l 

ESTIMATE SUMMARY 
14879-001 

JOB NO. 

NOV. 1981 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 11 OF 15 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE B PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS 
COSTS 

~SPORTATION FACILITIES 

Port Facilities 

Causeway 19,600 CY 80 1 'if\R 000 
Trestle Piles 50 TON 11 300 565 000 L = 150 LF !612" t = ~" 
Trestle Struct. Steel llO TON 3_.500 385 000 
Trestle Reinf. Cone. 150 CY 700 JO'i .000 
Facilities - Allowance LS 2 000 000 
Round-Off (23 000) 

4.600.00 

Air~>.ort 

Earthwork 54_ 500 CY 16 872,000 
Culverts 1.000 LF 65 65,000 
Subbase & Base 'i'i.OOO CY 14 770,000 
Building - Allowance LS 300,000 
Round-Off (7 ,000) 

2,000,000 

H&CF CSE 523 IJ.80l 
---



..--
I 

HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 

- -

TYPE OF ESTIMATE 

ALTERNATIVE B 

NO. DESCRIPTION 

Ac.c.ess & Construction Roads 

Mil~ 0+00 to 18+00 
Earthwnr1c 
Culverts 
Brid11:es 
Snhh:tRP . & Base 
Guard Ra-f 1 

RPnair ExiRtina Road 
~nnw 'J;',:>nrPR 
Round-Off 

MilP 1R+00 to ~'\+On 

F.:n·rhwnr1cl'l 
Culverts 
S: 1hhaRE". &_ BasE". 
Guard Rail 
Reoair Existim~ Road 
Snow Fences 
Round~Off 

MilE". 1'i+OO tn 19+00 
F.art-hwork 
Culverts 
Rrid~:>P. 

Suhha!;l.P. & R::tRP 
Guard Rail 
Snnw FPnC.E".R 
Rnnnrt-nff 

.. &CF CSE 623 13-801 

1 

- --
ESTIMATE SUMMARY 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT SHEET 12 OF 15 

ALASKA POWER AUTHORITY 

PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS 
COSTS 

175.000 CY ~. 60 1 155.000 
1,500 LF 65 97 soo 36"0 CMP 
1,400 SF 150 210 000 

85,400 CY 15 1 281 000 
1 200 LF 25 10_.000 

95,000 LF 10 950 000 
5,000 LF 35 175 000 

1 500 
3.900.000 

465,000 CY 6.60 9 669 000 
3,600 LF 80 288_.000 48"¢ CMP 

165,000 CY 15 2 475 000 
13,000 LF 25 325 000 
16,000 LF 10 160 000 

1,000 LF 35 35,000 
48,000 

13 000 000 

445,000 CY 8.30 3 693 500 
1,000 LF 80 80_,000 48"0 CMP 
9.000 SF 150 1 350 000 

38,000 CY 15 570 000 
10,000 LF 27 270 000 
2,000 LF 35 70 000 

(33 500) 
6.000.QDQ 



-- --
HAJ/APD 

PREPARED BY 

MF 
CHECICED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE B 

NO. DESCRIPTION 

Walkwav To Gate Shaft 
Earthwork 
Guard Rail 
BridR:e 
Rio rap 
Round-Off 

Access Road to MacArthur 
Earthwork 
Culverts 
Brid2e ImProvements 
Subbase & Base 
Guard Rail 
Snow Fences 
Round-Off 

AcceRs Road to Tailrace 
Earthwork 
Culverts 
SnhhAAP & Base 
Guard Rail 
Round-Off 

H&CF CSE 523 13-801 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 

QUANTITY 

1 200 
1 000 

200 
100 

Valley 
545,000 

2 400 
9,000 

105,000 
6 000 
3 000 

runnel 
56.000 

100 
2.500 

600 

PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

UNIT 
UNIT 

AMOUNT 
COSTS 

CY 20 24 000 
LF 25 25 000 
SF 150 30,000 
CY 35 3.500 

17.500 

CY 7 3.815.000 
LF 75 180,000 
SF 70 630,000 
CY 15 1 575.000 
LF 25 150,000 
LF 35 105 000 

45,000 

CY 8 448,000 
LF 80 8,000 
CY 20 50,000 
LF 25 15,000 

(21,000) 

-
14879-001 

JOB NO. 

NOV. 1981 
DATE 

SHEET 13 OF 15 

TOTALS REMARKS 

100,000 

36"~ and 48"~ CMP 

6,500,000 

4R"~ CMP 

500,000 

-·· 



- - -·-) --i -I 
HAJ /APD 

ESTIMATE SUMMARY 
14879-001 

PREPARED BY JOB NO. 

MF Nov. 1981 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 14 OF 15 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE B PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS COSTS REMARKS 

Access Road to Downstream p, ~er Tunnel 
Earthwork 215,000 CY 9.80 2,107,000 
Culverts 800 LF 80 64,000 48"~ CMP 
Brid2e 3,000 SF 150 450,000 
Subbase & Base 10,000 CY 21 210,000 
Guardrail 9,000 LF 32 ·L81r,OOO 

Snowshed & Slide Fall 1,000 LF 800 800,000 
Round-Off (19z000) 

. J,YUU,UUU 

Temoorarv Construction Roads 
Earthwork 61,000 CY 0 366,000 
Culverts 600 LF 80 48 000 48"~ CMP 
Brid2e 3,000 SF 150 450,000 
Guardrail 2,000 LF 25 50,000 
Round-Off (14.000) 

900 ,ooo. 

Road Maintenance 

SuDDDer Season 45 MO [TSO',OUU 6,750,000 
Winter Season 30 MO 1600,000 18,000,000 
Round-Off 50,000 

24,800,000 

ITOTAT AC.C.F.SS & DNS' 'K.ITC.TION RO lDs 59,600,000 

kCF CSE 523 13-801 



HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE B 

__., 
J 

,-,-, ~ 
:1,, .I L 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

NO. DESCRIPTION QUANTITY 
UNIT 

UNIT AMOUNT 
COSTS 

Transmission Line 

Clear & Grub 82 MI 225,000 18,450,000 
Transmission Line 82 MI 343,000 28,126,000 
Submarine Cable 21 MI 792,000 16,632,000 
Round-Off (8!000) 

TOTAL SPECIFIC CONSTRUCTION 
COST AT JANUARY 1982 PRICE 
LEVELS 

16CF CSE 523 13-801 

-

TOTALS 

bj, zuu ,-uou 

-gO,) , ~uu, uuu 

- ) 

14897-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 15 OF 15 

REMARKS 



ALTERNATIVE C 
ESTIMATED COST 



HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE C 
NO. DESCRIPTION 

POWER PLANT STRUCTURE & IMPRC 

Valve Chamber 
Excavation & Supports 
Concrete & Reinf Steel 

-,,_ 

ESTIMATE SUMMARY 

CHAKACUAMNA HYDROELECTRIC PRQJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

VEMENTS 

10,500 CY 270 2,835,000 
6,520 CY 410 2,673,200 

Struc. Steel & Misc.Meta s 52 TON 1,800 93,600 
Round-Off tl 2 ~UU)_ 

Underground Powerhouse . 
Dewatering LS 4,10U,OOO 
Excavation & Supports 64,000 CY 155 9 920 000 
Drilling-Percus.& Rotary 15,000 LF 30 45_0 LOlli) 
Concrete & Reinf.Steel 14,200 CY 630 8,946,000 
Struc. Steel & Mise Metals 330 TON 5,300 1,749,000 

I Architectural LS 1,000,000 
Round-Off 35,000 

Bus Galleries Between Power 
house & Transformer Vaults 

Excavation & Supports zoo CY ~Z) 165,000 
Concrete 12.0 CY 290 34,800 
Round Off 200 

t&CF CSE 623 (3-801 

TOTALS 

:>,bUU,OUU 

26,200,000 

200 000 

--1 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 1 OF 16 

REMARKS 

Entire Under~round Com~lex 

2" - 3 "0 



--or-- -' ' 

HAJ/ AP'D ESTIMATE SUMMARY 
14879-001 

PREPARED BY JOB NO. 

MF NOV. 1981 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 2 OF 16 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE C PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS COSTS 

Transformer Gallerv & Tunne lls 

Excavation & SupQorts 11,960 CY 290 3.468.400 
Concrete & Rein£ Steel 830 CY 460 381,800 
Struc Steel & Misc.Metals 120 TON 3,800 456,000 
Round Off (6 ,200) 

4,300,000 

Valve Chamber & Transformer 
Galler~~Access Tunnels 

Excavation & Supports 1,500 CY 250 375,000 
Concrete 60 CY 290 17,400 
Round-Off 7,600 

400,000 

Powerhouse Access Tunnel 

Portal Excav.& Protectio~ 56,000 CY 10 560 000 
Portal Cone.& Reinf.Steel 1,000 CY 570 570 000 
Tunnel Excav.& Supports 24,000 CY 300 7 200 000 
Tunnel Concrete 900 CY 290 261 000 
Tunnel Misc. Metals 30 TON 11,000 330 000 
Subsurface Exploration 
Mobilization LS 1 500 000 
Exploratory Adit 1,000 LF 1,800 1 800 000 
Core drilling 5,000 LF 140 700,000 
Helicopter Service LS 500 000 
Round-Off (21 000) 

-
13 500 000 .. -.... ---···· 

loCF CSE 523 IJ.80) 



- -=l - - - ,...-.-,.. 
I 

ESTIMATE SUMMARY 
HAJ/APD 14879-001 

PREPARED BY JOB NO. 

