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INTRODUCTION 

The history of Anchorag~ has been one of continual expansion. Pur­

chase of Alaska by the United States in 1867 opened the area to economic 

development and fur trading and mining were actively pursued. The Cook 

Inlet area was always popular as a transportation center because of the avail­

ability of deep water. Several communities were established as shipping 

centers to supply the mining areas. Among these were Tyonek, Hope, Knik 

and the Ship Creek area. The choice of Ship Creek by the Alaska Engineering 

Commission in 1914 as a work and supply camp for construction of the Alaska 

Railroad established the townsite that was to become Anchorage. 

The military became firmly established in the Anchorage area during 

World War II, and the Alaskan Command Headquarters are now at Elmendorf 

Air Force Base and Fort Richardson. 

Anchorage enjoys the position of being the economic, industrial, trans­

portation and military center of the State. While the Anchorage metropolitan 

area currently has a population of well over 100,000, predictions indicate 

about 200,000 people by 1990. This expansion could be jeopardized if proper 

transportation corridor construction is not soon implemented. 

Knik Arm, Turnagain Arm, the Chugach Mountains and the extensive 

military land holdings constitute barriers to future expansion of the Anchorage 

metropolitan area. The discovery and exploitation of oil fields on the Kenai 

Peninsula provided the impetus needed to study the feasibility of crossing 

Turnagain Arm. Several comprehensive reports resulted from these studies; 

however, the project has not extended beyond this phase. 

The proximity to Anchorage and favorable terrain makes the lands 

north and west of Knik Arm attractive for incorporation into the active Anchor­

age community. This has long been realized and in 1955 the Anchorage 

Chamber of Commerce commissioned Ivan Bloch and Associates to make an 

economic study for a crossing of Knik Arm at Cairn Point. This report stressed 

the defense benefits of such a crossing. However, Statehood and a change 

in U. S. Military posture have shifted the emphasis to civil benefits which are 

far greater than those envisioned in 1955. 

1-1 





A crossing of Knik Arm would shorten the Anchorage-Fairbanks high­

way by about 50 miles and would give a convenient start for a road to the 

Beluga area and the Alaska Peninsula with its mineral and recreation po­

tential. 

PURPOSE AND SCOPE OF STUDY 

This study was initiated by the Alaska Department of Highways for the 

express purpose of exploring the technical problems associated with an engi­
neering structure across Knik Arm. The limits of the study area were defined 
as Point Mackenzie on the west and Eagle River on the east. 

Budgetary limitations have severely limited field investigations. Thus, 

existing data has been used as a basis for this study. 

The study has encompassed various structure types (bridge, dam, tun­

nel); locations, in light of known and surmised soil conditions; and construction 

methods for the various proposals. Areas needing extensive laboratory and 

field investigations have been defined in preparation for subsequent design 

phases of the Knik Arm Crossing. 

ACKNOWLEDGMENTS 
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by the Anchorage offices of the U. S. Geological Survey and the U. S. Coast 

and Geodetic Survey. Cooperation of the various offices of the Alaska De­
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the performance of this study. 
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and Foundation Engineers. 

1-3 



INCI!:X TO PLAN ANC 

PROFILE PLATES 

APPENDIX A 

Page 

MOST FAVORABLE LOCATIONS ... .... ........ . 11-1 

COST OF ALTERNATE CROSSINGS .............. 11-1 
BENEFITS . ..•............................ 11-2 
SCHEDULE FOR FUTURE STUDIES, 

DESIGN AND CONSTRUCTION ............ 11-3 





MOST FAVORABLE LOCATIONS 

The findings presented in this report indicate a bridge crossing located 

about 8,000 ft. upstream of Cairn Point (Crossing IV) as the most favorable 

location and type of highway structure across Knik Arm. Crossings designated 

Ill, IV, and V were selected early in the studies for more detailed analysis 

as research indicated other crossings did not have significant advantages and 

in fact had many disadvantages. The various crossings considered are shown 

on Figure 11-1. A detailed comparison of the various crossing locations is 

given in Section IV of this report. 

All portions of the shoreline from Point Woronzof to Eagle Bay on the 

east, and Point Mackenzie to the Goose Bay area on the west, were included 

in the study area for this report. 

The principal criterion for this report was to find a suitable highway 

crossing which can be built for the least amount of money. This structure 

must meet acceptable standards of safety and service and be readily acces­

sible to the users. 

COST OF ALTERNATE CROSSINGS 

After preliminary design forces were ascertained, various structural 

systems were analyzed to determine the most economical systems which could 

successfully resist those forces. Once this was accomplished, quantities of 

material necessary to construct the various applicable structure types were 

calculated. These material quantities were multiplied by unit prices to de­

termine estimated construction costs for each location and type of crossing. 

Table 11-1 indicates estimated bid price construction costs for six alter­

nates. These alternates include a Suspension Bridge at Crossing Ill, a Truss 

Bridge at Crossing IV, a Causeway Dam at Crossing IV, a Truss Bridge at 

Crossing V, a Causeway Dam at Crossing V, and a Combination Bridge­
Causeway at Crossing V. The estimated time for construction is also indicated. 

Both the cost estimate and the time schedule are predicated on an assumed 

start of construction date of January, 1972. These estimated contractor bid 

prices reflect probable wage and material price escalations occurring during 

the years this project would be under construction. 
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Table 11·1 COMPARATIVE COSTS OF CONSTRUCTION 

ESTIMATED BID PRICE SCHEDULE DISTANCE 
AlTERNATE (million$) (years) (Bluff to Bluff-ft.) 

Truss Bridge at Crossing IV 126.0 4 12,900 

Causeway Dam at Crossing V 209.0 5 25,800 

Truss Bridge at Crossing V 223.0 6 25,800 

Bridge-Causeway ot Crossing V 230.0 5.5 25,800 

Suspension Bridge at Crossing Ill 249.0 7 8,500 

Causeway Dam at Crossing IV 289.0 6 12,900 

Note: 
Crossing 0, I, II and VI cost estimates are not included since these crossings are not 

considered viable alternatives. 
Distances shown do not include approaches. 
Derivation of obove estimates is given in Appendix "D". 

In addition to the estimated bid prices for construction, other costs 

would be incurred for successful project development and completion. These 

costs include contractor contingencies, subsurface testing, surveys, test struc­

tures, model testing, engineering, and administration. Estimated project costs 

for the most viable solutions are shown on Table 11-2. 

Total estimated project cost for a Bridge at Crossing IV is $140,000,000 

Total estimated project cost for a Causeway Dam at Crossing V is $231,000,000. 

Data obtained during the soils reconnaissance indicate that substantial 

portions of the bluffs along Knik Arm have undergone varying degrees of 

sliding in the past. It should be pointed out that considerable cost could be 

added to the tabulated project cost of a Bridge Crossing at line IV, if soils 

borings indicate the need for extensive slope protection. 

BENEFITS 

This generation and future generations would benefit greatly from a 

permanent highway crossing joining the two sides of Knik Arm near Anchor­

age. The Knik Arm Crossing connecting with the nearly completed Anchorage­

Fairbanks Highway would reduce the distance by about 50 miles. Future 



Table 11·2 ESTIMATED TOTAL PROJECT COSTS 

T ota I for Crossing 
Contingencies and Variations (l 0%) 

*Estimated Construction Cost 

**Borings and Soil Testing 
Hydrographic and Land Surveys (0 .75%) 
Model Testing and/or Test Structure 

Engineering and Administration 
Basic Design (4 .0%) 
Construction Supervision (4 .0%) 
Administration ( 1 .5%) 

Estimated Project Cost (nearest million) 

*Based on 1971 start and 1975 finish 
**Includes Geophysical Surveys 

BRIDGE 
CROSSING IV 

$114,938,200 
11,061,800 

$126,000,000 

410,000 
945,000 
520,000 

5,040,000 
5,040,000 
1 ,890,000 

$140,000,000 

CAUSEWAY DAM 

CROSSING V 

$189,590,600 
19,409,400 

$209,000,000 

837,000 
1 ,567,500 

225,000 

8,360,000 
8,360,000 
3,135,000 

$231,000,000 

economic development of the west side of Knik Arm would certainly add to 
the potential of the metropolitan area of Anchorage. 

A highway link also would provide the necessary access for a new 
international airport which has been mentioned for location on the west side 
of the arm. Such a facility presents an interesting stimulus for the future 
economic development of the west side of Knik Arm. 

Another advantage of providing means for development access of 
lands north of Knik Arm is the existing geographic position of Anchorage. 
The city is presently surrounded by water, mountains and military facilities. 
Also, the world-wide recognition which would accompany the construction of 

this unique and monumental project would certainly be valuable to the State 
of Alaska. 

SCHEDULE FOR FUTURE STUDIES, DESIGN AND CONSTRUCTION 

It is estimated that construction time for a bridge at Crossing IV or a 
causeway dam at Crossing V would be 4 and 5 years, respectively. The 
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time for design, surveys, model studies, soils borings, etc., are estimated to 

be 2 years for the bridge and 3 to 4 years for the causeway dam. Therefore, 

it could be expected that the bridge can be completed 6 years after approval 

to proceed, and the causeway dam in 8 to 9 years. Figure 11-2 shows a sug­

gested schedule for subsequent project development. Bar graphs illustrating 

functions and estimated time schedules for the construction of other alternates 

are illustrated in Appendix D. 

Further discussion concerning recommendations for future studies ap­

pears in Section IX, Conclusions and Recommendations, of this report. 



I 
(.)1 

PROJECT OPERATION 

Borings and Soil Testing 

Land and Hydrographic Surveys 

Preliminary Design 

Laboratory Model Design 

Development and Testing 

Field Test Structure Construction 

and Observations 

Design Plans and Specifications 

Advertise, Receive Bids and 

Award Contracts 

Contractor Mobilization 

lst Year 2nd Year 

*For details of construction sequence, see Appendix D- Construction Schedule for Truss Bridge at Crossing IV, 

Jrd Year 4th Year 5th Year 6th Year 

figure 11-2 SCHEDULE FOR SUBSEQUENT STUDIES, SURVEYS, BORINGS, DESIGN, CONTRACT AWARD AND CONSTRUCTION** 
**schedule assumes o bridge at Crossing IV. 
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INTRODUCTION 

During the course of this study a broad range of field and office in­

vestigations were conducted with numerous experts contributing their individual 

professional skills. Aerial photographs were taken in March, 1971, to provide 

data regarding the extent of ice cover, the size of individual ice floes and the 

velocity of floe movements. Unique tidal variations necessitated field surveys 

of tides in Knik Arm. Data of these surveys, conducted in May and June, 

1971, were combined with existing records from the Anchorage ocean dock 

tide recorder to establish a tidal prism. 

Geological and soils reconnaissance were carried out in the field. 

Visual inspection of the soils and shoreline features was accomplished, and 

these findings were evaluated in combination with existing soils information. 

Preliminary designs were qualitatively evaluated for their susceptibility to 

seismic forces. 

Preliminary designs were prepared for each feasible crossing location 

and type. These designs were revised and up-dated as the studies progressed. 

Finally, construction costs and methods were investigated. The ap­

proach to this complex problem was to prepare contractor-type estimates inso­

far as the status of design and information allowed. 

The results of simultaneous investigations in the disciplines of oceanog­

raphy, hydraulics, soil mechanics and geology, foundations, structural design, 

construction methods, and construction costs are summarized in subsequent 

sections of this report. 

CLIMATOLOGY 

General 

The Cook Inlet-Anchorage area is in the Transitional Climatic Zone 

of Alaska. The adjacent Continental and Maritime Zones plus the geographic 
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features of the oreo assure o variety of weather. The major geographic fea­

ture which modifies Knik Arm weather is the Chugach Mountain Range o few 

miles to the southeast. This range forms o barrier to the maritime environ­

ment of Prince William Sound which supplies the moisture to the ice fields 

in the upper reaches of the range. These ice fields, extending to 13,000 feet 
in elevation, supply cold, dense air that sometimes flows down the valleys 
in the form of strong, local winter winds. Major river valleys such as the 
Susitna, Copper, Matanuska, and Knik, oil form channels which control low 
level air movements. Sea level pressure diagrams indicate a general low 
pressure area over the Aleutian Islands throughout the year with high pres­
sure areas over the interior of Alaska or the Arctic Ocean (ESSA Technical 
Memorandum EDSTM 8, 1969). Storm tracks normally run to the northeast 

over Anchorage while the predominant most severe winds blow from the 

northeast. 

Weather Station History 

Figure 111-1 shows the location of pertinent weather stations. The peri­
ods of record for weather data listed in this report are os follows: 

Anchorage 
Elmendorf AFB 

Wasilla 3S 

Matanusko Agriculture Exp. Sto. 

1931-1969 

1941-1959 

1953-1967 
1920-1952 

The Anchorage Weather Bureau furnishes the major weather analysis for the 
area, while the Elmendorf Station is concerned with weather forecasting for 

military operations. The Wasilla and Matanuska Stations were established 

to collect data for use by the Motonuska Valley forming community. The 

Motanuska Station provides one of the two evaporation stations in the whole 

State, the other being at College, Alaska and outside the concern of this rep­

port. 

Temperature 

The highest recorded temperature in the Knik Arm area was 91 de­
grees, measured at the Matanuska Station in 1936. A low temperature of 

minus 50 degrees wos recorded at Wasilla in 1947. The coldest period occurs 

in January and early February, while the warmest month is July, although 
the highest temperatures usually' occur in June because of less cloud cover. 

As the mean temperature rises, breakup, or ground thawing, begins 
in late March and early April and may continue through the month of Moy 
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in some poorly drained areas. With rapidly decreasing sunshine, the mean 

temperature decreases to below the freeze line about October 25 each year. 

Temperature data listed in U.S. Department of Commerce Publication 60-49 

("Climates of the States-Alaska") converts to an annual average of 650 centi­

grade degree days below -7°C(20°F±). 

Table 111-1 shows the average date of the latest spring occurrence and 

earliest fall occurrence of 32 degrees F for a number of stations in the Knik 
Arm Watershed. 

Table 111-1 32°F. OCCURRENCES 

Dates of 32° F. 
Station 

Latest in Spring 

Anchorage May 11 

Elmendorf AFB April 30 

Eklutna May 20 

Matanuska AES May 25 

Sheep Mountain June 5 

SHEEP MOUNTAIN IS ABOUT 85 AIR MILES N.E. OF 

ANCHORAGE. NEAR THE EASTERN LIMITS OF THE 

KNIK WATERSHED AT AN ELEVATION OF ABOUT 2,500 FT. 

Occurrences 

Earliest in Fall 

Sept. 18 

Sept. 25 

Sept. 7 

Sept. 13 

Aug. 25 

Figure 111-2 shows a tabulation of temperature data for four Anchorage 

area weather stations and a graph of the mean monthly temperature at the 

Anchorage Station. 

Precipitation 

The heavy precipitation, for which the southern coast of Alaska is 

known, is blocked from the Anchorage area by the Chugach Mountains. While 

the precipitation has been accurately recorded at the low elevations in the 

Knik Arm area, the moisture must be estimated at the higher levels within 

the watershed. Mean annual precipitation within the Knik Arm watershed 

varies from about 80 inches in the upper Chugach Range to about 14 inches 

at Anchorage. Mean annual snowfall varies from about 200 inches in the 

mountains to about 75 inches at Anchorage. Approximately half of the area 

precipitation falls as rain during the summer months with the other half form­

ing the winter snowfall. Major effects of precipitation would be to limit some 
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work during the construction phase of a crossing and to cause snowdrifting 

and ice formation on a finished structure. 

Figure 111-3 shows mean and maximum precipitation values for three 

Anchorage area weather stations with a graph illustrating the m eon monthly 

precipitation figures for the Anchorage Station. 
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Winds 

Winds, while generally quite moderate in the Anchorage area, con 

reach serious proportions during the winter months. Strong winds are of 

two types (Weber, Anchorage Weather Bureau). Figure 111-1, shows the gen­

eral location and direction of these winds. The most severe is the strong, 

gusty north wind, sometimes called a Matanuska, which may persist for 2 

or 3 days at speeds of 20 to 40 knots. During this time, wind speed may 

reach 35 to 50 knots for 6 hours or more, with short duration gusts of 70 or 

80 knots. 

The strong northerly winds normally occur several times each winter 

and have their origin in a rapidly increasing pressure gradient between the 

Gulf of Alaska and the northern interior of the State. These winds start as 

a low level air movement from the Copper River Basin which moves westward 

through the Matanuska River Valley, turns southward near the Palmer area 

and flows down Cook Inlet. The wind sometimes moves far enough west to 

completely bypass Anchorage. 

The second of the serious winds ore the strong, gusty southeasterly 

winds which are formed by high pressure in the Gulf of Alaska and may occur 

at any time of the year, although most of the damaging winds at Anchorage 

are in the fall. The southeast winds flow over the Chugach Range and are 

called Knik Winds if they blow across Knik Glacier and Turnagain Winds if 

they blow across Turnagain Arm. The Turnagain Winds concentrate in valleys 

such as Eagle River, Peters Creek and Ship Creek. While velocities of 100 

mph have been recorded at the west base of the Chugach Mountain valleys, 

these speeds diminish rapidly as the winds spread over the flat land and 

Knik Arm. 

The tabulated data shown in Figure 111-4 indicates a maximum meas­

ured speed of 51 mph during a 19 year period of record at the Elmendorf 

weather station. This data does not include gust speeds. Anchorage Weather 

Bureau experts indicate 70 to 80 knot (80 to 92 mph) gusts may be expected 

over Knik Arm due to lack of obstructions. 

Figure 111-4 also shows wind speed and percent of time in each quad­

rant. This data was plotted from Elmendorf AFB information which is closer 

to the area of interest than that collected by the Anchorage Station. 

The previously mentioned high velocities of the northerly winds are 

not reflected in published data because surface roughness at the land stations 
prevents the speeds attainable over the smooth surface of Knik Arm and the 

Knik and Matanuska River beds. 
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Figure 111·4 WIND DIRECTION AND VELOCITY EXTREMES 

Wind speed varies with height because of shear in the air mass. The 

law of wind change (Geiger, The Climate Near the Ground, pg. 118) in its 

simplest form is: 

where U == 

z 
zo 
c 

U = c In (~J 
wind speed in meters per second 

height above ground 
surface roughness parameter 

a constant which includes the Von Karman 

constant, temperature constant and unit 

constants. 



The roughness parameter has a dimension of length and is listed by Geiger 

(pg. 275) as about 12 em. for forests and about 0.02 em. for sea, swampy 

plains and snow over short grass. The above formula shows that smoother 

surfaces (smaller Z
0

) give higher speeds as do increased heights (larger Z). 

The f power law is often used to determine the variation of wind 

speed with height. The power law is stated by the following formula: 

( z )-t 
uz = u30 30 

where Uz = wind speed at any height Z 

U = wind speed at standard height of 30 feet 
30 

above surface. 

The gust factor is defined as that factor which must be used to multiply 

the sustained wind speed to obtain the gust speed (C.L. Bretschneider, The 

Handbook of Ocean and Underwater Engineering, 1969). This factor has been 

found to vary with elevation according to the formula: 

F = F (.k.)- ss4 
z 30 30 

where Fz = gust factor at any height Z 

F
30 

= gust factor at standard height of 30 feet 

above surface. 

The U.S. Weather Bureau at Anchorage uses F equal to 1.3. 
30 

Figure 111-5 has been plotted by using the Weather Bureau's maximum 

gust of 80 knots (92 mph) and reducing it by a gust factor of 1.3 to a steady 

wind speed of 70.8 mph at 30 feet above the surface. The f power law 

has been used to form the steady speed curve between the heights of 3 feet 

and 300 feet and the gust speed curve has been formed using the gust for­

mula shown above. 

Effects besides property destruction may be attributed to the strong 

winds of the Anchorage Area. The Knik and Matanuska winds keep most of 

the snow blown off the flats above Knik Arm, providing much needed winter 

browse for the area's moose population. The Knik Wind also carries a great 

deal of silt from the Knik River bed and deposits it over Palmer and areas 

to the west. During the spring this silt settles on the snow and by decreasing 

the albedo (light reflectance) of the snow mass probably causes a slightly 

earlier snow melt than might otherwise be expected. Albedo is listed (Geiger, 

The Climate Near The Ground) as 75% to 95% for fresh snow cover, 40% to 

70% for old snow cover, and 20% to 50% for dirty firn snow. 
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While extreme wind velocities will affect the design criteria, moderate 

winds will seriously decrease the efficiency of workmen during any winter 

construction in the Anchorage area. Wind chill is a factor which relates heat 

loss from human skin, caused by air movement, to an equivalent calm air 

temperature. Table 111-2 shows the wind chill index as a function of temper­

ature and wind velocity. 

Table 111·2 WIND CHILL INDEX 

Wind Speed Actual Air Temperature (Degrees Fahrenheit) 

(MPH) 25 20 15 10 5 0 -5 -10 -15 -20 -25 -3o 1 -35 

10 14 8 2 -4! -10 j_:z4f_-2t -27 -33 -39 -45 -50 l-56 --~-~--r--
15 7 0 -6 -1-it-18 I -2~+=31 -38 -44 -50 -57 -631-69 
20 2 -5 -12 -19 1_=.251=:12. -391-45 -52 -59 -66 -72 l-79 

25 -2 -9 '-1 7 -2~ -30 t -31i -44 -51 -58 -65 -72:-78 i -86 

30 -5 -12 -20 -27 -33 -41 -481-55 -63 -70 -77 -83]-91 
--c-----

35 -7 -14 -22 -29 -36 -44 -51 T -5e -66 -73 -81 -87 i -95 
40 -9 -16 -24 -31 -38 -46 -53 -61 -69 -76 -84 -91 l-98 



Summary 

While the Anchorage area has recorded weather extremes of serious 

proportion, the general weather does allow an extensive construction season. 

Steel erection has progressed on a high-rise hotel in downtown Anchorage 

throughout the winter season of 1970-1971 exceptfor a few days interruption 

due to high winds. Earthmoving equipment can function as long as unfrozen 

soil is available, generally from May through October. Concrete freeze pro­

tection can be an item of considerable importance, since the months of June, 

July, and August are the only ones in which freezing temperatures need not 

be anticipated. Extensive daylight, as shown in Figure 111-6 also aids the con­

struction season. 
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FRESH WATER RUN-OFF 

General 

The purpose of this portion of the study is to review the extent of fresh 

water runoff from the Knik Arm watershed and the effect of this runoff upon 
the various crossing alternates. In general, the fresh water accumulation 
should have: (1) very little effect upon an open bridge type crossing, (2) a 
variable effect on a bridge-causeway type crossing, and (3) a major effect 

upon a causeway dam type of crossing. 

Three sources of fresh water are available; runoff from normal pre­
cipitation (rainfall and snow), glacier melt water and ground water. The pre­
cipitation portion of the supply consists of the rainfall excess and snow melt 

over and above that required to fill soil interstices and surface depressions. 
The glacial melt portion of the supply is that furnished by normal cyclical 

warm periods which result in melting of glacier surfaces. The ground water 

portion consists of artesian springs and lakes. 

Watershed Description 

Knik Arm, north of Point Mackenzie, draws upon a total watershed of 
4,570 square miles as shown in Figure 111-7. The watershed consists of three 
main sub-watersheds which are identified herein as; the Knik-Matanuska, the 
Southeast, and the Northwest Watersheds. The Knik-Matanuska Watershed 
encompasses the major portion of the area (3,250 sq. mi.) and lies east of 
the upper end of Knik Arm along the Knik and Matanuska Rivers. The South­

east Watershed (725 sq. mi.) includes the west slope of the Chugach Mountains 
and the City of Anchorage with its environs and is drained by Ship and Peters 

Creeks, Eagle and Eklutna Rivers, and several small tributaries. The Northwest 

Watershed (385 sq. mi.) is drained by Goose, Fish, Cottonwood and Wasilla 

Creeks. The remainder of the area (210 sq. mi.) is occupied by Knik Arm 

proper and the large delta at the mouth of the Matanuska and Knik Rivers. 

The Knik-Matanuska River Watershed and the Southeast Watershed 

have their origin in the Chugach and Talkeetna Mountains with a maximum 

altitude of approximately 13,000 feet. Above elevation 6,000, glaciers are 
common. Most of the 900 square miles of glacial area lies in the Knik River 

watershed rather than the Matanuska River watershed or the Southeast Water­
shed. The Knik-Matanuska Watershed also contains the lake George impound­
ments and watershed. The Northwest Watershed is generally low, below 
elevation 400, and contains a high percentage of marshy areas and small 
lakes. 
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The orographic effect (the variation due to altitude) on precipitation 

is pronounced. The precipitation amounts at the higher altitudes, particularly 

in the Chugach Mountains, are considerably greater than those received at 

the lower elevations in the trough of the Knik Arm and the Knik-Matanuska 

Valley. The location of the Chugach Mountains, adjacent to the Prince Willaim 

Sound, also has a great effect upon precipitation amounts at the higher alti­

tudes in that the moisture laden winds from the Gulf of Alaska are interrupted 

and most of the moisture is extracted prior to their arrival at the Knik Arm 

trough. Figure 111-8 shows the extent of this variation as derived from data 

given in U.S. Weather Bureau Technical Papers 47 and 52. 
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Figure 111-8 100 YEAR PRECIPITATION DATA 

Of the 4,570 square miles total watershed, the runoff from 3,724 

square miles (81%) are recorded on stream gauges. Figure 111-7 shows the 

location and Gauge No. for the watershed. These gauges are primarily U.S. 

Geological Survey gauges and the data is recorded in the Surface Water 

Records published annually by the U.S. Geological Survey. However, not 

all of this gauge data is considered usable. For instance, the dumping of 

Lake George into the Knik River makes all of the readings for the Knik River, 

and particularly peak discharge data, suspect in any analysis of stream pro­

duced peak discharges. On Eklutna Creek, the lake gauge data and the lower 

creek gauge data is of very little use due to diversion of water to the Knik 



River from Eklutna lake for power generation. The Ship Creek data is ad­

versely affected by drawoff for the water supply to Fort Richardson. These 

three gauges represent 1,412 square miles of the 3,724 square miles of 

gauged area, leaving approximately 50% of the total watershed for the deriva­

tion of runoff data. This amount of data is considered sufficient for present 

purposes. 

Stream Characteristics 

Due to the terrain, the streams in the Matanuska-Knik River portion 
of the watershed and the southeast portion of the watershed all exhibit char­
acteristics common to mountain streams. The flow rates are highly variable 

and some streams exhibit very little flow during the winter months. The small 

winter flows that do exist are apparently derived from ground water sources 
(USGS Professional Paper 5448, pg. 82, Waller, 1966). Since thunderstorms 

are not common to the area, 2 per year average, U.S. Weather Bureau, 

Technical Paper No. 47, there does not appear to be a great deal of storm 

generated flash type flooding on the streams. 

The larger streams, particularly the Matanuska and Knik Rivers, show 
the heavy braided characteristics of glacial outwash streams. In these streams, 

the channels are continually shifting and it is to be expected that the major 
channel for one time period will not necessarily be the major channel for 
another time period. In the Northwest Watershed the streams exhibit the 

meandering characteristics common to flat coastal plain areas. Gauge data 

available for streams in this area indicates that flow in the streams is gen­

erally very low and more uniform than in the other portions of the Knik Arm 

Watershed. 

Stream Discharge 

Peak Discharge 

Using the stream discharge records available, a study was made to 

determine the expected maximum rate of flow into Knik Arm from storms, 

snow melt, and other occurrences excluding major glacial lake breakouts such 

as those which occur at Lake George. The design of any spillway or bridge 

opening will need to be based upon a discharge value at least comparable 
to that represented by the summation of the record peaks on the individual 
streams. The effect of events such as the lake George breakout will then 
need to be evaluated separately. 
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The gauge data used in this analysis includes both small and large 

gauged areas. The smallest gauged area (26 square miles) used was that 
of the West Fork of Eklutna Creek. The largest used was that of the Matanuska 

River, an area of 2,070 square miles. It should be noted that the Matanuska 

River data includes glacial melt water, but the data was used because it repre­

sents the best large gauged area available. The peak discharge rates vary 

from 1,470 cfs (cubic feet per second) at the West Fork Eklutna Creek gauge 

to 40,100 cfs at the Matanuska River Gauge. Figure 111-9 shows a plot of 

peak discharge rates (reduced to a basis of cfs per square mile) vs. square 

miles of gauged area. 
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Figure 111·9 PEAK STREAM DISCHARGES 

Extrapolation on this plot indicates that for the total 4,570 square mile 

watershed a peak discharge rate of about 17 cfs per square mile can reason­

ably be expected. This translates to a peak discharge, based upon individual 
record peak discharges, of approximately 75,000 cfs into the whole of Knik 
Arm. This compares favorably with the value given for a 50-year flood in 
Figure 111-6 of "Magnitude and Frequency of Floods in Alaska South of the 

Yukon River." As indicated earlier, this does not include the peak discharge 

produced by the breakout of lake George. 

The peak discharge developed in the Knik River by the breakout of 

lake George appears to be independent of the peak discharges produced in 
the more normal streams of the area. The breakout of lake George, which 

occurs when the water surface elevation in lake George is high enough to 



force flow over Knik Glacier, is a function of the rate of movement of Knik 

Glacier and the rate of melting of Colony and lake George Glaciers rather 

than of storm precipitation. 

Maximum Probable Rainfall 

For the Knik Arm watershed, the maximum probable rainfall for a 
24-hour period varies from 10 inches in the Matanuska Valley to 19 inches 
in the Chugach Mountains. For a 6-hour period, it varies from 6.0 inches to 
9.5 inches. (U. S. Weather Bureau, Technical Paper No. 47) Storms of this 
magnitude produce extremely large flood runoffs, but their use as a design 
parameter must be considered in order to protect downstream lives and prop­
erties. 

Annual Discharge 

In addition to the peak discharge which can be expected into Knik Arm, 

the total annual runoff into the Arm is also very important. This value could 

easily be the prime consideration in the feasibility of the construction of a 

causeway dam in that it could be the determining factor in the maintenance 

of adequate lake levels. The records of several of the gauging stations, nota­
bly the Knik, Matanuska and Eagle Rivers and Ship Creek, contain annual 
runoff data. A review of this data indicates that Knik Arm can reasonably 
expect to receive an average annual inflow of approximately 10 million acre 

feet. 

Evaporation 

From the fragmentary, Class A pan, evaporation data available (U.S. 

Weather Bureau, Technical Paper No. 13), an anticipated evaporation from 

lake surfaces of about 17 inches per year can be projected. 

This evaporation will primarily occur in the summer months when the 

glacial melt rate is high and should be compensated by the glacial melt. For 
a 100 square mile lake, this rate of evaporation will require only 91,000 

acre feet of replacement runoff. This amount is insignificant when compared 

to the 10 million acre feet annually available. 

Lake George 

Joseph M. Childers in "Flood Frequency in Alaska" reports: "Natural 
glacier-dammed lakes form in many places in Alaska, especially in the Pacific 
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Mountain System. These lakes occasionally break out causing spectacular 

floods that have very high peak-discharges." Lake George is such a lake 

and is created by Knik Glacier pressing against the base of Mount Palmer. 

It is located some 45 miles northeast of Anchorage and 25 miles southeast 

of Palmer. 

The Lake George Breakout is erratic in that it does not occur every 

year with consistency and peak rates of flow vary considerably. Early re­

ports, from Indians living in the area, indicated major floods occurred every 

15 or 20 years. These floods were probably Lake George Breakouts. Modern 

records show yearly breakouts from 1948 to 1962, indicating an annual rate 

of occurrence. However, since 1962, only three breakouts have occurred 

(1964, 1965 and 1966). 

lake George is considered by some to be a scenic attraction suitable 

for designation as a national or state park (Progress Report, Lake George­

Knik Glacier Investigation by R. E. Marsh, March 1961 ). An integral part 

of the Lake George attraction is the spectacular nature of the breakout. 

These breakouts generally occur in mid-summer when the meltwater 

from Colony Glacier, Lake George Glacier and Knik Glacier is sufficient to 

overtop the damming effect of Knik Glacier. Draining of the lake generally 

requires about 5 days. Prediction of the time of breakout is not yet possible. 

The magnitude of the breakout, as illustrated by. the rate of flow at the Glenn 

Highway Bridge (Gauge No. 2810) varies from 144,000 cfs (1966) to 359,000 

cfs (1958) and 355,000 (1961) as indicated in Table 111-3. 

A two-year study of the Lake George phenomenon by the U.S. Geo­

logical Survey (Lake George-Knik Glacier Investigation, March, 1961) in 1959 

and 1960 concluded that under certain conditions the approximate date of the 

Lake George breakout can be forecast two to three weeks in advance and 

that the flood peak will reach the railroad bridge some 8 to 10 hours after 

the peak occurs at the Lower Gorge. However, another report (Knik-Matanuska 

Rivers Near Palmer, Alaska, February, 1963) also concludes that magnitude 

of the peak at the railroad bridge cannot be accurately forecast, even though 

an estimate of 450,000 cfs is presented as a reasonable maximum design 

discharge at the railroad and highway bridges some seven miles downstream 

of Gauge No. 2810. 

For the purpose of this study the 1961 breakout was utilized. This 

event was chosen because it presented the near maximum discharge (355,000 

cfs) of record; the total volume of water was more than average but less 



Table 111-3 
OBSERVATIONS OF PEAK FLOWS ON KNIK RIVER 

AT GLENN HIGHWAY BRIDGE* 

Water surface elevation above Discharge 
Date mean sea level (feet) cfs 

8-13-35 50.7 
8-20-36 50.5 
9-10-37 49.2 
9- 8-38 52.0 

49.7 
7-28-41 48.5 
8- 3-42 47.7 
7-24-43 48.5 
7-20-44 

.2 
7-28-46 48.9 
8- 1-47 50.0 
8- 5-48 50.06 198,000 
8-22-49 49.88 193 000 
8- 3-50 49.27 178,000 
7-27-51 49.74 189,000 
8- 8-52 50.17 200,000 
7-23-53 52.20 262,000 
7-26-54 52.33 260 000 
8- 9-55 52.5 265,000 
8- 8-56 52.35 260,000 
7-18-57 54.7 333,000 
7- I 8-58 55.5 359,000 
7- 1-59 5 I .OJ 223,000 
7-17-60 54.55 328,000 
7-26-61 54.5 355,000 
6-29-62 48.7 165,000 

1963 No Breakout 
7- 1-64 50.2 216 000 
7-11-65 51.6 236,000 
6-24-66 47.8 144,000 
1967-1971 No Breakout 

*1935-1961 Data from "Knik-Matanuska Rivers Near Palmer, 
Alaska" by U.S. Geological Survey, R.E. Marsh, District 
Engineer. 

1962-1968 Data from "The Breakout of Alaska's lake George" 
by U.S. Geological Survey 

1969-1971 Data from local sources 
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than maximum; hourly stage data was available, and gauge rating data was 
available. Also, the high discharges at Gauge No. 2810 from th is breakout 

occurred over a period of 5 days instead of the more usual 10 to 15 days. 

The recorded discharges in the Knik River at the Gauge No. 2810 during 
the 1961 lake George Breakout are shown on Figure 111-10. In other studies 

Figure 111-10 

LAKE GEORGE 
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KNJK RIVER DISCHARGES 1961 LAKE GEORGE BREAKOUT 

this data plot was used as the inflow hydrograph to Knik Arm. Also shown 

on Figure 111-10 is a series of gauge reading plots based on data taken during 

Lake George Breakouts at the Eklutna Power Plant by personnel stationed at 

the plant. 

The importance of Lake George to the proposed project is directly 

related to the sudden surges of rates of flow which greatly exceed normal 

storm generated runoff. If any causeway dam alternate is chosen, the flow 

generated during a Lake George breakout must be considered in the design 

of the spillway and its attendant facilities. If a bridge alternate is chosen, 

the effect will be less but the increased rates of flow must be taken into con­

sideration in the design of pier footings, etc. In either case, the possibility of 

a Lake George Breakout occurring in the middle of the construction season 

will need to be considered by the contractor. 
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TIDAL HEIGHTS AND FLOWS 

The following definitions of terms related to the study of tides, tidal 

flow and water levels are included to assure that all agencies, both design 

and review, use the terms in the same manner. The definitions were obtained 

from ASC E Manual No. 43, "Nomenclature for Hydraulics." 

level, sea, mean - The mean plane about which the tide oscillates; 

the average height of the sea for all stages of the tide. At any 

particular place it is derived by averaging the hourly tide heights 

over a 19-y r period. 

level, water, tidal- The altitude reached by a tidal surface. 

MLLW: Mean lower low water - The mean level of lower low 

water over a long period. 

tide - The periodic rising and falling of the water that results from 

the gravitational attraction of the moon and sun acting upon the 

rotating earth. 

tide, ebb - A term indiscriminately used for falling tide or seaward 

current. 

tide, flood - A term indiscriminately used for rising tide or landward 

current. 

tide, neap - High water which is lower than 

moon is in the first and third quarters. 

forces of the sun and moon are opposed. 

usual; usually when the 

At these times the tidal 

tide, range of - The difference in height between a high water and 

a preceding or following low water. 

tide, spring - High water, higher than usual, at the times of full moon 

and new moon resulting from tidal forces of the sun and moon 

acting in the same direction. 

prism, tidal - The total amount of water that flows into a tidal basin 

or out again with movement of the tide, excluding any fresh water 

flow. 

water, slack- In tidal waters, the state of a tidal current when its veloc­

ity becomes a minimum ... The term is also applied to the entire 

period of low velocity near the time of the turning of the current. 



General 

The tides in the Cook Inlet-Anchorage area are notable for the extreme 

tidal ranges which occur. The funnel shape of Cook Inlet with its exposure 

to the deep Pacific Ocean waters perm its the amplification of tides causing 

tidal ranges in the vicinity of Anchorage to rank with the largest in the world. 

Up Knik Arm, above Anchorage, the limited data available indicates that the 

water surface elevation at the time of peak tide remains relatively level but 

that the tide range decreases from that noted at the Anchorage gauge. The 

photo below illustrates one effect of this large tidal range on a manmade 

structure. 

POL Dock, Anchorage-
Note ice build-up on piling and slush build-up on ground behind dock (to 
left of photo). 
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Tidal studies for the design phase of a project such as the proposed 

highway crossing of Knik Arm should include the statistical analysis of a large 

number of actual tide cycles. Field data must be obtained by gauge or m eas­

urement at or near the project site. Where a large variation in tide heights 

and range is normal, as it is in Knik Arm, the use of data from the project 

site, as contrasted to interpolated data, takes on increased importance. For 

a feasibility study of this type, the use of available data is mandatory even 

though the data may not be as extensive or complete as desired. Consider­
able data is available for the Anchorage gauge but little data is available 

for the middle and upper portions of Knik Arm. 

Therefore, due to the lack of certian key tide data, the limited amount 

of time available for this study, and the uncertainty of project location, data 

from several specific time periods was chosen as typical and used in the 

studies. 

The time periods and data sources selected as representative of tide 

conditions are as follows: 

1) "Tide Tables" - 1960 to 1971 - Published by the U.S. Coast and 

Geodetic Survey. 

2) March & September, 1970 - Hourly data for the Anchorage gauge 

from U.S. Coast and Geodetic Survey. 

3) 1964 to 1970 - Highest and Lowest Tides as recorded on the An­

chorage gauge by U.S. Coastal and Geodetic Survey. 

4) September 15-17, 1970- Dames and Moore high tide data. 

5) May 24 & 25, June 1 & 2, 1971 - Field survey at two locations. 

6) May 24 & 25, June 1 & 2, 1971 - Anchorage tide gauge data. 

Items 1, 2 and 3 above are data regularly obtained by U. S. Coast 

and Geodetic Survey and are available on a continuing basis for the tide 

gauge at Anchorage. Item 4 data was obtained by Dames and Moore as 

a part of the September, 1970 boomer survey of Knik Arm. Item 5 data 

was obtained by joint HNTB-Aiaska Department of Highways survey crews 

to extend the lateral range of data available and to allow a direct comparison 

for spring (May 24 and 25) and neap (June 1 and 2) tide elevations with Item 

6, Anchorage tide gauge data. See Figure 111-11. 
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Figure 111·11 TIDE MEASUREMENT lOCATIONS 

Elevation Datums 

The determination of a fixed elevation datum in an area closely as­

sociated with tide and sea level fluctuations is a difficult matter in that local 

Mean Sea Levels are constantly fluctuating in relation to time. This fluctuation 

may be slight, but difficulties are encountered when attempts are made to 

establish datum elevations by different groups or interests at different times . 

In 1929 the United States Coast & Geodetic Survey established a sea level 

datum plane for the United States by averaging the mean sea levels at a 

number of points on the United States and Canadian coasts. This plane is 

referred to as the 1929 Sea Level Datum . 

The 1929 Sea Level Datum is u sed in the Anchorag e a r ea in th e estab­

lishment of hor izontal controls. In 1964 and 1965 a Sea Level Datum based 
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upon sea level readings at Seward, Whittier, Homer and Valdez was estab­

lished and the net extended to the Anchorage area. The tidal bench marks 

in the Anchorage area are tied to Mean lower low Water at the Anchorage 

tidal gauge. On May 15, 1970, Mean Sea level at Anchorage was calculated 

to be 16.43' above Mean lower low Water. (Wharton, USC&GS, Interoffice 

Memorandum, May 15, 1970). On October 28, 1971, Mean Sea level at 

Anchorage was calculated to be 16.36' above Mean lower low Water. (Thur­

louw, USC&GS, by phone, October 28, 1971 ). A recent (1968) tie between 

the SWHV net and a local tidal bench mark indicates that the SWHV net is 
16.84' above Mean lower low Water (Henderson, ESSA, by phone, November 

5, 1971) or 0.41' above the May, 1970 Anchorage Mean Sea level and 0.48' 

above the October, 1971 Anchorage Mean Sea level. In addition to the 
recent values listed above, a value of 15.84' for the relationship between 

Anchorage Mean Sea level and Mean lower low Water was uncovered. The 
exact date and source of this value was not obtainable. Also, a value of 
15.25' was given for the relationship between Mean Tide level and Mean 

lower low Water at Anchorage for the time period August, 1964 to December, 

1968 (USC&GS Tidal Bench Marks, April?, 1970). 

As is the normal case, the Anchorage tide gauge has been arbitrarily 

set so that the zero point on the gauge lies below any expected extreme low 

water in order that the extreme low condition can be measured. Consequent­

ly, Anchorage Mean lower low Water is not registered as 0.0 feet on the 

gauge. During the time period encompassed by the tide data used in this 

study, Anchorage Mean lower low Water was equivalent to a reading of 

~6 .7' on the gauge. 

Table 111-4 summarizes the major elevation datum conversions used 
in this study: 

Table 111·4 ELEVATION CONVERSION FACTORS 

Tide Gauge MLLW MSL 

Tide Gauge Zero 0 - 6 .7' -22 .7' 
Mean Lower Low Water + 6 .7' 0 -16 .0' 
Mean Sea Level +22 .7' rl6 .0' 0 

In a study of this type, i.e., a study to determine the feasibility of 

some project, a minor difference between local datum and some theoretical 

general datum is relatively unimportant. The maps and sounding charts avail­

able for this study vary in accuracy and age to a large degree which causes 

this relationship to be of greatly reduced value at this time. At the time of 



further studies or construction, the relationships will vary from the current 
values. 

Also, at the time that a specific location is agreed upon, it is recom­
mended that permanent bench marks be established on either side of Knik 

Arm for use in establishing a local datum for use in all measurements and 
readings connected with the project. These bench marks can then be related 
to another elevation datum whenever it is deemed necessary or desirable. 

Tidal Ranges 

Using 1970 as a "typical" year and "Tide Tables" data, an analysis 
was made of these predicted tidal ranges to determine the magnitude of water 
surface elevation fluctuations which could be anticipated at Anchorage and 
in Knik Arm. The number of occurrences in each selected range for 1970 

are as follows in Table 111-5. 

Table 111-5 TIDAL RANGES AT ANCHORAGE 

Number Within Range 
Tide %of 

Tide Ebb Tide Total 

<5 0 0 0 0 
5'-1 3 0 3 0.2% 

1 0'-1 31 53 84 6.0% 
15 132 113 245 17.5% 
20'-25' 219 226 445 31 .7% 
25'-30' 229 186 415 29.6% 
30'-35' 88 112 200 14.3% 
35'-40' 3 15 18 1 .3% 

>40' 0 0 0 0 

From this it can be readily seen that at the Anchorage gauge, and presumably 
up Knik Arm, more than 60% of the tides will be in the 20 foot to 30 foot 

range. A review of the May 24 and 25, 1971 tidal range (See Figure 111-12) 
indicates that toward the upper end of that 20' to 30' range (27.6' at Anchor­
age for the case in point) the range has been reduced by 4.7' on both the 

flood and ebb tides at Peters Creek, some 22 miles upstream of Anchorage. 
The June 1 and 2, 1971, data (Figure 111-12) indicates less variation between 

Anchorage and Peters Creek for lower (20.6' and 20.8' at Anchorage) tidal 
ranges. 
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For the purposes of this study, the maximum tidal range to be con­

sidered was derived from the 1964 to 1970 highest and lowest tides data 

supplied by the U.S. Coast and Geodetic Survey. April, 1967, hod a tidal 

range extending from 16.7 MSL to -22.6 MSL, for o total range of 39.3 feet. 

It is not known whether these extremes were concurrent but since they oc­

curred during the some month, they form a reasonable basis for o maximum 
tidal range. 

Tidal Elevations 

The months of March and September, 1970 were chosen as characteris­
tic examples of tide variations, and the hourly gauge data was obtained for 

the Anchorage gouge. Table 111-6 is a review of these readings, which do not 

consider wind or scour effect, which gives data relative to the percent of time 

that the water surface elevation at Anchorage was above a given elevation: 

Table Ill· 6 WATER SURF ACE ELEVATION YS. TIME 

% of Time Above Elevation 
Elevation (MSL) March 1 1970 Sept. 1 1970 

-20 100% 100% 
-18 100% 99.9% 
-16 99.0% 98.8% 
-14 95.7% 96.0% 
- 1 89 
-10 84.7% 83.3% 
- 8 78.9% 77.3% 
- 6 72.8% 70.8% 
- 4 65.9% 64.1% 
- 2 59.9% 58.0% 

0 52.5% 52.0% 
2 46.1% 45.7% 
4 39.4% 38.9% 
6 32.0% 30.8% 
8 23.0% 21 .0% 

1 % 
12 7.6% 6.3% 
14 2.6% 1 .5% 
16 0.3% 0.1% 
18 0% 0% 
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Because this analysis applies at the location af the Anchorage gauge, 

a question arises as to the applicability of the dato, i.e., the elevation-time 

relationships, to the portion of Knik Arm above Anchorage. Consequently, 

a study was made of the elevation of the peak tide water surface at several 

upstream points relative to the peak tide water surface elevation at Anchorage. 

As indicated on Figure 111-13, the upstream peak tide water surface elevations 

do not vary greatly from the Anchorage elevations within the limits of the 

study area. At Location IV and V a one-foot rise in peak tide water surface 

elevations is indicated. On a body of water of this size; with the tidal varia­

tions present, and the limited extent of the base data, this amount of variation 

is insignificant. Therefore, until more precise data is available, the time­

elevation relationships for Anchorage have been assumed to hold for the 

entire study area. 
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TIDE ElEVATIONS IN RESPECT TO ANCHORAGE 

The period of slack water is very important to construction operations. 

The movement and mooring of barges, the placement of marker buoys and 

other operations will probably be timed to coincide with slack water periods. 



On Figure 111-12 the slack water periods are indicated by the slope of the 

various lines. As the lines approach zero slope, slack water periods occur. 

From this it can be seen that peak tide slack water periods will be short, one 

hour or less, and that low tide slack periods may extend to about three hours 

at some locations. 

Tidal Prisms 

The tidal prism is another measure of the severity of the tidal cycle 

to be encountered. This is the total volume of water which must be consid­

ered, contained or controlled during and after the construction of any crossing 
of Knik Arm. Because the prism is a function of tide range, tide elevations 

and surface area upstream of the location being studied, the tidal prism varies 

considerably within the study area. Table 111-7 shows the extent of this varia­

tion. 

Table Ill· 7 TIDAL PRISMS 

(1x106 Acre Feet) 

Neap Tide Spring Tide Extreme Tide 

Crossing (June 1 &2 , 1 971) (May 24&25, 1971) (Apri I, 1967) 

II 1 .17 1.62 1 .95 

Ill 1 . 13 1.62 1 . 95 

IV 1 . 10 1.55 1 .88 
v 0.90 1 • 18 1 .43 

In the derivation of the prisms shown, water surface elevations at 

high and low tide were adjusted to conform with surveyed data. Topographic 

data available was minimal but adequate for the purposes of this study. 

Using similar procedures differential tidal prisms were calculated for 

each hour of the May 24, 1971, flood and subsequent ebb tide. 

From a review of this data it can readily be noted that the maximum 

hourly volume of flow can be expected to occur during the second hour of the 

cycle (flood or ebb) and that approximately 50% of the total prism occurs in 

the second and third hour periods. A similar analysis of other tide cycles 

could give a variance in results but it was felt that the measured tide cycle 

(May 24 & 25, 1971) was an "average" spring tide and that therefore the 

results from this analysis would be applicable over a wide range of tides. 
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Table 111·8 DIFFERENTIAL TIDAL PRISMS 

May 24, 1971 

Time CROSSING 

(Hours) II & Ill IV v 
Diff. n %of Diff. n %of Diff. n %of 

(A. F.) toto I (A. F.) toto I (A. F.) toto I 

1300 
226,800 14.0 213,900 13.8 133,300 11.3 F 

1400 L 
434,200 26.8 423,100 27.3 304,400 25.8 0 

1500 0 
385,600 23.8 361,200 23.3 290,300 24.6 D 

1600 
312,700 19.3 294,500 19.0 241,900 20.5 T 

1700 I 
234,900 14.5 227,800 14.7 186,400 15.8 D 

1800 E 
25,900 1.6 29,500 1.9 23,600 2.0 

1815 

1855 
31 ,300 2.1 29,500 2.2 24,400 2.3 

1900 
270,200 18.6 253,700 18.7 209,700 19.5 E 

2000 B 
366,300 25.2 337,000 24.9 278,600 25.9 B 

2100 
318,000 21.8 290,300 21 .4 233,600 21.7 T 

2200 I 
254, 100 17.4 231,700 17. 1 176,000 16.3 D 

2300 E 
82,800 5.7 80,400 5.9 59,500 5.5 

2400 
133,300 9.2 132,300 9.8 94,800 8.8 

As noted, the above results are based upon the study of only one 

measured tide cycle and that cycle was not measured at the location of a 
specific crossing. Also, this study did not consider the possible effects upon 

the tide cycle of seismic events, Lake George Breakouts, ice obstruction, spring 



floods, wind and scour effect, or final causeway construction. For more ad­

vanced studies, additional tide range and elevation data and more detailed 

mapping of the upper portion of Knik Arm will be required. Since the results 

of a study of this type will influence design, construction and possibly main­

tenance of the selected structure, data collection should begin as soon as 

possible after a decision to proceed is made. The extent of field measure­

ments of tides and topographic features of the Knik Arm estuary will depend 

on the type of proposed structure. 

TIDAL CURRENTS 

The high tidal fluctuations of Cook Inlet give rise to high current veloc­

ities in certain localities of Knik Arm. Tidal bores are created at times in the 

Arm and were observed at Peters Creek and Goose Creek at the time of 

tide m easu rem ents by H NTB Personnel. 

Due to the high current velocities good judgment and skill ore required 

for safe navigation of the Arm. This fact is noted in most of the Hydrographic 

Survey Descriptive Reports. 

Actual current velocity measurements were not undertaken for this 

study as several measurements ond observations ct various localities in Knik 

Arm hove been mode by others. The sites at which velocity measurements 

or observations have been made are shown on Figure 111-14. Using the dif­

ferential tidal prism doto overage, hourly velocities ot Crossings II, Ill, IV 

ond V were computed. See Figure 111-16. 

The maximum velocity recorded wos 11.8 feet per second by the 
steamer Explorer during the 1914 Hydrographic Survey ond occurred along 

the north shore just above Goose Creek. 

The direction of the current is approximately parallel to the nearest 

shoreline os is evident in the study of ice floes. 

Current velocities in the range of 7 to 9 feet per second hove been 

recorded from Cairn Point to Goose Boy and Eagle Boy of varying water 
depths, near ond for from shoreline, through total tide cycles, ond on various 

dotes. See Figure 111-15. From o review of this doto it is possible to conclude 

that the current velocity is not only o function of the tidal range ond phase 

but is highly influenced by local shore configuration, bottom geometry ond 

possibly wind effects in shallow areas. The effect upon the computed velocities 
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shown in Figure 111-16 in Goose Bay and Eagle Bay by the construction of a 

combination Bridge-Causeway at Crossing V is shown on Figure 111-17. This 

latter crossing alternate is discussed in Section VIII and Figure 111-17 assumes 

that some scour will occur in the channels. 

Bottom current velocities of 2-3 feet per second can be estimated from 

the formation of sand bottom waves in the mud flats. The estimated velocities 

compare favorably with the velocities of 2.2 to 2.6 feet per second measured 

near Crossing 0 for the Beluga Power Project (Route Selection Report- Sub­

marine Cable, Retherford). Similar results were obtained by the Alaska De­

partment of Highways (Dec., 1970 Report). 

VELOCITY (FT. SEC.) VELOCITY (FT. SEC.) 

1964 
2 hours into ebb 

LOCATION "E" 

VELOCITY (FT. SEC.) 90 
Oct. 31, 1970 TIDE DATA 

15 min. during ebb 
Date Stage Time Height 

LOCATION 'D" 
10-31-70 High 6:48AM 27 .9' 
10-31-70 lew 1:06PM 5.5' 

VELOCITY (FT./SEC.) 

10 -1-

)

, 1 );

2 

·~-;

1 

--- "'- ~~· ~-- -+· ·-~-. --~ 

-~-- -· . .L ·- l- - ~ . :·--

--+ -- 1------ -1 - -~ .. ~t--- ~--
' I 

~- -- . ~~- ; __ 

20 

Aug. 9, 1960 Curve Time Tide Data 

LOCATION "0'' 5:00AM low Tide 1 :44 AM 
7:00AM High Tide 7:22AM 
8:00AM low Tide 2:05PM 

!O:OOAM Flood Tide Range= 32.1' 
12:00 NOON Ebb Tide Range= 35.1' 

Seot. 10, 1964 
5:10PM to 5:22PM 2 l,avrs into flood 

LOCATION ·•J• See Figure 111-14 for Locations. 

Figure 111·15 CURRENT VELOCITY PLOTS 
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BOTTOM TOPOGRAPHY AND SEDIMENT TRANSPORT 

Bottom Topography 

The purpose of this portion of the study is to determine, if possible, 

whether or not major degradation or aggradation has occurred, or is occur­

ring, in Knik Arm. If either of these phenomena have taken place, it will 

need to be considered in the design of the crossing regardless of the type 

of crossing chosen. 

The data used in this review was as follows: 

1. U. S. Coast and Geodetic Survey, Mop No. 8557, doted 1969. 
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2. U.S. Geological Survey Quadrangle Maps. 

3. Dames and Moore Geophysical Survey, 1970. 

4. U. S. Coast and Geodetic Survey, Hydrographic Survey Smooth 

Sheets dated 1910-1964. 

5. U. S. Coast and Geodetic Survey, Hydrographic Survey Descrip­

tive Reports dated 191 0-1964. 

6. Aerial Photographs taken March 26, 1971 

All of these data sources have limitations which restrict their effective­

ness for this study. In order to better grasp the validity of the data, a brief 

commentary on each is included, followed by a further commentary on Cross­

ings Ill, IV and V and a summary of the conditions in the entire Arm north 

of Cairn Point. 

Map 8557 

This map was prepared by the U. S. Coast and Geodetic Survey pri­

marily for the use of navigators in the Arm. It is a compilation of data from 

a number of hydrographic surveys dating back to 1910. Apparently, as var­

ious hydrographic surveys were completed, portions of the map have been 

updated with December 20, 1969 being the most recent issuance of the map. 

The use of some Corps of Engineer's data is also indicated. 

Of particular interest to the current project are the following limitations 

on the data: 

1. Above the Goose Bay-Eagle Bay area the map apparently is based 

primarily on the 1914 hydrographic survey. 

2. From the Goose Bay-Eagle Bay area to Cairn Point the map is 

apparently based upon data from the 1910 hydrographic survey. 

Some overlap of the surveys occurs in the Goose Bay-Eagle Bay 

area and the 1910 hydrographic survey overlaps later surveys 

south of Cairn Point. 

3. South of Cairn Point the map has apparently been kept updated 

by a number of hydrographic surveys up to and including the 

1964 survey. 



U.S. Geological Survey Maps 

The underwater data shown on these maps was obtained from selected 

hydrographic surveys. No reference is given on the maps as to the precise 

survey used on each map. 

Dames and Moore Survey 

In September 1970, Dames and Moore at the request of the Alaska 

Department of Highways ran several boomer survey lines to obtain as much 

information as possible concerning the foundation material in Knik Arm. An 

outgrowth of this survey was the production of bottom surface profiles along 
the lines surveyed. The survey lines are not coincidental with the crossing 
locations currently being considered. Dames and Moore Lines A-A and D-D 

are, however, in the vicinity of Crossings Ill and V respectively. On Line 

A-A some difficulty was encountered in matching the sounding points, probably 

due to the sharpness of Cairn Point and the difficulty of maintaining ship 

position in the area. 

Smooth Sheets (USC&GS) 

These sheets are hydrographic survey sheets showing the location and 

value of each sounding taken in the course of performing the survey. They 

differ from the "boat sheets" in that they have been reviewed in the office 

and obvious errors have been corrected. Some discrepancy on the early 

maps in horizontal locations was discovered and corrected. In checking this 

correction the National Oceanic and Atmospheric Administration was con­

tacted and they concurred in the correction. However, if we assume that 
Map 8557 is accurate with respect to the plotting of latitude and longitude 

lines then the 1910 hydrographic survey mop apparently still contains some 
horizontal error. 

Descriptive Reports (USC&GS) 

At the completion of each hydrographic survey, a report was prepared 

by the party chief outlining the actions token, difficulties encountered, principal 

findings and other data of general interest uncovered in the course of the 
survey. 

Aerial Photographs 

These photographs were taken at the direction of HNTB to check ice 

cover and movement. Since the photographs were taken near low tide, they 
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are also useful in checking the extent of the mud flats areas near Goose Bay 

and Eagle Bay. 

Data Review 

A plot of the bottom profile as determined from the Dames and Moore 

Survey along lines A-A, B-B, D-D and E-E is included on Figure 111-18. Data 

from Map No. 8557 has been added for comparison purposes. Figure 111-18 

also shows bottom profiles for Crossings Ill, IV and V derived from appropriate 

hydrographic surveys and Map 8557. 

On line A-A, it can be noted that a major discrepancy occurs in the 

vicinity of Cairn Point. This probably is due to the difficulty of duplicating 

exactly the sounding position used in the Dames and Moore Survey. All other 

indications are that Cairn Point has remained relatively unchanged since the 

time of the 1910 hydrographic survey. On line B-B degradation to a depth 

of 25' has apparently occurred at Mark 16 near the west shore of the Arm. 

On line D-D a general trend toward degradation is indicated as is some shift­

ing of the main channels. On line E-E no major change is indicated. 

On Crossing Ill, the main channel from Sta. 40 to Sta. 92 has under­

gone considerable aggradation (58' at Sta. 85) between the time of the 1910 
survey and Map 8557. At Sta. 90 degradation of 1 0' to 22' is indicated in 

the time period between 1910 and 1941 and a similar amount of aggradation 

is indicated by comparing 1941 data and Map 8557. It does not seem plaus­

ible that aggradation would occur at this location, and therefore, some of the 

data is suspect. At Crossing IV the main channel between Sta. 62 and 96 

has aggraded 6' to 13'. Only minor changes have occurred outside the main 

channel. At Crossing V no major change in the bottom surface is indicated 

with the exception of a possible shift to the west of the main channels. How­

ever, this portion of Map 8557 is apparently based on the 1914 hydrographic 

survey giving only four years of record in the area. In addition, as indicated 

earlier, the horizontal position of the survey, indicated on the 1910 map, is 

suspect and a review of the profile indicates that if the 1910 profile were 

to be shifted 700' to the west, an almost perfect match would be obtained 

and very little change would be indicated. 

General Conclusions 

An evaluation of the total data available indicates no major changes 

are occurring in the configuration or bottom elevations of Knik Arm within 

the study area. This conclusion is reached despite some evidence to the con-



trary which may be largely the result of varying horizontal controls. A review 

of the aerial photographs indicates essentially the same pattern of mud flats 

as is shown on Map 8557 (1914 survey?). Some rearrangement and shifting 

of the secondary channel is indicated, but this could easily be a temporary 

rev1s1on. The large amounts of material delivered to the Arm by the Knik 

and Matanuska Rivers have apparently been counterbalanced by the inflow 

and outflow of the tides, thereby preventing a major general change in the 

Arm bottom. 

Sediment Transport 

The Matanuska and Knik Rivers are glacier fed rivers which transport 

large quantities of suspended sediment into Knik Arm. The 1914 Hydrographic 

Survey makes mention of a breakout of lake George which entirely silted in 

all channels in the Arm down to the town of Knik. 

The United States Geological Survey started suspended sediment data 

collection from the Matanuska River in 1953, and the Knik River in 1962. The 

records for the first few years spanned only the months of April to September, 

the months of high sediment load. later, in 1964, records were obtained for 

the entire year. 

The average total suspended sediment for the Matanuska and Knik 

Rivers is approximately 16 million tons for the April to September period. 

The average for the October-March period is approximately 135,000 tons. 

The maximum daily suspended sediment load recorded for the Matanuska 

River is 1.3 mill ion tons, August 25, 1959, and 2.0 mill ion tons for the Knik 

River, July 10, 1965 (Lake George Breakout peaked at old highway bridge on 

July 11, 1965). 

The suspended sediment load samples from the Matanuska and Knik 

River include material ranging in grain size from 0.002 mm to 1.0 mm. Bed 

load materials range up to 32 mm. Information on sediment load at or near 

Anchorage is not available so as to determine the amount of material de­

posited in Knik Arm. 

From the studies initiated by Dr. Per Bruun the material equal to or 

less than 0.06 mm (material which would remain in suspension) was computed 

for all discharges together, as well as for discharges equal to or greater than 

100,000 cfs. For all recorded discharges approximately 60% of the total ma­

terial is equal to or less than 0.06 mm, and for discharges equal to or greater 

than 100,000 cfs approximately 6 to 10% of the total is equal to or less than 
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0.06 mm. Based on these figures, it is estimated that 60%, or approximately 

10 million tons per year, of the material entering the Arm as suspended 

load leaves the Knik Arm in the highly turbulent waters and in the density 

currents moving along the bed. It is assumed that the other 40% of the sus­

pended material is presently deposited in the Knik-Matanuska delta and not 

in the area considered in this report. 

In the case of a bridge-causeway project the tendency to settling on 

the shoals north of the causeway may increase but no major change is ex­

pected. The situation is different if a causeway dam is built. Under normal 

conditions almost all material will settle behind the dam and under abnormal 

conditions, when discharges increase beyond 100,000 cfs, more of the ma­

terial will escape. Of the yearly average 16 million tons, approximately 14 

million tons per year will settle behind the dam. This would raise the lake 

bottom an average of 1.3 inches per year. 

WAVES 

The major considerations for wave effects on a highway structure cross­

ing Knik Arm are: Wave magnitude and direction of winds, wave heights, 

wave runups, and minimum time necessary to develop maximum waves. 

These considerations are important factors in establishing final design criteria 

and also anticipating wave effects during all phases of construction. 

Considerable design wave data and studies are available for Cook 

Inlet from oil platform construction studies and shipping sources. Due to lack 

of navigational movement and previous construction in Knik Arm, wave infor­

mation for the study areas is very sketchy. 

Figure 111-19 is based on a design wind of 60 m.p.h. from the north 

and 45 m.p.h. from the south. The design winds were selected on the basis 

of information previously presented in another section of this report. 

As indicated in Figure 111-20, the probable maximum waves from the 

north exceed those from the south and have a very slight variation at Cross­

ings Ill, IV and V. A maximum design wave of 15.0/2 = 7.5 ft. is, therefore, 

used for setting top of pier elevations in the bridge design (datum is calm 

water level with distance to top of trough = 7.5 ft. and distance to bottom of 

trough from datum = 7.5 ft.). Southerly waves, while less in probable maxi­

mum magnitude, are noteworthy, as they may occur during the construction 

season when work is being performed on the open water. The anticipated 



CROSSING 

III IV v 

North 60 60 60 
WIND (mph) 

South 45 45 45 

LENGTH North 27.0 25.5 20.0 

(miles) South 5.0 6.5 12.0 

WIDTH North 4.5 4.8 5.0 
FETCH 

(miles) South 2.2 2.8 3.0 

Wid% 
North .167 .19 .25 

Length South .44 .43 .25 

)( 
North .37 .39 .45 

South .63 .62 .45 

EFFECTIVE FETCH (FE) North 10.0 9.9 9.0 

(miles) South 3.1 4.0 5.4 

SIGNIFICANT WAVE HEIGHT North 8.0 8.0 7.8 

(feet) South 5.0 5.8 6.3 

MAXIMUM WAVE HEIGHT North 15.0 15.0 14.6 

(feet) South 9.4 10.8 11.8 

MINIMUM TIME TO DEVELOP North 1.50 1 .50 1.36 

MAXIMUM WAVE (hours) South 0.72 0.88 1.01 

Note: 
Wave ca leu lations are based on data from "Shore Protection Planning 

and design", U.S. Army Corps of Engineers- Technical Report No.4, 1966, 
ASCE Transactions, 1959, and other sources. 

Some values indicated in tabulations are shown to one or two decimal 
places for continuity of calculations. For the purpose of this study such ac­
curacy is not warranted and in fact the data should not be interpreted to 
represent more than a preliminary approximation. 

Figure 111·19 CALCULATED WAVE CHARACTERISTICS 
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Figure 111·20 CLEARANCE DIAGRAM FOR MAXIMUM WAVE 

probable maximum waves from the south are 4.7 ft. at Crossing Ill, 5.4 ft. 
at Crossing IV and 5.9 ft. at Crossing VI. 

Anticipated minimum time necessary to develop maximum waves also 

would be important data for use during construction. Variations from 1.36 
to 1.50 hours for northerly winds and 0.72 to 1.01 hours for southerly winds 

are listed in Figure 111-19. 

It should be noted that strong gusty winds blowing at extreme high 

tides may cause slightly larger waves than indicated in Figure 111-19. 

The following is recommended for applying the maximum probable 

wave criteria for determination of preliminary top of bridge pier elevations: 

Extreme High Water :;:: Elev. 19 
Maximum Wave :;:: 7.5 
Clearance (Spray & Safety) :;:: 12 

Min. low Structure :;:: 38.5 
Allowance for Bearing Assembly -2.5 

Set Top of Pier Elevation 36.0 MSL 

Another important consideration is determination of the crown eleva-

tion to be used for causeway dam studies. Design winds, maximum waves, 

tidal variation, pool elevations, slope of causeway face, wave runup, allowance 



Freeboard I Sp roy! 

Elev. + 36 Wave Run-up 

Note: 

Assume sand blanket slope is steepened from 10:1 to 5:1 due to local scour. 

For 45 M.P. H. design wind from the south consideration should be given to slopes of 3:1 or less from Extreme 
High Water Elevation+ 19 to Crown Elevation ~40 to prevent spray and wave over-run, Further studies would be 
necessary for final design. 

Figure Ill· 21 CAUSEWAY DAM CROWN ELEVATION 

for spray are all factors in determining a suitable crown elevation based on a 
design wind of 60 m.p.h. from the north. Sources of information include: 
"Shore Protection, Planning and Design" - U. S. Army Corps of Engineers -

Technical Report No.4, 1966 and various ASCE transactions and proceedings, 
including "ASCE, Journal of the Waterways, Harbors and Coastal Engineering 
Division," Vol. 97 No. WWl., February, 1971. 

ICE 

General 

Introduction 

Ice presents problems which must be dealt with in any engineering 
structure sited in the arctic or sub-arctic. This section will be limited to a 

discussion of ice as it is found in the sub-arctic, estuarian environment pre­
vailing in the Anchorage area, and to a few problems specific to the alter­
nates of the Knik Arm project. 

Areas of concern generally fall in the following groups: 

1. Static and dynamic loads on structures for either a full bridge cross­
ing or a bridge-causeway combination. 

2. Erosion of structural elements due to abrasion and freezing. 
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3. Ice pile-up by wind and currents on causeway fill slopes. 

4. Rip-rap removal by shore ice (which will affect structure abutments 

and causeways). 

5. Icing phenonomen (which will affect flow characteristics of a spill­

way). 

Mechanical Properties of Ice 

Ice is formed by the crystalization of water and is affected by tempera­

ture, water turbulence and impurities. Physicists have done extensive studies 

on crystalization of fresh water because this material is readily available and 

exists in all three phases within a very small and convenient range of tem­

peratures. Much of this ice research has been done on glaciers and is not 

directly related to sea ice. 