MF NOV. 1981 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 3 OF 16 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE C PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

COSTS 
AMOUNT TOTALS REMARKS 

r.ahlP Wav 

rnn .... retP t. R ... ~nf St-P ... l 1_.000 CY 700 700,000 
Mi ~ Metals & C::th le Sun. 26 TON 5,100 132,600 
P'lrt- P<>n ... la 

R.,und-Off (32,600) 
800.000 

TOTAl POWRR PLANT STRl IKI': TMP~I 'J'<: 51,000,000 

HLioCF CSE 523 13-60) 



-
HA!/APD 

PREPARED BY 

MF 
CHECK EO BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE C 

NO. DESCRIPTION 

RF.S .. :WUI .R OAM & I.JATF.Rt.J<\YS 

Doaorunir 

LJ..,t-or Louol RPf'nril~1117 

Tnt-alco ~t-rnf'fo\lTP! 

C::-lt-o Rvnlnr,.t-inn 
Mnh-11-1'7ot-inn 
f'nro n ..... , 1 ino 

HP1if'nnt-or ~pruif'P 

'l'unnP1 Rvf'aV. & Snnnort.R 
'l'unrtol f'nn~"> F. RP~nf StPP 
l<>lc<>-TJ'In fFinJ'Il Rnnnil) 
D1 "'~'"' ~ n. ToYnn f'nnl' 
n-cu~nD f'ro •. Y 

Rnund-Off 

Tnt-.,lc<> r.J'It-P Sh.,ft 

Sh<:~ft- F.vr<>u F. Stnnnrt-!';l 

Ma!';ll'l Surf:~rP F.x~~" 
f'rmrrPh> 1.. ~f>inf C:t-ool 
Mi Rf' Mf>t:~l"' r.atf>R & Hoi .t 
~nnnn-Off 

H&CF CSE 623 13-60) 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT UNIT 
COSTS AMOUNT 

LS 

,J.S 150,000 
5,000 ILF 80 400,000 

ILS 150,000 
12,000 CY 470 5,640,000 

100 :cr 350 35,000 
ILS 3,000,000 

600 lr.v 700 420,000 
60 I DAYS 10,000 600,000 

5,000 

10,000 CY 360 3 600.000 
50,000 CY 30 1,500,000 

5,700 r.v 890 5,073,000 
244 lmN 12,500 3,050,000 

(23.000) 

TOTALS 

100,000 

L 26' 

10 400 000 

13 200 000 

--·-' 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 4 OF 16 

REMARKS 

~ 

J 



- 1""<.....,
'.1 I .• 

HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE C 
NO. DESCRIPTION 

Access Tunnel at Intake 

Portal Excav. & Protectio 
Tunnel Excav.& Supports 
Tunnel Cone. & Reinf.Stee 
Round-Off 

Access Tunnel at Sur2e Cham 

Portal Excav. & Protectio 
Tunnel Excav.& Suooorts 
Tunnel Cone. & Reinf.Stee 
Groutinll Contact & Pressu: 
Rlimnd~Off 

H6Cf' CSE 623 13-801 

n-T:J -J 
-. 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 

er 

·e 

PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

COSTS 

6 QOO CY 50 
72 000 CY 295 

200 CY 500 

6.000 CY 55 
23 000 CY 323 

2.300 CY 420 
3.400 CF 58 

AMOUNT 

300 000 
21 240.000 

100,000 
(40.000) 

330,000 
7.429.000 

966,000 
197.200 
(22,200) 

-

-

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 5 OF 16 

TOTALS REMARKS 

21,600,000 

8 900,000 



-- - ~ ~!"!': 
•. , I , ,, 

HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE C 

NO. DESCRIPTION 

Access Tunnel at Mile 3. 5 No.1 

Portal Excav & Protection 
Tunnel Excav & Supports 
Tunnel Cone & Reinf Steel 
Grouting-Contact & Pressure 
Round-Off 

Access Tunnel at Mile 7. 5 No.2 

Portal Excav & Protection 
Tunnel Excav & Supports 
Tunnel Cone & Reinf Steel 
Grou tine-Contact & Pressure 
Round-Off 

Power Tunnel 

Excavation & Supports 
Concrete 
Groutine-Contact & Pressure 
Round Off 

H&CF CSE 523 (3-80) 

~ 
"' -.I 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

6.000 CY 53 318,000 
68,000 CY 297 20,196,000 

500 CY 430 215,000 
1,125 CF 58 65,250 

5,750 

6.000 CY 54 324,000 
45.000 CY 298 13 '410 ,000 
1.600 CY 420 6 72 ,000 
2.300 CF 58 133,400 

(39 ,400) 

67 000 LF 7,698 515,766,000 
514.000 CY 334 171,676,000 
464.000 CF 54 25,056,000 

2,000 

-

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 6 OF 16 

TOTALS REMARKS 

20,800,000 

14,500,000 

712,500,000 



- "~~"· 
-11 "' 

- -
HAJ/APD tlJ ESTIMATE SUMMARY 

PREPARED BY 
14879-001 

JOB NO. 

MF NOV. 1981 
CHECKED BY DATE 

CHAKAC~A HYDROELECTRIC PROJECT CONCEPTUAL 
PROJECT SHEET 7 OF 16 

TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE c PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

TOTALS REMARKS 

Surfl~ ChamhPr - Unn~r 

Rxr::aua.tion I. ~unnnrt-a 35 500 f'V 200 7,100,000 
Conr.rete._ & Reinf ~t-AAl · 6,100 r:v 880 5,368,000 
R::trthworks & FPnc-ino 15,000 r:v 27 405,000 Heliport, Storage, Work Area 
Rnnnii-Dff 27.000 

12,900,000 

PPnRt"nrk-Inel in~d SPrt"inn 

F.xr::au::at"inn I. ~unnnrt-a 23.400 - CY 271 6,341,400 
Concrete & Reinf. Steel 10,500 CY 837 8;7ss,5oo 
GroutinR Contact & Pres Iaure 5,000 CF 52 260~000 

Round-Off 10.100 
15-;-z!CJO ,DUO 

Penstock-Horizontal Sectio n & Elbow 

F.xrstvation & Suooorts 14.000 CY 310 4. 340_z_QOO 
Concrete S Re:fnf Steel 6 000 CY 365 2 190~000 
Grm•tinR - Contact 3 000 CF 50 150_. 000 
Round-Off 20.000 

6,700,000 

~IICF CSE 523 IJ.801 



-\ - ~· ,,, -,, .! 

II ESTIMATE SUMMARY 
HAJ/APD 

PREPARED BY 

CHECKED BY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
CONCEETIIAI, PROJECT 

TYPE OF ESTIMATE 

ALTERNATIVE c ALASKA fQWER AUTHORITY 
PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT COSTS 

P<>nat"n,.L--tJv.,. Rr:>nl"h<=>a t"n V::< lve Chamber 

Excavation & Suooorts 10 000 CY 432 4,320,000 
Concrete & Reinf. Steel 7,200 CY 608 4,377,600 
Steel Liner 650 TON s.ooo 3,250,000 
Grouting-Contact 3,000 CY so 150,000 
Round-Off 2 400 

Penstock Between Valve ChaE her & Powerhom e 

Excavation & Suooorts 1 000 CY 440 440.000 
Concrete & Backfill 600 CY 550 330.000 
Round-Off 30.000 

Draft Tube Tunnels 

Rock Bolts & Grout 19 000 LF 27 513 .ooo 
Concrete & Reinf. Steel 3.300 CY 425 1,402,500 
Round-Off (15 500) 

Sur£e Chamber - Tailrace 

Excavation & Sunnorts 5 000 CY 480 

ISICF CSE 623 13-801 

- -: 
' 

14879-001 
JOB NO, 

NOV. 1982 
DATE 

SHEET 8 OF 16 

TOTALS REMARKS 

12.100 .ooo 

800,000 

1,900,000 

2,400 000 



HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAl. 
TYPE OIF ESTIMATE 

-\ 

ALTERNATIVE C 

NO. 

-

DESCRIPTION 

Tailrace Tunnel & StructurEs 

Cofferdam & n .. ,.u:•t-F!rinll 
Portal Excav & Protect!( n 
Concrete & Rein£ Steel 
WAl.kwav Brid2e 
_Stoolo.IZ.s & Hoists 
Tunnel F.xC'aV. & Sunnorts 
Pluo Excavation 
Round-Off 

Tailrace r.h<>nno:>l 

Ch<>nnP 1 E.xc.avation 

River Traininl! Works 

River Bed Deepening 

Mech & Elec. 

."T""'"7'. 