One of the basic differences between pure water ice and sea ice is 

the impurities trapped in sea ice. Brine and salt crystals are found only in 

sea ice while silt particles and entrapped air may be found in all types of 

ice. Figure 111-22 shows an idealized diagram of a sea ice crystal. The C-axis 

is the principal crystallographic axis, the B-axis is the direction of brine inclu­

sions between platelets and the G-axis is the direction of crystal growth. The 

brine inclusions occur in natural ice as roughly circular, discontinuous tubes 

filled with brine. 

The process of freezing begins when the temperature of the sea water 

is lowered to the freezing point of the saline solution. Pure ice platelets form 

with the excluded salts concentrated as brine in the brine cylinders. Freezing 

continues with crystal growth on the bottom surface of the ice layer where 

water is available. As the ice temperature continues to be lowered some 

salts in the brine inclusions reach their freezing point and form the salt-ice 

lining of the inclusions with a smaller volume of liquid brine in the center. 

Ice crystals are strongest in compression in the G direction of the 

crystal. Ice is weaker in the other directions because of the brine inclusion 

discontinuities, slippage between platelets and between crystals. Ice sheets 

grow with the C-axis horizontal by natural crystal selection after the initial 

random formation of the surface freeze. The more turbulent the water, the 

deeper the random crystal layer extends. However, once frozen, the turbu­

lence is decreased due to shelter from wind action. From this it may be 

seen that impact forces from drifting ice floes are generally directed along 

the weaker planes. 
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Figure 111-22 SEA ICE CRYSTAL STRUCTURE 

Rapid freezing tends to weaken ice structure by including more air 

bubbles in the matrix and by producing stress cracks within the ice mass. It 

has been stated (Weeks and Assur, CRREL Report 269) that quick frozen lake 

ice is 15% weaker than slow frozen lake ice. 

Turbulence during freezing weakens ice by increasing the air bubble 

content and thickening the layer of random crystal orientation. This layer 

generally does not extend downward much more than 10 centimeters (4 

inches). 

A lowering of temperature strengthens sea ice by increasing the inter­

crystalline bond and by forming more salt-ice in the brine channels which 

acts as reinforcement against failure in the weaker planes. 

Tests by a number of experimenters have shown that testing of small 

scale samples cannot be expected to produce directly usable results for large 
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scale design. Small samples (3 inch dia.) show breaking strengths much 
greater than that provided by large ice sheets. These test samples usually 

include fewer serious discontinuities and in extreme cases may be made from 

one single ice crystal. Cook Inlet experimenters have found that 55% of small 

sample strength compares with results obtained from test piles subjected to 

actual Cook Inlet ice forces. At most, small sample testing provides a means 

of classifying the ice structure. 

Some full scale work has been done in Canada and the North Sea. 
This has consisted of instrumenting existing structures and measuring the force 
exerted by passing fresh water ice floes. The maximum force of 159 psi was 
measured in Canada on the Pembina River at Pembridge, Alberta (Neill, 
Studies of Ice Pressure on Bridge Piers in Alberta, Canada, IAHR Ice Sympo~ 
sium 1970). Furthermore, failure loads have been calculated for a number 
of Canadian bridges which have successfully withstood ice loads for years. 
One bridge constructed in 1906 would theoretically fail if subjected to 120 

psi ice load and so far has suffered no damage. Peak pressures of 7.5 kp/cm 2 

(1 08 psi) have been measured by Dr. Schwarz (The Pressure of Floating Ice 

Fields on Piles, IAHR Ice Symposium 1970) on an instrumented pier 60 em 

(2.0 ft.) wide in the tidal estuary of the Eider River in the North Sea. 

Ice Formation 

Most ice blocks are formed as shore-fast ice or are built up on the 

periodically flooded mud flats in upper Knik and Turnagain Arms. One process 

of formation builds the shore ice by starting the freeze over a shoreline area 
exposed at lower tide levels and increasing block size by successive coatings 
of ice during each tide cycle. Horizontal layering is characteristic of this type 
of formation as shown in Photo 1. The depth of the ice formation is controlled 

by the thermal balance of heat transfer into the atmosphere during low tide 
exposure and heat flow into the soil from the warmer tidal water during high 

tide coverage. Any shoal area at an elevation higher than the heat-balance 

elevation is covered with solid ice, see Photos 2, 4 and 7. Higher current 

velocities tend to retard ice formation by changing the heat flow and erosion 

characteristics. 

A second condition which aids in ice block formation is fresh water 
flow in stream areas. This flow spreads on top of the sea ice and thickens 

it well beyond the dimensions possible by tidal fluctuations. The twenty to 
thirty foot bergs reported in the Cook Inlet marine forecasts probably have 
their origins in fresh water seepage areas. 



Photo I -Feb. 15, 1971 
Near Cairn Point- Blocks in foreground are about 3 feet thick. 

Photo 2- Feb. 6, 1971 
Ice is about 6 ft. to 8ft. thick on west side of shoals, north of Goose Bay. 

Ill -51 



Ill-52 

Once the ice begins to form, forces act to break it up, see Photos 3 

and 4. Thermal stresses will cause cracking perpendicular to the shoreline 

and buoyancy and gravity forces will cause cracking parallel to the shoreline. 

After the blocks are broken, spring tides will float them free and move them 

into the main current channels where they become a menace to shipping 
and structures. Older blocks have a shape characterized by nearly equal 
length and width and sides that are rounded in toward the bottom thus giving 
them maximum dimensions at the water line, see Photo 5. 

Floe or sheet ice is formed by the growth process discussed earlier 

in the mechanical properties part of this section. The thickness is governed 

by the degree-days of freezing available in the locality. Agitation by eddy 
currents and high velocities keeps large solid floes from forming in Knik Arm. 
Most large floes observed in Knik are composed of small floes held together 

by a matrix of thin, fresh ice as seen in Photo 6. 

The Anchorage climate (650 centigrade degrees days below -7°C) will 
allow, on the average, only about two and one half feet of floe ice to form 
with a 100 year maximum of about three and one half feet. 

Photo 3 - Feb. 21, 1971 
Near Cairn Point- shore ice break-up. 
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Photo 4- Feb. 15, 1971 
Shore ice near Cairn Point - ice face is 6 ft. to 8 ft. high with loose ice piled 
on top. 

PhotoS- Feb. 15, 1971 
Ice block 8 ft. x 15 ft. x 15 ft. near Cairn Point. 
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Photo 6 -Mar. 22, 1971 

Nate 400 ft. x BOO ft. floe near top of photo - Anchorage City Dock is at 
lower right. 

Ice Strength 

K. N. Korzhovin (Action of Ice on Engineering Structures, USSR­

Novosibirsk, 1962) has developed relations for the compressive failure of 

Russian river ice. These formulas ore based on the pier width and floe veloc­

ity. Some representative values ore shown in Table 111-9. 



PIER WIDTH 

10 feet 
20 feet 
20 feet 
20 feet 

Table 111·9 ICE STRENGTH 

FLOE VELOCITY 

2 m/sec (6.1 fps) 
2 m/sec (6 .1 fps) 
2 .5 m/sec (7 .6 fps) 
3 m/sec {9. 1 fps) 

ICE STRENGTH 

3 .6 kg/cm 2 (51 psi) 
4.6 kg/cm2 (65psi) 
4.3 kg/cm2 {6lpsi) 
4.0 kg/cm 2 (57 psi) 

These values ore based on indentation of a pier into ice sheets large enough 
so that they do not split. 

Photo 7- Mar. 26, 1971 
Shoals near Eagle Bay at low tide. 
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Boris Weinberg in his paper "Mechanical Properties of Ice" (page 532) 

gives a value of9.6±3.3 kg/cm 2 (136±47psi) as the crushing strength of natural 

salt ice in northern Europe. Ice strengths from 4 to 9 kg/cm 2 (57 to 128psi) 

have been mentioned in the proceedings of the IAHR Symposium, 1970, at 

Reykjavik, Iceland. As previously mentioned in this section, Canadian re­

searchers have measured forces ranging up to 159 psi (11.2 kg/cm 2)for fresh 
water ice. 

Ice Structure Interaction 

The failure of an ice floe passing around a pier has been shown to 
be vibratory in nature (Peyton, 1966) with the frequency being dependent 

on ice velocity and relatively independent of the natural frequency or de­

flection characteristics of the pier and superstructure. Peyton's experiments 

with loading rates on Cook Inlet ice indicate that strength depends on load 

rate with maximum strength developed at a rate of 2000 psi per minute. 

Small-sample strength was about 300 psi at this rate, degrading to about 150 

psi at load rates approaching 10,000 psi per minute. The greatest ice loads 

are thus associated with velocities approaching zero and as such must be 

applied to the structure at mean high tide. The frequency of load application 

at these maximum loads appears to be about one cycle per second so struc­

tural frequency may need to be taken into account to prevent harmonic build­

up and possible overstress of structural elements. Preliminary calculations 

for the natural frequency of the proposed structure indicate values of 1.5 

to 2.1 cycles per second for the basic pier used in this study. When the pier 

weight and viscous damping by the water are added in, the frequencies ap­

proach the critical value of one cycle per second. So far, model tests and 

field experience by Peyton have not demonstrated any resonant load build­

up. It has been stated by Matlock et. al. (A Model for Prediction of Ice­

Structure Interaction, University of Texas, 1969) that their mechanical analog 

study indicated no resonant build-up when the ice impingement rate equaled 

the natural frequency of the structure. This conclusion was arrived at from 

computer studies only, and until it is demonstrated by full scale tests the worst 

conditions of resonant built-up cannot be discounted. 

Another load condition is that caused by a sizeable moving block of 

ice striking a structure. A study of tidal velocities indicates peak speeds may 

be expected during the second hour after high or low tide. During ebb tide 

the velocities begin to build before there is an appreciable fall in water level. 

Figure 111-23 is a generalized plot of this phenomena and shows that after a 

high tide, near maximum velocity may be expected while the water level 

has dropped only about five or six feet, thereby producing a near maximum 

impact moment arm on any pier structure. 
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Figure 111-23 TIDE FALL YS. VELOCITY 

The collision energy of an ice block is modified by a number of factors. 

Ice blocks are asymmetrical in all three planes, therefore, the rotational and 
translational components serve to reduce the impact energy for most collisions. 

However, it must be assumed that at some time a major ice block would im­

pact with the line of action coinciding with a line through the center of masses 

of the block and pier. If this happened the only source of shock attentuation 

would be the local crushing of the ice. With the present state of the art, a 

numerical value for this factor is difficult to ascertain. 

Another factor which will increase impact loads is the hydrodynamic 

force caused by the moving water mass acting on the suddenly stopped ice 

block. F. Vasco Costa, Prof. of Harbour Works, Technical University, lisbon 
stated in a paper (The Berthing Ship, Dock and Harbour Authority) that this 
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force can be calculated as the kinetic energy of the vessel (ice block) times 

1+20/B where Dis the draft and B is the width of the ship (ice block). 

Specific Information Concerning Cook lnl et and Knik Arm 

Ice Strength 

Figure 111-24 indicates direct compression failure stress versus load 

rate obtained from samples of Cook Inlet ice (Peyton 1966). Note that the 

strength peaks at about 300 psi at very low load rates. 

The study of Turnagain Arm ice performed by the Alaska Department 

of Highways during 1968-1969 has developed ice strengths of 331 to 344 psi 

with a recommended design strength of 300 psi. 

In light of the above mentioned work and cited strength values, it 

seems reasonable to reduce the AASHO ice load criterion from 400 psi to 

300 psi and apply this value over the entire width of a pier and full thickness 

of the ice floe. Furthermore, this force should be applied at the mean high 

water elevation. 

Ice Movement 

The movement of ice blocks and floes in the Cook Inlet area is con­

trolled by wind and tidal currents. The tide provides the major motive force 

but the presence, direction and duration of the wind can accelerate or impede 

the seaward migration of the floes. When a floe reaches several hundred 

feet in diameter, the water friction force may be considered infinite and the 

floe wiil fail in compression against any obstacle it meets. Current measure­

ments during ice periods can be relied on to give quite accurate ice velocity 

values. Calculations made from the Knik Arm tidal prism have yielded veloc­

ities as high as 12 fpswhileactual current measurements made for the Corps 

of Engineers in 1964 have been as high as 8.8 fps. 

Ice in the Cook Inlet area exhibits a net seaward migration due to 

prevailing winter winds which are down both Knik and Turnagain Arms. How­

ever, reports indicate that wind has on occasion held ice in Knik Arm or, 

conversely, caused the ice to vacate the Arm in 24 hours. The 1968-1969 
Alaska Highway Department Study of Turnagain Arm gives an estimated sea­

ward movement of two miles per day. 

The large tidal currents and eddies caused by the configuration of 

Knik Arm not only prevent large floes from forming in the Arm but tend to 
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break up any that are carried into the area from Cook Inlet. Figure 111-25 
shows the results of two aerial flight lines photographed exactly 20 minutes 

apart and about one hour after high tide. This gives a good illustration of 
ice movement between Eagle Bay and Cairn Point. Photos 8 and 9 demon­
strate the general current alignment of the ice. The angle of approach of 

ice may be predicted within quite a small angle, probably plus or minus ten 
degrees at Crossing IV. 

Photo 8- Feb. 21, 1971 
Floe pattern during ebb tide. Looking north from vicinity of Pt. Mackenzie 

Photo 9 - Feb. 21, 1971 
Floe pattern during ebb tide- Cairn Point at extreme right. 
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Ice Size 

The U.S.C.&G.S. publication, U.S. Coast Pilot 9, states that the average 

period of ice cover in Cook Inlet extends from 1 November to about 1 May 

each year. Coast Pilot 9 gives an account of block ice up to eight feet thick, 

covering upper Cook Inlet to a concentration of three to four tenths coverage 

during the month of April 1964. This ice originated in Knik and Turnagain 

Arms and melted on the flats north of Point Possession. The publication also 

states that the maximum theoretical thickness of sheet ice, based on freezing 

degree days is 2 to 3.5 feet at the head of the inlet. 

Figure 111-26 is reproduced from the Alaska Department of Highways 

Turnagain Arm Ice Study and shows predicted yearly ice growth in Cook Inlet 

with some actual values obtained from observations and measurements. It 

should be noted that the actual measured maximums have, to date, been 

less than 36 inches and less than prediction curves would indicate. Observers 

for the Turnagain study have measured several floes two feet thick by 2000 
feet diameter and one block 10 feet x 20 feet x 30 feet (350 kips) during the 

1968-1969 Study season. 

Visual and photographic observations were made during February 

and March of 1971 in conjunction with the contract for this report. Photo 6 
shows one of the more substantial floes which scales about 400 by 800 feet. 

This floe stands out in the photograph due to its snow cover. No thickness 

measurements were taken, but it is probably 18 inches thick and relatively 

old. Very few of the other floes in this photo appear to be firm enough to 

damage a major structure. Photo 5 shows a block about 8 by 15 by 15 feet 

(100 kips) which was observed on February 15, 1971, just south of Cairn Point. 

Most of the shoal and beach ice, as illustrated in Photos 2 and 4 reached a 

maximum thickness of about 8 feet. The high tides of February 28 floated 

much of this grounded ice free. 

On March 26, 1971, a photo miss ion was flown to obtain information 

about ice coverage on the shoal between Goose Bay and Eagle Bay. About 

half of the area had been swept clear of ice by the February tides. A study 

of these photos shows a number of relatively large blocks. Conversion of 

sun angle and scaled shadow length reveals block thicknesses on the order 

of 9 to 12 feet. The largest block found is grounded near the south edge of 

Goose Bay and is about 14 by 30 by 40 feet (950 kips), and is probably for­

eign to the area. 
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The force of an impact is controlled by the deceleration time of the 

impacting object. Thus the time taken to locally crush the ice block controls 

the force of the impact. If 10 feet per second ice velocity and one half second 
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deceleration time is assumed the impactforce of the 1840 kip effective weight 

would be 1142 kips. Assuming 10 feet per second velocity and one second 

deceleration, the impact force would be 571 kips. large scale testing is 

needed to more accurately determine the deceleration characteristics of ice 

blocks. 

It is suggested that preliminary structural design be based on the fol­

lowing ice force parameters: 

a. Floe failure of 300 psi times 30 inch ice depth times pier width 

applied at mean high water. 

b. Ice block impact of 660 kips applied five feet below mean high 

water. 

Structural Erosion 

Consideration must be given tn final design to erosion of structural 

elements from the "sandpaper" effect of ice-carried silt and gravel and to 

concrete spoiling due to the marine environment. The Cook Inlet oil platforms 

have experienced several thousandths of an inch erosion on the steel legs 

within the tidal range. There is not enough experience in the Cook Inlet area 

yet to make a valued judgment of this problem. However, it appears desir­

able to use steel armor on concrete piles in the Knik Arm waters. Photo 10 

illustrates the ice conditions at an oil platform in Cook Inlet. 

Ice Piling 

Ice piling is a problem caused by wind driven sheet ice being driven 

up a gently sloping shoreline. This phenomenon has not been a problem 

in the past in Knik Arm. However, if a causeway is built, backing up a fresh 

water lake, ice piling will probably occur. 

An illustration of the force involved in the piling of ice is given in 
"Piling Up of Ice on Seashores and on Coastal Structures," by P. Bruun and 

A. 0. Straumsnes of the Technical University of Norway. This paper states 

than an ice floe extending out from shore 1 km (3300 feet) and acted upon 

by a wind of 30m/sec (67 mps) exerts a force on the shoreline of 250 kg/m 

(167 pounds per lineal foot). Bruun lists ice pile heights of 20 to 50 feet on 

Danish seashores, 20 to 35 feet in the Great lakes region and 30 feet in the 

Alaskan arctic. These heights are much greater than expected in Knik Arm 

due to the smaller lake and the fact that some of the ice will be locked to the 



PHOTO COURTESY OF SOLAR DIVISION OF I NTERNATIONAL HARVESTER COMPANY. 

Photo 10-

Sheet ice foiling against a Cook Inlet oil platform. 
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higher shoal areas. The 20-foot freeboard provided by the causeway design 

section should be more than adequate. 

As regards a spillway, the 20-foot vertical face of that proposed will 

prevent any ice piling in this area, because deep water tends to make the ice 
pile form below the water level. 

Rip Rap Movement by Ice 

Removal of rip-rap by the 11 plucking" action of ice is a problem of 

major concern in the Anchorage area. The Alaska Railroad experiences on 
appreciable annual loss of rock from their roadbed along Turnagain Arm. 

The thick shore ice that forms on the rip-rap, and the high tides provide suf­

ficient bouyoncy to float and transport rocks weighing several tons. Many of 

these rocks con presently be seen scattered over the mud flats of the area. 

The surest method to prevent plucking is to use massive rock which 

cannot be lifted by the available buoyancy. The required size is probably 

six tons or greater. The apparent difficulty in obtaining rock of this size in 

the Anchorage area may make it more economical to use smaller rock and 

replace it as it is lost. 

The fill slopes which lose rip-rap on the Alaska Railroad appear to be 

quite steep, one and one-half to one or steeper. A flatter slope would require 

rocks to be raised higher before they can clear adjacent rocks and move 

laterally. This would allow smaller rock for protection against ice plucking. 

The proposed causeway slopes are much flatter than the existing railroad fill 

and might not undergo as severe a loss of rip-rap. 

Icing 

Icing is a phenomenon which should affect only a spillway design. 

The problem occurs when water flow is shallow, and slow enough to freeze 

completely to the bottom. Once this happens, hydrostatic pressure forces 

water to flow to the top of the ice where it continues to thicken until a sub­

stantial dam is built. While this ice dam probably would not cause any direct 

problems in winter, it could seriously raise the lake water level during the 

spring runoff before it melted out of the spillway crest. 

Icing below the dam crest, due !o the low flow and extreme spillway 

width, can be controlled by confining the water in a narrow channel and thus 

increasing the velocity. 



Ice formation will be aided in the lower spillway by bank shadows 

from the low winter sun angle, shadows from any structures which cross the 

channel and ground water seepage in the cut areas. 

Further Research 

For the preparation of an economical crossing design, further ice study 

is needed. After a crossing site is selected, field observations to more ac­

curately determine ice size and movement are required. Ice migration to 

Knik Arm from other areas must be determined. To refine floe failure forces, 

sampling and testing of native ice and construction of a test structure are 

indicated. One laboratory project which would yield worthwhile results would 
be the study of energy absorption by local crushing of ice. laboratory testing 

could also be used to determine the magnitude of the hydrodynamic force 

associated with an ice b I ock impact. It is recommended that further ice re­

search be undertaken if this project extends beyond the feasibility study. 

GEOLOGY 

Subsurface investigations for this feasibility study were I im ited to a 

geophysical survey of Knik Arm, prepared by Dames & Moore for the Alaska 

State Highway Department, and one deep boring extending to elevation -135, 
and one very shallow boring to elevation -64, both drilled by Department 

forces. 

Aerial photographs flown before and after The Alaska Earthquake of 

March 27, 1964 were examined, as well as numberous Reports and Profes­

sional Papers written on the Earthquake. The well-drilling records and founda­

tion explorations contained in these publications, and those furnished by gov­

ernmental agencies, provide useful information for the Anchorage area in 

general. A four-day field inspection by a Geologist and several Soils and 

Foundations Engineers was conducted in early June, 1971. The results of that 

field inspection, and subsequent office studies, are contained in Appendix E, 

entitled, "Geologic and Engineering Reconnaissance, Proposed Knik Arm Cross-
• II 1ng. 

Appendix E provides an evaluation of geologic soils and foundation 

origins as they apply to the various types of crossing structure at the alterna­

tive locations. 
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EARTHQUAKE 

Southern Alaska and the adjoining Aleutian Island chain together con­
stitute one of the world's most active seismic zones. Extending from Fairbanks 

on the north to the Gulf of Alaska on the south, the Alaskan seismic zone is 

but a part of the vast, near-continuous seismically active belt that circumscribes 

the entire Pacific Ocean basin. See Figures 111-27 and 111-28. Between 1898 
and May 1965, seven Alaska earthquakes have equalled or exceeded Richter 

magnitude 8, and more than 60 have equaled or exceeded magnitude 7. 

See Figure 111-29. It has been estimated that about 7 percent of the seismic 

energy released annually on the globe originates in the Alaskan seismic zone. 

This highly active zone is circumferential to the Gulf of Alaska and 

parallel to the Aleutian Trench. It embraces the rugged mountainous region 
of southern Alaska, Kodiak, and the Aleutian Islands, the continental shelf, 
and continental slope of the Aleutian Trench. Most of the earthquakes origi­

nate at shallow to intermediate depths - mostly less than 50 kilometers -

between the Alaskan Trench and the Aleutian Volcanic Arc. Foci are generally 

deeper away from the trench toward the arc. 

PACIFIC OCEAN 

INDIAN OCEAN 

U. S. GCOLOGICAL SURVEY PROFESSIONAL PAPER 541 

These belts coincide with the earth's orogenic zones and contain most of the earth's active 
volcanos. 

Figure 111-27 EARTHQUAKE BELTS OF THE WORLD 
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More recent earthquakes include the Alaska earthquake of 1964 (magnitude 8.3- 8.4) and the 

Rat Islands earthquake of 1965 (magnitude 7. 7 5). 

Figure 111·28 EPICENTERS OF MAJOR ALASK.AN EARTHQUAKES, 1898·1961 

The great majority of Alaskan earthquakes, as well as those throughout 

the world, are classified as tectonic - i.e., one which occurs when potential 
energy stored in crustal rocks during a long period of strain accumulation is 

released by faulting. Because faulting takes place along lines of weakness 
in the earth's crust, the geologic and tectonic setting of Alaska and the Aleutian 

Islands is basic to an understanding of the seismic history of Alaska, and more 
particularly the Knik Arm and Anchorage area. 

Regional Geology 

Knik Arm is part of the Cook Inlet Lowland physiographic province. 

The Cook Inlet Lowland is a structural trough underlain by rock of Mesozoic 
and Tertiary age, and mantled largely by Quaternary glacial deposits of vari­
able thickness. In the Knik Arm area the lowlands are bordered to the south­

east and east by the Chugach Mountains to the north by the Talkeetna Moun­
tains and to the west by Mount Susitna. These mountains are underlain by 
Jurassic and younger metavolcanics and graywacke, locally intruded by gran­
ite, gabbro, and peridotite. 
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"THE PRINCE WILLIAM SOUND. ALASKA EARTHQUAKE OF 1964 AND AFTERSHOCKS" 

Figure Ill· 29 EARTHQUAKES WITH MAGNITUDE > 6.0, 1899·1964 

The topography of the lowland is primarily the result of five major 

Pleistocene glaciations and two post-Pleistocene glacial advances. Information 

from deep wells indicates the total thickness of glacial deposits in the Anchor· 
age area is over 468 feet near Fort Richardson and over 778 feet at 

Elmendorf Air Force Base. Oil test wells indicate that glacial deposits of over 
1,000 feet in thickness exist in some areas with in the region. 

Soil units of the Knik glaciation include the Bootlegger Cove Clay, and 
a lower till which outcrops beneath the Bootlegger formation south of the 
study area. Deposits of Naptowne glaciation overlie the Knik deposits and 

comprise the majority of the soil units exposed in the east and west bluffs of 

Knik Arm north of Anchorage. 

Tectonic Setting 

Since upper pre-Cambrian time, all orogenesis m Alaska has been in 

belts parallel or subparallel to the present margin of the continent. There 



are three orogenic belts recognized in Alaska: The Laramide, the Nevadan, 

and the Coast Range. See Figure 111-30. The Coast Range orogenic belt is 

one link in the circum-Pacific belt of active orogeny. The belt is widest in 

the Prince William Sound and Cook Inlet region where it includes the Chugach 

and Kenai Mountains. Cenozoic structures within the Coast Range belt are 

gentle to well-developed folds in the Alaska Penn insula and Cook Inlet regions. 

The major fault systems in Alaska are also shown in Figure 111-30. The 

Lake Clark Fault is of particular interest to the Knik Arm region. The align­

ment of this fault is based on geomorphic evidence and is supported by field 

investigations for only a small segment of its total length. Study of the Lake 

Clark Fault over a portion of its length indicates right-lateral offset between 

equivalent rocks on the north and south sides of Lake Clark. The movement 

includes beds from Lower Paleozoic to Tertiary. Conclusion that this fault has 

been active in relatively recent time is supported by seismological evidence 

of movement along the fault during the August, 1948 earthquake. 

LWJIID£ DROG>NIC am 
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VOL. 1, U.S. DEPARTMENT OF COMMERCE PUBLICATION 10 - 3 (C. & G. S.). 

"THE PRINCE WILLI AM SOUND, ALASKA EARTHQUAKE OF 1964 AND AFTERSHOCKS" 

Figure 111·30 OROGENIC BELTS AND MAJOR FAULT SYSTEMS IN ALASKA 
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Figure 111·31 
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Recent Seismic Activity 

One of the greatest geotectonic events of our time occurred in southern 

Alaska March 27, 1964. The magnitude of this earthquake has been computed 

to be 8.3-8.4 on the Richter Scale. It was accompanied by crustal deforma­

tion - including warping, horizontal distortion, and faulting - over probably 

more than 110,000 square miles of land and sea bottom in south central 

Alaska. The distribution of tectonic movement is shown in Figures 111-31 and 

111-32. In the Anchorage area, including portions of Knik Arm, damage was 

caused by direct seismic vibration, by ground cracks, and by landslides. land­

slides caused the most devastating damage. 

Triggering of landslides by the earthquake was related to the physical­

engineering properties of the Bootlegger Cove Clay, a glacial lacustrine or 
estuarine-marine deposit that underlies much of the Anchorage area. The 
Bootlegger Cove Clay has generally low shear strength (ranging from 0.2 

to 0.5 t.s.f.), high water content and high sensitivity (ranging from about 10 

to 40). In addition, it contains thin layers and lenses of fine, loose sand. 

The extensive sliding is generally attributed both to liquefaction of these sand 

layers and to loss of strength under cyclic loading of the clay itself. 

The geographic location of Knik Arm, in one of the world's most active 

seismic zones, and the presence of vibration sensitive glacial deposits in the 

Knik Arm region, combine to make this area one of considerable concern 

with respect to the design and construction of engineering structures to per­

form satisfactorily under earthquake conditions. Design studies for bridge 

structures as well as earth structures in this region will necessarily have to 

be executed with caution, with recognition of the current State of the Art for 

seismic designs. Following additional subsurface explorations, dynamic anal­

yses will need to be conducted to develop and evaluate design criteria to 

insure the proper balance between cost and risk. 

ENVIRONMENT 

Description of Significant Elements of Knik Arm Ecosystem 

Knik Arm is an estuarial bay of Cook Inlet under heavy tidal influence 

which is essentially drained twice daily under even moderately low tides. It 

is fed principally by the Knik and Matanuska Rivers, both of which carry mod­

erate to heavy glacial silt loads. Because of these factors, the arm is floored 

with material which does not support bottom dwelling organisms, nor are 



resident fishes prevalent in the tidal area. The streams flowing into the estu­

ary support minor populations of Dolly Varden "trout" and grayling. Only 

one major salmon stream exists. This is Fish Creek, draining Big Lake, and 

supporting a run of approximately 15,000 red salmon annually which the 

Alaska Department of Fish and Game believes to be about one-tenth of its 

potential. Minor numbers of pink, coho and king salmon run in the other 

streams. 

Moderate numbers of waterfowl breed in the peripheral areas above 

the high tide mark. Some of the ducks appear to be local and are hunted for 

about a two-week period in September in the Palmer Flats area at the extreme 
upper end of the arm. The area around the perimeter of the arm is heavily 

utilized recreationally and is considered to be a quite important wildlife area. 

Large populations of moose abound, with over 800 being counted in one val­

ley facing into the arm. A recreational fishery, principally in the Knik and 

Matanuska Rivers exists for Dolly Varden, grayling and nonresident planted 

rainbow trout. Occasionally, large marine mammals such as seals, Beluga 
whales and walrus, enter the arm at high tide. 

There are no parks, recreation areas or refuges on Knik Arm and in 
the arm itself there is no recreational boating, fishing, swimming, water skiing, 

or shore-based recreation dependent upon water. This is largely due to the 

extreme tidal influence which causes water to be present at the shoreline for 

only a brief period each day. An old Indian cemetery at the village of Eklutna 

is one historic site near the Arm. 

Evaluation of Project Impact on the Knik Arm Ecosystem 

The selection of the causeway dam alternate would create a very large 

fresh water lake, and for this evaluation it is presumed that such a lake would 

be stable and subject to very little surface fluctuation. On this basis, the fol­

lowing observations are made: 

1. The lake would be frozen from about mid-October to early June 

each year, which is longer than the present ice coverage period. 

This could have an effect on the fragile agricultural climate of the 

Matanuska farms. 

2. Any effect on waterfowl populations would probably be salutary 

inasmuch as the flats at the upper end would still be available for 

breeding, nesting and hunting, and some permanent islands giving 
nesting protection would be formed. 
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3. A fish ladder would need to be constructed to pass anadromous 
fish over the dam. 

4. The lake could become a nursery area for red or sockeye salmon, 

resulting in on expanded population of these fish spawning in the 

Knik and Matonuska Rivers, as well as minor streams of the area 

not presently supporting this species. 

5. Resident populations of other desirable fish such as rainbow trout 
could be developed within the impoundment. 

6. Terrestrial mammals would be affected to a certain extent. The 
proposed lake would permanently inundate about 20 square miles 
of flats which ore covered with salt grass and provide winter browse 
for the moose population. This area is generally swept clear of 
snow by the winter winds. 

7. From the standpoint of general recreation, the lake would supply 

on area close to Anchorage of outstanding value for boating and 
fishing. A Iorge number of recreational areas would be available 

for shore development of much greater value than is presently 

possible. 

The construction of a bridge across Knik Arm would hove no direct 
effect on the natural environment of the Arm during or after construction. 

However, there would be considerable impact on the area west of Knik Arm 

associated with the opening of the area to residential and industrial develop­
ment. The ramifications of this development ore beyond the scope of this 

study. 



INDEX T O PLAN AND 

PROFILE PLATES 

APPENDIX A 

a. I te:r:.11..a.ti. "V"e c:r<»ssi.:.ll.g 

I<»ca.ti.<»:.ll.S a.:.11..d.. types 

Page 

ALTERNATIVE CROSSING LOCATIONS .. . . .. ....... IV-1 

Crossing 0 ........... . ......... . ..... IV-3 

Crossings I and II . ...................... IV-3 

Crossing Ill . ... . ...................... IV-4 

Crossing IV ... ... .. ...... . ............ IV-5 

Crossing V .......................... IV-5 

Crossing VI ........................... IV-6 

ALTERNATIVE CROSSING TYPES ........... . ..... IV-6 



a. I -tie..-....._a.-tii.. "V"e c..-<»ssi......._g 
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ALTERNATIVE CROSSING LOCATIONS 

Within the preset limits of the study area, Point Mackenzie to Eagle 
River, six possible crossing locations, Crossings 0 through V, were chosen for 
study. One additional location, Crossing VI, just outside the study limits, was 
added later. The locations are shown on Figure IV-1 and the main features 
of each crossing are tabulated below in Table IV-1. 

Crossing 

0 

II 

Ill 

IV 

v 

VI 

Table IY-1 COMPARISON OF CROSSING LOCATIONS 
Length 
Shore 

To 
Shore 

(Miles) 

2.4 

2.8 

2.6 

1.5 

2.4 

4.9 

3.6 

Maximum 
Water 

Depth* 
(ft.) 

123 

67 

82 

133** 

56 

40 

40 

Distance 
From 

Ship Creek 
(Miles) 

5.0 sw 

Possible 
Crossing 

Types 

Bridge, Tunnel 

0.6 SW Bridge, T unne I 

Most Favorable 
Crossing 

Type 

Bridge 

Tunnel 

0.0 Bridge, Tunnel Tunnel 

2. 1 N E Bridge Bridge 

3.6 NE Bridge, Tunnel, Bridge or Tunnel 
Causeway Dam 
Combination 
Bridge & 
Causeway 

7.7 NE Bridge, Tunnel, Causeway Dam 
Causeway Dam, 
Combination 
Bridge-Causeway 

12 NE Causeway Dam Causeway Dam 

*Below Mean Lower Low Water- Source: U.S. C .&G .S. Map 8557 
**Dames and Moore geophysical explorations show 160'~ 
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CROSSING 

13;200' 

Figure IY-1 

CROSSING 

14,800' 

ALTERNATIVE LOCATIONS OF CROSSING 

8,500' 

CROSSING IV 

12;900' 

l 

CROSS'ING 

25,800' 

X 

Bose f'..llap is from U.S .G .S, Ouadrangle f'..llaps "Anchorage A-8 
& ll-8". 