.J I , ' 

,.-.
) 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROEI.F.CTRTC PRO.IECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

LS 2,000,000 
2 000 CY 6S 130,000 
1 200 CY 600 720,000 

LS 6S 000 
81 TON 8,SOO 688,SOO 

2S 000 CY 260 6,SOO,OOO 
4,000 CY so 200,000 

(3 ,SOO) 

100,000 CY 9 

so ,000 CY 10 

LS 

TOTAL RESERVOIR, DAM AND Wl TERWAYS 

IIICF CSE 623 13-801 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 9 OF 16 

TOTALS REMARKS 

10 ,300,000 

900,000 

soo,ooo 

S,700,000 

871,600,000 

--



-
HAJ/APD 

PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE C 

NO. DESCRIPTION 

Turbines & Generators 

Turbines 
Generators 
Round-Off 

Accessory Electrical Eouion ent 

Eauioment 

Misc. Power Plant Eauinmen 

Crane Brid2e 
Other Power Plant Equip. 

SwitC'.hvard Stru£'tures 

Earthworks 
Concrete & Reinf. Steel 
Struc. Steel & Misc.Meta s 
Round-Off 

IIIICF CSE 623 13-801 

,..---, 
I 

ESTIMATE SUMMARY 

...----. 
I. 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

COSTS 
AMOUNT 

4 EA 7~970 00 ) 31,880,000 
4 EA 5,660,00 22,640 ,ooc 

(20 ,00( 

LS 

1 EA 900 ,OOt 
LS 6 ,000,00( 

15,000 CY 25 375,00( 
3,800 CY 640 2 '432 ,00( 

225 TON 3,500 787,50( 
5 ,50( 

,-.--.-,, 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 10 OF 16 

TOTALS REMARKS 

300 MW 

I) 
54,500,000 

9,oou,uuu 

6 ;gn-u ,ooo 

3,600,00( 



-
ESTIMATE SUMMARY 

1JAJ/APD 14879-001 
PREPARED BY JOB NO. 

MF NOV. 1981 
CHECKED BY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
DATE 

CONCEPTUAL 
PROJECT SHEET 11 OF 16 

TYPE OF ESTIMATE 
ALASKA POWER AUTHORITY 

ALTERNATIVE C PREPARED FOR 

NO. DESCRIPTION QUANTITY 
UNIT 

UNIT AMOUNT TOTALS 
COSTS 

REMARKS 

Sw:lt:rhvard Eauioment 

Tr.<>nqfnrmPrR lOll MVA 5 EA 1~010,00 5,050,000 
Unit & Line Breakers 7 EA 180,00( 1,260,000 
Swit-rh~s & Li.2htn Arrestc rs 30 EA 33,00 990,000 
210 KV Cables 18,000 LF 12C 2,160,000 
Controls & Metr 1 2 Eauip, LS 2,630,000 
llnnn..1 Off 10,000 . 12,100,000 

f'nmm Suov Cont-rol Eaui.o. LS 1,600,000 

H&CF CSE 523 IJ.BOI 



--
HAJ/APD 

PREPARED BY 

~ 
" I : ; 

ESTIMATE SUMMARY 
14879-001 

JOB NO. 

NOV. 1981 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 12 OF 16 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE C PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS COSTS 

~SPORTATION FACILITIES 

Port Facilities 

Causeway 19 600 CY 80 1 568 000 
Trestle Piles 50 TON 11 300 565 000 L = 150 LF, ~12", t = ~II 
Trestle Struct. Steel 110 TON 3 500 385 000 
Trestle Reinf. Cone. 150 CY 700 105 000 
Facilities - Allowance LS 2,000,000 
Round-Off (23 000) 

4,600,000 

Airport 

Earthwork 54 500 CY 16 872,_000 
Culverts 1,000 LF 65 65,000 
Subbase & Base 55 000 CY 14 770 .ooo 
Building - Allowance LS 300,000 
Round-Off (7 ,000) 

2,000,000 

H&CF CSE 523 (3-801 



- _ .... - -,I 
HAJ/APD 

PREPARED BY 

F 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE C 

NO. DESCRIPTION 

Ac.c.ess & Construction Roads 

Mile 0+00 t"n UUOO 

Ra 1work 
C.u1verta 
Bridtzes 
~ .. hh<:~A<> & Base 
11u.R rd R.R i 1 
Renair Existintz Road 
Snnw li'"'"""'"' 
Rnnncl ... Off 

Mil P 1 R+OO to 15+00 
F..Rrt"hwnrlc!'l 
Culverts 
Subbase & Base 
Guar_d Rail 
Renair Existin~ Road 
Snow Fences 
Round-Off 

Mile 35+00 to 39+00 
Earthwork 
C.nlverts 
Rrirlo<> 
Suhhase &. Base 
r.n;~ rei RH i 1 

Snow Fences 
Rnnnd-Off 

iACF CSE 523 !3-801 

-

ESTIMATE SUMMARY 
14879-001 

JOB NO. 

NOV. 1981 
DATE 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT SHEET 13 OF 16 

'ALASKA POWER AUTHORITY 

PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS 
COSTS 

175,000 CY 6.60 1,155,000 
1,500 LF 65 97,500 
1,400 SF 150 210,000 

85,400 CY 15 1,281,000 
1~200 LF 25 30,000 

95,000 LF 10 950,000 
5,000 LF 35 175,000 

1,500 3,900,000 

1,465,000 CY 6.60 9,669,000 
3,600 LF 80 288,000 48"rP CMP 

165,000 _cy_ 15 2,475,000 
13,000 LF 25 325,000 
16,000 LF 10 160,000 
1,000 LF 35 35,000 

4R 000 
13,000,000 

445,000 _ey 8.30 3,693,500 
1,000 LF 80 80,000 48"~ CMP 
9,000 _SF 150 1,350,000 

38,000 CY 15 570,000 
10,000 LF 27 270,000 

2,000 _LF 35 70,000 
(33 ,500) 

6,000 000 



-- -
HAJ/APD 

PFIEPAFIED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE C 

NO. DESCRIPTION 

Walkwav To Gate Shaft 
Earthwork 
Guard Rail 
Brid2e 
Riorao 
Round-Off 

Access Road to Tailrace T1 
Earthwork 
Culverts 
Subbase & Base 
Guard Rail 
Round Off 

H&CF CSE 523 13-601 

-
ESTIMATE SUMMARY 

CRAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

COSTS AMOUNT 

1,200 CY 20 24,000 
1,000 LF 25 25,000 

200 SF 150 30,000 
100 CY 35 3,500 

17,500 

nnel 
56,000 CY 8 448,000 

100 LF 80 8,000 
2,500 CY 20 50,000 

600 LF 25 15 ,o-o-u 
(21 ,000) 

-

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 14 OF 16 

TOTALS REMARKS 

-100,000 

4ti"¢l CMP 

50U,UUU 



HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

~
' - ~I 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
CONCEPTUAL PROJECT 

TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE C PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

Access Road to Downstream p, Mer Tunnel 
Earthwork 215.000 CY 9.80 2.107 000 
Culverts 800 LF 80 64,000 
Bridlle 3,000 SF 150 450.000 
Subbase & Base 10,000 CY 21 210,000 
Guardrail 9,000 LF 32 288,000 
Snowshed & Slide Fall 1.000 LF 800 800,000 
Round-Off (19,000) 

Tem_porarv Construction Roada 
Earthwork 61,000 CY 6 366,000 
Culverts 600 LF 80 48,000 
Br:Lda.e 3,000 SF 150 450.000 
Guardrail 2,000 LF 25 50,000 
Round-Off (14,000) 

Road Mllintenance 

SulllDDer Season 36 MO 120,000 4,320,000 
Winter Season 24 MO 480,000 11,520,000 
Round-Off (40,000) 

TOTA T AfY~F~~ 1\, rnNs ·~ I IN l loAn~ 

HACF CSE 523 (3-601 

TOTALS 

48",6 CMP 

3,900,000 

900,000 

15,800,000 

44_,100 000 

.-----, 
I 

14879-001 
JOB NO. 

Nov. 1981 
DATE 

SHEET 15 OF 16 

REMARKS 

·-···· . 



PREPARED BY 
HAJ/APD IJJ. ESTIMATE SUMMARY 

14897-001 
JOB NO. 

MF NOV. 1981 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 16 OF 16 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE C PREPARED FOR 

NIO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS COSTS 

Transmission Line 

Clear & Grub 70 MI ~25 000 15 750,000 
Transmission Line 70 MI ~44 000 24.080,000 
Submarine Cable 21 MI ~92 000 16 632,000 
Round-Off 38,000 

56,500,000 

TOTAL SPECIFIC CONSTRUCTION C OST 
AT JANUARY 1982 PRICE LEVELS 1,117,500,000 

H&CF CSE 523 (3-601 



ALTERNATIVE D 
ESTIMATED COST 



-
HAJ/APD 

ESTIMATE SUMMARY 
14879-001 

I'REPAPJED BY JOB NO. 

MF NOV. 1981 
CHECKED BY DATE 

CONCEPTUAL CHAKACUAMNA HYDROELECTRIC PROJECT 
PROJECT SHEET 1 OF 16 . 

TYPE OF ESTIMATE 
ALASKA POWER AUTHORITY 

ALTERNATIVE D PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTAlS REMARKS COSTS 

POWER PLANT STRUCTURE & IMPRC VEMENTS 

Valve Chamber 
Excavation & Supports 10,500 CY 270 2,835,000 
Concrete & Reinf Steel 6,520 CY 410 2;073,LOO-
Struc. Steel & Hisc.Heta s 52 TON 1,800 ~.01JCJ 

Round-Off Tiz""BOU"J 
:>,bUU,UUU 

Umt_er_ground Powerhouse 

Dewatering LS 4,100,000 Entire Underground Como lex 
Excavation & Supports 64,000 CY 155 q Q20 000 
Drillina-Percus.& Rotarv 15,000 LF 30 h.'lO 000 211

- 3"0 
Concrete & Reinf.Steel 14,200 CY 630 8.946.000 
Struc.Steel & Mise Metals 330 TON 5,300 1. 749 .ooo 
Architectural LS 1,000,000 
Round-Off 35.000 

26,200,000 

Bus Galleries Between Power 
house & Transformer Vaults 

Excavation & Supports 20U CY 825 165,000 
Concrete ·uu CY Z9U 34,800 
Round Off .200. 

200 000 

--
H6CF CSE 623 13-801 



~I ~I .- ---.,.I 
- J j 

HAJ/APD ESTIMATE SUMMARY 
14879-001 

PREPARED BY JOB NO. 

MF NOV. 1981 
CHECKED IIY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

SHEET 2 OF 16 PROJECT 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE D PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS COSTS 

TranAfnrm~r GallerY & Tunne ls 

Excavation & Supports 11.960 CY 290 3 468.400 
Concrete & Reinf Steel 830 CY 460 381,800 
Struc Steel & Misc.Metals 120 TON 3,800 456,000 
Round Off (6,200) 

4,300,000 

Valve Chamber & Transformer 
Gallery-Access Tunnels 

Excavation & Supports 1,500 CY Z50 375,000 
Concrete 60 CY 290 17,400 
Round-Off 7,600 

400,000 

Powerhouse Access Tunnel 

Portal Excav.& Protection 56,000 CY 10 ' 560 000 
Portal Cone.& Reinf.Steel 1,000 CY 570 570 000 
Tunnel Excav.& Supports 24,000 . CY 300 7 .200 000 
Tunnel Concrete 900 CY 290 261.000 
Tunnel Misc. Metals 30 TON 11,000 330.000 
Subsurface Exploration 
Mobilization LS 1 500 000 
Exploratory Adit 1,000 LF 1,800 1 800 000 
Core drilling 5,000 LF 140 700,000 
Helicopter Service LS 600 000 
Round-Off (21 000) 

13.500 000 
16CF CSE 623 13-801 



-~ 
\ ' 

HAJ[APD IIJ PREPARED BY 

MF 
CHECKEID BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE D 

' NO. DESCRIPTION 

C'.Ah 1'" Wav 

C'.nnrr'"l-'" I. RPinf SI'!F>'"l 

Mi.JIC..ME!.I'.RlR & r..Ahlo Sun 
Port' PAn.,.la 

Round-Off 

TOTAl PnURA PT.ANT c;:TAJ I' IIIli( 

!IICF CSE 523 13-80) 

- I 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

COSTS AMOUNT 

1 000 CY 700 700,000 
26 TON 5,100 132,600 

(32.600) 

I Ml"lliiV!t:MJo:NTS 

r-. --

TOTALS 

800.000 

51,000,000 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 3 OF 

REMARKS 

16 

.---]1' '- ll 
lj 
,; 
[I 



·\ 

HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE D 

NO. DESCRIPTION 

Rl ITR nAM I. UATF.RUAV~ 

.. ...... 
Uai"AP T.auAl RAronr,Jina 

Tnt-alrA ~l"rnrot-nrA 

~it-A F.xnlnrAt'inn 

Mnhili'J'At'inn 

,...,.,...,. nr.f 11 ina 

u .. l.f,.,. .......... c:: .......... a 

Tnnnal F.xrau I. ~nnnn1'"t'A 

Tunnal l'nnl' I. RA.fnF ~t-AA 

T..Air,:>-TAn (FinAl Dnunrl\ 

Pl aro,:> I. n. rr~ ...... r ....... .,.. -. 
niuina r.,...,.w 
Rnnnd:::nff 

Tnt-Air.,. r.At-.,. ~hAft-

Shaft' F.xl'au.l. c:: .............. ,..., 

MAA~>~ ~nrf::tl'l'l F.xP::ttr 

C. I !t~ & RPinf ~t'PP1 

MiAr MPt'AlA r.At-PA I. Hni 

Rnnn,J. -nf f 

HS.CF CSE 623 tJ.aOI 

~ .. 