Datum is Mean Sea Level 
Depth curves in feet. Datum is Mean Lower Low Water. 

Distances shown on Crossings 

are from Bluff to Bluff 



Crossing 0 

A crossing from Point Woronzof to Point Mackenzie, the southernmost 

line considered, has a sufficient number of advantages to be considered among 

the apparently feasible crossing locations. 

The most obvious advantage to this crossing is the connection of two 

outstanding points of land at the immediate upper end of Cook Inlet. The 

presence of a connection from the west side of Knik Arm to the vicinity of 

the International Airport could be considered an advantage as could the scenic 

value of a bridge forming a gateway to the Knik Arm-Anchorage area. 

However, both Points Woronzof and Mackenzie have in the past shown 

indications of poor slope stability and the presence of a Bootlegger Cove 

type of clay near Point Woronzof has been established. This poor stability 

coupled with the known presence of relatively large boulders on the Arm 

bottom eliminate a tunnel from consideration. Navigation requirements and 

depth of water eliminate from consideration the use of a causeway dam. 

A bridge at this location would also need to contend with the naviga­

tion clearance requirements and the ever present possibility that a ship will 

lose control in the tidal currents and collide with a pier. In this event, the 

pier would probably be destroyed and the bridge would be out of service for 

some time. In addition, the proposed north-south runway addition to Inter­

national Airport and the necessary glide path clearances thereto must be con­

sidered. If the navigation span is located near the north end of the bridge, 

conflict with the runway glide path could probably be avoided. If the naviga­

tion span is located near the south end of the bridge, in the vicinity of the 

existing ship route (U.S. Coast Pilot9, 7th Ed., 1964), a conflict is possible and 

Federal Aviation Administration regulations must be reviewed. 

From the standpoint of general traffic service to the Anchorage area 

this crossing location is undesirable. 

Comparing the apparent advantages and disadvantages it appears 

that a crossing at this location would not be in the best interest of all con­

cerned, and therefore detailed consideration beyond that necessary to arrive 

at an approximate cost has not been given in this study. 

Crossings I and II 

A highway crossing of Knik Arm at either of these locations would 

afford direct access to the City of Anchorage from the west side of the Arm. 
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The locations shown have been selected for mm1mum water depth in this 

general area, as there is not a significant change in the length of the crossing 

at any point in this vicinity. Crossing I, though longer, traverses shallower 

water and for this reason is favored over Crossing II. Also, the eastern abut­

ment of Crossing I might be slightly better than that for Crossing II. 

A causeway at these locations would result in serious interference with 

shipping and therefore was eliminated from consideration. The use of a bridge 

at either of these locations was considered undesirable because of the naviga­

tion clearance requirements and the location of the crossings either in or 

adjacent to the turning basin for the various docks at Anchorage. The pres­

ence of high tidal currents in a maneuvering area increase the possibility of a 

ship losing control. As indicated for Crossing 0, the impact of a ship on a 

pier would probably take the bridge out of service for an extended period. 

For these reasons a tunnel, which would provide much less restriction to ship­

ping, is favored for these crossings. 

The eastern termini are located in areas known to be underlain by 

the Bootlegger Cove clay which in the event of an earthquake is suspect. 

Near the west termini recent slides have been noted at the Sleeper Landing 

Strip. It can be noted that the maximum depth of water at these locations 

is greater than that at Location IV which will cause greater difficulty of con­

struction and greater cost per foot than the tunnel proposed for Crossing IV. 

In addition, these alternates, even though they terminate immediately at the 

City of Anchorage, can not satisfactorily be integrated into the highway and 

street system without undue congestion. 

As in the case of Crossing 0, Crossings I and II were not given further, 

detailed consideration. 

Crossing Ill 

Crossing Ill, at Cairn Point, has historically been the crossing site fa­

vored by residents of Anchorage. The location would furnish good traffic 

service to both Anchorage and the west side of Knik Arm. Highway connec­

tions can be readily provided and the lack of navigation requirements at the 

site permit a lowering of the structure from the elevation required at Crossings 

0, land II. 

This location provides the shortest overwater crossing available within 

the limits of the study, but, as could be expected, the deepest water also occurs 

at this location. Tunnel or causeway dam construction at this location would 



be extremely difficult due to the depth of water and the flow conditions. Also, 

a causeway dam would be a potential source of problems in the vicinity of 

the Anchorage port facilities due to changes in the tidal flow patterns which 

in turn would cause changes in siltation rates, ice movements, etc. 

The water depths, up to 175 feet, fast currents and questionable founda­

tion material at this location make substructure construction very difficult and 

expensive, indicating the need for a structure with the minimum number of 

piers. It was concluded that the only type of structure applicable to the con­

ditions at this location is a long span suspension bridge. 

However, the east bridge tower, at Cairn Point, while not directly in 

the glide path of the main east-west runway of Elmendorf Air Force Base, 

will protrude into the air space in such a manner as to require a variance 

from the Federal Aviation Administration prior to further studies. 

As a part of this study, detailed consideration was given to a suspen­

sion bridge at this location in order that the cost and feasibility of such a 

structure might be determined. 

Crossing IV 

Crossing IV, located 1-1/2 miles north of Cairn Point, is situated at 

the southernmost site which combines reasonable water depth, relatively uni­

form flow conditions, relatively short overwater length and acceptable traffic 

service to both sides of the Arm. There are no navigation requirements and 

the resulting low bridge profile avoids conflict with the Elmendorf Air Force 

Base air space. 

Bridge, tunnel, causeway dam, or combination bridge-causeway con­

struction is considered possible at Crossing IV. However, a combination bridge 

-causeway appears inadvisable due to the high current velocities that would 

be induced through the bridge opening as a result of the normal tidal fluctua­

tion. Consequently, the bridge, tunnel, and causeway dam alternates were 

reviewed in detail as a part of this study. 

Crossing V 

This location, immediately south of Eagle Bay and Goose Bay, is very 

near the preset northern limit of the study area. The alignment at this loca­

tion was adjusted to cross the Eagle Bay and Goose Bay deep water channels 

at a minimum skew while utilizing the shoals area to the greatest possible 
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degree. Traffic service to the Anchorage area is marginal, but highway con­

nections can be made with relative ease. 

The four structure types listed for Crossing IV are also applicable at 

this location. The tunnel was excluded from further consideration by reason 

of the great length of the crossing and the obvious prohibitive cost of a tunnel 

of that length. 

Crossing VI 

This location lies north of the preset study limits but since it is regarded 

as the most favorable location for a causeway dam type of crossing, a brief 

study of a causeway dam at this location has been included. The crossing is 

relatively short, encounters shallow water and the terrain is favorable for 

spillway construction. A major drawback of the crossing site is that it does 

not provide access to the area south of Goose Creek; it would serve an area 

which is already accessible by road, and the eastern terminal is too far from 

Anchorage to provide reasonable traffic service. 

ALTERNATIVE CROSSING TYPES 

Structure types given consideration during the course of this study 

were tunnel, both buried and floating, floating bridge, conventional bridge, 

full closure causeway dam and combination bridge-causeway. 

The floating bridge concept was discarded due to the ice conditions 

and the extreme tidal fluctuations. Likewise, a floating tunnel was considered 

to have no construction or cost advantages over a buried tunnel. 

Detailed study has been given to bridge and causeway dam alternates 

on Lines IV and V with special attention to solutions for the novel problems 

associated with environment, earthquake and extreme tide and ice conditions. 

The following sections of this report detail the economics and structural aspects 

of the various crossing structures. 
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bridge cre>ssi:.-1gs 

GENERAL 

Summary 

Based upon the review of site conditions, preliminary designs and cost 

estimates presented in this report, Location IV is the most favorable site for 
a bridge crossing of Knik Arm. 

The main structure would be a double-deck, orthotropic Warren truss 
with spans of 407.ft. 

An adjustment in this 407-ft span length might be required in sub­

sequent stages of design, but the overall cost of construction should remain 

the same. 

The estimated construction cost of the bridge, including 10% for con­

tingencies and variations, is $126,000,000. 

Lines Studied 

Lines I and II were not favored as bridge sites due to cost, expected 
unstable soils and poor traffic service. Cost estimates for bridge crossings 

at these locations are not given in this report. 

Lines Ill, IV and V were selected as suitable locations for a bridge 

crossing. Preliminary designs were made for these sites and a detailed quan­

tity and cost summary is given for each site. 

Line 0 was studied as a possible bridge site but it is not favored due 

to cost, expected unstable soils, navigational clearance requirements, length 

over deep water, more severe exposure to climatic conditions and probable 

interference with air traffic from the International Airport. An approximate 

cost of construction is presented herein. 
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Construction Costs 

Quantities of materials were obtained from preliminary designs for 

each site studied. These reflect bridge type, span length, pier type and chan­

nel depth. 

Insofar as allowed by the prelim inory status of the designs, contractor­

type estimates were mode for the bridge structures (see Appendix D). Where 

relevant recent Alaska bid prices were available, these were used for com­
parative purposes. 

A mobilization cost has also been estimated for each site. This item 

covers the anticipated cost of pier access dredging, caisson rings, anchor lines, 

dock and yard facilities and other incidental items required to begin construc­

tion of structures of this magnitude. 

The cost evaluations presented herein ore considered adequate for 

comparisons. 

CROSSING AT LOCATION Ill 

Generol 

From the standpoints of convenience, travel distance and length of 

crossing, a highway crossing of Knik Arm at its narrowest width is quite at­

tractive. 

There ore some difficult features of this location, however, which also 

must be considered. One is the extreme depth of water (maximum depth is 

175ft. below mean sea level) which eliminates short and medium span bridges 

from consideration for practical and economic reasons and imposes the re­
quirement of a long span suspension bridge. Another is the existence of a 

landslide area near the west abutment. This Iotter feature, which in other 

literature is known as the Sleeper Landing Slide, con be noted on Photo 8, 

Page 111-61, on the unnamed point to the left center of the photo. 

While there is a question concerning the stability of some of the de­

posits at this site, as evidenced by the landslide area, from geological data 

available it can be inferred that the narrows at Cairn Point are at the southern 

edge of the Noptowne glacial deposits. The very existence of the constriction 



infers that the deeper underlying subsurface materials ore compact and rela­

tively stable. Whether they ore adequate to support the piers and anchorages 

for a monumental suspension bridge con only be verified by subsurface ex­

plorations. 

The cable anchorages assumed for the suspension bridge ore of the 

gravity type. A foetor of safety against sliding for the anchorages cannot 

be determined at this phose of the study. Extensive subsurface investigation 

at the anchorages would be required to determine such critical properties 

as shear strength, the possibility of creep under the sustained anchorage 

loads and the consequence of seismic loads upon the bridge anchorages. 

The preliminary design which is the basis for the cost estimate in this report, 

assumes on effective coefficient of friction for the anchorage and underlying 

soil of 0.3. This value is consistent with values used for other major suspen­

sion bridges utilizing gravity anchorages and is considered adequate for esti­

mating purposes. Should borings, however, disclose the presence of the Boot­

letter Cove cloy extending to on appreciable depth below sea level, major 

modifications in the preliminary design would be required. 

The topography of the site dictates that a 4,500' main span is neces-

sory. 

This main span length surpasses all existing suspension bridges and 

would place the Knik Arm Suspension Bridge in a class with such great struc­

tures as the Golden Gate Bridge and Verrozono Narrows Bridge. 

The Golden Gate Bridge has a main span of 4,200' and was opened 

to traffic in 1937. The Verrozono Narrows Bridge has a main span of 4,260' 

and was opened to traffic in 1964. Presently, design is being completed on 

the Humber River Bridge in England with construction to commence in 1972. 

This suspension bridge will hove a 4,580' main span. 

Such a crossing at this site is considered a feasible alternative at this 

time but is not the most favorable solution due to its relatively high cost of 

construction. 

Layout 

The layout of the structure, as shown on Plate A-1, Appendix A, is 

determined by the location of submerged shoals extending from the east shore 

and the least distance to a reasonable depth of water on the west side. These 

considerations fix centerline direction and the location and length of main 
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span. Side and approach spans are dimensioned to reach the bluffs at each 
shore. 

Features of Superstructure 

Suspended Spans 
West Approach 
East Approach 

1 ,500, 4,500, 1,500 = 7,500' 
= 330' 

1,060' 

Total Length of Open Structure 8,890' 

Cable Sag- Main Span 
Distance Ctr. to Ctr. of Cables: 

420' 
70' -0" 

Roadway 
Safety Curbs 
Roadway Deck 

Stiffening Structure: 

Lateral Bracing 

Main Towers 

Principal Materials: 

2@ 30'-0" 
None 
Orthatropic steel with asphalt wearing 
surface 
54" deep Warren truss with 50' panel 
length 
K-type, top and bottom of stiffening 
truss 
Cellular box legs with trussed box 
member bracing; 70' c. to c. at top, 
83' c. to c. at base; tower legs 27' x 
1 0.5' at top, 35' x 1 0.5' at base; tower 
height551' 

Main Cables High-strength wire 
Suspenders Galvanized bridge rope 
Cable Bands Galvanized steel castings 
Roadway Deck, Stringers, Railings, 
Stiffening Trusses, Towers, and Girder 
Approaches ASTM A588 Weathering Steel 

Features af Substructure 

Main Piers 

Anchors 

Cellular, open dredged caissons of reinforced 
concrete, surmounted by oblong reinforced con­
crete pedestals 
Gravity anchors of concrete filled with sand and 
located in the bluffs 



Approach Piers 

Abutments 

Construction Methods 

Reinforced concrete shafts with footings supported 

on circular pipe piles 

Stub type, supported on steel H piles 

The construction of the superstructure is anticipated to be by the con­

ventional methods employed for the erection of large suspension bridges. Due 

to the winter extremes, erection will need careful timing to insure that the 

structure is not left in a vulnerable state during work stoppage. 

The type of substructure proposed is necessarily based on sparse sub­

surface data. Subsequent explorations could drastically alter these proposals. 

Construction of the anchors on land should not offer any formidable 

obstacles and work could proceed year-round. The use of the Benoto trench 

method of wall construction could be used to greatly reduce the amount of 

sheeting and shoring required for excavation. 

The west main pier presents, perhaps, the greatest construction chal­

lenge. Due to the water depth and swift currents, the usual sand island meth­

od of construction is probably not feasible. At present, the two possible meth­

ods are believed to be: (1) The use of a sand island with walls comprised of 

large cellular cofferdams, or (2) A floating steel cofferdam enclosed in a 

braced stall. For either of these methods it may be desirable to place fill on 

the bottom to decrease the depth of water. 

The east main pier should be less of a problem, though borings may 

show extensive cobbles and boulders which could make caisson sinking difficult. 

The approach piers on the east side have been estimated as constructed 

in braced steel cofferdams with trem ie placed seals. Here, also, surface obser­

vations at low tide indicate extensive boulders and cobbles and the driving of 

sheeting and piles may not be possible. 

Estimated Construction Cost 

The estimated construction cost for a Cairn Point Bridge Crossing in­

cluding 1 0% for contingencies and variations, is $249,000,000. This estimate 

includes slope stabilization costs of about $26,000,000 which probably will be 

required. The detailed estimate follows: 
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Table Y·l 

ESTIMATE OF COST SUSPENSION BRIDGE AT CROSSING Ill 

Spcns 2@ 165'' 1 ,500'' 4,500'' 1 ,500'' 4@ 265' = 8,890' 
Roadway: 2 @ 30'-0" 

MAIN BRIDGE 
Superstructure 

Structure I Steel (A588) 76,301,000 Lbs. @ 0.70 s 53,410,700 
Main Cables 41,980,000 Lbs. @ 0.90 37,782,000 
Cable Wrapping 761,000 Lbs. @ 0.90 684,900 
Cable Suspenders 1,442,000 Lbs. @ 2.30 3,316,600 
Cable Bands and Fittings 1,384,000 Lbs. @ 1 .70 2,352,800 
Hand Ropes 17,800 L. F. @ 4.50 80,100 
Roadway Protective Coating 53,000 S.Y. @ 2.30 121,900 
Roadway Wearing Surface 53,000 S.Y. @ 18.40 975,200 
Handrail 15,000 L. F. @ 23.00 345,000 
Guardrail 7,500 L. F. @ 23.00 172,500 

Sub- Total Superstructure 99,241,700 

Anchorages 
Concrete 124,400 C.Y. 0 $180.00 $ 22,392,000 
Sand Fill 60,600 C.Y. @ 4.50 272,700 
Reinforcing Steel 10,000,000 Lbs. @ 0.37 3,700,000 
Eye Bars 3,120,000 Lbs. @ 0.70 2,184,000 
Structural A36 Steel 1,530,000 Lbs. @ 0.70 1,071,000 
Cast Steel 332,000 Lbs. @ 1 .70 564,400 
Forged Stee I 286,000 Lbs. @ 1 .70 486,200 
Excavation Above Elev. 100 1,775,000 C.Y. @ 0.90 1,597,500 
Excavation Below Elev. 100 660,000 C.Y. @ 2.30 1,518,000 
Granular Backfill 440,000 C.Y. @ 5.50 2,420,000 

Sub- Total Anchorages 36,205,800 

lv\a in Piers 
Concrete in Shafts 25,800 C.Y. C§ $180.00 4,644,000 
Concrete in Caissons 62,500 C.Y. @ 275.00 17,187,500 
Concrete in Seals 24,100 C.Y. @ 180.00 4,338,000 
Reinforcing Steel 7' 100,000 Lbs. @ 0.37 2,627,000 
Excavation 128,700 C.Y. @ 37.00 4,761 900 

Sub-Total Main Piers $ 33,558,400 

End Piers and Approach Spans 
Handrail 2,800 L. F. @ s 23 .00 64,400 
Guardrail 1,400 C.Y. @ 23.00 32,200 
Deck Concrete 2,060 C.Y. @ 460.00 947,600 
Reinforcing Stee I 2,300,000 Lbs. 0' 0.37 851,000 
Structure I Steel (A588) 5,872,000 Lbs. @ 0.70 4,110,400 
Abutment Concrete 250 C.Y. @ 230.00 57,500 
Pier Concrete 7,300 C.Y. @ 275.00 2' 007,500 
Sea I Concrete 7,940 C.Y. @ 180.00 1 '429 ,200 
Excavation 7,200 C.Y. @ 55.00 396,000 
14HP73 (60' Long) 6,000 L. F. \{' 35.00 210,000 
18" 0 Pipe Piles (90' Long) 34,800 L.F. @ 40.00 1,392 000 

Sub- Total End Piers and Approach Spans 11,497,800 

Slope Protection 
Excavation Above Elev. 100 500,000 C.Y. @ 0.90 450,000 
Excavation Below Elev. 100 700,000 C.Y. @ 1.65 1 '155,000 
Sand and Gravel Bedding 50,000 C.Y. @ 18.50 925,000 
Rock Spoils Bedding 50,000 C.Y. @ 27.50 1,375,000 
1 '-3' Rock Bedding 75,000 C.Y. @ 37.00 2,775,000 
Armor Stone (Tetrapods) 250,000 C.Y. @ 73.50 18,375,000 
Toe Drain 2,000 L.F. @ 320.00 640 000 

Sub- Total Slope Protection $ 25,695,000 

Total for Structure $206' 198,700 

Mobilization 20,000,000 

Total for Crossing $226,198,700 

Contingencies and Variations (+10%) 22,801,300 

TOTAL ESTIMATED CONSTRUCTION COST $249' 000' 000 

Estimate is based on fall 1971 bidding date with construction start in January, 1972. 
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CROSSING AT LOCATION IV 

General 

Location IV was selected as being the southernmost and, thus, the 

shortest, crossing for which flow conditions in Knik Arm are relatively uniform. 

The maximum depth of water is about 70 ft. below m eon sea level. 

A crossing located northward at, or beyond, Sixmile Creek would offer 

no significant decrease in water depth and would be considerably longer, 

while a southward shift would decrease the crossing length but would place 

it over substantially deeper water. 

w 
() 
0 

"' cc 
u... 
0 
1-

0 
0 
u... 

"' w 
0.. 
I-
V) 

OVJ 
u"' 
Z<( 

0:::! 
>=o uo 
~z ,_-
!/) 

z 
0 
u 
0 
w ,_ 
<( 

~ 
I­
V) 
w 
-' 
<( 
1-

0 
1-

LEGEND: BRIDGE TYPE 
Double Decked Warren Truss with Orthotropic Steel Deck 

Continuous, Orthotropic Decked, Bo.x. Girder 

Double Decked Warren Truss with Reinforced Concrete Deck 

Continuous Welded Girders with Reinforced Concrete Deck 

9000 r-----------.-----------.-----------.-----------.----------. 

\ D = Depth of Channel below Mean Sea Level (Eiev. 0.0) 

8000 ~----~~--~----------~----------~----------~--------~ 

\ 

7000 

\ 
\ 

6000 '""' 

5000 L-----------~----------~----------~----------~----------' 
100 

Figure V·l 

200 300 400 

SUPERSTRUCTURE SPAN LENGTH 
IN FEET 

500 

GRAPHIC COMPARISON OF BRIDGE COST 

600 

V-7 



V-8 

Layout 

There are no controls over the layout of spans other than economy of 

construction. Four different superstructure types were studied to determine 

the most economical type and corresponding span length for the site. The 

results of these studies are described in the following section and are illus­

trated on Figure Y-1. A constant 407-ft. span length was selected for the 

main bridge at the site. 

The main bridge, which is 13,431'-0" in length, extends from bluff line 

to bluff line. Approach structures, which extend beyond the bluff lines, are 

required to separate the profile grades of the eastbound and westbound road­

ways. 

Bridge Type Studies 

Four different superstructure types, which are illustrated in Figure Y-2, 

were studied for this crossing location. They are: 

1. Continuous welded steel girders with a reinforced concrete deck 

slab supported by steel stringers and floorbeam s. 

2. Continuous double-deck, Warren truss with reinforced concrete deck 

slabs. 

3. Continuous orthotropic steel box girders. 

4. Continuous, double-deck, orthotropic Warren truss. 

A preliminary design was made for each superstructure type for a 

series of span lengths. Quantities were calculated for each design. 

A preliminary substructure design was then made for each of the super­

structure designs for a series of channel depths. Substructure quantities were 

calculated. 

Unit materials prices were then applied to the superstructure and sub­

structure quantities. The resulting bridge costs (per foot) were then plotted 

for each superstructure type and channel depth. The resulting graph, Figure 

Y-1, indicates that Structure Type 4, the continuous, double-deck, orthotropic 

Warren truss in the 400-ft. span range is the most economical bridge for this 

site. This layout is illustrated by Plate A-2, Appendix A. 
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Figure V-2 BRIDGE TYPES STUDIED FOR CROSSINGS IV & V 

Features of Superstructure 

Main Spans 
West Approach 
East Approach 

33 spans@ 407' 

Total Length of Structure 

13,431' 
870' 
780' 

15,081 I 
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Roadway 

Main Spans 

Roadway Deck 

Trusses 

lateral System 

Approach Spans 

Roadway Deck 

Girders 

Structural Steel 

Features of Substructure 

Main Piers 

Approach Piers 

Abutments 

Construction Methods 

2@ 30'-0" with no curbs or parapets. 

Orthotropic steel deck with asphaltic concrete 

wearing surface supported by transversefloor­

beams 

Continuous, double-deck trusses, Warren sys­

tem, 33'-6" c. to c. trusses, constant depth 

utilizing the orthotropic deck system as partial 

chord material 

The orthotropic deck system will be designed 

to resist I otero I forces. 

Reinforced concrete slab supported on multi­

ple girders 

Continuous multiple welded girder spans 

ASTM A588 Weathering Steel 

large diameter (36" P steel) piles supporting 

large, precast concrete shells, sealed with tremie 

concrete and then filled with cast-in-place rein­

forced concrete. Piers are topped with hammer 

head caps. 

Conventional, cast-in-place circular concrete col­

umns supported on pile footings. 

Conventional, pile supported concrete semi-deep 

abutments. 

The truss structure lends itself readily to cantilever construction or for 

the relatively short truss spans envisioned it is feasible to fabricate large 

sections on shore which are than floated to the site and set in place. 

The use of the orthotropic steel deck, in lieu of a concrete slab, reduces 

the volume of material to be handled and the deck can be placed in weather 

unsuitable for concrete work, thus extending the construction season. 



The main piers utilize a precast concrete base section through which 

the large diameter piles are driven (through precast holes). Cylindrical, pre­

cast concrete shells are then placed upon the base to form the exterior shape 

of the pier. These shells extend to an elevation above anticipated extreme 

high water. A tremie seal is placed in the base shell. The shell is pumped 

dry, footing and column reinforcement is placed and the shell is filled with 

concrete. The hammer head pier caps are then formed and placed to com­

plete the pier. 

A circular shape was assumed for the footings and shafts of the main 

piers. Future study, in a final design phase, might indicate an elliptical or 

similar shape as being more efficient to resist transverse horizontal forces, 

principally from ice. The circular shape assumed, however, is structurally 

feasible, has considerable merit from the constructional standpoint and its 

use allows the computation of substructure quantities with sufficient accuracy 

for the preliminary estimates. 

Utilization of this type of construction precludes the necessity for elab­

orate cofferdams which, for the conditions at this site, would be a sizeable 

construction item. This approach has been used on a number of other major 

structures with satisfactory results. 

The approaches over land utilize multiple welded girder spans to bring 

the double-deck directional roadways to the same elevation. Conventional 

land construction methods may be used to build the piers and erect the super­

structure. 

Extensive grading of the bluffs at the ends of the main structure has 

been considered in the estimate for the approach structures. The use of rock 

slope protection for stabilization of the slopes is not considered necessary 

based upon existing knowledge of the site. 

Estimated Construction Cost 

The construction cost for a Line IV Bridge, including 10% for contin­

gencies and variations, is estimated as S]26,000,000. 

An estimated SS,OOO,OOO may be saved in the initial construction cost 

by construction of only two of the four roadway lanes. The remaining two 

could be constructed at some future date for an estimated cost of S12,000,000, 
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assuming no allowance for escalation in the unit prices. This would, however, 
increase the effective cost of the total bridge by $4,000,000. 

The detailed estimate of the four-lane bridge follows: 

Table Y-2 

ESTIMATE OF COST TRUSS BRIDGE AT CROSSING IV 

APPROACH STRUCTURES 
Superstructure 

Structure I Steel (A588) 
Cost Steel 
Concrete in Deck 
Reinforcing Steel 
Hondroil 

Sub-Total Superstructure 

Substructure 

2 Approach Structures ot 870' and 780' l ,650' 
/\/lain Bridge 33 Spans ot 407' ; 13,431' 

Total Bridge length; 15,081' 
Roadway: 2 at 30'-0" 

1,792,000 lbs. 
36,000 lbs. 

1,320 C.Y. 
360,000 lbs. 

3,300 l.F. 

Concrete in Columns and Cop Beams 
Concrete in Footings and Abutments 
Reinforcing Steel 

480 
520 

190,000 

C.Y. 
C.Y. 
Lbs. 

14HP73 (45' long) 
Excavation (Above Grade) 
Excavation (Below Grode) 

Sub- Total Substructure 

MAIN BRIDGE: 
Superstructure 

Structure I A588 Stee I 
Cost Steel 
Asphaltic Wearing Surface 
Deck Protection 
Hand roil 

Sub- Total Superstructure 

Substructure 
Pier Excavation 
36" Dia. Pipe Piles 
Pre cost Cone rete 
Tremie Concrete 
Shell Filler Concrete 
Pier Cop Concrete 
Reinforcing Steel 
Shaft Armoring (Steel) 
Foundation Armor Rock 

Sub-Total Substructure 

Toto I for Structure 

Mobilization 

Total for Crossing 

Contingencies and Variations (_+:10%) 

TOTAl ESTIMATED CONSTRUCTION COST 

12,660 L.F. 
460,000 C.Y. 

1,600 C.Y. 

57,465,000 Lbs. 
1 '140,000 lbs. 

92,650 S.Y. 
92,650 S.Y. 
53,700 l.F. 

60,000 C.Y. 
60,800 l.F. 
12,500 C.Y. 
22,800 C.Y. 
21,800 C.Y. 
5,500 C.Y. 

7,302,000 lbs. 
980,000 Lbs. 
65,000 C.Y. 

Estimate is bosed on foil 1971 bidding dote with construction start in January, 1972. 

@ 

$ 0.65 
1.45 

200.00 
0.28 

20.00 

$200.00 
170.00 

0.28 
30.00 
2.40 

10.00 

0.64 
1.44 

16.00 
2.00 

20.00 

$ 31.20 
200.00 

1,280.00 
165.00 
165.00 
468.00 

0.50 
1.20 

40.00 

1 '164,800 
52,200 

264,000 
100,000 

96,000 
88,400 
53,200 

379,800 
1,104,000 

16 000 
1,737,400 

s 36,777,600 
1,641,600 
1,482,400 

185,300 
1 074 000 

$ 41' 160,900 

1,872,000 
12' 160,000 
16,000,000 
3,762,000 
3,597,000 
2,574,000 
3,651,000 
1 '176,000 
2,600,000 

s 47,392,200 

91 '938,200 

s 23,000,000 

$114,938,200 

s 11,061,800 

$126,000,000 



CROSSING AT LOCATION V 

General 

Location V was selected for its relatively shallow water depths. The 

maximum depth is about 50 ft. below mean sea level in each of two distinct 

channels which are separated by a wide expanse of low lying land which is 

submerged during high tide. This line is the longest of those studied as feasi­

ble bridge sites. 

Layout 

As for the bridge at Location IV, there are no controls over the layout 

of spans other than economy. The major length of structure is over the shoals. 

This arrangement takes advantage of the economy afforded by reduced pier 

heights. 

The main bridge extends from bluff line to bluff line. Approach struc­

tures, which extend beyond the bluff lines, are required to separate the pro­

files of the eastbound and westbound roadways. 

Bridge Type Studies 

The bridge type studies made for Line IV also apply to Line V. 

The same structure type, that is, the continuous double-deck, orthotropic 

Warren truss with a 400-ft. span was chosen as the most economical for Line 

V. This layout is illustrated by Plate A-5, Appendix A. 

Features of Superstructure 

Main Spans 

West Approach 

East Approach 

65 spans@ 400' 

Total Length of Structure 

= 26,000' 

= 747' 

785' 

27,532' 

The roadway dimensions, roadway deck trusses, lateral system and 

approach spans are similar to those considered for Line IV. 

Features of Substructure 

The Features of Substructure for Line V are similar to those for Line IV. 
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Construction Methods 

Same as those for Crossing IV. 

Estimated Construction Cost 

The construction cost, including 10% for contingencies and variations, 
is estimated as $223,000,000. The detailed estimate follows: 

Table Y-3 

ESTIMATE OF COST TRUSS BRIDGE AT CROSSING Y 

2 Approach Structures at 747' and 785' -c. 1 1 532'-0" 
J\\ain Bridge 65 Spans at 400'-0" ~ 26,000'-0" 

Total Bridge Length= 27,532'-0" 
Roadway: 2 ,,, 30'-0" 

APPROACH STRUCTURES: 
Superstructure 

Structural Steel (A588) 
Cost Steel 
Concrete in Deck 
Reinforcing Steel 
Handrail 

Sub- Total Superstructure 

Substructure 
Concrete in Columns and Cap Beams 

Concrete in Footings and Abutments 
Rein forcing Steel 
14HP73 (45' Long) 
Excavation (Above Grade) 
Excavation (Below Grade) 

Sub- Total Substructure 

MAIN BRIDGE: 
Superstructure 

Structure I Stee I (A588) 
Cast Steel 
Aspho I tic Wearing Surface 
Deck Protection 
Handrail 

Sub- Toto I Superstructure 

Substructure 
Pier Excavation 
36" Dio. Pipe Piles 
Pre-Cost Concrete 
Tremie Concrete 
Shell Filler Concrete 
Pier Cap Concrete 
Reinforcing Steel 
Shaft Armoring (Steel) 
Foundation Armor Rock 

Sub- Total Substructure 

Total far Structure 

Mobil izotion 

Total for Crossing 

Contingencies and Variations ~10% 

TOTAL ESTIMATED CONSTRUCTION COST 

I ,670,000 Lbs. 
34,000 Lbs. 

I ,230 C.Y. 
335,000 Lbs. 

3,055 L. F. 

480 C.Y. 
520 C.Y. 

190,000 Lbs. 
12,660 L. F. 

130,000 C.Y. 
I ,600 C.Y. 

Ill ,280,000 Lbs. 
2,210,000 Lbs. 

179,400 S.Y. 
179,400 S.Y. 
104,000 L. F. 

82,400 C.Y. 
109,000 L. F. 
20,200 C.Y. 
33,000 C.Y. 
30,100 C.Y. 
11,000 C.Y. 

10,900,000 Lbs. 
2' 850' 000 Lbs. 

106,000 C.Y. 

Estimate is based on fall 1971 bidding date with construction start in January, 1972. 
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0.28 
30.00 
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0.64 
I .44 

16.00 
2.00 

20.00 

31 .50 
200.00 

I ,440.00 
165.00 
165.00 
448.00 

0.52 
1 .20 

40.00 

1,068,800 
49,300 

246,000 
93,800 
61 100 

1,519,000 

96,000 
88,400 
53,200 

379,800 
312,000 

16 000 
945' 400 

$ 71,219,200 
3,182,400 
2,870,400 

358,800 
2 080 000 

s 79,710,800 

s 2,595,600 
21 '800 ,000 
29,088,000 
5,445,000 
4,966,500 
4,928,000 
5,668,000 
3,420,000 
4 240 000 

s 82,151 '100 

$164,326,300 

s 38,000,000 

$202 '326' 300 

s 20' 673 ,700 

$223' 000' 000 



OTHER LOCATIONS 

Several other locations for a bridge crossing were studied but were 

not considered as desirable as those chosen for detailed study (Ill, IV and V). 

Lines I and II 

Lines I and II were investigated as possible bridge sites in Phose I of 

these studies but were eliminated from further consideration because of ex­

pected high cost, expected unstable soils at the approaches and poor traffic 
service on the Anchorage side. 

No construction costs for these sites ore included in this report. 

LineO 

Line 0 was studied only to obtain on "order of magnitude" cost figure 
foro bridge at the site. 

This location is not considered as o desirable bridge site because of 

the navigational clearance requoirements, the length over deep water and 

the exposure to wind and ice forces which ore envisioned as larger than the 

forces at Lines Ill, IV and V and possible interference with the glide path for 

the proposed north-south runway of the International Airport. 

A bridge at this location would also be subject to damage by ships 

moving in and out of the port of Anchorage. This would impose a requirement 

for expensive protection for piers in the nov igable depth waters of the channel. 