-·-;--1 
, 'I 

~~~j 
;I 

;J 

ESTIMATE SUMMARY 
14879-001 

JOB NO. 

NOV. 1981 
DATE 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT SHEET 4 OF 16 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT TOTALS COSTS REMARKS 

LS 100 000 

ILS 150.000 
5,000 ILF 80 400.000 

II.s 150.000 
12,000 ,CY 470 5,640,000 

100 lev 350 35.000 
II.S 3,000,000 L = 26' 

600 ir.v 700 420.000 
60 I DAYS 10.000 600.000 

5,000 
10,400 000 

10 000 CY 360 3,600.000 
50,000 lr.v 30 1.500 .ooo 
5,700 lr.v 890 5,073 000 

244 I TON 12,500 3,050,000 
(23 .000) 

13 200 000 



-
UAJlA!D 

P'AEP'AAIED BY 

MF 

--. 
l~' -· I !"'''""["'·. 

(, L> 

, 
\"TJj 

ESTIMATE SUMMARY 

,..---, 
' 

CHECKED BY 
CHAKACHAMNA HYDROELECTRIC PROJECT 

CONCEPTUAL PROJECT 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 

ALTERNATIVE D PREPARED FOR 

NO. DESCRIPTION OUANTITY UNIT 
UNIT 

AMOUNT COSTS 

Access Tunnel at Intake 

Portal Excav. & Protectio 6 QOO CY 50 300 000 
Tunnel Excav.& Suooorts 72.000 CY 295 21.240.000 
Tunnel Cone. & Reinf.Stee 200 CY 500 100.000 
Round-Off (40.000) 

Access Tunnel at Sur2e Cham er 

Portal Excav. & Protectio1 6.000 CY 55 330.000 
Tunnel Excav. & SuoDorts 23 000 CY 323 7.429.000 
Tunnel Cone. & Reinf.Stee 2.300 CY 420 966.000 
GroutinR Contact & Pressm ·e 3 400 CF 58 197.200 
Round.-Off (22,200) 

I 

' 

I 

HaCF CSE 623 IJ.801 

-., 

TOTALS 

21,600,000 

8,900,000 

~. 

·' 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 5 OF 

REMARKS 

16 



:.-.---
\ -. :--""!· ;,. , .I I -: 'l 

ESTIMATE SUMMARY 
HAJ/APD 14879-001 

PREPARED BY JOB NO. 

MF NOV. 1981 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 6 OF 16 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE D PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS 
COSTS 

Access Tunnel at Mile 3. 5 No.1 

Portal Excav & Protection 6.000 CY 53 318.000 
Tunnel Excav & Supports 68,000 CY 297 20,196,000 
Tunnel Cone & Reinf Steel 500 CY 430 215,000 
Grouting-Contact & Pressure 1,125 CF 58 65,250 
Round-Off 5,750 

20,800,000 

Access Tunnel at Mile 7. 5 No.2 

Portal Excav & Protection 6.000 CY 54 324,000 
Tunnel Excav & Supports 45,000 CY 298 13,410,000 
Tunnel Cone & Reinf Steel '1.600 CY 420 672,000 
Groutin2-Contact & Pressure 2 300 CF 58 133,400 
Round-Off (39.400) 

14,500,000 

Power Tunnel 

Excavation & Suooorts 67.000 LF 7.698 515.766,000 
Concrete 514 000 CY 334 171,676,000 
Grouting-Contact & Pressure 464,000 CF 54 25,056,000 
Round-Off 2,000 

712,500,000 

H&CF CSE 523 (3-80) 



r-

HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE D 

NO. DESCRIPTION 

Sur~e r.luam~P-1" - Unner 

Rvt>.au.afoinn ~ Sunnnrt-A 
Conl:'.rP-I'P- & RPinf .StP-el· 
EartJ>unrlra ~ Fenrina 
Round-Off 

PenAI"nrlr-Tnt>1in .. t1 So ... l"inn 

F.xr . .RvAt-inn I. "'· ·t-A 
Concrete & Rein£: Steel 
Groutin2 Contact & Pres 
Round-Off 

i 
I 

I Penstock-Horizontal Sectio 
I 

Excavation & Sunnorts 
Concrete S Reinf Steel 
_Grout-ina - C'.nnt-::u~t 

Round-Off 

HIICF CSE 623 3-801 

-.r-n ~-' \1 I ', 

ESTIMATE SUMMARY 

CHAKA~A HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT UNIT 
AMOUNT COSTS 

3'l.500 r.Y 200 7,100.000 
6.100 r.Y 880 5,368,000 

15.000 C'.V 27 405,000 
27.000 

23.400 CY 271 6,341,400 
10,500 CY 837 8,'788,500 

sure s.ooo CF 52 260,0uu 
10 2100 

n & Elbow 

14.000 CY 310 4 .340~00 
6.000 CY 365 2,190.000 
3.000 CF so 150.000 

20.000 

___..., -J 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET J OF 16 

TOTALS ~EMARKS 

Heliport, Storage, Work Area 

12,900,000 

15-;4U"O , OUO 

6,700,000 



- '---'"" 
! ern -j J 

HAJ/APD tlJ ESTIMATE SUMMARY 
14879-001 

I'AEPAAED BY JOB NO. 

MF NOV. 1982 
CHECKED BY DATE 

CHAKACHAHNA HYDROELECTRIC PROJECT 
r.nNCEElliAI, PROJECT SHEET 8 OF 16 

TYPE OF ESTIMATE 

ALTERNATIVE D ALASKA fOWER AUTHORITY 
PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT COSTS TOTALS REMARKS 

P""nal"n,.lr-t.lv,. Rr.an,.h~g to V~ II ve r.h .., ... har 

Excavation & Supports 10 .ooo CY 432 4,320,000 
Concrete & Reinf. Steel 7.200 CY 608 4,377,600 
Steel Liner 650 TON 5,000 3,250,000 
Grout inK-Contact 3,000 CY so 150,000 
Round-Off 2,400 

12,100 000 

Penstock ·Between Valve Chan ber & Powerhouf e 

Excavation & Supports 1 000 CY 440 440.000 
Concrete & Backfill 600 CY 550 330.000 
Round-Off 30.000 

800,000 

Draft Tube Tunnels 

Rock Bolts & Grout 19 000 LF 27 513 .ooo 
Concrete & Reinf. Steel 3.300 CY 425 1,402,500 
Round-Off (15,500) 

1,900,000 

SurRe Chamber - Tailrace 

Excavation & Suooorts 5 000 CY 480 2 400 000 

ii!ICF CSE 523 IJ.801 



.-..-, -I .! 

HAJ/APD 
IEPARED BY 

fECKED lilY 

CONCEPTUAl. 
rPE OF ESTIMATE 

ALTERNATIVE D 

NO. DESCRIPTION 

Tailrace Tunnel & StructurEs 

Cofferdam & Dewaterimz 
Portal Excav & Protecticn 
Concrete & Reinf Steel 
UallrwJtv Bride 
St"nnlnoA & Hoists 
Tunnel Exc.av. & Sunoorts 
P1n~ .... _ ...... .,.tion 
Rmm.d-Off 

Tailrace r.lumnP 1 

r.h ......... 1 Excavation 

River Tr11inina Works 

River Bed Deepening 

Hech & E1ec. 

-,~ . I ) ~' 
l, I'!: 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROEI.ECTRIC PROTECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT COSTS 

LS 2.000J_OOO 
2,000 CY 65 130,000 
1,200 CY 600 720.000 

LS 65,000 
81 TON 8,500 688,500 

25,000 CY 260 6,500,000 
4,000 CY so 200,000 

(3,500) 

100,000 CY 9 

50,000 CY 10 

IS 

TOTAL RESERVOIR, DAM AND WJ TERWAYS 

ICF CSE 523 13~01 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 9 OF 16 

TOTALS REMARKS 

10,300,000 

900,000 

500,000 

5,700,000 

871,600,000 



.--

HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTEIRNATIVE D 

NO. DESCRIPTION 

Turbines & Generators 

Turbines 
Generators 
Round-Off 

Accessorv Electrical Eouior M!nt 

Eauioment 
-

Misc. Power Plant Eouioment 

Crane Brid2e 
Other Power Plant Eouio. 

Switchvard Structures 

Earthworks 
Concrete & Reinf Steel 
Struc. Steel & Misc.Meta s 
Round-Off 

i6CF CSE 623 IJ..80I 

,~, 
,, I I 

ESTIMATE SUMMARY 

CHAKACUAMNA HYDROEI.ECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

4 EA 7,970.00 31.880 ,ooc 
4 EA 5,660,00 22,640,00( 

t20 .00( 

LS 

1 EA 900 ,00( 
LS 6 .ooo.ooc 

15.000 CY 25 375,001: 
3,800 CY 640 2 '432 ,ooc 

225 TON 3,500 787,50( 
5 .50( 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 10 OF 16 

TOTALS REMARKS 

300 MW 

) 

54,500,000 

9,000,000 

b,~uu,uuu 

3,600,00f 



·-
UAJ/APD 

PREPARED BY 

CHECKED BY 

CONCEPTUAL 
TYPE OfF ESTIMATE 

_ __, 
I 

ALTERNATIVE D 
NO. DESCRIPTION 

Swit:rhv~trd Eauipment 

Tr.sanafnrmerA 10.5 MVA 
Unit: & l,tne Breakers 
Swi t.rheA & l.t ti!htn .Arrest• 
230 KV C.stbleA 
Controls & Metr'R Eouio. 
Rnnnti Off 

C'.nmm Suov C.nnt:rol Eauin. 

H&CF CSE 523 IUOI 

rs 

ESTIMATE SUMMARY 

CIUUtACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

5 EA [l.OlOPO-( 5,050,000 
7 EA 1R0,00f 1,260,000 

30 EA 33,00( 990,000 
18,000 LF 12( 2,160,000 

LS 2,630,000 
10,000 

LS 

- . .-, :-lJ: 
I 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 11 OF 16 

TOTALS REMARKS 

12,100,000 

1,600,000 



-' ' 
,~ --

" 
ESTIMATE SUMMARY 

HAJ[APD 14879-001 
~REPARED BY JOB NO. 

NOV. 1981 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

12 16 PROJECT SHEET OF 

rYI'E OF ESTIMATE 

ALASKA PQWER AUTHORITY 
ALTERNATIVE D PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS 
COSTS 

~SPORTATION ~ACILITIES 

Port Facilities 

Causeway 19 .600 CY 80 1 568 000 
Trestle Piles so TON 11_._300 565.000 L = 150 LF. 012". t = ~II 
Trestle Struct. Steel 110 TON 3.500 385.000 
Trestle Reinf. Cone. 150 CY 700 105.000 
Facilities - Allowance LS 2.000.000 
Round-Off (23.000) 

4,600,000 

Airport 

Earthwork 54.500 CY 16 872,000 
Culverts 1,000 LF 65 65,000 
Subbase & Base 55 000 CY 14 770 000 
Building - Allowance LS 300,000 
Round-Off (7 ,000) 

2,000,000 

81CF CSE 523 (3-801 



-
HAJ/APD 

I"REPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE D 

NO. DESCRIPTION 

Al"l!@AA & ConAtrul!tion Roads 

I Mil@_ 0+00 to 1~0 
Eart-hwnrlr 
Culv@rtA 
RritlaPA 
Subbaae & Baae 
n, .. ,..,f Da.fl 
RPnAir F.viAtinll Road 
~nnw Jf'o~>nt'o~>a 

Round-Off 

Milo~> 1~0 t'n 1'i+OO 
Ji'arrhunrlra 
Culverts 
Subbaae & Baae 
Guard Rail 
Renair Exiatinll Road 
Snow Fences 
Round-Off 

Mi 1 e 1'i+OO to 1Q+OO 
Earthwork 
Culverts 
Bridal> 
C:: .hh,.cu> & RaAP 
Guard Rail 
Snow Fen,.~>a 

Round-Off 

IS.CF CSE 623 IJ.80I 

..,....-ro, 
": c 

---, 
' ! 
~ 
,J I , , 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 

PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT COSTS . 

175 000 CY 6.60 1.155,000 
1 500 LF 65 97,500 
1,400 SF 150 210,000 

85,400 CY 15 1,281,000 
1.200 LF 25 30.000 

95,000 LF 10 950,000 
5,000 LF 35 175,000 

1.500 

1.465 .ooo CY 6.60 9.669,000 
3,600 LF 80 288,000 

165,000 C.Y 15 2,475,000 
13,000 LF 25 325,000 
16,000 LF 10 160,000 

1,000 LF 35 35,000 
48.000 

445,000 CY 8.30 3,693,500 
1,000 LF 80 80,000 
9,000 SF 150 1,350,000 

38,000 C.Y 15 570,000 
10,000 LF '),7 270,000 

2,000 LF 35 70,000 
(33 ,500) 

......---,, 

TOTALS 

3,900,000 

13,000,000 

6,000__1000 

-, 

14879-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 13 OF 16 

REMARKS 

48"~ CMP 

48"~ CMP 

____..., 
) 



~ 
I 

ESTIMATE SUMMARY 
HAJ/APD 14879-001 

ftAEPAAED BY JOB NO. 

MF NOV. 1981 
CHECKED IIY DATE 

CONCEPTUAL CUAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT SHEET 14 OF 16 

TYI"E OF ESTIMATE 
ALASKA POWER AUTHORITY 

ALTERNATIVE D PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS TOTALS REMARKS 

WAlkwav To Gate Shaft 
Earthwork 1,200 CY 20 24,000 
Guard Rail 1,000 LF 25 25,000 
Bridae 200 SF 150 30,000 
RiPrap 100 CY 35 3,500 
Rnnnd-Off TT.~ 

100,000 

Ac£!e&s Road to Tailrace T nnel 
F.&rthwork 56,000 CY 8 448,000 
r.nlverts 100 LF 80 8,000 48''¢1 (.;Mf' 

Subbase & ]3ase 2,500 CY 20 50,000 
Guard Rail 600 LF 25 15,000 
Round Off (21 2000) 

500,000 

H!rCF CSE 523 13-801 ___ I 
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ESTIMATE SUMMARY 
HAJ/APD 14879-001 

P'AEPAFIED BY JOB NO. 

Nov. 1981 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 15 OF 16 
TYPE OF ESTtMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE D PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS COSTS REMARKS 

Access Road to Downstream P1 ~er Tunnel 
Earthwork 215 000 CY 9.80 2.107 000 
Culverts 800 LF 80 64.000 4811 ,S CMP 
Brid2e 3,000 SF 150 450.000 
Subbase & Base 10,000 CY 21 210.000 
Guardrail 9,000 LF 32 288.000 
Snowsbed & Slide Fall 1,000 LF 800 800.000 
Round-Off (19,000) 

3,900,000 

Temoorarv Construction Roads 
Earthwork 61,000 CY 6 366,000 
Culverts 600 LF 80 48,000 
Brid2e 3,000 SF 150 450,000 
Guardrail 2,000 LF 25 50,000 
Round-Off (14.000) 

900,000 

Road Maintenance 

SuDJDer Season 36 MO 120,000 4,320,000 
Winter Season 24 MO 480,000 11,520,000 
Round-Off (40.000) 

15,800,000 

TOTAl Af'('Ji'~~ ~ ('()N~'l'RTT(''f'T()N J loAns 44,100,000 

HIIICF CSE 523 (3-801 



-
HAJ/APD 

PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE D 

NO. DESCRIPTION 

Transmission Line 

Clear & Grub 
Tr811Amission Line 
Submarine Cable 
Round-Off 

TOTAL SPECIFIC CONSTRUCTION C OST 
AT JANUARY 1982 PRICE LEVELS 

H6CF CSE 523 13-801 

:oor--'"! -1 J 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT COSTS 

70 MI ~25.000 15.750 .ooo 
70 MI t344 ooo 24 080 000 
21 MI ~92,000 16,632,000 

38,000 

-

14897-001 
JOB NO. 

NOV. 1981 
DATE 

SHEET 16 OF 16 

TOTALS REMARKS 

56,500,000 

1,117,500.000 



ALTERNATIVE E 
ESTIMATED COST 
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HA:J/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE E 
NO. DESCRIPTION 

POWER PLANT STRUCTURE & IMPR< 

Valve Chamber 
Excavation & Supports 
Concrete & Reinf Steel 

-c 'l ' 
~, 
\, i I.:, 

ESTIMATE SUMMARY 

CRAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

.AMOUNT COSTS 

VEMENTS 

10,000 CY 275 2,750,000 
6,520 CY 410 2.673.200 

Struc. Steel & Misc.Meta s 52 TON 1.800 93,600 
Round-Off (16,800) 

Unclerground Powerhouse 

Dewatering LS 4.100 .ooo 
Excavation & Supports 58 900 CY 168 9,895,200 
Drilling-Percus.& Rotary 12 700 LF 27 342,900 
Concrete & Reinf.Steel 13 100 CY 630 8,253,000 
Struc. Steel & Mise Metals 300 TON 5 300 1,590.000 
Architectural LS 1,000,000 
Round-Off 18,900 

Bus Galleries BetweenPower 
house & Transformer Vaults 

Excavation & Supports 200 CY 825 165,000 
Concrete 120 CY 290 34,800 
Round Off 200 

H&CF CSE 623 (3-80) 

~, 

14879-001 
JOB NO. 

NOV. 1982 
DATE 

SHEET 1 OF 20 

TOTALS REMARKS 

5 ,500_~000 

Entire Underground Complex 

2"- 3"0 

25,200,000 

200.000 



,.,..--, 
'I , - rn ....----., 

l j r---, -
HAJ/ APD 

PREPARED BY 

~ 
ra.srJ 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE E 

NO. DESCRIPTION 

Transformer Gallerv & Tunne tl.s 

Excavation & Supports 
Concrete & Reinf Steel 
Struc Steel & Misc.Metals 
Round Off 

Valve Chamber & Transformer 
Gallery-Access Tunnels 

Excavation & Supports 
Concrete 
Round-Off 

Powerhouse Access Tunnel 

Portal Excav.& Protection 
Portal Cone.& Reinf.Steel 
Tunnel Excav.& Supports 
Tunnel Concrete 
Tunnel Misc. Metals 
Subsurface Exploration 
Mobilization 
Exploratory Adit 
Core drilling 
Helicopter Service 
Round-Off 

H&CF CSE 623 (3-80) 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

11,960 CY 290 3.468.400 
830 CY 460 381.800 
120 TON 3,800 456 .ooo. 

(6 ,200) 

1,500 CY 250 375.000 
60 CY 290 17.400 

7,600 

So,OOO CY ~o- 560 000 
1,000 CY 570 570,000 

24 ,00_0_ CY 300 7.200,000 
900 CY 290 261,000 

30 TON 11,000 330,000 

LS 1,500,000 
1,000 LF 1,800 1,800,000 
5,000 LF 140 700,000 

LS 600,000 
(21.000) 

-, 

14879-001 
JOB NO. 

NOV. 1982 
DATE 

SHEET 2 OF 20 

TOTALS REMARKS 

4,300,000 

400,000 

13,500 ,OOQ_ ----



- .r=-:. - ---~ 

ESTIMATE SUMMARY 
HAJ/APD 14879-001 

PREPARED BY JOB NO. 

MF NOV. 1982 
CHECKED BY DATE 

CONCEPTIJAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 3 OF 20 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE E PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS COSTS 

r.Rhl~ Wav 

r.nnC'rPf"P F. RPinf ~f"PPl 1,000 r.v 700 700,000 
Mi~ Metals1LC.ahle._5up. 26 TON 5,100 132,600 
Pnrf" P~mPl!'l 

Round-Off (32,600) 
BOU,OUO 

TOTAl. POtJF.R PLANT ~TRTJr.TITRF. TMPRCi\TEMF.N'"S 49,900,000 

. 

~&CF CSE 573 13-80) 



HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

-' :1 rrn. 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE E 

NO. DESCRIPTION 

RRstt:KvllfR nAM & WA'l'RRWAVS 

n.,.,.,,..,ni.-

lJah>r T.PvPl R<>rnrtHnu 

Tnt- a lro _St:ruc. t"UrP' 

Sit-"' Rxnlnrs:at-inn 
Mnhili7:s:at"inn 
f'n'l"'<> nri 11 i'nu 