The cost of pier protection for all piers in the navigable waters would be pro­

hibitive. For this estimate, only the two piers at the navigation span were 

provided with protection in the form of dumped rock islands concentric about 

the pier shafts. Other piers ore unprotected and could easily be damaged 

by a ship maneuvering in the strong tidal currents. 

The quantities for a structure at this site were obtained from prelim-

inary layouts and designs. Unit costs were applied to these quantities to 

obtain the bridge construction cost. 

The estimated construction cost for a bridge at Location 0, including 

10% for contingencies and variations, is $193,000,000. The length of the struc­

ture is 15,240'. 
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GENERAL 

The possible use of a dam across Knik Arm to provide the supporting 

structure for a roadway crossing of Knik Arm has been considered to compli­

ment the possible use of other means of effecting the crossing. A dam of 

this magnitude requires the solution to many problems which could take years 

to resolve and which will need extensive data collection prior to the start of 

design or construction. A number of the solutions to the intermediate prob­

lems are beyond the scope of data available and indeed beyond the purpose 

of this portion of the study, which is to determine the feasibility of constructing 

a dam across Knik Arm. 

The construction of dams across tidal estuaries has been accomplished 

at a number of locations in Holland and on portions of the Passamaquoddy 

tidal-project (Second Congress on Large Dams, Casey, 1936) in the vicinity 

of Eastport, Maine. The use of a dam to effect a crossing of the Turnagain 

Arm has been reported on favorably by Armstrong Associates. The construc­

tion of dams by dumping rock into water has been used widely, one of the 

most recent notable examples being the Aswan Dam base. Therefore, it can 

be preliminarily concluded that such construction in Knik Arm is possible. 

In the initial phases of the study, the possibility of this type of construc­

tion was considered at all crossing locations. At Crossings 0, I and II, the 

history of unstable soils and the interference with shipping make the construc­

tion of a dam undesirable. At Crossing Ill the extreme depth of water makes 

the site unattractive. At Crossings IV and V the possibility of constructing a 

dam is better. Crossing VI was considered to the point of obtaining an "order 

of magnitude" cost but was not favored because of the excess distance from 

the City of Anchorage. 

Crossing V was selected for more detailed study over Crossing IV, 

Plate A-7, Appendix A, even though it is longer, principally to take advantage 

of the shallower water, the wide expanse of exposed tidal flats, the decreased 

tidal prism and the presence of two distinct channels for tidal flow. A less 

extensive study at Crossing IV, Plate A-3, Appendix A, was performed and 

the data from both locations used to obtain the "order of magnitude" cost 

for a dam at Crossing VI. 
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For the dam proper three primary items are in need of study to de­

termine the feasibility of construction. They are: 1) Foundation and Geology; 

2) Typical Section; and 3) Construction Methods. 

FOUNDATION AND GEOLOGY 

Geologic and engineering reconnaissance indicated that at one or 

both of the terminals of Crossings Ill, IV, and V, the Bootlegger Cove Clay, 

or a clay similar to it, may exist at or below beach level, and may extend 

for some distance out beneath Knik Arm. It is therefore quite possible that 

while the Preliminary Causeway Dam Section (Section 8, Plate A-6, Appendix 

A) may be applicable for large portions of the crossing, modification of the 

embankment section might be required in the vicinity of the landward por­

tions, in order to attain the same relative stability for seismic conditions. 

TYPICAL SECTION 

In the course of these studies a number of typical sections have been 

proposed. Plate A-6, Appendix A, shows some of the sections considered. 

The availability of materials, the stability of the interim and completed em­

bankment, the effect of seismic activity, regardless of the crossing location, 

and the possible methods of construction all were considered in selecting 

Section 8 as the most reasonable section to study further at this time. This 

section is a slight modification of the section suggested by Shannon and Wilson 

as suitable when considering seismic conditions. 

Relatively large quantities of sand and gravel are present in the Pleis­

tocene glacial units in the uplands adjacent to the bluffs along Knik Arm, and 

in the flood plains of the Knik and Matanuska Rivers. Rock for embankment 

construction and rip-rap may be obtained by quarrying in Chugach Range. 

Based on the jointing of the metavolcanic rocks observed in the Alaska Rail­

road quarries near Eklutna, and near Rainbow on the Turnagain Arm, large 

stone, of the 15-to-20 ton size blocks will be difficult to obtain. However, 

there are indications that the required stone size will not exceed 3 to 6 tons 

which increases the availability of the rock. Smaller size rock are available 

in good quantity. 

Theoretical analyses were made of the stability of a number of em­

bankment cross-sections, by both circular arc and wedge analyses, including 



seismic factors. The assumed angles of internal friction and unit weights of 

the sand and gravel, and rock embankment materials (¢varied from 30° 

to 40°, and unit weights varied from 125 to 140 pcf), were considered to 

be realistic values. The absence of any valid strength parameters for the 

soils beneath Knik Arm, prevented determination of the most desirable em­

bankment-foundation section for the causeway dam. Without the benefit of 

actual strength parameters for the embankment and foundation materials, 

refinements in embankment design are not possible. 

A rock fill is recommended over a sand and gravel fill primarily to 

achieve acceptable seismic stability. The rock fill would be less likely to liquefy 

in the event of a major earthquake, even though some subsidence due to 

consolidation could be expected in case of a major earthquake. 

The recommended Preliminary Causeway Dam Section provides for 

no positive cut off within the embankment or the underlying foundation. It 

is expected that sedimentation of fines on the upstream face will rapidly re­

duce the seepage through the structure. 

A very comprehensive program of surface and submarine profiles, 

borings, laboratory testing, geophysical explorations, and model testing will 

be required for further refinement in the causeway dam design. Special note 

should be taken of the comments regarding the Typical Section offered by 

Shannon and Wilson and Dr. R. B. Peck, Appendix E and by Dr. Per Bruun, 

Appendix C. 

CONSTRUCTION METHODS 

A portion of the requirements of a study of a Causeway Dam type 

of crossing under the conditions presented in Knik Arm is a review of possible 

construction methods to determine the feasibility of any construction. The 

basic problems which arise in the construction of a permanent dam at this 

location are: 1) the large tidal fluctuations and the consequent large volumes 

of water moving across the site; 2) the availability of sufficient quantities of 

suitable material, labor and equipment; and 3) the development of a method 

of construction suitable for the project. 

A number of methods utilizing both natural and man-made components 

were considered and rejected during the course of these studies. The most 

abundant natural material available in quantities sufficient for a dam of the 

magnitude being considered are the sand and gravel in Knik Arm. Sand 
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has been successfully used in the construction of dams across tidal estuaries 

in Holland. To contain the sand during construction, precast concrete elements, 

asphaltic pavements, willow mattresses, etc., have been used on various proj­

ects in Holland. However, the tidal range and the climatic variations are not 

as extreme as on Knik Arm. 

Noting the success which has been realized in Holland in the use of 

sand embankments and the large quantity of sand and gravel available in 

Knik Arm an early attempt was made to devise a means of utilizing sand 

and gravel as the basic embankment material under the conditions present 

on this project. 

One possible method of containing the sand during construction is the 

use of ice dams as cofferdams or temporary dams to eliminate tidal currents 

across the site. Under this method natural ice jams would be enlarged by 

encouraging additional jamming; thickened by spraying during freezing weath­

er, and grounded along the line of the proposed dam. These ice dams would 

then form a bulwark against which sand could be placed. The required vol­

umes of ice and sand; the difficulty of maintaining the ice dams during the 

summer months, and the problems associated with spraying and dredging in 

extremely cold weather all combine to indicate a doubt that the method will 

be practical. At best an extensive investigation, including prototype construc­

tion, would be required. 

Other methods of providing temporary dams or velocity attenuation 

to permit the use of dredged sand as the basic construction material included: 

1) sunken Liberty Ships; 2) sunken barges; 3) concrete caissons; 4) concrete 

blocks; 5) precast concrete shapes such as tetrapods, and others. All of these 

were judged to be too expensive or too difficult to accomplish under the con­

ditions in Knik Arm. The use of quarried rock as a base for a sand or rock 

embankment was judged to be feasible and further studies and cost estimates 

proceeded on that basis. 

To the problem of material type must be added the problem of the 

large tidal ranges and flows. For this study, the peak flow generated during 

the second hour of the May 24, 1971, tide cycle was utilized. This particular 

tide was considered to be an average spring tide and the results from the 

use of this data would be close to the range required for greater, rarer, tide 

ranges. Additional tide cycles must be measured and investigated prior to 

completion of more advanced designs. Also, better underwater contours will 

be needed to permit a more accurate determination of the tidal prisms and 

material quantities. 



At Crossing V the peak hour discharge for the May 24, 1971, tide 

cycle was 3,690,000 cubic feet per second (cfs) at an average water surface 

elevation == -7 MSL. The Crossing V Section contains three distinct hydraulic 

zones or sub-sections; i.e. Eagle Bay Channel, Center or flats area and the 

Goose Bay Channel. The design flow was distributed among these three sub­

sections, in accordance with the hydraulic conveyance factor for each section, 

as follows: 

Eagle Bay Channel 

Center 

Goose Bay Channel 

1,340,000 cfs 

730,000 cfs 

1,620,000 cfs 

Using these basic flows, velocities were determined for each section for a 

sequence of construction stages. From these velocities the required minimum 

rock size for each section at each stage was established. 

The methods and formulae used to determine allowable velocity/rock 

size relationships were developed by S. V. lsbash and presented at the Second 

Congress on Large Dams in his paper entitled "Construction of Dams by De­

positing Rock in Running Water." These same formulae and graphical solutions 

are included in September, 1970, rev is ion to Section 712-1 of the U.S. Corps 

of Engineers publication "Hydraulic Design Criteria." Velocity and discharge 

checks were made as the construction stages advanced and discharges were 

reduced during the later stages as necessary to effect a hydraulic balance 

across the dam section. 

It can be noted from Figure Vl-1 that construction proceeding from 

east to west along the embankment is in general anticipated. This causes 

the final closure to occur in the vicinity of the Goose Bay Channel. The pri­

mary reason for choosing the closure in this location is to place the bulk of 

the embankment which must be placed prior to closure as near as possible 

to the source of the rock in the Chugach Range. 

It is anticipated that barges can be used for hauling and dumping up 

to a top of embankment elevation of -10 MSL. Operation of barges for higher 

embankment elevations up to MSL, may be possible providing barge control 

can be maintained. The use of a cableway to place some of the large ma­

terial in the Goose Bay Channel area is anticipated. At MSL the top of the 

embankment will be above the tide generated water surface approximately 
50%, about six hours, of the time. During this time interval, the embankment 

can be utilized as a haul road and with proper scheduling considerable fill 

material can be delivered to the operating face. 
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The order of construction of the various segments of the embankment 

can be varied to suit a large number of conditions or assumptions. Any order 

or procedure chosen must be checked against the tidal and weather conditions 

anticipated during construction. To check the feasibility of the proposed con­

struction, one sequence of construction was reviewed in depth and the results 

shown on Figure Vl-1. Other sequences are possible, are as feasible as the 

one reviewed, and are comparable as to practicality and cost. 

The sequence chosen for review consisted of twelve (12) construction 

stages. Final closure was in the Goose Bay Channel vicinity and the peak 

discharge (3.9x1 0
6 

cfs) indicated by the May 24-25, 1971, tide cycle was used 

to determine velocities and rock sizes. 

Each stage consists of certain actions and requirements as follows: 

Stage 1: 

Under this initial phase of construction the Eagle Bay Channel is 

filled to the level of the flats. 

To compensate for the loss of waterway area; the Goose Bay Chan­

nel, the Center-West and the Center-East Sections must be armored 

to protect against increased velocities. The Goose Bay Channel will 

require two foot, median diameter, stone while the Center Sections 

will require one foot stone. Anticipated resulting velocities are: Goose 

Bay - 15± fps, Center Sections- 8±fps, Eagle Bay- 8±fps. No re­

duction in discharge is anticipated. 

Stage2: 

This stage continues the rarsmg of the embankment in the Eagle 

Bay area to elevation 0 MSL. Stone size requirements are 0.75' me­

dian diameter. The armoring provided in Stage 1 is adequate and 

resulting velocities are: Goose Bay - 17± fps, Center Sections - 9± 

fps, Eagle Bay- 8±fps. No discharge reduction is anticipated. 

Stage 3: 

This phase extends the embankment across the Center-East Section 

to about the middle of the flats area to elevation 0 MSL with 0.75' 

median diameter stone. The stone size requirements should be modi­

fied to include a double layer of 2' diameter stone at the top of the 

embankment to accommodate future stage requirements. Concurrent 



with or prior to this embankment construction, additional protection 

for the Goose Bay Channel in the form of 3' diameter stone armoring 

must be provided. Prior armoring in the Center-West Section will 

be adequate. Resulting velocities are: Goose Bay - 20±fps, Center­

West - 10± fps, Center-East and Eagle Bay- 8±fps. A reduction in 

discharge may be beginning to occur, but none was used for this stage. 

Stage 4: 

Because of the relatively large amount of large stone (4 ft. diam­

eter) required for the armoring of the Goose Bay Channel when the 

Center-West Section is filled, the armoring operation has been desig­

nated a separate stage of construction. The placing of this stone will 

be difficult in the now-swiftly moving waters of Goose Bay Channel. 

For the design discharge (peak hour, average spring tide, no discharge 

reduction) velocities in the 20 fps range will be encountered. Barging 

may be possible for part of the material during slack tide periods, but 

a cableway may be required for the bulk of the material. Resulting 

velocities- not calculated. 

Stage 5: 

The closing of the Center-West Sections will complete the crossing 

of the flats area to elevation 0 MSL. Indicated stone size requirements 

are 1.5' median diameter but as is the case in Stage 3, the upper 

portion shougd include 2' stone. A discharge reduction at this stage 

is probable but for conservative results, none was considered. Re­

sulting velocities include 24:dps in the Goose Bay Channel. 

Stage 6: 

in this stage the Goose Bay Channel is filled to elevation -16 MSL. 

At the beginning of this stage the high velocities resulting from Stage 

5 will require the use of stone size comparable to that used in Stage 

4 (4' diameter). As filling progresses a discharge reduction (30%±for 

the peak hour discharge) will occur which will further attenuate the 

velocities so that stone size can be reduced to 3' diameter as the top 

of this stage is approached. Calculated velocity for the reduced dis­

charge through the Goose Bay Channel is 14Lfps. 

Stage 7: 

This stage continues the filling of the Goose Bay Section to elevation 

0 MSL. As the filling progresses and the discharge reduction continues, 
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velocities and stone size requirements decrease accordingly. It is, 

however, suggested that stone size 2' or greater be utilized. Resulting 

velocity is 10±fps over the entire embankment. 

Stage 8: 

At the start of this stage the entire width of Knik Arm is filled to 

elevation 0 MSL. Top width of the embankment is 160':± and the surface 

is protected with 2' stone. Tide data analysis indicates that the top 

of the embankment will be above tide elevation approximately 50% 
of the time and that the top of the embankment will not be flooded 

until about the third hour of the flood tide cycle. By choking the center 

portion of the embankment, 50'± with 0.5' to 1.0' stone, the embank­

ment can be used as a haul road. Also, the contractor has, at this 

stage, the option of side dumping or end dumping the material. This 
study assumes that end dumping, i.e. uniform raising of the full top 

width, will be employed. 

In Stage 8 the Eagle Bay Section will be raised to elevation 25 
MSL with 0.75' stone. Armoring provided in Stages 3, 5 and 7 should 

resist the resulting 13±fps velocity. 

Stage 9 and 1 0: 

These stages continue the ra1smg of the embankment to elevation 

25 MSL across the Center Sections. As the waterway area for the 

higher portion of the tide cycle is reduced, velocities in the Goose 

Bay Channel will increase. This increase in velocity will in part be 

offset by a reduction in the discharge. It is expected that velocities 

will reach 17:±fps over the Stage 7 armoring. 

Stage 11: 

This stage completes the rock core of the embankment to elevation 

25 MSL which is above high tide levels. 

Stage 12: 

In this stage the remainder of the embankment from elevation 25 
MSL to 40 MSL is to be completed. If no settlement period is required, 

the roadway section can be completed. 



General 

After the completion of Stage 8, the r01srng of the embankment to 

final elevation 40 MSl can proceed concurrently with Stages 9, 10 and 11. 

Concrete work on the spillway can be effected at any stage of the operation 

providing the spillway and channel are usable at the time of the completion 

of Stage 11. If the material from the spillway channel is to be used in the 

causeway dam the start of the excavation will be delayed until Stage 8 is 
well advanced. If the spillway channel material is to be wasted, the excava­

tion can proceed at the contractor's option. 

One of the factors which the contractor will have to consider is the 

possibility that a lake George breakout will occur during construction. If this 

occurs, the contractor con expect to encounter unusual variations in the tidal 

fluctuations, greater velocities, greater variations in upstream vs. downstream 

velocities and possible fresh water currents on top of salt water currents. 

Since the discharge of record for lake George is about 10% of the discharge 

used as a bose for the construction procedure outlined and will be a greater 

percentage of lesser tide ranges, its effect must be considered. It is possible 

that the contractor will elect to try to prevent a lake George breakout rather 

than hove the problem at the project site. 

It should be re-emphasized that the analysis outlined above is a theo­

retical review of one method of construction. Any method or procedure will 

need to be subjected to more extensive analysis than contained herein and 

model testing to verify stone size requirements. Studies of possible quarry 

sites will need to be initiated as will studies of material characteristics and 

handling. 

SPILLWAY 

One of the key elements in the causeway dam alternates, irrespective 

of the location chosen, is the spillway required to safely pass excess flow 

from the lake formed by the dam. The failure or inadequacy of the spillway 

could result in major damage to the project. 

The final configuration of the spillway and spillway channel will un­

doubtedly be the result of extensive studies and model testing. For the pur­

pose of arriving at approximate costs and determining general feasibility, a 

standard concrete ogee section was chosen for study at this time. Standard 
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flood routing procedures, U.S. Corps of Engineers spillway discharge coef­

ficients, and U.S. Geological Survey topographic data were used in this study. 

The spillway location selected for study considered such factors as 

accessibility for construction and maintenance, general conformity with good 

hydraulic placement, cost and ease or difficulty of construction. The use of 

a concrete box culvert or ogee type of spillway located in the center flats 

area was considered and rejected because of foundation and construction 

difficulties. The use of an ogee type spillway in the Goose Bay area was 

considered and rejected because of greatly increased construction cost and 

the difficulty of transporting labor and materials to the site. The use of a 

long elaborate spillway channel (hydraulically more appealing), low level 

channels, high and low control gates, curved entrance walls and other items 

were considered for inclusion but deemed either too expensive or inappropri­

ate for study at this stage of the project. 

The inclusion of low level control gates to assist in the control of tidal 

flows and velocities during construction is one particularly intriguing possibility 

which was considered. If this system could be made applicable by providing 

sufficient waterway area to significantly reduce tidal velocities over the par­

tially completed embankment, some savings in large rock quantities could be 

made. However, a preliminary investigation revealed that the expenditure 

for the gates, mechanisms and increased concrete form work would offset 

other possible savings. In addition, the system would require lowering of the 

spillway channel thereby further increasing costs. Finally, the waterway area 

obtainable was insufficient. 

The spillway crest elevation was set at 20 MSL to place it above the 

extreme tide elevation (19 MSL) thereby excluding salt water from the lake 

and insuring the eventual existence of a fresh water lake in Knik Arm. There 

apparently is sufficient fresh water available to maintain such a lake. How­

ever, future studies may show that it is desirable to lower the spillway crest 

elevation to better control major flows or to allow the incursion of some salt 

water to retard the freshening process. Conversely, the studies could show 

the need for low level gates to hasten the freshening process. 

The criteria adopted for a spillway determines to a large extent the 

degree of protection afforded the project and the general area as a whole. 

On this project the danger to downstream life and facilities is somewhat at­

tenuated by the relatively wide expanse of Knik Arm (8,000'±@ Cairn Point) 

which could pass the flow from a major dam failure without excessive damage. 



(For instance, no recollection was found to indicate that the 1961 Lake George 

Breakout had any effect at Anchorage.) Upstream, the Glenn Highway and 

the Alaska Railroad are important transportation arteries which warrant some 

degree of protection. The tailrace of the Eklutna Power Plant is another item 

to be considered. The communities of Birchwood, Eklutna, Palmer, Matanuska 

and Wasilla appear to be safe from high water generated at the spillway. 

For the design of the spillway, a 2,000' length was chosen as the maxi­

mum practical size for this type of spillway. The 1961 Lake George Breakout, 

as recorded at the Glenn Highway Bridge, (Figure 111-1 0) was chosen as the 

design storm. 

The results of the study indicate that a head of 9 feet will be required 

to pass a repeat of the 1961 Lake George Breakout. The peak rate of flow 

over the spillway will approximate 210,000 cfs. For a flood generated by a 

storm equal to 40% of the Maximum Probable Precipitation, approximately 
7 feet of head will be required for a maximum outlfow of about 140,000 cfs. 

From this a maximum pool elevation of 29 MSL was derived. 

BRIDGE OVER SPILLWAY 

The bridge over the spillway is a continuous welded girder structure 

with a conventional reinforced concrete deck slab. The piers are of the single 

shaft, tee configuration supported by pile footings. The single shaft is proposed 
to minimize the turbulence in the spillway which will be caused by the piers 

and to present minimum exposure to potential ice forces. 

Conventional land construction methods may be used to build the piers 

and erect the superstructure. 

EFFECT OF DAM CONSTRUCTION 

At normal pool (Elevation 20 MSL) a fresh water lake with a surface 
area greater than 100 square miles will be formed. Figure Vl-2 shows the 

extent of lake coverage with the dam at Crossing V. The lake formed by 
dam at Crossing IV would have similar coverage. 

At the maximum pool elevation, which can be expected to remain ef­

fective for several days at a time, the indications are: That the Eklutna power 
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plant will not be affected; that the Alaska railroad facilities will not be affected; 

that the towns and villages will not be affected, but that the Glenn Highway 

in the vicinity of Eklutna may be adversely affected, and the design high water 

at the Knik-Matanuska Rivers will be affected. It is reasonable to assume that 

during major storms, some rearrangement of the sand and gravel deposits 

near the outlet of the spillway channel will occur. This and the possibility of 

unusual currents below the dam will need to be investigated by means of 

model testing. 

In addition, a study performed by Dr. Per Bruun, see Appendix C, 

indicates that there will be some amplification of tide elevations at Anchorage. 

This amplification could in the case of a dam at Crossing V increase the high 

tide at Anchorage by 0.8' to 1 '. This is approximately the same as that caused 

by the buildup of ice on the shoals in winter. 

COST ESTIMATES 

The construction of a dam at Crossing V is estimated to cost 

$209,000,000 and require 5 years for construction. The construction of a dam 

at Crossing IV is estimated to cost $289,000,000 and requires a 6-year con­

struction period. The "order of magnitude" estimated construction cost for 

a dam at Crossing VI is $177,000,000. All cost estimates included 10% for 

contingencies and variations. For detailed cost estimates for Crossings IV 

and V see the following tabulations and Appendix D. 
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Table Yl-1 

ESTIMATE OF COST CAUSEWAY DAM AT CROSSING IV 

SPILLWAY BRIDGE: 
Superstructure 

Structure I Steel (A588) 
Cast Steel 
Concrete in Deck 

Reinforcing Steel 
Handrail 
Guardrail 

Sub- Total Superstructure 

Substructure 

Concrete in Piers 

Concrete in Footings 
Reinforcing Steel 

14HP73 (45' Long) 
Excavation 

Sub- Toto I Substructure 

SPILLWAY AND CHANNEL: 

DAM: 

Spi II way Ex.cavation 
Excavate Above Elev. 20 
Excavate Below Elev. 20 

Spillway Concrete 
Ogee Section Concrete 
Reinforcing Steel 

Rock-End Dumped 
Zone 1 0.5'-1.0' 
Zone 2 1 .0'-2 .3' 
Zone R 36 11 Ri prop 

Rock- Barge Dumped 
Zone 2 I .0'-2 .3' 
Zone R 36 11 Ri prop 

Rock-Barged and Rehandled 
Zone I 0.5'-1.0' 
Zone 2 I .0'-2 .3' 

Rock-Cableway Placed 
Zone 2 1 .2'-2 .3' 
Zone 3 2 .6'-3 .0' 
Zone 4 3.8'-4.0' 
Zone 5 4 .0'-5 .0' 

Causeway Sand Fi II 
Dredged Sand Fill 
Gravel Filter 

Roadway Paving 
Complete w/Fencing 

T ota I for Structure 

Mobilization 

Total for Crossing 

Contintencies and Variations (~10%) 

TOTAL ESTIMATED CONSTRUCTION COST 

Spillway Bridge at 2,640' 
Spillway Ogee Section at 2,000' 
Total Crossing Length~ 15,950' 

Roadway: 2@ 30'-0" 

3,855' 000 Lbs. 
80,000 Lbs. 
4,180 C.Y. 

1 '150,000 Lbs. 
5,280 L. F. 
2,640 L. F. 

2,620 C.Y. 
1,560 C.Y. 

687,500 Lbs. 
29,700 L .F. 

4,800 C.Y. 

21,500,000 C.Y. 
2,600,000 C.Y. 

37,500 C.Y. 
3,500,000 Lbs. 

2,120,000 C.Y. 
500,000 C.Y. 
520,000 C.Y. 

1,600,000 C.Y. 
280,000 C.Y. 

480,000 C.Y. 
150,000 C.Y. 

850,000 C.Y. 
1,300,000 C.Y. 
1,400,000 C.Y. 

500,000 C.Y. 

6,200,000 C.Y. 
350,000 C.Y. 

13,000 L. F. 

Estimate is based an fall 1971 bidding date with construction start in January, 1972. 

~- s 0.72 
@ I .64 
@ 230.00 
·2 0.32 

22.50 
2 22.50 

e;; S230 .00 
1: 180.00 
@ 0.32 
r[i 36.00 
(!; 11 .00 

rO 3.40 
:~· 4.50 

@ $180.00 
C?/ 0.33 

@ 6.70 
'[ 7.10 
@ 9.10 

@ 12.50 
0 13.70 

,:p 15.00 
~- 15.40 

,:q 13.60 
@ 14.30 
'f' 15.20 

16.80 

:Q" 2.65 
@ 10.50 

(§ $ 65 .00 

2,775,600 
131,200 
961 ,400 
368,000 
118,800 
59,400 

4,414,400 

602,600 
280,800 
220,000 

1,069,200 
52 800 

2,225,400 

s 75,250,000 
11,700,000 

6,750,000 
1 '155,000 

14,204' 000 
3,550,000 
4,732,000 

$ 20,000,000 
3,836,000 

7,200' 000 
2' 310' 000 

s 11,560,000 
18,590,000 
21,280,000 

8,400,000 

16,430,000 
3' 675' 000 

845,000 

$238,106,800 

s 25,000,000 

S263, 106, BOO 

$ 25,893,200 

$289' 000,000 



Table Vl-2 

ESTIMATE OF COST CAUSE WAY DAM AT CROSSING V 

SPILLWAY BRIDGE: 
Superstructure 

Structural Steel (A588) 
Cast Steel 
Concrete in Deck 
Reinforcing Steel 
Handrail 
Guardrail 

Sub- Total Superstructure 

Substructure 
Concrete in Piers 
Concrete in Footings 
Reinforcing Steel 
14HP73 (45' Long) 
Excavation 

Sub- Toto I Substructure 

SPILLWAY AND CHANNEL: 

DAM: 

Spillway Excava~ion 
Excavate Above Elev. 20 
Excavate Below Elev. 20 

Spillway Concrete 
Ogee Section Concrete 
Reinforcing Stee I 

Rock- End Dumped 
Zone 1 0.5'-l.O' 
Zone 2 1 .0'-2 .3' 
Zone R 36'' Riprop 

Rock- Barge Dumped 
Zone 2 1 .0'-2 .3' 
Zone 3 2 .6'-3 .0' 
Zone R 36'' Riprap 

Rock-Cablewoy Placed 
Zone 2 1 .2'-2 .3' 
Zone 3 2 .6'-3 .0' 
Zone 4 3 .B'-4 .0' 

Causewoy Sond Fill 
Dredged Sand Fi II 
Grovel Filter 

Causeway Crest Road 
Crest Road - Complete 

T ota I for Structure 

Mobilization 

Total for Crossing 

Contingencies and Variations (.:':10%) 

TOTAL ESTIMATED CONSTRUCTION COST 

Spillway Bridge ot 2,640' 
Spi II way Ogee Section ot 2, 000' 
Total Crossing length 28,050' 

Roadway: 2 'p 30'-0" 

3,855,000 Lbs. 
80,000 Lbs. 
4,180 C.Y. 

1 , 150, 000 Lbs . 
5,280 L.F. 
2,640 l.F. 

2,620 C.Y. 
1,560 C.Y. 

687,000 Lbs. 
29,700 L.F. 

4,800 C.Y. 

17,500,000 C.Y. 
2' 900,000 C.Y. 

37,500 C.Y. 
3,500,000 Lbs. 

4,050,000 C.Y. 
2,500,000 C.Y. 
1,000,000 C.Y. 

500,000 C.Y. 
750,000 C.Y. 
200,000 C.Y. 

200,000 C.Y. 
200,000 C.Y. 
900,000 C.Y. 

8,500,000 C.Y. 
500,000 C.Y. 

25,600 l.F. 

Estimate is bosed on fall 1971 bidding dote with construction start in January, 1972. 

$ 0.70 
1 .56 

220.00 
0.30 

22.50 
22.50 

$220.00 
175,00 

0.30 
35.00 
10.50 

1 .75 
2.65 

5175.00 
0.30 

6.10 
6.35 
8.25 

12.50 
13.00 
14.30 

16.00 
16.80 
18.00 

1.82 
9.55 

$ 61 .00 

2,698,500 
124,800 
919,600 
345,000 
118,800 

206,100 
1,039,500 

$ 30,625,000 
7,685,000 

s 6,562,500 
1,050,000 

$ 24,705,000 
15,875,000 
8,250,000 

6,250,000 
9,750,000 
2,860,000 

3,200,000 
3,360,000 

16,200,000 

15,470,000 
4,775,000 

s 1,561,600 

$164,590,600 

s 25,000,000 

s 19,409,400 

$209' 000' 000 
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GENERAL 

The apparent advantages of the use of a vehicular tunnel under Knik 

Arm to effect the desired crossing are sufficient to warrant the study of a 

tunnel alternate even though the apparent difficulties would seem to eliminate 

a tunnel from consideration. 

The principal advantage of the tunnel mode of crossing would accrue 

to the driver. While in the tunnel the driver would avoid the weather con­

ditions, particularly ice-covered roadways and high winds, present with any 

surface method of crossing. A tunnel, once in place, would cause no difficulty 

with navigation with the possible exception that the tunnel would need to be 

deep enough to avoid damage from dragging anchors and allowance would 

need to be made for any future port dredging operations. It has also been 

suggested that the tunnel might be more stable during seismic occurrences 

than other means of crossing. Depending upon the method of construction 

chosen, it is possible that a major portion of the construction operations could 

be based in a warmer climate where year-round operations are more feasible. 

Because the structure would, except for ventilation towers, be entirely below 

water level, no obstruction with aircraft traffic requirements would be present. 

However, the use of a tunnel has some inherent disadvantages in ad­

dition to the higher cost which is normally attributable to this type of con­

struction. The ventilation of a tunnel of the magnitude required for this project 

is a serious problem which in the event of a failure of even a minor piece 

of equipment could cause a complete stoppage of traffic through the tunnel. 

The use of the tunnel possibly would have to exclude trucks carrying inflam­

mable iiquids or explosives or restrict the use by these vehicles to certain 

periods of extremely light traffic. Even a ruptured automobile gasoline tank 

resulting from an accident or an engine fire is a major concern in a tunnel. 

The depth of water, the high tide fluctuations, the foundation material and the 

joining of the underwater portions to the land portions, all present serious 

design construction and maintenance problems. In the event major structural 

damage to the tunnel should occur, repair would be very difficult. 

Two methods of constructing a tunnel were reviewed for applicability. 

Because of the higher cost of a four-lane tunnel, the studies were based upon 

a two-lane tunnel which obviously does not give traffic service comparable 

with the other types of crossing which have four-lane facilities. 
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TUNNEL LOCATIONS 

Initially, tunnel crossings were considered at Lines I, II, Ill and IV. 

At Crossings I and II the extended length of the tunnel and the un­

stable soils at either terminus coupled with the anticipated poor traffic service 

at the Anchorage terminal resulted in the exclusion of these crossings from 

consideration as possible tunnel sites. In addition, the preliminary studies 

indicated a construction cost of about $300,000,000 for a two-lane tunnel at 

either of these crossing locations. 

At Crossing Ill the depth of water for all practical purposes eliminated 

consideration of a normal type of tunnel. The depth of water did, however, 

make the construction of a floating tunnel appear possible. With modern 

construction technology a tunnel of this type could be constructed. However, 

since a preliminary estimate indicated a cost of about $280,000,000, the solu­

tion did not appear to be economically feasible. 

Crossing IV, presenting the best compromise among traffic service 

requirement, depth of water and total length was therefore studied as a possible 

two-lane tunnel site. In order to further reduce the length of tunnel required 

at this crossing a combination causeway-tunnel type of installation was used. 

A layout of a tunnel at Crossing IV is shown on Plate A-4, Appendix A. 

As was the case for other crossing alternates, approximate quantities 
were obtained and unit prices applied thereto to arrive at a preliminary esti­

mate of construction cost. 

CONSTRUCTION METHODS 

There are two acceptable methods of tunnel construction which might 

be applicable to this location. They are: A cast-in-place bored or driven 

tunnel and a trench-type tunnel constructed of large precast elements. 

Bored Tunnel 

The normal procedure in driving a tunnel of this type is to provide 

sufficient air pressure at the tunnel heading to support the overlying material 

and water. In this case the air pressure required would be about 70 psi 

which is beyond the limit of human endurance. Also, the rapidly fluctuating 



water levels, and consequently, air pressure requirements, brought about by 

the tide fluctuation would require an ever-changing set of working conditions 

at the heading. It has been suggested that these compressed air requirements 

could be somewhat reduced by the placement of a heavy blanket of fill on 

the existing bottom in the tunneling area. It is very questionable that this 

procedure would be successful in that upon saturation, it would actually in­

crease the loads at the heading and it is doubtful that the tidal currents would 

leave the material in place as planned. Perhaps the use of a procedure 

which did not require men to work under compressed air conditions could 

be made to work satisfactorily. 

After reviewing the above conditions it was decided that a bored or 

driven tunnel would be too impracticable and hazardous to consider further. 

Trench-Type Tunnel 

Under this method of tunnel construction, normal procedure is to ex­

cavate a trench in the bottom of the river or bay to be crossed, place precast 

tunnel elements in the trench and place backfill over the tunnel to protect it 

and to prevent movement. 

In this case the excavation and maintenance of the trench will present 

substantial problems. At some locations the trench depth below water surface 

will be near or beyond the limit of capability of modern dredging equipment. 

Tidal currents as well as water depth fluctuations occasioned by the tides will 

cause the positioning and anchoring of dredges to be very difficult. Also, it 

is expected that a fairly large number of boulders which cannot be handled 

by a suction dredge will be encountered. As the trench is excavated and the 

regimen of the Knik Arm bottom is distributed, the natural tendency of the 

Arm to re-establish natural regimen will take place. If the trench is to be 

maintained, some m eons, such as windrowing the excavated material either 

side of the trench, will have to be devised and tested. 

The tunnel elements, usually about 300' in length, can be precast in 

dry dock either in the general locale or at some location which will permit 

year-round casting. This decision should be left to the contractor as a matter 

of economics. 

The placing of the tunnel elements will be at best difficult due to the 

rapid water surface elevation fluctuations and the attendant high water veloc­

ities. Elements will need to be placed during slack water periods. As indi-
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coted earlier in this report, slack water periods ore of short duration and, 

therefore, o placement of the elements must be accomplished rapidly - not 
on easy task considering the size of the elements and complexity of the instal­

lotion. Also, work by divers required in making the final connection to the 

previously laid elements will be extremely hazardous, due to the lock of clarity 

of the water and the swift currents. 

Causeway Approaches 

By constructing relatively short causeway approaches the portal to 
portal length of the tunnel can be reduced to about 9,600' from the 13,000' 
bluff to bluff distance. These approaches will require special design and pro­
tection. In addition, the reduction of the waterway area across this section 
of the Arm will require the use of protective material over the tunnel to pre­

vent excessive scour and uncovering of the tunnel. 

ESTIMATED CONSTRUCTION COST 

The following tabulation itemizes the estimated construction cost of o 
two-lane tunnel at Crossing IV constructed by the trench method. Estimated 
construction cost for this alternate is $268,000,000. 



Table Yll·l 

ESTIMATE OF COST TW 0 ·LANE TUNNEL AT CROSSING IV 

Cost Estimate 

Dredging 

Tunnel backfill 

Approach embankments 

Rip-rap protection 

Structure concrete, precast tunnel sections 

Structural concrete tunnel cast in place, 

ventilation buildings, and approaches 

Reinforcing stee I 

Tremie ond ballast concrete 

Stee I mem bro ne 

Launch, outfit, sink, join and underfX!ck 
precast elements 

Ventilation, illumination ond other 
mech .-elect. work 

Miscellaneous (+5%) 

Toto I for Structure 

Mobilization 

Tata I for Crossing 

Contingencies and Variations (~10%) 

TOTAL ESTIMATED CONSTRUCTION COST 

Total Crossing Length- 12,800' 
Roadway: 2@ 16'-0" 

9,000,000 C.Y. 

5,300,000 C.Y. 

2,600,000 C.Y. 

1,700,000 Tons 

125,000 C.Y. 

55,000 C.Y. 

29,000,000 Lbs. 

165,000 C.Y. 

1,300,000 S. F. 

30 EA. 

L. S. 

Estimate is based on fall 1971 bidding date with construction start in January, 1972. 

2.70 

2.25 

2.70 

22.50 

225.00 

225 .00 

0.32 

180.00 

9.00 

1,080,000.00 

~-

s 24,300,000 

11,925,000 

7' 020,000 

38,350,000 

28,125,000 

12' 375,000 

9,250' 000 

29,700,000 

11,700,000 

32,400,000 

4,500,000 

10,427,000 

S21 8' 972 '000 

s 25,000,000 

S243' 972 '000 

s 24,028,000 

S268' 000' 000 
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GENERAL 

Crossing V is the only location for which it was deemed that a com­

bination bridge-causeway type structure had any merit. Consequently, the 

combination was studied for only this location. 

BRIDGE LAYOUT 

Economy of construction is the only control over bridge type and span 

length for the bridges over the Goose Bay and Eagle Bay channels. As in 

the case of the total bridge alternate for this location, the 400-foot span, 

double-decked, orthotropic Warren Truss is the most desirable bridge type. 

See Figure V-1. 

For the Goose Bay and Eagle Bay channels, the main bridge was 

assumed to extend from the bluff line to the mud line of the center shoal 

area at mean sea level. Approach structures, which extend beyond these 

limits, are required to separate the profile grades of the eastbound and west­
bound roadways. This yields a structure length of 7,967'-0" for the Goose 

Bay channel and 6,805'-0" for the Eagle Bay channel for an overall bridge 

length of 14,772' -0". This layout is illustrated by Plate A-8, Appendix A. 

FEATURES OF SUPERSTRUCTURE 

Goose Bay Channel- Main Bridge 16 Spans at 400' = 6,400' 
West Approach: = 747' 
East Approach : = 820' 

Bridge length 7,967' 

Eagle Bay Channel- Main Bridge 13 Spans at 400' 5,200' 
West Approach: = 820' 
East Approach : 785' 

Bridge length 6,805' 

Total Bridge length = 14,772' 
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The roadway dim ens ions, roadway deck trusses and approach spans 
are similar to those considered for the bridge at Line IV. 

FEATURES OF SUBSTRUCTURE 

The Features of Substructure are similar to those for the bridge at 

Line IV. 

BRIDGE CONSTRUCTION METHODS 

In general, the discussion of construction methods for the bridge at 
Line IV, applies to the bridges required for this alternate. An added con­

sideration, however, is the scour which will occur in the Goose Bay and Eagle 
Bay channels. This scour will be the result of the increase in velocity of flow 

through the channels caused by the causeway which forms a constriction to 

normal flow. 

Two approaches to handling this problem were considered. One was 

to armor the channel to retard the scour and the other was to allow the chan­

nel to scour and design the piers accordingly. The latter approach was chosen 

for this estimate. 

This approach, that is to allow the channel to scour to a stable con­

figuration and then construct the piers, has the disadvantage of requiring the 

causeway to be constructed first. Also, there would need to be a time lag 

between the construction of the causeway and the construction of the bridge 

to allow the channels to stabilize. 

To construct the piers at the same time as the causeway to some esti­

mated bottom configuration, after scour, is considered very speculative and 

is not recommended. A bottom of channel configuration which accounts for 

the scour can be assumed for estimating purposes but cannot be considered 

reliable for final design. 

The other approach to the problem, that is to design the piers for the 

existing bottom of channel profile and then armor the bottom against the 

scour was temporarily discarded because of the considerable expense of the 

armoring and its uncertain reliability. 



The speculative nature of the method and timing of pier construction 

could be alleviated to a degree by the advance performance of hydraulic 

model tests to ascertain approximate depths of scour, approximate resulting 

velocities, methods of controlling channel locations and depths, and time for 

stabilization. Considerable bottom topography and tide data must be obtained 

prior to model construction. 

CAUSEWAY EMBANKMENT 

The embankment for the causeway portion of this alternate will be 

very similar to the embankment used for the causeway dam alternate. Con­

struction material is assumed to be rock, for seismic stability, and construction 

methods will parallel those used for the causeway dam alternate. It will be 

necessary to construct as much of the embankment as possible with barge 

transported material and considerable rehandling of material is anticipated 

in the later stages of construction. There is no need to seal the embankment, 

and therefore, the sand cover used in the Causeway Dam Typical Section 

has been eliminated. The one on five slope has been included on the up­

stream side to make allowances for greater wave heights generated by the 

higher wind velocities anticipated from the north. 

ESTIMATED CONSTRUCTION COST 

The construction cost for the combination bridge-causeway crossing 

at line V is estimated to be $230,000,000 (including 10% for contingencies 

and variations). For detailed cost estimates see the following tabulation and 

Appendix D. 

Ylll-3 



Vlll-4 

Table Ylll·l 

ESTIMATE OF COST BRIDGE-CAUSEWAY COMBINATION AT CROSSING V 
Goose Bay: 2 Approoch Structures@ 7 47' and 820' 

/via in Bridge 16 Spons@ 400'-0" 

Eagle Boy: 2 Approoch Structures@ 820' and 785' 
/via in Bridge 13 Spons@ 400' 

Total Bridge Length~ 14,772'-0" 

Roodway: 2@ 30'-0" 

APPROACH STRUCTURES: 
Superstructure 

Structural Steel (A588) 3,475,000 Lbs. @ 
Cast Steel 70,000 Lbs. @ 
Concrete in Deck 2,560 C.Y. @ 
Reinforcing Stee I 695,000 Lbs. @ 
Handrail 6,335 L. F. @ 

Sub- Total Superstructure 

Substructure 

Concrete in Columns and Caps 960 C.Y. @ 
Concrete in Footings ond Abutments 1,040 C.Y. @ 
Concrete in Retaining Walls 4,480 C.Y. @ 
Reinforcing Steel 690,000 Lbs. @ 
14HP73 (45' Long) 51,720 L. F. @ 
Excavation (Above Grade) 130,000 C.Y. @ 
Excavation (Below Grade) 8,800 C.Y. @ 

Sub- Total Substructure 

MAIN BRIDGE: 
Superstructure 

Structural Steel (A588) 49,650,000 Lbs. @ 

Cast Steel 970,000 Lbs. @ 

Aspha I tic Wearing Surface 80,050 S.Y. @ 
Deck Protection 80,050 S.Y. @ 

Handrail 46,400 L.F. @ 
Sub-Total Superstructure 

Substructure 

Pier Excavation 43,000 C.Y. @ 
36" Dia. Pipe Piles 54,000 L. F. @ 
Pre- Cast Concrete 10,500 C.Y. @ 
Tremie Concrete 18,800 C.Y. @ 

She II Filler Concrete 18,100 C.Y. @ 
Pier Cap Concrete 4,600 C.Y. @ 

Reinforcing Stee I 6,150,000 Lbs. @ 

Shaft Armoring (Steel) 980,000 Lbs. @ 
Foundation Armor Rock 58,000 C.Y. @ 

Sub-Toto I Substructure 

Sub- Total Approoch Structures and /via in Bridge 

Causeway Fill 
Zone 1 Rockfill 0.5'-1.0' 
Zone 2 Rockfill 1 .0'-2 .0' 
Riprap- 36" Dia. 
Roodway Paving 

Sub- Total Causeway 

Toto I for Structure 

Mobilization 

Total for Crossing 

Contingencies and Variations ~10% 

TOTAL ESTIMATED CONSTRUCTION COST 

4,836,000 C .Y. 
1,196,000 C .Y. 
1,397,500 C.Y. 

14,700 L.F. 

Estimate is based on fall 1971 bidding date with construction start in January, 1972. 

@ 
@ 
@ 
@ 

1 ,567'-0" 
6 400'-0" 
7' 967'-0" 

1 ,605'-0" 
5,200'-0" 
6,805'-0" 

0.64 
1 .45 

200.00 
0.28 

20.00 

200.00 
170.00 
170.00 

0.28 
30.00 
2.40 

10.00 

0.64 
1.44 

16.00 
2.00 

20.00 

31 .60 
206.00 

1,310.00 
165.00 
165.00 
497.00 

0.51 
1 .20 

24.25 

10.40 
11 .40 
14.40 
56.00 

2,224,000 
101,500 
512,000 
194,600 
126 700 

3,158,800 

192,000 
176,800 
761,600 
193,200 

1,551,600 
312,000 

88 000 
3,275,200 

31,776,000 
1,396,800 
1 ,280' 800 

160,100 
928 000 

$ 35,541,700 

1 ,358, 800 
11' 124,000 
13,755,000 
3,102,000 
2 '986 ,500 
2,286,200 
3,136,500 
1 '176,000 
1,406,500 

$ 40,331 ,500 

$ 82,307,200 

$ 50,294,400 
13,634,400 
20,124,000 

823,200 
$ 84,876,000 

$167,183,200 

$ 42,000,000 

$209,183,200 

$ 20,816,800 

$230' 000' 000 
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GENERAL 

From the results of the research, analyses and investigations conducted 

during the preparation of this report, it was found that a bridge at Crossing 

IV is the most favorable alternative for a highway structure across Knik Arm. 

The next most favorable alternative is a causeway dam at Crossing V. Other 

alternatives are deemed to be not feasible or to have higher estimated cost. 

Basically, the most certain and least costly method of successfully re­

sisting the forces and conditions of tides, ice, winds, and waves is to present 

the least possible physical hindrance to these forces and conditions. The cause­

way dam presents a tremendous obstacle to the forces of nature, as tides 

and ice attempt to move up and down Knik Arm. Soils reports indicate, " ... a 

bridge crossing presently appears to be a more positive and dependable 

alternative." It is noted that further soils exploration might indicate the need 

for rock fill causeway dam side slopes of 5:1 (for seismic safety). This would 

greatly increase the construction quantities and cost to construct a causeway 

dam. 

A bridge at Crossing IV also presents obstacles to the forces and con­

ditions of nature, but the 32 piers are separated by 400 ft. of open water, thus 

permitting tidal and ice flow to pass with a minimal amount of obstruction. 

RECOMMENDATIONS 

Bridge 

If it is decided to proceed with a bridge project, the following steps 

are recommended: 

1. Concurrence of federal authorities should be obtained in the loca­

tion of the eastern terminus and approach on military property. 
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2. Field surveys should be performed to determine topographic fea­

tures above and below water level in sufficient detail for a refined 

preliminary design and to establish local bench marks. 

3. A program of preliminary subsurface explorations should be under­

taken in the vicinity of the crossing, on both land and water, to 

determine the best location for the bridge. 

4. The preliminary design should be re-examined in the light of the 

results of the preliminary subsurface explorations to refine the de­

terminations of feasibility and costs. 

5. A test structure should be constructed in Knik Arm for the purpose 

of determining the magnitude of ice loadings on bridge piers. This 

test structure should, ideally, be constructed by procedures similar 
to those contemplated for actual pier construction. A test structure 

would also provide valuable information regarding the extent of 

scour around bridge piers. 

6. Laboratory studies of bridge piers should be performed to evaluate 

bottom scour conditions, pier configurations, scour protection meas­

ures and channel or bottom stabilization. Prior to this model test­

ing, additional tide data and dye studies of existing currents would 

be necessary. 

Following the completion and evaluation of the above steps, the de­

tailed field surveys, design subsurface explorations and final design could 

be made. A suggested schedule for the subsequent development and con­

struction of a bridge at Crossing IV is shown in Section II, Figure 11-2. 

Causeway Dam 

If it is decided to proceed with further development of a causeway 

dam, the following steps are recommended: 

1. Concurrence of federal authorities should be obtained in the loca­

tion of the eastern terminus and approach on military property. 

2. Field surveys should be performed to determine topographic fea­

tures above and below water level in sufficientdetail for a refined 

preliminary design and to establish local bench marks. 



3. A program of preliminary subsurface explorations should be under­

taken in the vicinity of the crossing, on both land and water, to 

determine the best location for the causeway dam and spillway. 

4. A program of tidal range, elevation and current data collection 

in the vicinity of the crossing should be carried out. 

5. The preliminary design should be re-examined to refine the feasi­
bility and costs in light of data acquired through the preliminary 

subsurface exploration and testing, and tide data collection pro­

grams. 

6. Model studies should be performed to further delineate material 

requirements, type and location of spillway, spillway configuration, 

typical section and construction procedures. 

7. The source of construction material should be the subject of an 

extensive field exploration program. 

8. An ecological inventory of the upper Arm should be conducted. 

CONCLUSIONS 

From the studies it is concluded: 

1. A highway crossing Knik Arm is feasible. 

2. A bridge crossing is substantially more economical to construct than 

a causeway dam. 

3. A bridge crossing would have no direct effect on the natural en­

vironment of the Knik Arm area. 

4. The most favorable structure is a bridge located at, or near, Cross­

ing IV. 

5. Additional engineering design studies should only be initiated after 

additional subsurface and tide information is available. 
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b:ri.dge desi.g.-.. c:ri.i:ie:ri.a. 

GENERAL 

Purpose 

The purpose of this design memorandum is to establish the basic data 
required for the comparative bridge designs presented in this report. 

Project Location and Length 

Four lines across the Knik Arm of Cook Inlet near Anchorage, Alaska 
are considered for bridge crossings. Structure lengths, given below, are from 
abutment to abutment. 

Datum 

1. line 0: 13,600' -0" - approaches at 1 ,640' -0" - 15,240' -0" 
A crossing from Point Woronzof to Point Mackenzie. 

2. line Ill: 8,890'-0" 
A Cairn Point Crossing. 

3. line IV: 13,431 '-0"- approaches at 1 ,650'-0"- 15,081 '-0" 
A crossing about 8,1 00' upstream from Cairn Point. 

4. line V: 26,000'-0"- approaches 1,532'-0"- 27,532'-0" 
A crossing over the shoals just southwest of a line between 

Goose Creek and Eagle River. 

All elevations refer to Mean Sea level (M.S.l.) as determined by the 
United States Coast and Geodetic Survey. An approximate difference between 
Mean Sea level and Mean lower low Water (M.L.L.W.) at Anchorage of 16 
feet was used for the bridge studies in this report. See Section Ill for datum 
discussion. 

Clearances 

1. Navigation clearances are necessary for lines south of Cairn Point. 
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A vertical clearance of 140' above mean higher high water 

(m.h.h.w.) has been assumed for the navigation channel (for esti­

mating purposes). 

A horizontal clearance of about 1 ,000' has been assumed for 

the navigation channel. 

2. Spans other than the navigation span south of Cairn Point and all 

spans on lines north of Cairn Point will be set to provide maximum 

economy with no consideration for navigational clearance. Grades 

for these spans will be set so that the bottom of the superstructure 
will be a minimum of 12' above the highest water surface at ex­

treme high tide with the superimposed maximum anticipated wave. 

DESIGN SPECIFICATIONS 

General 

1. Specifications: The Standard Specifications for Highway Bridges, 

1969, and Interim Specifications, 1970 and 1971, as adopted by 

the American Association of State Highway Officials (AASHO), will 

be used with modifications as set forth in these criteria. 

Design Loads 

1. Live Load: AASHO loading Class HS20 will be used. 

2. Wind Load: Maximum wind load will be based on AASHO Specifica­

tions. 

3. Ice Load: Two separate ice loadings will be considered for final 

design but will not apply simultaneously. 

a. Sheet ice 30 inches thick applying a continuous force equal to 

300 psi at the point of mean high water. 

b. Massive ice blocks traveling with the current applying an impact 

load to the substructure. The magnitude of this impact force 

can only be estimated with the information at hand. It will 

be more precisely determined in subsequent stages of the proj­

ect. 



4. Stream Flow: Currents due to tides will be assumed to have a 

maximum velocity of 12 f.p.s. 

5. Wave Forces: Maximum forces due to wave action will be based 

on waves generated by a 60 m.p.h. sustained wind. 

6. Earthquake: For preliminary design, lateral forces due to earth­

quake will be computed as .1 0 times the dead load 

of the structure applied horizontally in any direction 

at the center of gravity of the weight of the structure. 

7. Other Loads: Loads not specified above will be applied in accord­

ance with AASHO Specifications. 

Materials 

1. Structural Carbon Steel 

a. This steel shall be ASTM A 36. 

b. It will be used for piles and other parts, as required. 

2. High Strength low Alloy Structural Steel 

a. This steel shall be ASTM A 588. 

b. It will be used for deck plates and stiffeners, floorbeams and 

truss members in the superstructure and for the protective 

armoring for the substructure. 

3. Cast Steel 

a. This steel shall be ASTM A 296. 

b. It will be used for shoes. 

4. Special Steels 

a. ASTM designation shall be used. 

b. Special steels may be used for parts, as required. 
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5. Reinforcing Steel 

Billet steel, Grade 40 (ASTM A 615) shall be used. 

6. Concrete 

The concrete in pier shafts, bases and deck slabs shall be 

f'c = 4,000 psi. 

7. Asphaltic Wearing Surface 

The wearing surface shall be asphaltic concrete with a minimum 

thickness of 2-1/2" and shall be applied in two layers. 

8. Roadway Protective Coating 

The top of the steel deck plate is to be grit blasted and coated 

with epoxy resin and stone chips prior to placing the wearing sur­
face. 

FEATURES OF SUPERSTRUCTURE 

Roadway Section 

The roadway section will consist of two 30' wide roadways (face to face 
of railing) with no curbs or parapets. 

Exterior Bridge Raii 

Exterior bridge rail shall be galvanized steel with two continuous 6" 

x 3" structural steel tubes supported by 6W 20 posts spaced at nominal 9' 

centers. The top roil shall be 2'-6 1/4" above the roadway surface. 

Median Rail 

The median roil, if required, shall be double-faced, galvanized steel, 

guardrail on centerline supported by 6 W 15.5 posts spaced at nom inol 6' 

centers. The rail shall be blocked out from the posts by 8" x 8" wooden 

blocks. The top of roil shall be 2'-3" above the roadway surface. 

Roadway Cross Slope 

The roadway cross slope on tangent sections shall be 3/16" per foot 

each way from the centerline of the roadway cross section. 



Grades 

The maximum grade shall be 3 percent 

Superstructure Type 

The superstructure type shall be determined by economic type studies 

for each line, consistent with navigation clearances and channel depth. 

FEATURES OF SUBSTRUCTURE 

Piers 

1. Piers ore to be single, so!id concrete shafts. 

2. Pier bases will be supported by steel friction piles. 

3. Pile length will be determined by the required pile capacity for 

the piles at individual piers. 

4. Pier construction will be consistent with requirements imposed by 

water depth, currents and tidal variations. 
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The design of a dam to be constructed under the conditions which exist 

in Knik Arm will require the review and consideration of a large number of 

items. The following is a list of items which will need to be considered in 

this design: 

1. Purpose of Causeway 

A. Purpose 

B. Ease of Construction 

C. Side Benefits 

2. Crown Width 

A. Number of traffic lanes 

B. Railroad 

C. Hydraulic controls 

D. Structural and soils control 

E. Type of pavement 

3. Crown Elevation 

A. Sea side 

a. Extreme high water 

b. Tide run up 

c. Wave height 

d. Wave run up 

e. Spray 

f. Freeboard 

B. Pool side 

a. Extreme high water 
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b. Wave height 

c. Wave run up 

d. Spray 

e. Freeboard 

f. Lake George Breakout 

4. Lake Elevation 

5. 

6. 

A. Permanent Pool 

B. Design High Water 

C. Effect on Eklutna Power Plant 

D. Effect on Glenn Highway 

E. Effect on Railroad 

F. Effect on Adjacent Villages, Farmland and Residences 

G. Lake George Breakout 

Spillway Design 

A. Principal Spillway 

a. Elevation 

b. Location 

c. Type 

d. Design Storm 

e. Stilling Basin 

f. Ice passage 

g. Sluice Gate 

h. Control 

i. Operation 

j. Lake George Breakout 

B. Auxilliary Spillway 

a. Elevation 

b. Location 

c. Type 

d. Design Storm or Discharge 

Causeway Section 



A. Type 

a. Homogeneous 

b. Impervious Cove 

c. Impervious Surface Membrane 

B. Dim ens ions 

c. Armoring 

a. Sea side 
b. Pool side 

D. Material Availability 

E. Material Quality 

F. Seismic Stability 

7. Foundation 

A. Geology 

B. Surface Conditions 

C. Seepage 

8. Construction Methods 

A. Embankment Construction 

B. Spillway 
C. Diversion 

D. Closure 

9. Ecological Effects 

A. Wildlife 

B. Plant life 

C. Fish Ladder 
D. Weather 

l 0. Maintenance 
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A. Frequency 

a. Normal 

b. Emergency 

B. lake Bed 

c. lake Shore 

11 . Costs 

A. Dam 
B. Spillway 
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RESEARCH MANAG~MENT CORP. 

WASI·UNGTON, 0. C. 10009 

HUPWONE 202 23··~033 

3520 Prospect Jt reet 
vJash. , D. C. 20007 

COASTAL 

PEn BHUU X 
OR. TECH. SC. 

CONSULTING H~GINE~A 

Howard, Needless , Tammen & Bergendoff 
1805 Grand Ave . 

OCEAN 

Tidemanasgate ~~ 
•AI!·~~l!'.ts*-'1'..,_"' 

TRONOHEIM, NOR~'Af 

KA.l'l'SAS CITY , No . 6'+1 08 July , 1971 

Gentlemen : 

This letter was mailed to you from Copenhagen Airport just 

before my departure for India . I will be back app. July 31st . 

I am enclosing a number of separate reports each dealing with 

particular subjects discussed in KANSAS CITY. 

Encl. l Preliminary report on the influence of projects 
IV and V on tides at Anchorage . 

Encl . 2* Report on scour including report on model study 
in Florida . 

Encl . 3* Compressive strengths of ice as listed by various 
authors . 

Encl. 4* Forces by Icebergs on piers. 

Encl . 5* Construction of double training wall of ice for 
sand fill . 

Encl . ~ Revetments for protection of sand fills . 

Encl . 7* Model experiments for the Anchorage Crossing projects . 

When reply has been received by Mr . Schwab on his letter of 

June 23 on sediments I shall comment on the sediment transport problem. 

Also you will receive abstr acts of papers to be presented at the 

POAC conference in August with my comments in relation to this project . 

* Enclosures 
appli cable 
herein. 

Yours sincerely, 

C2~-~ 
2 thru 7 are not directly -~~~~~'-, 
and are not included 
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ENCL 1 

AMPLIFICATION OF TIDE HEIGHT ELEVATIONS IN KNIK ARM 
Dams at Sites III, IV and V 

by Per Bruun 

On Fig. 1 and 2 the distribution of peak elevations of the water table 

in Knik Arm and Turnagain Arm are sketched . Fig. 1 is based on observe-

tiona by Messrs. Schwab and Wangelin. The June and September observations 

are all adjusted to May spring amplitudes assuming linear relations. The 

June-recorda show lower watertables than the May-records indicating non-

linearity due to friction for lower tidal ranges. The data on Fig. 2 are 

based on ref. (1). 

By use of Dorresteins theories (2) for amplification of long waves pene-

trating in bay or channels one may evaluate whether a correlation between 

his results and the measurements shown in Figs. 1 and 2 exists. Besides 

observations of extreme high tides at Anchorage during the sixties show 

that the average high tides as well as tidal ranges are approximately 0,7 ft 

higher in January, February and March than in May, June and July (table 1). 

This may be caused by the freezing up of the Knik Arm shoals. 

Assuming linear relationship as in Fig. 1, the rise at the closed end of 

Knik Arm is 3.5 1 above Anchorage elevations. The slope of water table 

between Fire Island and Anchorage is reduced to approximately 2/3 of the 

slope in Knik Arm due to the expansion of the fiord (comparing Fig. 2 for 

Turnagain Arm) resulting in a drop of 0,8 ft in tide elevation compared 

to the Anchorage tide (+17' above MSL). The amplification for Knik Arm 

therefore is R = (17+4,3)/17 = 1,25. According to (1) the elevation of 

high water measured near the mouth of the Placer River in Turnagain Arm 



is 26 feet above mean sea level and 19 feet above MSL at the open end 

(Gull Rock-Isle). At the closed end the Turnagain Arm is very narrow. The 

steep water table at the narrow end of the bay might therefore be due partly 

to freshwater flow by the rivers. The rise due to amplification is there­

fore assumed to increase lineally from Bird PT (dotted line on Fig. 2). 

Thus the amplification for Turnagain Arm is R = (19+4,2)/19 = 1,22. 

An attempt is now made to correlate these data from nature to the mathe­

matical model (2). Table 2 shows simplified data used for the comparison, 

where the most important (and not accurate) assumption is that of "uniform 

depth." The average velocity during one spring tidal cycle in Knik Arm is 

due to changes in tidal prism calculated to approximately 1,5 m/sec, This 

velocity is assumed to be approximately 1,0 m/sec in case of a dam (ice 

barrier) at Eagle River. The average velocity for Turnagain Arm was assumed 

to be 1,5 m/sec (see table 8 in (1}). Considering distortion the coeffi­

cient of friction is reduced to 50% (f*} as shown in colomn 5 of table 2. 

To find the amplification for the entire bay, "case D" (Fig. 3, sloping 

bottom, covering banks) should be used, Unfortunately Dorrestein has here 

not included the influence of friction. Case A does however not deviate 

too much from this conditions and will therefore be used for preliminary 

calculation for the entire bay areas. As shown in table 2 this results in 

an amplification of 1,18 and 1,17 for Knik Arm and Turnagain Arm respec­

tively or 5,6% below the observed values. To find the amplification in 

case of an ice dam near Eagle River conditions in between "Case C" and 

"Case A" in Fig. 3 are probably indicative. For R- ratios less than 0,05% 

the effect from friction is negligible. Choosing an R-value slightly above 

the "A" curve would result in an amplification of approximately R = 1,07 

for an ice dam at Eagle River (V) and R = 1,04 for dam at Cairn PT (III). 
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Adjusting the amplification ratio in case of ice dam at Eagle River accord­

ing to the elevation observed one gets R = 1 075· 1 •25 • 1,14. This results 
~ 1,18 

in peak tide-elevation curves as shown in Fig. 6. 

The rise in water elevation at Anchorage is approximately 0,8 ft accord-

ing to the adjusted water table curve or in fairly good accordance with 

the previously mentioned 0,7 ft increase in height of the water table at 

Anchorage due to freezing up of the Knik Arm shoals (table 1) . 

CONCLUSIONS 

In case of a dam at sites III or IV high tide at Anchorage will increase 

approximately 1 ft. 

In case of a dam at site V high tide at Anchorage will increase 0,8 to 1 ft. 

Combined bridge - causeway projects will have little influence on high 

tides at Anchorage although tendency will be a slight increase. 

References 

(1) "Feasibility Study Turnagain Arm Crossing" - State of Alaska, 

Department of Highways, March 8, 1963, by Porter, O'Brien and 

Armstrong and Trych, Nyman an~ Associates. 

(2) "Amplification of Long Waves in Bays." Engineering Progress at 

the University of Florida, December 1961 by Richard Dorrestein. 
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TABLE 1 

TIDES: MONTHLY 

Station: -· - ~~!:~~~~l~.~ .• ~.!!.!.~.- -··· ·· · ·· ··-····· ·· ·· · ········ · ··············· 
Oc.~trr~rft",lfU l:tgin .................... ................. ................................ _ 

l),l(t:Ut i.~ ......... ... ~.~?. .. ~!: .. , .. b_~-~-~-~1::~ ....... ······· .................... .. 
Lirv.cu· 2:1•1litiHt" in Jet/ .............................................................. . 

YJ:Ail JA!f, FsD. MAR. Arx. ~lAY JVNB JULY Avv. 

m. 1964 39.0 38.7 39.0 38.7 
(2) 1965 39.9 38.5 37.9 38.0 38.1 38.1 38.3 39.2 
(3) 1966 39.7 39.0 39.1 37.8 39.0 
(1) 1967 38.9 40.3 40.8 39.3 39.1 37.9 37.5 38.1 
(5) 1968 37.2 37.9 38.8 39.0 38.3 37.6 
(I;) 1969 38.6 40.2 38.4 38.8 38.4 38.6 
(;') 1970 38.6 39.8 38.7 37.7 37.3 38.1 39.3 

(".)_ ---
---~ <~> ___ I_ ___ L __ ---

Highes t Tides ..................... __________ . ____ ....... ·-·············· ....................... , 
!Atituds --·········--········ !Aragilude ....................................... . 
Ob.,eroatioM tftli ........................ ............................................ .. .. . 

v:hicA is ----·····-·--··--···········fed bdotD B. AI • ........................ 
Time in houri ............. ....... . ..... ............. ... . .. ...................... .. 

1-'0R Yl·:AR TOTAL 
St:n, 01:2'. Nov. DK. 

81:11 MEAN Sc:u ·M'T.~ 

37 .4 39 . 0 39.8 38.7 39 . 8 11/64 
- -

39.0 39.6 38.2 39.2 39.9 1765 
40.3 40.5 39.2 39.0 40.5 10~66 
40.2 40.1 40.2 39.5 40.8 3/67 
38.9 40.1 39.9 38.0 40.1 10/68 
38.9 38.4 38.0 39.3 40.2 2[69 
39.3 38.8 38.5 38.4 39 . 8 3/9 
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Comments on Typical Dam Section 
by 

Dr. Per Bruun 
Nov. 1, 1971 

An S-formed profile like the one shown in Fig. A below is hydraulically 

(wave mechanically) better. The stability against "pressure blowouts" 

in the most exposed zone, B C, is increased due to gravity forces. This 

profile also reduces runup, spr.ay and separation (see POAC abstract papers 

by Bruun, Straumsnes and Johanessen plus Bernie Rottinghaus's paper). 

The probability for ice formation on the road is also decreased hereby. 

Frequent High Water Ice Periods 

a 

D 
Figure A 

Co~~~~Tent on "typical cross section" 

In zone A Fig. B (fluctuating water table) beach is exposed to wave 

action) "sediment of silt and fine sand" on this part of the slope will 

therefore hardly occur. More likely wave action will partly wash out 

sand from the "sand and gravel filter" as the slope probably is too steep. 

Sand from the filter might easily wash into the rock fill with the water 

flow through the structure. 

C-17 



C-18 

Figure B 

Conunent on "Alternate Lakeside Treatment 

Riprap placed in the zone of ice and wave action is necessary but it 

is not likely that the sand and gravel layer between the riprap cover and 

the rock fill will be stable. A graded filter similar to detail B in 

Fig . 8 (S & W Report) may be necessary if seepage through this zone shall 

be controlled, but - as mentioned earlier - such filter is difficult to 

place and it gives in fact a false feeling of safety. 

Figure C below is probably a better solution . 

High Water 

Rock 

Heavy Nylon Mesh 

Surplus quarry waste rip-rap to be eroded and transferred 

down slope - as much •gravel• as possible in •sand & gravel•. 

Figure C 
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PROPOSED KNIK ARM CROSSING 
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KANSAS CITY 1 MISSOURI 
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JACOBS ASSOCIATES ENGINEERS AND CONSU~TANTS 
CONSTRUCTION PERFORMANCE SERVICES 
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Howard, Needles, Tammen & Bergendoff 
1805 Grand Avenue 
Kansas City, Missouri 64108 

Gentlemen: 

September 10, 1971 

We are sending you herewith ten copies of our report 
"COST AND METHODS STUDIES, PROPOSED KNIK ARM CROSSING 1 
ANCHORAGE 1 ALASKA." This report has been prepared by us from 
two viewpoints. First, that of an experienced heavy construction 
contractor preparing bids for the alternate designs. Secondly, that 
of a construction engineering consultant offering advice and opinions 
on the construction problems inherent to work of the nature proposed. 