Uolirnnt-.,..- C::o,.vir<> 

'1'""""'1 Rxrs:au F. Sunnnrf"A 
'l'unn<>l r.nnr F. RPinf St"<>P 
TnLoo-'t't>n (l<'in'll Rnnn..l\ 
D1n 1.. n.,. ... ,.. .. ~ 'l'omn r'nn,.. 

ninino r ....... 
Rnnnrl-()ff 

-- -- . . .. - - .... - .. -· -~ . - ... 

--·· .. .. .. --···· .... 

-··· . --~J ~----------- -- ---------- -- ---

'· J --. ------

. ·-··-------- . --· . ... _ .. j . 
-------- --·-- ---------

H&CF CSE 623 (3-80) 

r-r--, 
l I 

- ) 

ESTIMATE SUMMARY 
14879-001 

JOB NO. 

NOV. lgfp 
DATE 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT SHEET 4 OF 20 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

COSTS AMOUNT TOTALS REMARKS 

LS 100 000 

I,S 150.000 
5.000 LF 80 400.000 

T.~ 150 000 
10.000 cr· 510 5,100,000 

90 r.v 350 31.500 
T.S 2,500,000 L 26' 

550 r.v 700 3R5 000 
60 nAYS 10 000 600.000 

(16,500) 
9.300.000 

J 

I 
i 

' . -..... --l --·-- --· ... ·-----· -· . _.J .... -
l l ----- .. 

I l -- .. I· . . -----



,-
HAJ 

PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE E 

NO. DESCRIPTION 

Intake Gate Shaft 

Excavation & Sunnorts 
Mass Surface Excavation 
Concrete & Reinf. Steel 
Mise. Metals Gates & Hois 
Access Road 

Round Off 

. 

H&CF CSE 523 (3-80) 

~-~1 
_......, 
; . 

ESTIMATE SUMMARY 

CHAKACHANMA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

360 LF 17 50( 6 300 000 
50 000 CY 3( 1 500.000 

5 200 CY 89( 4 628 000 
220 TONS 12 20( 2 684 000 

1. 25 MI o.ooo.o )Q 2.500.000 

(12 000) 

14879-001 
JOB NO. 

NOV. 1982 
DATE 

SHEET 5 OF 20 

TOTALS REMARKS 

17 600.000 



r--"1- -· ~ 
' 1 --, 

l 

ESTIMATE SUMMARY 
RAJ 14879-001 

PREPARED BY JOB NO. 

MF NOV. 1982 
CHECKED BY DATE 

CHAKACHAMNA HYDROELECTRIC PROJECT 
CONCEPTUAL PROJECT SHEET 6 OF 20 

TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 

ALTERNATIVE E PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS 
COSTS 

REMARKS 

Fish Passage Facilities 
Approach Channel 

Channel Excavation 1,040,000 CY 11.30 ll. 7 52.000 
Slope Protection 90.000 CY 28.00 2 520.000 

Round (zz ooo) 

14,250 000 

Upstream Portal 

Excavation in Rock 64 500 CY 30.00 1.935.000 
Rock Bolts - Ch LK Mesh LS 544 500 
Dewatering During Construct LS 50 000 
Fence 400 LF 45.00 18 000 

Round 2 500 

2 550 000 

H&CF CSE 523 (3-80) 



-. 

HAJ 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTE RNATIVE E 
NO. DESCRIPTION 

Upstream Fish Passage Facilit\ 

Excavation & Support 
Concrete & Reinf. Steel 
Misc. Metal, Gates & Crane 
Electrical & Instrumentatior 

Round Off 

Downstream Fish Passage 
Facility 

Excavation & Support 
Concrete & Reinf. Steel 
Misc. Metal. Gates & Crane 
Electrical & Instrumentatior 

Round Off 

Access Tunnel 

Excavation & Support 
Concrete & Reinf. Steel 
Misc. Metal 
Electrical - Lighting 

Round Off 

H&CF CSE 523 (3-80) 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

16,550 CY 1 - "l 1)_, 2, 697,650 . 
5.880 CY 759 4,462,920 

LS 1,786,300 
LS 200,000 

(3' 130) 

8,900 CY 191 1,699,900 
2,600 CY 635 1,651,000 

LS 2,283,000 
LS 100,000 

(3, 900) 

122,500 CY 303 37,117,500 
22,800 CY 573 13,064,400 

LS 405,000 
LS 231,000 

(7, 900) 

,_ 

TOTALS 

9,150,000 

5,730,000 

50 810 000 

_, 
I 

14879-001 
JOB NO. 

NOV. 1982 
DATE 

SHEET 7 OF 2Q 

REMARKS 
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' 

ESTIMATE SUMMARY 
HAJ 14879-001 

PREPARED BY JOB NO. 

MF NOV. 1982 
CHECKED BY DATE 

CONCEPTUAL 
CHAKACHAMNA HYDROELECTRIC PROJECT 

PROJECT SHEET 8 OF 20 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE E 

PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS 
COSTS 

Fish Passage Facilities 

Excavation & Support 6 600 CY 53 349.800 
Concrete & Reinf Steel 740 CY 778 575.720 
Misc. Metal Gate etc. LS 434 650 

Round Off (l7o) 

1 360 000 
Chakachatna River 
Flow Regulation 

River Bed Deepening 10.000 CY 9.5( 95.000 
Rip-Rap 1 000 CY 35. oc 35.000 

130,000 

Access Road LS 300.000 

Access Tunnel to Fish 
Passage Facilities 

Portals Excavation 700 CY 93 65.100 
Tunnel Excavation & Sunnort 3 350 CY 314 ___ _l,Q?1 ~Q.QO 

Round Off 3 .ooo_ 

1 120_.000 

Total Fish Facilities 85 400 000 

H&CF CSE 523 (3-80) 



_, 
I - ~. ~ 

'I ·- 'I I I, I 

RAJ 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESPMATE 

ALTERNATIVE E 

NO. DESCRIPTION 

Chakachata Dike and Spillway 

Excavation & Slooe Protect' 
Concrete & Reinf. Steel 
Timber Bridge 
Dike 

Round Off 

on 

Access Tunnel at Surge Chamber 

Portal Excavation & Protect ion 
Tunnel Excavation & Suooorts 
Tunnel Concrete & Reinf. St eel 
Grouting Contact & Pressure 
Watertight Bulkhead & Frame 

Round Off 

~ H&CF CSE 52.:; (3-80) 

---: ! ~I 
'·'-J "' 

,.-....-, 
1 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

280 000 CY 29.50 8 260 000 
1 100 CY 325 357 500 
2 200 SF 150 330 000 

250 000 CY 0.75 187 500 

( 35 '000) 

6.000 CY 35 210.000 
14 000 CY 317 4,438,000 

1 700 CY 420 714.000 
2,260 CF 58 131.080 

27 TON 13 800 372.600 

34 320 

-

14879-001 
JOB NO. 

NOV. 1982 
DATE 

SHEET 9 OF 20 

TOTALS REMARKS 

9,100,000 

5,900,000 



r--• 
I. 

rr---:.· .. ~ 

HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE E 

NO. DESCRIPTION 

Power Tunnel TBM 

Excavation & Supports 
Concrete 
Grouting 

Round Off 

H&CF CSE 523 (3-80) 

,.....-, 
' ; 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

53,400 LF 6 110 326,274,000 
267 000 CY 341 91 047 000 
540 000 CF 56. 4C 30 456 000 

23 000 

. 

- -

TOTALS 

447 800 000 

~ 

' 

14879-001 
JOB NO. 

NOV. 1982 
DATE 

SHEET 10 OF 20 

REMARKS 



-· -
HAJ/APD 

PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESnMATE 

ALTERNATIVE E 

-( ] 

NO. DESCRIPTION 

Surge Chamber - Uooer 

Excavation & Suooorts 
Concrete & Reinf Steel 
Earthwork & Fencing: 

Round Off 

Penstock - Horizontal 
Section 

Excavation & Supports 
Concrete & Reinf. Steel 
Grouting - Contact 

Round Off 

H&CF CSE 523 (3-80) 

~ 
( ' ; 

____, 
. I 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

27 100 CY 353 9 566 300 
10.000 CY 893 8 930 000 
15 000 CY 27 405.000 

(l 300) 

12,000 CY 334 4 008,000 
5 100 CY 365 1 861 500 
2,600 GF 50 130.000 

500 

14879-001 
JOB NO. 

NOV. 1982 
DATE 

SHEET ll OF 20 

TOTALS REMARKS 

18.900 000 

6,000,000 



- --:1 -
HAJ/APD 

PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAl. 
TYPE OF ESTIMATE 

ALTERNATIVE E 

NO. DESCRIPTION 

Pe.n.at-nrlr-Wvi=! 1\T!>nrho:>a t-n v.., 

Excavation & Suooorts 
Concrete & Reinf. Steel 
Steel Liner 
Grouting-Contact 
Round-Off 

Penstock ·Between Valve Char 

Excavation & Supports 
I Concrete & Backfill 

Round-Off 

Draft Tube Tunnels 

Rock Bolts & Grout 
Concrete & Reinf. Steel 
Round-Off 

Surge Chamber - Tailrace 

Excavation & Sunnorts 

I&CF CSE 523 (3-601 

,.....--,, 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT COSTS 

ilve Chamber 

9 000 CY 480 4 320.000 
6 100 CY 608 3.708.800 

700 TON 5 000 3.500 000 
7_,000 CY 56 392,000 

(20 ,800) 

her & Powerhow e 

850 CY 440 374.000 
500 CY 550 275.000 

(49 000) 

15.000 LF 29 435,000 
2 975 CY 425 1,264,375 

625 

5 000 CY 480 

TOTALS 

l"l,900,000 

600,000 

1,700,000 

2,400,000 

- J 

14879-001 
JOB NO. 

NOV. 1982 
DATE 

SHEET 12 OF 20 

REMARKS 

---··-
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HAJ/APD 
ESTIMATE SUMMARY 

14879-001 
PREPARED BY JOB NO. 

MF NOV. 1982 
CHECKED BY DATE 

CONCEPTUAl. 
CHAKACHAMNA HYDROELECTRIC PRO.JECT 

PROJECT SHEET 13 OF 20 
TYPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE E PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS 
COSTS 

Tailrace Tunnel & Structures 

C:nfferdRm & DP.wRterinl! LS 2.000.000 
Portal Exeav & Prntecticn 2.000 CY 65 130,000 
Concrete & Reinf Steel 1.200 CY 600 720 .ooo 
Walkwav Brid!!e LS 65,000 
StnnlntrA & Hoists 81 TON 8,500 688,500 
Tt~nnPl ExrRv F. ~nnnnrtR 20 000 CY 290 5.800.000 
P1ua """'""'•'l.tion 4 000 CY 50 200,000 
Round-Off (3 .500) 

9,600,000 

TailraeP. f'h<>nn~l 

C:hannel Exe:tv:ttlon 80.000 CY 9 720.000 
(20.000) 

700,000 

River Traininrz Works 

River Bed Deepening 50,000 CY 10 500,000 

Mech & Elec. LS 6 '100~000 

TOTAL RESERVOIR. DAM AND WJ TERWAYS f>J3 6nn nn0 

--
i&CF CSE 623 (3-80) 



--r-) 
; I . -i rrr ~' 

r---"1 
.,} 

HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE E 

NO. DESCRIPTION 

Turbines & Generators 

Turbines 
Generators 
Round Off 

Accessorv Electrical Eouiot ent 

Eouioment 

Misc. Power Plant Eouiomen 

Crane Bridge 
Other Power Plant Eouio. 

Switchvard Structures 

Earthworks 
Concrete & Reinf. Steel 
Struc. Steel & Misc.Meta s 
Round-Off 

H&CF CSE 523 13-601 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 

QUANTITY 

4 
4 

1 

15.000 
3,800 

225 

PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

UNIT 
UNIT 

AMOUNT 
COSTS 

EA 8,480,00( 33,920,000 
EA 6,00(\00( 24,.000,000 

(20 ,000) 

LS 

EA 930,000 
LS 6,370 000 

CY 25 375,000 
CY 640 2 432.000 
TON 3,500 787.500 

5.500 

-

14879-001 
JOB NO. 

NOV. 1982 
DATE 

SHEET 14 OF 20 

TOTALS REMARKS 

330 MW 

5/,900,000 

Y,SOO,OOU 

7,300,000 

3 600.000 



- -l 

fiAJ/APD 
PREPARED BY 

CHECKED BY 

CONCEPTUAL 
TYPIE OF ESTIMATE 

ALTERNATIVE E 

NO. DESCRIPTION 

Switr.hvard Eauipment 

'T'.-<mRfnrmPrR 105 MVA 
llnit & Line Breakers 
Switl'heR F. T.f ohtn. Arrest< 
210 KV Cables 
f:nntrols & Metr'2 Eauin. 
Rnunrl Off 

r:nmmunicatinn and Sunv 
Control Eauin 

H&CF CSE 623 13-80) 

~. 
~ : 
~ 
'J ll .. : I -' l 

ESTIMATE SUMMARY 

CIUUKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

COSTS AMOUNT 

5 EA 1,030,00 5,150,000 
7 EA 185,00 1,295,000 

rs 30 EA 34,00) 1,020,000 
18,000 LF 130 2,340,000 

LS 2,700,000 
(5 .000) 

LS 

14879-001 
JOB NO. 

NOV. 1982 
DATE 

SHEET 15 OF 20 

TOTALS REMARKS 

-
12,500,000 

1,600,000 

---·· 



llJ HAJLAPD 
PREPARED BY 

CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE E 
NO. DESCRIPTION 

~SPORTATION FACILITI~ 

Port Facilities 

Causeway 
Trestle Piles 
Trestle Struct. Steel 
Trestle Reinf. Cone. 
Facilities - Allowance 
Round-Off 

Airport 

Earthwork 
Culverts 
Subbase & Base 
Building - Allowance 
Round-Off 

HS.CF CSE 623 IHIO) 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS 

19,600 CY 80 1 ')08 000 
50 TON 11.300 565 000 

110 TON 3 500 385 000 
150 CY 700 105 .000 

LS 2 000 000 
(23 000) 

54 1500 CY 16 872,000 
1.000 LF 65 65,000 

_55 ()()() CY 14 770,000 
LS 300,000 

(7_,_000) 

-

TOTALS 

4 nOO.OO 

2_,000~000 

14879-001 
JOB NO. 

NOV, 1982 
DATE 

SHEET 16 OF 

REMARKS 

L = 150 LF, i!S12", t = k" ? 

,..._ 
! 

20 



HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

-( -f .I !"""-~" /,I : ;, 

ALTERNATIVE E 

NO. DESCRIPTION 

Af"'rPAQ F. C:nnRtrnrtion Road" 

Mil .. fH.OO t-n lR+OO 
RArt-hwork 
C:nlvo:>rt-R 
RricllleR 
~nhhRRP F. BRRR 
n ...... .t R<>i1 
RPn<llir RviRt-ino RnRrl 
~nnt.r Fo:>nr"Pa 
Round-Off 

Milo lA-1-nO t-n 1'\-1-00 
l<'art-ht.Jnrlra 
Culverts 
Subbase & Base 
r.na.rd Rail 
RPnsdr Rxi Rtinu RoRd 
Snow Fences 
Round-Off 

Milo:> 1'\-1-00 t-n 1Q-I-OO 
RArthwork 
r.uluPrt-!:1 
Hri<loP 
~nhhR.!'Ie & R<llaP 
nnArn R:~il 

Snow F .. nrPa 
»no.nrl. -nf f 

i&CF CSE 523 (3-80) 

-
~I 

ESTIMATE SUMMARY 
14879-001 

JOB NO. 

NOV 1 QR? 
DATE 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT SHEET 17 OF 20 

ALASKA POWER AUTHORITY 

PREPARED FOR 

QUANTITY UNIT 
UNIT 

AMOUNT TOTALS REMARKS COSTS 

175,000 CY 6 60 1,155.000 
1,500 U<' 65 97 500 36 11 0 CMP 
1.400 Sli' 150 210 000 

85,400 CY 15 1 281 000 
1 200 LF 25 :m.noo 

95,000 LF 10 950 000 
5.000 LF 35 175 000 

1 500 
1.Q00.0()() 

1,465,000 CY 6.60 9 669 000 
3,600 LF 80 288 000 48 11 (6 CMP 

165,000 CY 15 2 475.000 
13,000 LF 25 325 000 
16,000 LF 10 160 000 
1,000 LF 35 35_.000 

48,000 
13 000 000 

445 000 CY 8.30 3 693 500 
1,000 LF 80 80,000 48'~ CMP 
9,000 SF 150 1 350_,000 

38,000 CY 15 570 000. 
10,000 LF 27 270 000 

2,000 LF 35 70,000 
. (33 500) 

6.000 non 

--



--l 

HAJ/APD il ESTIMATE SUMMARY 
14879-001 

PREPARED BY JOB NO. 

MF NOV ]qR? 
CHECKED BY DATE 

CONCEPTUAL CHAKACHAMNA HYDROELECTRIC PROJECT 18 OF 20 PROJECT SHEET 

TYPE OF ESTIMATE 
ALASKA POWER AUTHORITY 

ALTERNATIVE E PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

AMOUNT 
COSTS TOTALS REMARKS 

Walkwav To Gate Shaft 
Earthwork 1,200 CY 20 24 000 
Guard Rail 1.000 LF 25 25 000 
BridRe 200 SF, 150 30 000 
Rio rap 100 CY 35 3.500 
Round-Off 17.500 

100,000 

Access Road to MacArthur Valley 
Earthwork 545 000 CY 7 3,815,000 
Culverts 2,400 LF 75 180.000 36"~ and 48"95 CMP 
Brid2e Improvements 9,000 SF 70 630,000 
Subbase & Base 105,000 CY 15 1.575.000 
Guard Rail 6 000 LF 25 150,000 
Snow Fences 3 000 LF 35 105.000 
Round-Off 45,000 

6,500,000 

AcceRR Road to Tailrace unnel 
F.arthwork 56,000 CY 8 448.000 
Culverts 100 LF 80 8,000 48"95 CMP 
SnhhRR~ &. BaRe 2,500 CY 20 50,000 
Gn;~ rd Ra i1 600 LF 25 15,000 
Round-Off (21,000) 

500,000 

~IIICF CSIE 523 (3-801 



H.hJ /MD 
'REPAREO BY 

MF 
:HECKED BY 

,-, 
I, 

ESTIMATE SUMMARY 

CHAKACHAMNA HYDROELECTRIC PROJECT 
CONCEPTUAL PROJECT 

YPE OF ESTIMATE 

ALASKA POWER AUTHORITY 
ALTERNATIVE E PREPARED FOR 

NO. DESCRIPTION QUANTITY UNIT 
UNIT 

COSTS AMOUNT 

Access Road to Downstream P ~er -Tunnel 
Earthwork 215,000 . C'{ 9.80 2,107,000 
Culverts 800 LF 80 64,000 
BridRe 3,000 SF 150 450,000 
Subbase & Base 10,000 CY 21 210,000 
Guardrail 9,000 LF 32 288,000 
Snowshed & Slide Fall 1,000 LF 800 tiUU,UOU 
Round-Off -~19 !000) 

-

Temoorarv Construction Roads 
Earthwork 61,000 CY 6 366,000 
Culverts 600 LF 80 48 000 
Brid~e 3,000 SF DU 450,000 
Guardrail 2,000 LF 25 50,000 
Round Off (14.000) 

Road Maintenance 

Surmner Season 45 MO 1150 ,uuu 6,750,000 
Winter Season 30 MO 600,1IUD 18,000,000 
Round-Off 50,000 

ITOTAT. Ar.rJO:ss IV r.oNSTRUCTION R01 DS 

CF CSE 523 13-80) 

~: 

TOTALS 

3 ,9DIT,UUU 

900,000 

24,800,000 

59,600,000 

- J 

. 48''~ CMP 

48"~ CMP 

-

14879-001 
JOB NO. 

NOV. 1982 
DATE 

SHEET 19 OF 20 

REMARKS 



HAJ/APD 
PREPARED BY 

MF 
CHECKED BY 

CONCEPTUAL 
TYPE OF ESTIMATE 

ALTERNATIVE E 

-l' 

NO., DESCRIPTION 

Transmission Line 

Clear & Grub 
TranBil!isaion Line 
Submarine Cable 
Round-Off 

TOTAL SPECIFIC CONSTRUCTION 
COST AT JANUARY 1982 PRICE 
LEVELS 

I&CF CSE 623 (3-80) 

ESTIMATE SUMMARY 

.~ 
) 

CHAKACHAMNA HYDROELECTRIC PROJECT 
PROJECT 

ALASKA POWER AUTHORITY 
PREPARED FOR 

QUANTITY UNIT 
UNIT 

COSTS AMOUNT 

82 MI 225,000 18,450,000 
82 MI 343,000 28,126,000 
21 MI 792,000 16,632,000 

(8~000) 

14897-001 
JOB NO. 

DATE 

SHEET 20 OF 20. 

TOTALS REMARKS 

()] ,:wu ,uuu 

905,300,000 
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