This work was performed in accordance with our proposal 
letter of July 14, 1971 that was accepted by you on July 19, 1971. 

It is hoped that as a result of this report, all interested 
parties may better understand the major construction problems and 
high construction costs of the various alternatives proposed for 
constructing a crossing of the Knik Arm. 

AMP:lb 

Enclosures 

Very truly yours, 

./7- t I a "'! .. A ~c.-""' - "/ 
A. M. Petrofskv -./ t; 
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SUMMARY 

We have made contractor- type feasibility level cost estimates for 

six alternate designs prepared by Howard-Needles-Tammen & Bergendoff as 

possible crossings of the Knik Arm of the Cook Inlet near Anchorage, 

Alaska . These estimates represent the prices that we think would be 

bid in the fall of 1971 for work to be started in January, 1972. We 

have also prepared time schedules for completing the work on a normal, 

efficient basis . The bid price and construction period for these six 

alternates are as follows : 

Alternate Bid Price* Schedule 
(Million $) {Years) 

Truss Bridge at Line IV ll4.9 4 

Causeway Dam at Line v 189 . 6 5 

Truss Bridge at Line v 202 .3 6 

Bridge -Causeway at Line V 209 . 2 5.5 

Suspension Bridge at Line III 226.2 7 

Causeway Dam at Line IV 263.1 6 

* The amounts do not include any allowance for contingencies 
and variations . 

All of the alternates considered present major construction problems . 

The bid prices reflect our evaluation of the degree of difficulty of 

overcoming the known problems, plus a relatively small contingency factor 

in the markup to cover the unanticipated problems. We would suggest that 

it would be reasonable to add an overall contingency factor of about 10% 

to these prices to reflect possible changes in design that will likely 

occur as more detailed investigations and designs are made . 

1 
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Bid item schedules for each of the six alternates are presented on 

the following pages. it is noted that the same unit price is not applied to 

seemingly identical work items in different alternates. This is due to 

quantity variations and the relatively high indirect costs for the bridge 

substructure work that must be expended for access 1 docks 1 yards 1 and major 

equipment. There is further discussion in this report on the manner of 

establishing these completely balanced bid prices. 

2 
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ESHMA TE OF COST 

TRUSS BRIDGE AT CROSSING IV 

APPROACH STRUCTURES 
Superstructure 

Structural Steel (A588) 
Cast Steel 
Concrete in Deck 
Reinforcing Stee I 
Handrail 

Sub-Total Superstructure 

Substructure 

2 Approach Structures at 870' and 780' = 1 ,650' 
Main Bridge 33 Spans at 407' = 13,431' 

Total Bridge Length= 15,081' 
Roadway: 2 at 30'-0" 

1,792,000 Lbs. @' 
36,000 Lbs. @' 

1,320 C.Y. @' 
360,000 Lbs. @' 

3,300 L.F. @' 

Concrete in Columns and Cap Beams 
Concrete in Footings and Abutments 
Reinforcing Steel 

480 
520 

190,000 

C.Y. @' 
C.Y. @' 
Lbs. @' 

14HP73 (45' Long) 
Excavation (Above Grade) 
Excavation (Below Grade) 

Sub- Total Substructure 

MAIN BRIDGE: 
Superstructure 

Structure I A588 Stee I 
Cast Steel 
Asphaltic Wearing Surface 
Deck Protection 
Handrail 

Sub- Tote! Superstructure 

Substructure 
Pier Excavation 
36" Dia. Pipe Piles 
Precast Concrete 
Tremie Concrete 
Shell Filler Concrete 
Pier Cap Concrete 
Reinforcing Steel 
Shaft Armoring (Steel) 
Foundation Armor Rock 

Sub-Total Substructure 

Toto I for Structure 

Mabilization 

Total far Crossing 

Contingencies and Variations (~10%) 

TOTAL ESTIMATED CONSTRUCTION COST 

12,660 L.F. 
460,000 C.Y. 

1,600 C.Y. 

57,465,000 Lbs. 
1,140,000 Lbs. 

92,650 S.Y. 
92,650 S.Y. 
53,700 L.F. 

60,000 C.Y. 
60,800 L.F. 
12,500 C.Y. 
22,800 C.Y. 
21,800 C.Y. 
5,500 C.Y. 

7,302,000 Lbs. 
980,000 Lbs. 
65,000 C.Y. 

Estimate is bosed on fall 1971 bidding date with construction start in January, 1972. 

@' 
@' 
@' 

@' 
@' 
@ 
@' 
@' 

@' 
@' 
@' 
@' 
@' 
@' 
@' 
@' 
@' 

$ 0.65 
1.45 

200.00 
0.28 

20.00 

$200.00 
170.00 

0.28 
30.00 
2.40 

10.00 

0.64 
1.44 

16.00 
2.00 

20.00 

$ 31.20 
200.00 

1,280.00 
165.00 
165.00 
468.00 

0.50 
1.20 

40.00 

$ 1,164,800 
52,200 

264,000 
100,000 
66,000 

$ 1,647,800 

$ 96,000 
88,400 
53,200 

379,800 
1,104,000 

16,000 
1,737,400 

$ 36,m,600 
1,641,600 
1,482,400 

185,300 
1,074,000 

$ 41' 160,900 

$ 1,872,000 
12,160,000 
16,000,000 
3,762,000 
3,597,000 
2,574,000 
3,651,000 
1,176,000 
2,600,000 

$ 47, 392,200 

$ 91,938, 200 

$ 23 , 000, 000 

$114,938,200 

$ 11,061,800 

$126,000,000 



ESTIMATE OF COST 

CAUSEWAY DAM AT CROSSING Y 

SPILLWAY BRIDGE: 
Superstructure 

Structural Steel (A588) 
Cast Steel 
Concrete in Deck 
Reinforcing Steel 
Handrail 
Guardrail 

Sub- Total Superstructure 

Su bstruc tu re 
Concrete in Piers 
Concrete in Footings 
Reinforcing Steel 
14HP73 (45' Long) 
Excavation 

Sub-Total Substructure 

SPILLWAY AND CHANNEL: 
Spillway Exca110tion 

Exca110te Above Elev . 20 
Excavate Below Elev . 20 

Spillway Concrete 
Ogee Section Concrete 
Reinforcing Stee I 

DAM: 
Rock- End Dumped 

Zone 1 0.5'-1 .0' 
Zone 2 1.0'-2.3' 
Zone R 36" Riprap 

Rock-Barge Dumped 
Zone 2 1.0'-2.3 ' 
Zone 3 2 .6'-3 .0' 
Zone R 36" Riprap 

Rock- Cablewoy Placed 
Zone 2 I .2'-2 .3' 
Zone 3 2 .6'-3 .0' 
Zone 4 3,8'-4 .0' 

Causeway Sond Fill 
Dredged Sond Fill 
Gravel Filter 

Causeway Crest Road 
Crest Rood - Complete 

Toto I for Structure 

Mobilization 

Total for Crossing 

Contingencies and Variations (~1 0%) 

TOTAL ESTIMATE!? CONSTRUCTION COST 

Spi llwoy Bridge at 2, 640' 
Spi II way Ogee Section at 2, 000' 
Total Crossing Length= 28,050' 

Roadway: 2 @" 30'-0" 

3,855,000 Lbs. 
80,000 Lbs . 
4,180 C.Y . 

1 '150,000 Lbs. 
5,280 L.F. 
2,640 L.F. 

2,620 C.Y. 
1,560 C.Y. 

687,000 Lbs. 
29,700 L.F . 

4,800 C.Y. 

17,500,000 C.Y. 
2,900,000 C.Y. 

37,500 C.Y. 
3,500,000 Lbs. 

4,050,000 C.Y . 
2,500,000 C.Y. 
I ,000,000 C.Y. 

500,000 C.Y. 
750,000 C.Y. 
200,000 C.Y. 

200,000 C.Y. 
200,000 C.Y. 
900,000 C.Y. 

8,500,000 C.Y. 
500,000 C.Y. 

25,600 L.F. 

Estimate is based on fall 1971 bidding date with construction start in January , 1972. 
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s 0.70 s 2,698,500 
1.56 124,800 

220.00 919,600 
0.30 345,000 

22.50 118,800 
22.50 59,400 

$ 4,266,100 

$220.00 s 576,400 
175.00 273,000 

0.30 206,100 
35.00 1,039,500 
10.50 50, 400 

$ 2,145,400 

1.75 $ 30,625,000 
2.65 7,685,000 

$175.00 6,562,500 
0.30 1,050,000 

6.10 $ 24,705,000 
6.35 15,875,000 
8.25 8,250,000 

s 12.50 6,250,000 
13.00 9,750,000 
14.30 2,860,000 

$ 16.00 3,200,000 
16.80 3,360,000 
18.00 16,200,000 

s 1.82 s 15,470,000 
9.55 4,775,000 

$ 61 .00 $ 1,561,600 

$164,590,600 

s 25,000,000 

$189,590,600 

$ 19,409,400 

$209,000,000 
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ESTIMATE OF COST 

TRUSS BRIDGE AT CROSSING Y 
2 Approach Structures at 747' and 785' = 1 ,532'-0" 

Mlin Bridge 65 Spans at 400'-0" = 26,000'-0" 
Total Bridge Length = 27 ,532'-0" 

Roadway: 2 @ 30'-0" 

APPROACH STRUCTURES: 
Superstructure 

Structural Steel (A588) 
Cast Steel 
Cone rete in Deck 
Reinforcing Steel 
Handrail 

Sub-Total Superstructure 

Substruc lure 
Cane rete in Columns and Cap Beams 
Concrete in Footings and Abutments 
Rei nfarc i ng Stee I 
14HP73 (45' Long) 
Excavation (Above Grade) 
Excavation (Below Grade) 

Sub-Total Substructure 

MAIN BRIDGE: 
Superstructure 

Structural Steel (A588) 
Cast Steel 
Asphaltic Wearing Surface 
Deck Protection 
Handrail 

Sub-Total Superstructure 

Substructure 
Pier Excavation 
36" Dia. Pipe Piles 
Pre-Cast Concrete 
Tremie Concrete 
Shell Filler Concrete 
Pier Cap Concrete 
Reinforcing Steel 
Shaft Armaring (Steel) 
Foundation Annor Rack 

Sub- Total Substructure 

Total for Structure 

Mobilization 

Total for Crossing 

Contingencies and Variations 2:10% 

TOTAL ESTIMATED CONSTRUCTION COST 

1,670,000 Lbs. 
34,000 Lbs. 

1,230 C.Y. 
335,000 Lbs. 

3,055 L.F. 

480 C.Y. 
520 C.Y. 

190,000 Lbs. 
12,660 L.F. 

130,000 C.Y. 
1,600 C.Y. 

111,280,000 Lbs. 
2,210,000 Lbs. 

179,400 S.Y. 
179,400 s.v. 
104,000 L.F. 

82,400 C.Y. 
109,000 L.F. 
20,200 C.Y. 
33,000 C.Y. 
30,100 C.Y. 
11,000 C.Y. 

10, 900,000 Lbs. 
2,850,000 Lbs. 

106,000 C.Y. 

Estimate is based on fall 1971 bidding date with construct ian start in January, 1972, 
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$ 0.64 
1.45 

200.00 
0.28 

20.00 

200.00 
170.00 

0.28 
30.00 
2.40 

10.00 

0.64 
1.44 

16.00 
2.00 

20.00 

$ 31 .50 
200.00 

1,440.00 
165.00 
165.00 
448.00 

0.52 
1.20 

40.00 

$ 1,068,800 
49,300 

246,000 
93,800 
61,100 

$ 1,519,000 

$ 

96,000 
88,400 
53,200 

379,800 
312,000 

16, 000 
945,400 

$ 71,219,200 
3,182,400 
2,870,400 

358,800 
2,080,000 

$ 79,710,800 

$ 2,595,600 
21,800,000 
29,088,000 

5,445,000 
4,966,500 
4,928,000 
5,668,000 
3,420,000 
4 ,240,000 

$ 82,151,100 

$164,326, 300 

$ 38,000,000 

$202,326,300 

$ 20,673,700 

$223' 000' 000 



ESTIMATE OF COST 

BRIDGE -CAUSEWAY AT CROSSING Y 
Goose Boy: 2 Approach Structures @' 747' and 820' 

M:lin Bridge 16 Spans @' 400'-0" 

Eagle Bay: 2 Approach Structures @' 820' and 785' 
M:lin Bridge 13 Spans @' 400' 

APPROACH STRUCTURES: 
Superstructure 

Structure I Stee I (A588) 
Cast Steel 
Concrete in Deck 
Reinforcing Stee I 
Handrail 

Sub-Toto I Superstructure 

Substructure 
Concrete in Columns and Caps 
Concrete in Footings and Abutments 
Concrete in Retaining Walls 
Reinforcing Steel 
14HP73 (45' Long) 
Excavation (Above Grade) 
Excavation (Below Grade) 

Sub- Toto I Substructure 

MAIN BRIDGE: 
Superstructure 

Structural Steel (A588) 
Cast Steel 
Asphaltic Wearing Surface 
Deck Protection 
Handrail 

Sub-T ota I Superstructure 

Substructure 
Pier Excavation 
36" Dia. Pipe Piles 
Pre- Cast Concrete 
Tremie Concrete 
Shell Filler Concrete 
Pier Cap Concrete 
Rei nfarci ng Stee I 
Shaft Armoring (Steel) 
Foundation Armor Rock 

Sub-Total Substructure 

Total Bridge Length= 14,m'-0" 

Roadway: 2 @' 30'-0" 

3,475,000 Lbs. 
70,000 Lbs. 
2,560 C.Y. 

695,000 Lbs. 
6,335 L.F. 

960 C.Y. 
1,040 C.Y. 
4,480 C.Y. 

690,000 Lbs. 
51,no L.F. 

130,000 C.Y. 
8,800 c.v .. 

49,650,000 Lbs. 
970,000 Lbs. 

80,050 S.Y. 
80,050 S.Y. 
46,400 L.F. 

43,000 C.Y. 
54,000 L.F. 
10,500 C.Y. 
18,800 C.Y. 
18,100 C.Y. 
4,600 C.Y. 

6,150,000 Lbs. 
980,000 Lbs. 

58,000 C.Y. 

Sub-Total Approach Structures and M:lin Bridge 

Causeway Fill 
Zone 1 Rockfill 0 .5'-1 .0' 
Zone 2 Rockfill 1 .0'-2 .0' 
Riprap - 36" Dia. 
Roadway Paving 

Sub-Toto I Causeway 

Toto I for Structure 

Mobil izatian 

Total far Crossing 

Contingencies ond Variations ~10% 

TOTAL ESTIMATED CON STRUCTION COST 

4,836,000 C.Y. 
1,196,000 C.Y. 
1,397,500 C.Y. 

14,700 L.F. 

Estimate is based on fall1971 bidding date with construction start in January, 1972. 
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1 ,567'-0" 
6,400'-0" 
7 ,967'-0" 

1 ,605'-0" 
5,200'-0" 
6,805'- 0" 

0.64 
1 .45 

200.00 
0.26 

20.00 

200.00 
170.00 
170.00 

0.28 
30.00 
2.40 

10.00 

s 0.64 
1.44 

16.00 
2.00 

20.00 

31.60 
206.00 

1,310.00 
165.00 
165.00 
497.00 

0.51 
1.20 

24.25 

s 10.40 
11.40 
14.40 
56.00 

2,224,000 
101,500 
512,000 
194,600 
126,700 

s 3,158,800 

192,000 
176,800 
761,600 
193,200 

1,551,600 
312,000 

88,000 
3,275,200 

s 31,776,000 
1,396,800 
1,280,800 

160,100 
928,000 

s 35,541,700 

s 1,358,800 
11,124,000 
13,755,000 
3,102,000 
2,986,500 
2,286,200 
3,136,500 
1,176,000 
1,406,500 

s 40,331 ,500 

s 82,307,200 

s 50,294,400 
13,634,400 
20,124,000 

823,200 
$ 84, 876,000 

$167,183,200 

s 42,000,000 

$209,183,200 

s 20,816,800 

$230,000,000 
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ESTIMATE OF COST 

SUSPENSION BRIDGE AT CROSSING Ill 
Spans 2 (§ 165'' 1 ,500'' 4,500'' 1 ,500'' 4 @ 265' = 8,890' 
Roadway: 2 @ 30'-0" 

MAIN BRIDGE 
Superstructure 

Structural Steel (A588) 76,301,000 Lbs. @ $ 0.70 $ 53,410,700 
Main Cables 41,980,000 Lbs. (§ 0.90 37,782,000 
Cable Wrapping 761,000 Lbs. (§ 0.90 684,900 
Cable Suspenders 1,442,000 Lbs. @ 2.30 3,316,600 
Cable Bands and Fittings 1,384,000 Lbs. (f 1.70 2,352,800 
Hand Ropes 17,800 L.F. (§ 4.50 80,100 
Roadway Protective Coating 53,000 S.Y. (§ 2.30 121,900 
Roadway Wearing Surface 53,000 S.Y. @ 18.40 975,200 
Handrail 15,000 L.F. @ 23.00 345,000 
Guardrail 7,500 L.F • (§ 23.00 172,500 

Sub- Toto I Superstructure $ 99,241,700 

Anchorages 
Concrete 124,400 C.Y. (§ $180.00 $ 22,392,000 
Sond Fill 60,600 C.Y. @ 4.50 272,700 
Reinforcing Steel 10,000,000 Lbs. (§ 0.37 3,700,000 
Eye Bars 3,120,000 Lbs. (§ 0.70 2,184,000 
Structural A36 Steel 1,530,000 Lbs. (§ 0.70 1,071,000 
Cast Steel 332,000 Lbs. (§ 1.70 564,400 
Forged Stee I 286,000 Lbs. (§ 1.70 486,200 
Excavation Above Elev. 100 1,775,000 C.Y. (§ 0.90 1,597,500 
Excavation Below Elev. 100 660,000 C.Y. (§ 2.30 1,518,000 
Granular Backfill 440,000 C.Y. (§ 5.50 2,420,000 

Sub- Total Anchorages $ 36,205,800 

Main Piers 
Concrete in Shafts 25,800 C.Y. @ $180.00 $ 4,644,000 
Concrete in Caissons 62,500 C.Y. (§ 275.00 17,187,500 
Concrete in Seals 24,100 C.Y. (§ 180.00 4,338,000 
Reinforcing Steel 7,100,000 Lbs. @ 0,37 2,627,000 
Excavation 128,700 C.Y. (§ 37.00 4,761,900 

Sub- Total Main Piers $ 33,558,400 

End Piers and Approach Spans 
Handrail 2,800 L.F. (§ s 23.00 $ 64,400 
Guardrail 1,400 C.Y. (§ 23.00 32,200 
Deck Concrete 2,060 C.Y. (§ 460.00 947,600 
Reinforcing Stee I 2,300,000 Lbs. (§ 0,37 851,000 
Structural Steel (A588) 5,872,000 Lbs. @ 0.70 4,110,400 
Abutment Concrete 250 C.Y. (§ 230.00 57,500 
Pier Concrete 7,300 C.Y. @ 275.00 2,007,500 
Sea I Concrete 7,940 C.Y. (§ 180.00 1,429,200 
Excavation 7,200 C.Y. @ 55.00 396,000 
14H P73 ( 60' Long) 6,000 L.F. (§ 35.00 210,000 
18" a Pipe Piles (90' Lang) 34,800 L.F. @ 40.00 1,392,000 

Sub- Total End Piers and Approach Spans 11,497,800 

Slope Protection 
Excavation Above Elev. 100 500,000 C.Y. (§ $ 0.90 s 450,000 
Excavation Below Elev. 100 700,000 C.Y. @ 1.65 1 '155,000 
Sand and Gravel Bedding 50,000 C.Y. (§ 18.50 925,000 
Rock Spells Bedding 50,000 C.Y. @ 27.50 1,375,000 
1 '-3' Rock Bedding 75,000 C.Y. @ 37.00 2,775,000 
Armor Stone (Tetra pods) 250,000 C.Y. (§ 73.50 18,375,000 
Toe Drain 2,000 L.F. (§ 320.00 640,000 

Sub- Total Slope Protection $ 25,695,000 

Total for Structure $206,198,700 

Mobilization 20,000,000 

Toto I for Crossing $226,198,700 

Contingencies and Variations (~10%) 22,801,300 

TOTAL ESTIMATED CONSTRUCTION COST $249' 000' 000 

Estimate is based on fall 1971 bidding date with construction start in January, 1972. 
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ESTIMATE OF COST 

CAUSEWAY DAM AT CROSSING IV 

SPILLWAY BRIDGE: 
Superstructure 

Structure I Stee I (A588) 
Cast Steel 
Concrete in Deck 
Reinforcing Stee I 
Handrail 
Guardrail 

Sub-Total Superstructure 

Substructure 
Concrete in Piers 
Concrete in Footings 
Reinforcing Stee I 
14HI'73 (45' Long) 
Excavation 

Sub-Toto I Substructure 

SPILLWAY AND CHANNEL: 

DAM: 

Spillway Excavation 
Excavate Above Elev. 20 
Excavate Below Elev. 20 

Spillway Concrete 
Ogee Section Concrete 
Reinforcing Steel 

Rock- End Dumped 
Zone 1 0.5'-1 .0' 
Zone 2 1 .0'-2 .3' 
Zone R 36" Riprap 

Rock- Barge Dumped 
Zone 2 1 .0'-2 .3' 
Zane R 36" Riprap 

Rock-Barged and Rehandled 
Zane 1 0.5'-1 .0' 
Zone 2 1 .0'-2 .3' 

Rock-Cableway Placed 
Zone 2 1 .2'-2 .3' 
Zone 3 2 .6'-3 .0' 
Zone 4 3 .8'-4 .0' 
Zone 5 4 .0'-5 .0' 

Causeway Sand Fill 
Dredged Sand Fill 
Gravel Filter 

Roadway Paving 
Complete w/ Fenclng 

Total for Structure 

Mobilization 

T ota I for Crossing 

Cantintencies and Variations (~10%) 

TOTAL ESTIMATED CONSTRUCTION COST 

Spillway Bridge at 2,640' 
Spillway Ogee Section at 2,000' 
Total Crossing Length= 15,950' 

Roadway: 2 @ 30'-0" 

3,855,000 Lbs. 
80,000 Lbs. 

4,180 C.Y. 
11150,000 Lbs. 

5,280 L.F. 
2,640 L.F. 

2,620 C.Y. 
1,560 C.Y. 

687,500 Lbs. 
29,700 L.F. 

4,800 C.Y. 

21,500,000 C.Y . 
2,600,000 C.Y. 

37,500 C.Y. 
3,500,000 Lbs. 

2,120,000 C.Y. 
500,000 C.Y. 
520,000 C.Y. 

1,600,000 C.Y. 
280,000 C.Y. 

480,000 C.Y. 
150,000 C.Y. 

850,000 C.Y. 
1,300,000 C.Y. 
1,400,000 C.Y. 

500,000 C.Y. 

6,200,000 C.Y. 
350,000 C.Y. 

13,000 L.F. 

Estimate is based on fall 1971 bidding date with construction start in January , 19n. 

@ s 0.72 
@ 1.64 
@ 230.00 
@ 0.32 
@ 22.50 
@ 22.50 

@ $230.00 
(§' 180.00 
@ 0 .32 
@ 36.00 
@ 11.00 

@ s 3.40 
@ 4.50 

@ $180.00 
@ 0.33 

@' 6.70 
@ 7.10 
@ 9.10 

@ $ 12.50 
@' 13.70 

@ s 15.00 
@' 15.40 

@ 13.60 
@ 14 .30 
@ 15.20 
@ 16.80 

@ $ 2.65 
@ 10.50 

@ $ 65.00 

2,ns,600 
131,200 
961,400 
368,000 
ll8,800 
59 400 

s 4,414,400 

602,600 
280,800 
220,000 

1,069,200 
52,800 

2,225,400 

s 75,250,000 
ll ,700,000 

6,750,000 
11155,000 

s 14,204,000 
3,550,000 
4,732,000 

s 20,000,000 
3,836,000 

$ 7,200,000 
2,310,000 

s ll,560,000 
18,590,000 
21,280,000 

8,400,000 

s 16,430,000 
3,675,000 

$ 845,000 

$238,106,800 

s 25,000, 000 

$263,106,800 

$ 25,893,200 

$28910001000 
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SCOPE 

The assignment undertaken was to prepare a report considering a 

number of alternate crossing designs and locations for the proposed Knik Arm 

crossing near Anchorage, Alaska. Early studies resulted in elimination of a 

number of alternates and ultimately six estimates were made for different 

designs at tiu"ee locations. The report was to be concerned only with the 

section of the crossing between the bluffs, including the spillway area in the 

case of the two Causeway Dam designs. No consideration was to be given 

to the approaches and access roads. 

The primary objective of the report was to present feasibility level 

cost estimates prepared from the viewpoint of the contractor. Due to the lack 

of detailed design, it is an impossible task to prepare a thorough contractor­

type, cost estimate. These estimates were prepared generally in approxim­

ately the manner used by contractors with separate consideration of direct 

costs, overhead, escalation, contingencies and profit. 

In addition to the costs the report was to present our opinion on 

significant aspects of the construction problems . No matter which of the 

alternate crossing designs is selected, the construction problems are virtually 

unprecedented. The most significant problems to be overcome are obviously 

the large tide differentials, the swift water currents, the large volume of work 

to be accomplished and the weather. 

The report was not to make a recommendation as to which of the 
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alternates is the best answer to the problem. It was to provide the hard facts 

on construction costs and other problems that can be expected, so that these 

could be weighed against the other factors of desirable location, ability to 

carry railroad, the possible large fresh water lake, a1.d other economic and 

environmental factors that enter into a final recommendation • 

11 
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STATUS OF DESIGN 

In any feasibility level study, the preliminary status of the design 

leaves considerable of the detail of the work to the judgment and imagination 

of the estimator. The design drawings, preliminary reports and HNT&B 

quantity takeoffs furnished to us were adequate for feasibility estimates. 

Nevertheless, we have found that preliminary designs nearly alway fail 

to show details that always tend to add to the costs, and in summati~n 

add substantially to the costs. Our practice in feasibility level 

estimating is to compensate for the lack of details by using conservative 

crews and production rates throughout the estimate. 

Another problem with preliminary designs is that they tend to 

change. The receipt of the Shannon & Wilson Soils Report made very 

drastic changes in the causeway dam fill section and in the line III and 

line IV bridge abutment slope protection requirements. As the major 

portion of our estimate details had been based on the prior designs, 

some rapid adjustments of quantities and operations costs were required 

to fit the new designs. 

The estimates now reflect the work required by Figure 8 and 

Figure 9 of the Shannon & Wilson report, with only slight modification. 

We have assumed that the 10' gravel blanket in Figure 9 will be 

zone 1(0.5'-1.0') rock. This assumption is largely based on the HNT&B 

hydraulic study that determined the sizes of rock needed for stability in 

the current at the various stages of construction. It is also necessary 

to assume substantial rock protection for the ends and upstream face of 

the island formed by the causeway-bridge at Line V. 

12 

'----------------- JACO 85 ASS 0 C IATES -----------------' 



AVAILABILITY OF LABOR 

The availability of labor possessing the required skills can be a major 

problem for large scale construction work in Alaska. Historically there have 

been "booms and busts" that resulted in major swings in the labor market. 

While currently the labor supply is reasonably good, the possibility of the 

oil pipeline to the North Slope and a number of other major construction 

projects getting started next year would drastically alter the situation and 

lead to the necessity of paying sizeable bonuses to attract a sufficient 

supply of skilled workers . 

Our estimates were based on the assumption that the nearness to 

Anchorage would make the job somewhat more attractive to labor than remote 

sites, primarily because family status accommodations could be found in town 

or provided in trailer camps . We have estimated that a construction camp or 

subsi stence payments will not be required. Still, some inducement for labor 

will be required, and we estimate that the 28 . 6% premium for the scheduled 

seven day work week (i . e., 56 hours work per week with double overtime for 

all hours over 40 . 72/56=1. 286) will be sufficient to attract the necessary 

work force . It is noted that this will give the skilled craftsmen an average 

of about $14.00 per hour worked per week in base plus overtime pay plus $1.85 

to $2 . 45 per hour in fringes for the average of the projected 1973-74 wage 

rates . For the estimated eight month season worked, the skilled craftsman 

will receive about $27,000 plus nearly $4,000 in fringe benefits . 
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WORKING SEASON 

The basic working season is considered to be an eight month period, 

with a four month winter shutdown. For the excavation work, rainfall, fog, 

frost breakup 1 and snowfall will hinder production at various times in the 

eight month period to the extent that our scheduling is based on the 

equivalent of 170 days per season of full prodvction in good weather. For 

work off floating equipment the same four month winter shutdown is required 

to avoid the icing problem. Rainfall will not have as serious an effect on 

floating equipment operations, and an equivalent of 200 days per season 

of full production is allowed in scheduling. Structural steel work might well 

be accomplished during the winter as is reported to have been done on 

Anchorage building work. However, the bridge steel has to be barged 

out to the bridge for erection 1 and barge movement is not considered 

practical in the four month winter period. 
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DIRECT COSTS 

Direct costs are considered to be those incurred by field crews in 

performing work operations directly related to, or required by, the pay items 

of work. Our estimate of the direct costs of the various items of work is for 

the most part based on a work operations analysis. This consists of 

breaking the bid items into the many different work operations required for 

a complete bid item. Then each operation is estimated by calculating the 

crew, equipment, and materials needed for the operation, based on the 

anticipated production. The factors of crew sizes 1 equipment requirements 1 

and productivity are basically determined by the experience and judgment 

of the estimator. In a few cases we have used some historical cost data 1 

adjusted to fit the job conditions. 

Detailed unit direct costs were calculated for nearly all of the 

operations in the two lowest priced estimates 1 the Bridge at Line IV and 

the Dam at Line V. From these detailed operations costs, adjustments were 

made to fit similar type operations on the other alternates. In some cases 

it was necessary to work out new operation details for some items in the 

other four estimates. 
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OVERHEAD AND GENERAL ADMINISTRATION 

While it is normal for a contractor to make a detailed estimate of 

his overhead and general administrative cost, this was not done for the estimates 

in this report. On the estimates that involve causeway dam construction, we 

have simply used an OH & GA factor of 20%. This allowance for OH & GA 

is based on our experience and judgment with regard to large construction 

projects, spanniJ;lg several seasons, in Alaska. 

For bridge substructure work we have estimated a number of indirect 

items of work that are large in dollar cost and can only be arbitrarily allocated 

to a bid item breakdown. As these items include the contractors' yard and shop 

facilities that were included in the OH & GA costs for the causeway work, 

we have reduced the OH & GA factor for bridge substructure work to 16% of 

the total of the direct cost and other indirect costs. Again, this factor is 

based on experience and judgment. 

1-.------------- - .JACOBS ASSOCIATES -------------
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ESCAlATION 

The estimates in this report are based on the contractor bid prices 

that could be expected if bids were taken in the fall of 1971, with con­

struction to start in January 1972. No attempt has been made to forecast the 

escalation that normally would occur during the delay that will elapse before 

a single alternate is selected, detailed designs prepared, and bids taken. 

However, the estimates do take into consideration the likely 

escalation in costs that could be expected in the four to six-year construction 

period. The forecast of labor cost escalation is based on annual increases that 

decrease from 10% for 1971- 1972 to 6% between 1975 and 1976. This 

slowdown in the rate of increases in construction wages is based on the 

anticipated effect of the Administration • s Construction Industry Stabilization 

Committee organized in the spring of 1971. This represents our forecast of 

the-effectiveness this committee will have on controlling construction wage 

rates. It is impossible to forecast the effect of the more recent wage freeze 

and any successor economic controls. 

The equipment operating costs are based on 1971 costs with an 

escalation factor of 20% added. This is the approximate equivalent of 6% 

escalation per year for three years. This would cover the year 1973, 

which is likely to be the peak year of use of construction equipment and 

be close enough to the midpoint of the schedules to use an an average cost. 

For materials costs, a factor of 15% over 1971 was used. 

The materials are not a large part of the construction costs except for bridge 

superstructures, and the superstructure estimate was made by HNT&B. 
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MARKUP 

The items that a contractor considers in markup are normally 

escalation, contingency and profit. In these estimates, escalation during 

the life of the job is already included in the direct and indirect costs and 

no escalation for delay in starting is to be included. The normal 

contractor ' s profit on a job of this magnitude, but with relatively slight 

risk of unforseeable difficulties, would likely be in the range of 8% to 10%. 

These estimates have included in the direct cost all the known difficulties 

in the work, as well as we can forsee them. There is still a sizeable 

risk in any of these jobs that the foreseen difficulties will be worse than 

anticipated. Further, in any of these alternate designs, the required 

construction techniques will stretch the state -of-the-art to the limit, 

and the partially completed structures and contractors' plant will be 

exposed to possible severe winter storms for one or more seasons. 

Inasmuch as a contingency is an allowance for unforeseen difficulties, 

it is impossible to estimate a contingency. In view of these factors 

we have used a total markup (profit and contingency combined) of 15% 

of total costs for all the estimates except the causeway dam at line IV. 

This latter alternate is considered to be the most hazardous undertaking 

for a contractor and consequently we have used a total markup of 20% of 

total cost of this estimate. The difference between the total markup 

and normal profit represents an assessment of the contingency allowance 

a contractor would make. 
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BID PRICES 

The determination of the bid prices used in these estimates has 

been based on a completely balanced bid. A factor is determined by dividing 

the total of direct costs, indirect costs and markup qy the direct costs . 

Then this factor is uniformly applied to all unit direct costs and the result 

is slightly rounded off to give reasonably round numbers for bid unit 

prices . After extension of the rounded bid unit price times the quantity of 

work, the resulting amounts are totaled and checked back to make sure 

that the rounding-off procedure did not result in a significant increase or 

decrease in the total bid. 

In actua~ bidding, contractors seldom make a completely balanced 

bid. Far work spanning several seasons they will commonly bid higher on 

the items of work to be performed early in the job in order to gain a 

financing advantage . T}lere are many other philosophies and systems used in 

getting from direct costs to bid prices for work items, but such a discussion 

is outside the scope of this assignment. It should be noted that sizeable 

mobilization items have been included in the cost estimates . Very little 

pay work items will be accomplished in the first season of work, but the 

contractor will have invested at least these amounts in the job . As the 

State can borrow money at interest rates likely to be in the range of 4% 

less than most contractors pay, the inclusion of a mobilization item in 

the bid tabulation should result in a net cost savings to the State. 
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BRIDGE CONSTRUCTION 

We have made a detailed study of the proposed bridge pier construction 

sequence suggested by HNT&B. We are in basic agreement that the use of 

precast concrete shells supported on 36" diameter pipe piles is a good 

workable solution to the problem. Further study might show that fabricated 

steel shells might be competitive with the precast concrete shells. The 

steel shells might weigh much less and likely could be fabricated in the 

Washington-oregon area and barged to site. 

We have generally concurred with the various steps in the sequence 

of construction proposed by HNT&B. One modification that we believe is 

necessary is to utilize a ring caisson with cutting edge to support the sides 

of the bridge pier excavation to prevent current damage or silting of the 

excavation and help break the force of the current after setting the base 

shell in a precise location. An extensive anchoring system will be required 

to hold the caissons 1 precast pier sections 1 and the floating equipment in 

place against the force of the tidal current. 

While we would plan to use jackup-type dredges 1 derricks and 

pile drivers for this work 1 it would still be necessary to provide access 

dredging to the piers located in the shallower water on each side of the 

river. This wruld be required because movement of tugs and barges would 

be necessary at all stages of tide levels 1 and cannot be re~tricted to 

periods of high tides only. Even the jackup-type equipment will require a 

fairly large draft when being moved from pier to pier. We have assumed 

that access dredging will be required to elevation minus 35 MSL and to a 

width of 150' with 4:1 side slopes for the necessary flotation and maneuvering 

space. 
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Another major consideration in bridge construction will be the construc­

tion of a major dock and yard area . This would be located as close as possible 

to one abutment of the bridge, on the Anchorage side . The dock will not only 

be required for day to day usage in shipping materials to the piers and 

handling tugs and workboats, but also will be required for docking the large 

floating equipment· during winter layup and major storms. 

A large yard area will be required immediately adjacent to the dock 

facilities for precasting of the major bridge pier shell sections and storage 

of superstructure steel. It may also be used as the site of considerable 

fabrication of superstructure steel, in particular the orthotropic deck 

sections . The most likely method of superstructure erection will be assembly 

of complete 400 1 truss spans on barges at the jobsite dock facilities for 

placement by the barge sinking method, except that the outgoing tide action 

will eliminate the need to sink the barge . A system for handling the major 

lifts of precast concrete segments will be required in the yard and at the 

dock side far loading these segments onto barges for transfer to the pier 

sites. 

All of the facilities noted above will be required for any of the various 

bridge alternates . The detailed layout and estimate of the required facilities 

has not been mad& at this time. We have made what we believe is a reasonable 

allowance for these facilities in our calculation of indirect costs of the 

bridges . 

We believe that the work on the bridges will basically proceed on a single 

shift basis seven days per week. This is primarily due to the need to have 

the best possible visibility for this type of work . We have assumed that it 
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will be necessary to do some juggling of the starting and finishing times each 

day and to pay some overtime during most critical operations in order to 

make best use of tidal fluctuations. Productivity will be low due to the 

adverse tide situation. We have planned to use helicopters rather 

extensively to facilitate communications between floating plant and shore. 

We have even planned to use helicopters for changing crews, as we 

believe too much time would be lost in attempting to use more standard type 

crewboats on these long crossings in swift tidal currents. 
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PRE-CAST CONCRETE PIER SHELL 

The largest item in bridge substructure costs is the pre-cast concrete 

pier shells. About 40% of the direct cost of this item is in the fabrication on 

shore of the pre-cast segments. The high cost of this work is due to the 

very high form ratio (SF /CY) of the she 11 sections, together with the need 

for precision work in order to get watertight seals when the sections are 

joined. 

About 50% of the cost of this item is in setting the pre-cast shell 

sections. We have estimated that it will take the large derrick barge one 

day to set the erection guide towers, one day to set each light (25-80 ton) 

lift, and three days to set each heavy (200-400 ton) lift. For the bridge at 

Line IV 1 a total of 300 days will be required to set the precast segments. 

The production on this item will be the control on overall progress of the 

bridge pier construction. 

OTHER BRIDGE CONCRETE 

The remaining bridge concrete was seperated into items for tremie 

concrete 1 shell-filler concrete, and pier cap concrete. These items of 

work are relatively straight-forward operations with no particular difficulty 

foreseen beyond the general job conditions . The large range in unit prices 

is primarily a function of the formwork ratio and finishing work required by 

the respective items. 
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36" PIPE PILES 

A large portion of the substructure cost is in the 3 6" pipe piles. 

We have used the HNT&B supplied takeoff for the quantity of piles to be 

driven. We have assumed a 1/2" wall thickness for the steel piles. 

When the required concrete fill is added to the pipe cost we have a 

material cost of $48.00 per LF that is about half of the direct costs of $95 

to $102 per LF for this item. We also note that about 5 1 0 0 0 LF extra pipe 

will have to be brought in order that the piles will stick out above high 

tide until separate crews can come in to cleanout the piles and place the 

concrete fill. We have estimated that pile driving production of 4 piles 

(400 LF) per day is all that can be obtained in these tidal water and dense 

sand conditions. Cleaning out the piles will move faster 1 at the rate of 

6 piles per day. The cutoff and concrete fill operation should proceed at a 

pace of 1 0 piles per day 1 or two days per pier. 

It is noted that extra heavy special design pile leads will be 

required to handle these large diameter long piles in swift currents. The 

peak tidal current of about 13 FPS is many times the normal current 

condi:tion for this type of pile driving 1 and will cause large bending loads 

on the pile leads. Divers will have much trouble in these waters 1 as 

they commonly have difficulty working in 2FPS currents. 
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BRIDGE SUPERSTRUCTURE 

The estimates for the bridge superstructur~s are basically those 

supplied by HNT&B. These cover a 4, 500' main span suspension bridge 

at Line III and a series of 400' span orthotropic deck truss spans at 

Line IV and Line V. We have not attempted to make a detailed estimate 

of the structural steel superstructure work as this was not in the scope of 

the assignment. However, we have reviewed the plans and estimates with 

a major bridge contractor and he concurs that your estimated bid prices for 

superstructure steel are reasonable. This concurrence assumes that the 

specifications will require use of American steel and an American contractor. 

If foreign competition for the supply of the steel and construction is 

permitted, the bids received may be in the range of 10% less than those 

shown. The major competition would come from the Japanese; The effect 

of the recent 10% import duty on foreign goods would narrow but probably 

not eliminate the differential. The truth of the situation is that the 

Japanese know the markets well enough so that they never bid more than 

10% under American competition, but we do not know how much more they 

could afford to cut prices if they were forced to do so. 

The HNT&B superstructure estimates were included herein to 

give a valid comparison of the total bid prices for a complete crossing, 

and not just on the portions of the work that we independently priced. 
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SOURCE OF ROCKFILL: 

Shannon & Wilson have reported that rock is to be found at both 

the Eklutna Quarry and Rainbow Quarry. It may be possible to find the 

rock a little closer to the crossing sites (in the Eagle River Valley), but 

the existence of the Alaska Railroad adjacent to these two quarry sites 

would cause one of them to be used. Further 'investigation at Eklutna 

would be necessary to determine if adequate large rock could be 

found there, but it apparently would be found at Rainbow. 

It happens that both sites are just about exactly equally 

dif:tant from the causeway abutments after constructing access rail 

lines to the abutment areas. Therefore the choice of Eklutua over 

Rainbow is largely to avoid running trains through the city on a 24-hour 

basis. Rainbow is partially developed, but also is tightly packed 

next to the mainline and between the water and mountain. 

For the 26-mile haul from the quarry to the causeway the 

logical choice for quantities in excess of 1, 000, 000 CY is rail haulage. 

The savings over truck haul are estimated to be $1.50 perCY. About 

9 miles of haulage track construction and 2 miles of sidings and yards 

would have to be constructed to gain access to the causeways. 

The quarrying operation would be relatively standard type work. 

Substantial clearing and stripping work would be required to develop 

sufficient quantity of rock in total, and open up enough face for volume 

production. The prime loading units would be rubber-tired front end 

loaders of 10 CY capacity, giving both productivity and flexibility. Much 

selection and temporary stockpiling of rock will be required to save the 
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larger rock for closure and rip rap work. Considerable undersized 

waste will be generated in trying to get large rock. We have estimated 

as much as 60% of the quarry may have to be wasted in producing 

4. 0' rock, with an overall wastage of 22% of the rock quarried for 

all classes of rock required for the causeway dam at Line V. 
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DUMPED ROCKFILL 

All of the rock that can be directly dumped into place will be so 

placed as this is the cheapest placement operati on. It is not feasible 

to attempt to place the rock by dumping directly from the railroad cars 

used for haulage from the quarry. The rai l r oad cars would be side-dumped 

from a trestle, or retained fill, at a convenient location on the shoreline . 

The typical 10 CY front-end loader will be used at the rail trestle to pick 

up the rock and load 6o ton rocker dump trucks . These trucks were picked 

for tight turning radius, steep dump angle, and drivers on firm ground 

when dumping at edge of fill . However, others might select straight rear­

dump trucks and possibly gain a slight cost advantage . 

No compaction other than traffic and the washing action of the tidal 

water flow was considered necessary for compacting rockfill . This assumption 

should be checked with the fill designers, but we see no way of compacting 

rock below water. 
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BARGED ROCKFILL: 

These estimates are based on using Manitowac hydro-dump barges 

of 2, 000 ton capacity and 14-foot draft. A 600' long barge loading pier 

would have to be constructed. We have planned to use filled sheet 

pile cells for the barge pier. An access channel would have to be 

dredged to the pier for flotation at all tide levels. The rock would 

have to be lowered into the barge by large clamshell cranes to 

minimize the damage caused by the free dropping of large rock. For 

the Causeway Dam at Line V, three barges and two tugs would have to 

average three trips total per day. This would be a 75% efficiency 

factor on the four slack tides per day. Only one trip per tide is seen 

possible for each tug in these current conditions. 

BARGED AND REHANDlED ROCKFILL: 

In several instances it will be necessary to barge rockfill, and then 

pick it up again to place it higher on the fill. We have planned to barge 

dump into place only that rockfill below Elev. - 10 MSL. This is the 

level at which you would have sufficient freeboard under a loaded barge 

over 30% of the time in the total tide range. We would not estimate 

that we could plan to maintain barge production over any tighter range of 

available tides. 

Rehandling would be done by reclaiming with a dragline handling 

a 6 CY bucket. In some cases the drag line could rehandle the material 

directly into place on the fill by swinging 90° - 180°. In other cases it 

was necessary to load trucks for hauling reclaimed material to the 

final location: 

29 

L---------------- JACD 85 AS 50 CIATES ----------------l 

D-31 



D-32 

CABLEWAY PLACED ROCKFILL: 

While the lower portions of the 6 ,000' closure sections can be 

placed by direct barge dumping, the only feasible way to place the 

critical middle stages of the closure is by cableway. Considerable 

research of the literature and discussions with manufacturers led to 

the adopted cableway design. This would be Tramway-type system 

with 4" suspension cables and 1-1/2" haulage cable. Carriages for 

20 ton rock skips wou1d be spaced at 700' centers on the haul cable. 

The cableway would be supported in 1400' spans on intermediate 

towers erected on sunken barges specially designed and fabricated for 

this purpose. No single 4" cable can be made to span the full 6,600' 

overall length, but special fittings can be made to permit use of 

multiple lengths of cables dead-ended at the tower and still have the 

'ltamway carriages pass over t~splice locations. 

The Tramway haul cable would travel at a line speed of 400 FPM, 

and at each end the Tramway would have a turnaround track to reverse 

the direction of the carriages and haul cable. The skips would be 

automatically dumped by a timing device at the proper locat ion for 

maintaining the desired level weir crest. The estimated average 

production for this cableway would be 400 CY/HR worked, just s uffic ient 

to make the Closure at Line V in one season of around the clock operation. 

For the Closure at Line IV, three seasons of cableway placement would 

be required. It is somewhat doubtful that a prudent man would undertake 

the latter closure, but as this is the highest priced alte rnate it is 

unlikely that anyone will have to try it. 
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DREDGED SAND FILL 

The present design section of the causeway fill (Shannon & Wilson Fig. 9) 

calls for a large volume of dredged sand fill to be placed on the upstream face. 

We have assumed that this will be placed in the last season after the rockfill 

closure has been made for the two dam alternates. While the rockfill will 

be quite pervious, the tidal range will be drastically reduced to a fluctuation 

that would permit use of standard suction dredges. However, because the 

channel will be blocked, it will not be possible to use the more economical 

large size dredges warranted by the volume of fill required. Therefore, 

three to six smaller portable type dredge will have to be hauled overland 

and assembled on the newly formed lake. Thus the costs for dredging 

will be higher than might have been expected. 

For the dam at Line V, a large volume of material lies close at 

hand in the flats between the two main channels. But for the dam at 

Line IV it would be necessary to go several miles upstream to find sufficient 

material at shallow depths along the shoreline taking care. not to undermine 

the existing bluffs. Thus the dredging costs at Line IV will be higher than 

those at Line V. 

For the causeway island between bridge sections at line V, we 

would propose creating artificial lakes for the portable suction dredges in 

the swampy flat areas near each bridge abutment. The dredge discharge 

pipeline would be run across the completed bridge decks, using booster 

pumps as necessary • 
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SPILLWAY EXCAVATION: 

It would be desirable to utilize the spillway excavation in the 

causeway dam fill if possible 1 and further study should be made to see if 

this can not be done. Our estimates are based on wasting the required 
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excavation due to it being unsatisfactory for fill in the opinion of Shannon & Wilson. 

The tremendous volume of required excavation will present a major disposal 

problem. We have assumed that it cannot be wasted into the Knik Ann 

because it would silt up the harbor and cause ecological damage to the 

fish industry. Our choice of disposal location is adjacent to the bluffs 

forming the southwest bank of the Eagle River Flats. This is relatively 

close to Line V 1 but a four-mile haul from Line IV. It is also a haul up out of 

a hole and over the bluffs from Line IV 1 greatly adding to the costs of that alternate. 

The excavation is estimated to be performed in the relative dry down 

to elevation 20 MSL with judicious sumping and planning of excavation 

procedure. This dry excavation will be performed by the typical 10 CY 

front-epd loaders and the hauling by the typical 60-ton wagon dumps or rear dumps. 

Below Elev. 20 the excavation will be relatively wet. It is assumed 

to be handled by 6 CY drag lines operating off Elev. 20 and digging down to 

grade. The haul units will be the same as above. 

SPILLWAY CONCRETE 

The spillway concrete work is relatively simple compared to other 

work estimated. As long as the design remains simply an ungated overflow 

structure with clean lines 1 the cost will be quite reasonalbe. Addition of any 

types of gates would add substantially to the costs. While we were not 

furnished a design of a bridge over the spillway 1 one will be required and we 

have made assumptions that we think fit a series of short steel girder spans 

on simple concrete piers. 
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1. Introduction 

GEOLOGIC AND ENGINEERING 

RECONNAISSANCE 

VICINITY OF THE PROPOSED 

KNIK ARM CROSSING 

ANCHORAGE I ALASKA 

W-2130-01 

This report presents a description of the investigations conducted 

and conclusions developed during a four-day geologic and engineering 

reconnaissance of the Knik Arm area conducted in early June 1971. The 

field inspection was accomplished as a joint effort by Mr. Gay D. Jones 

of HNTB and Messrs. R. J. Deacon, E. D. Schwantes and W. L. Shannon 

of Shannon & Wilson, Inc . Because of a general lack of roads into the 

study area and the severe tidal currents in the Arm, access into the area 

for this reconnaissance was via a chartered helicopter. 

1.1 Purpose. The Knik Arm reconnaissance was conducted to 

determine the geologic and engineering properties of the soils and shore­

line features by means of visual inspection. Also included is a review of 

published and unpublished data in the vicinity of three alternate routes 

for the proposed Knik Arm crossing . In addition, a preliminary evaluation 

of potential sources for construction materials (such as grave l and rip rap) 

is included • 

- 1-
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1.2 ~- This investigation consisted of a visual recon-

naissance of the site, review of published and unpublished data on the 

geology of the region, and study of available borings and sub-bottom 

geophysical soundings. The reconnaissance included both a general 

review of the entire Knik Arm as well as a detailed inspection of each 

proposed abutment site. 'Where possible, the detailed inspection included 

scaling the bluff to permit more complete observation and mapping of the 

exposed soils. 

Because of this project's close proximity to Anchorage, much of the 

published geologic and foundation engineering data can be projected over 

the Knik Arm area. To supplement this information, meetings with personnel 

from the U.S. Geologic Survey (U.S .G .S .) , the Corps of Engineers and the 

Bureau of Land Management (B.L.M .) were held to discuss various aspects 

of the proposed crossings. A list of the various references used is presented 

at the end of this report. 

Because the proposed alignments are not staked and existing maps 

are to a relatively small scale (limited detail), elevations and locations 

described herein should be considered as approximate. 

1.3 ProJect Description. Three alternate routes for the Knik 

Arm crossing (designated: III, IV and V) are presently being considered as 

shown in the Vicinity Map, Fig. 1. Because of widely varying conditions 

(length , depth of water, current velocity, etc.) a different type of crossing 

- 2- SHANNON AND WILSON, INC. 
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structure is being considered at each of the three sites. It is our under­

standing that the type of structure has been narrowed to either a bridge 

or causeway-dam and that three other sites (designated: I, II and VI) 

and a tunnel scheme were evaluated previously and discarded as not being 

feasible. As presently laid out, an 8,585-foot suspension bridge would 

be used at Location III, a 13, 2 00-foot, double deck, orthotropic truss 

bridge would be used at Location TV and an 25, 500-foot causeway-dam at 

Location V o 

2. Geology 

2 ol Regional Geology. The Knik Arm is part of the Cook Inlet 

Lowland physiographic province, which is a major marine re-entrant along 

the Pacific Ocean coastline in southcentral Alaska. The Cook Inlet Lowland 

is a structural trough underlain by rocks of Mesozoic and Tertiary age and 

mantled largely by Quaternary glacial deposits of variable thickness. In 

the Knik Arm area the lowlands are bordered to the southeast and east by 

the Chugach Mountains, to the north by the Talkeetna Mountains and to 

the west by Mount Susitnao These mountains are underlain by Jurassic 

and younger metavolcanics and graywacke, which locally are intruded by 

large masses of granite and by small areas of gabbro and peridotite o 

- 3- SHANNON AND WILSON, INC. 
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The topography of the lowland is primarily the result of five major 

Pleistocene glaciations and two post-Pleistocene glacial advances I Karlstrom 

(1964). The Pleistocene glaciations are from oldest to youngest: Mount Susitnal 

Caribou Hills (both Kenai Lowland glaciations) 1 Eklutna 1 Knik and Naptowne. 

The latter three are the principal glaciations in the Knik Arm area. The 

approximate limits of ice advance during the Knik and Naptowne glaciations 

are presented in Fig. 2 . 

Information from deep water wells indicates that the total thickness 

of glacial deposits in the Anchorage area is over 468 feet near Fort Richardson 

and over 778 feet at Elmendorf Air Force Base. Oil test wells indicate that 

glacial deposits of over 11 000 feet in thickness exist in some areas 

within the region. 

Soil units of the Knik glaciation include the Bootlegger Cove Clay 

as described by Miller and Dobrovolny (1959) and a lower till which outcrops 

beneath the Bootlegger formation south of the study area. 

Deposits of Naptowne glaciation overlie the Knik deposits and comprise 

the majority of the soil units exposed in the east and west bluffs of Knik 

Arm north of Anchorage. In the vicinity of Location III these include 

widely varying end-moraine deposits consisting of waterlain till mixed 

with outwash gravels. Farther to the north there are younger ground moraine 

and recessional outwash deposits. 

- 4- SHANNON AND WILSON, INC. 
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On the bottom of Knik Arm the glacial deposits locally are overlain 

by recent deposits of soft silt and fine sand. Extensive sand-gravel 

deposits overlie the glacial soils at the mouth of the Knik and Matanuska 

Rivers at the head of the Arm. 

In general, the shoreline of Knik Arm north of Anchorage has relatively 

steep, gravel paved beaches with 100 to 150-foot high bluffs rising above the 

high water line. In a few areas north of Location V there are wide breaks in 

the bluffs. At these points, such as Eagle River Flats, the terrain is that of 

flat, low-lying marsh land. In general , the upland areas immediately in­

shore from the bluffs exhibit a hummocky, knob and kettle topography. A 

number of the kettles have filled with water, forming small lakes or ponds. 

Though there are no mapped faults within the immediate vicinity of 

Knik Arm, this is a seismically active area. In addition to the well publicized 

landslides, the March 27, 1964 earthquake caused widespread tectonic changes 

in elevation throughout most of southcentral Alaska. In general, post-earth­

quake surveys indicate that the Knik Arm area subsided slightly over 2 feet. 

2. 2 Site Studies. The following paragraphs summarize the 

results of our studies of the three selected crossings, designated III, IV 

and V. Included is our interpretation of the sub-bottom conditions based 

upon the geophysical soundings made by Dames & Moore for the Alaska 

State Highway Department and the two borings, one deep and one very 

shallow, made by the Alaska State Highway Department. 

- 5 ~ 
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The three proposed crossings are shown in Fig. 3. Included on this 

figure is a general summary of our observations and evaluation of the 

stability of the bluffs at each end of each crossing. 

2. 2 .1 Crossing Location III, Location III commences on the east 

side of Knik Ann about two miles north of Anchorage at Cairn Point and 

crosses the Arm on a bearing of about N70W reaching the west side of the 

Arm about two miles north of Point McKenzie. 

A pro file at Location III is shown in Fig. 4, on which is shown our 

interpretation of the subsurface conditions. Beneath Knik Arm two separate 

formations are believed to be present. The upper formation is described as 

a medium dense sand and is believed to be of recent origin and consists 

of sediments brought into the Arm by the Knik and Matanuska Rivers. The 

underlying formation is believed to be of the same origin as the bluffs on 

either side and consisting of dense, unidentified soils. 

East Abutment Area - The bluff on the east side is in excess 

of 100 feet in height. It is nearly vertical and contains extensive gullying 

in the upper part with numerous shallow slump "pop outs" on the sides of 

the gullies. The lower portion of the slope is also scarred by shallow 

slump features. The soils exposed in the bluff can be divided into two 

major units: (1) the upper unit consists of over 100 feet of compact, 

gray-brown, massive pebble and cobble TILL with a matrix of silty and 

clayey fine sand with lenses and beds of clean fine sand; (2) the lower 

- 6- SHANNON AND WILSON, INC. 
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unit consists of interbedded layers of weakly cemented gravel and brown to 

gray TILL. Geologic mapping by Miller and Dobrovolny (1959) indicates 

the presence of the Bootlegger Cove Clay along the toe of the bluff at 

Cairn Point; however, no outcrop of Bootlegger was observed at this location 

during our inspection. 

West Abutment Area - The bluff on the west side of the Arm at Location 

III ranges in height from about 150 to 175 feet. As presently designed, 

the west approach is located immediately north of an extensive landslide 

which occurred during the 1964 earthquake. All surface indications are 

that this massive slide is similar in nature to those which occurred in the 

City of Anchorage at the same time. Extensive, post-earthquake studies 

have shown that the Anchorage slides developed as a result of liquefaction 

of thin sand seams within the Bootlegger Cove Clay. Bordering this recent 

slide on the north and extending northerly along the bluff for two or three 

hundred feet is an older slide with several steplike displacement blocks. 

The soils in the bluff consist of two principal units: (l) the upper 

unit, about 35 to 40 feet thick, consists of gray, massive, pebble and 

cobble TILL with scattered boulders and a fine, silty sand matrix. At the 

south edge of the bluff, above the recent (1964) landslide, the TILL grades 

upward and laterally to a brown-gray, cross-bedded and penecontemporaneous 

slump contorted, pebble gravel with local iron staining. (2) The lower unit 

exposed at this location is Bootlegger Cove Clay . It consists of dark gray, 
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unit consists of interbedded layers of weakly cemented gravel and brown to 

gray TILL. Geologic mapping by Miller and Dobrovolny (1959) indicates 

the presence of the Bootlegger Cave Clay along the toe of the bluff at 

Cairn Pbint; however, no outcrop of Bootlegger was observed at this location 

during our inspection . 

West Abutment Area - The bluff on the west side of the Arm at Location 

III ranges in height from about 150 to 175 feet . As presently designed, 

the west approach is located immediately north of an extensive landslide 

which occurred during the 1964 earthquake. All surface indications are 

that this massive slide is similar in nature to those which occurred in the 

City of Anchorage at the same time . Extensive, post-earthquake studies 

have shown that the Anchorage slides developed as a result of liquefaction 

of thin sand seams within the Bootlegger Cove Clay. Bordering this recent 

slide on the north and extending northerly along the bluff for two or three 

hundred feet is an older slide with several steplike displacement blocks. 

The soils in the bluff consist of two principal units: (l) the upper 

unit, about 35 to 40 feet thick, consists of gray, massive, pebble and 

cobble TILL with scattered boulders and a fine, silty sand matrix. At the 

south edge of the bluff, above the recent (1964) landslide, the TILL grades 

upward and laterally to a brown-gray, cross-bedded and penecontemporaneous 

slump contorted, pebble gravel with local iron staining . (2) The lower unit 

exposed at this location is Bootlegger Cove Clay. It consists of dark gray, 

- 7 -
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massive, very stiff to hard CLAY with occasional interbedded thin sheets 

(2 to 3 feet thick) of pebble till. This lower unit occupies about one-half 

to two-thirds of the bluff and is estimated to be about 115 feet thick. The 

apparent hardness of this clay unit as exposed in the face of the bluff is 

probably the result of desiccation and not representative of the unit as a 

whole. 

Lateral variability of the soil section is indicated in the bluff about 

300 feet north of the section discussed above. Here the bluff consists of: 

(1) a 25-foot deposit of brown, cross-bedded to massive SAND at the top, 

underlain by, (2) a 35-foot layer of brown-gray, cross-bedded SAND and 

GRAVEL with water flowing at the base of the unit, and (3) a lower, 

75-foot thick unit of Bootlegger Cove Clay. Shallow mudflows are common 

in the Bootlegger Cove Clay as a result of water seeping from the base 

of the sand and gravel unit. 

2.2.2 Crossing Location IV. Location IV commences on the east 

side of the Arm near Green Lake about two miles north of Location III. 

It extends across the Arm on a bearing of about N70W and reaches the 

bluff on the west side about a mile east of Lake Lorraine. 

As at Location III, the subsurface conditions beneath the Arm, 

as presented in Fig. 5, are based on our interpretation of the 1970 geo­

physical investigation by Dames & Moore. In general, this indicates 
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that medium to dense alluvial deposits are underlain by dense glacial soils. 

Boring BC-1, drilled close to the center of the Location rv crossing, was too 

shallow (9') to be of any significant value. 

East Abutment Area - Topographic information indicates that 

the bluff on the east side at Location rv ranges from 60 - 75 feet in height. 

Soils in the bluff vary rapidly over short horizontal and vertical distances. 

The section consists of three main units: 0) an upper unit of brown SAND 

with thin lenses of gravel which overlies both of the older ~its. This 

upper unit ranges in thickness from 5 to 10 feet along the top of the bluff. 

(2) The middle unit consists of very compact, light brown pebble and cobble 

TILL, which phases laterally to the north into a vertically cross-bedded 

sand and gravel. This unit ranges in thickness from 40 to 60 feet. 

(3) The lower unit is a stiff, massive, dark gray, CLAY similar to the 

Bootlegger Cove Clay to the south. However, it is our understanding 

{personal communication with w. w. Barnwell) that the U.S.G.S. does 

not map this unit as Bootlegger, even though it appears to be almost 

identical. 

Gullying and sloughing is common in the upper half of the slope at 

this location. One relatively recent, 50-foot wide, slump block rests on 

the beach at the toe of the bluff adjacent to the proposed abutment. 
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West Abutment Area - The bluff on the west side at Location N 

ranges from about 125 to 150 feet in height. The bluff section is characterized 

by numerous shallow slump areas and mudflows. The bluff contains two 

principal soil units : (1) An upper unit 60 to 70 feet thick consisting of 

relatively loose, brown SAND and GRAVEL with several 10 to 20-foot thick 

layers of dense, brown TD..L. Water was observed seeping from the base 

of this unit at numerous localities . (2) The lower unit, comprising about 

one-half the height of the bluff (50 to 70 feet), consists of very stiff, dark 

blue-gray ClAY (Bootlegger type) with abundant rounded pebbles . Mud-

flows are numerous in the lower clay unit as a result of water flowing over 

the clay from the base of the overlying sand and gravel. 

About a mile north of this location, the upper unit in the bluff 

section grades into a compact, massive, pebble and cobble TILL. Though 

the Bootlegger type clay is present in the lower third of the bluff, the 

slope stands nearly vertical with little or no sloughing or mudflows. 

2.2.3 Crossing Location V. Location V commences at the bluff 

just west of Eagle Bay and extends northwesterly across the tideflats in the 

center of the inlet to a bluff on the west side at the south edge of Goose 

Bay. The approach on the east side is about 7 miles north of Anchorage . 

Our interpretation of the subsurface conditions beneath Knik Arm 

at Location V are presented in Fig. 6. In addition to the recent Dames & 

Moore geophysical study, which roughly parallels the proposed crossing, 
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the profile is based on a single, 120-foot boring (DF-1) drilled by the Alaska 

Department of Highways. The layered system of silt and fine sand 

encountered in the boring between the 62 to 103-foot depth apparently 

did not appear as a distinctive, separate unit in the geophysical study. 

As at Locations III and IV, the more recent sediments are underlain by very 

dense soils, probably of glacial origin . 

East Abutment Area - The bluff on the east side of the Arm 

at Location V ranges from about 75 to 100 feet in height. It is nearly 

vertical with no significant slumping or sloughing. The soils comprising 

the bluff consist of two units : (1) an upper unit of brown, cross-bedded SAND 

and GRAVEL which varies in thickness from 10 to 20 feet, and (2) a lower 

unit consisting of very compact light brown to tan, pebble TILL. 

West Abutment Area - The bluff at the west approach is about 

1/2 mile long and rises to heights of 100 to 150 feet; slopes are near vertical 

and stable. However, it is isolated on the north and south by relatively 

low marshlands. Soil units exposed in the bluff from the top downward 

are: (1) an upper 5 to 30-foot thick unit , which is exposed only at the 

south end of the bluff, consisting of brown, cross-bedded SAND and 

GRAVEL. Minor sloughing occurs in this unit. (2) A massive pebble 

and cobble TILL with scattered boulders underlies the upper unit and extends 

to the base of the bluff. The till is very compact and varies in color from 

gray at the top to trown at the bottom . Although not exposed along most 

- 11- SHANNON AND WILSON, INC. 



W-2130-01 

of this section of the bluff, about 500 feet to the north, exposures of stiff, 

gray, Bootlegger type clay were observed, which indicates that the massive 

TILL is probably underlain by clay immediately beneath the beach surface. 

2.3 Present Geologic Activity. As a result of natural geologic 

processes, the bluffs along Knik Arm are retreating at a significant rate. 

At each of the abutment sites the bluffs are being eroded by the combined 

action of waves, ice, tidal variation, flood, wind, frost, gravity, surface 

water runoff and subsurface seepage. It has not been possible to determine 

the rate of retreat; however, based on visual observations we are of the 

opinion that this rate may average roughly 1/2 foot per year and range from 

place to place within limits of nearly zero to more than one foot per year. 

The 1964 tectonic subsidence of approximately two feet of the region would 

be expected to cause an acceleration of bluff erosion and an increase in 

sedimentation. In addition, immediately south of Location III earthquake 

related landslides have disturbed extensive areas along both the east and 

west shores of the Arm. 

In recent years the spectacular breakup of Lake George and resulting 

Knik River flooding has not occurred. However, in the past floods of five 

or six days duration resulting from this breakup have resulted in maximum 

peak discharges of 355,000 cfs. Though this probably would have little 

effect on the proposed bridge structures, it would be a factor in the design 

of the spillway for a causeway-dam. 
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3. Material Resources 

Preliminary field investigations and office studies were conducted 

to determine the availability of natural materials suitable for use in embank­

ments and as armor stone for rip-rap. In the field, traverses were made by 

helicopter of the bluffs bordering both sides of Knik Arm and at the mouth 

of the Knik and Matanuska Rivers to inspect exposed sand and gravel 

deposits. The field reconnaissance also included the inspection of several 

existing stone quarries developed by the Alaska Railroad. The quarries 

inspected were located near Eklutna northeast of the crossings and near 

Rainbow on Turnagain Arm southeast of Anchorage as shown in Fig. 7. 

Published information, notably Miller and Dobrovolny (1959) and Cederstrom, 

Trainer and Waller (1964) has provided an important source of preliminary 

information on the distribution of gravel deposits and on rock sources. 

Sandra Clark, U.S. Geological Survey, Menlo Park, California (presently 

in the field at Anchorage) has also provided specific information (written 

communication, June 19, 1971) on the Eklutna Quarry. The 1969 report on 

the proposed Turnagain Arm Crossing by Armstrong Associates prepared 

for the State of Alaska Department of Highways provides information on the 

Alaska Railroad's quarry near Rainbow. 

Relatively large sand and gravel deposits are present in the 

Pleistocene glacial units in the uplands adjacent to the bluffs along Knik 

Arm and in the modem flood plain of the Knik and Matanuska River. The 

presence of small sand and gravel pits within the Military Reservation north 

- 13-
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of Elmendorf Air Force Base indicates that sand and gravel underlies an 

extensive area o These generally are recessional outwash deposits as 

indicated by Cederstrom, Trainer and Waller (1964) o While published 

information covering the west side of Knik Arm is not yet available, 

preliminary information indicates that glacial deposits should be similar 

to those on the east side of the Arm o Helicopter reconnaissance of the west 

side bluff north of Goose Bay revealed extensive sand and gravel deposits o 

In the bluff just south of the U.S. Air Force Radar Station (Sec. 16 & 17, 

TlSN, R3W) the deposits consisted of brown to gray, cross-bedded sand 

and gravel. The gravel portion, approximately 50-percent, consists of 

about 85-percent pebbles from 1 to 2. 5 inches, about 14-percent cobbles 

ranging from 3 to 8 inches and about 1 percent boulders over 12 inches. A 

10 to 20-foot thick till layer caps the bluff at this location. 

Modem flood plain gravels are found near the mouth of the Knik 

and Matanuska Rivers at the head of the Arm. These deposits appear in 

braided flood plains which extend upstream several miles above the Glenn 

Highway crossing and downstream in isolated bars for about 5 miles, as 

indicated in Fig 0 7. Inspection of these flood plain gravels indicates that 

they are predominantly sandy pebble gravels. The gravels range in size 

from 1 to 3 inches with a small percentage of cobbles to 5 inches. 

Preliminary information indicates that most of the gravels would be 

suitable for use in embankment construction or for concrete with proper 

processing o 
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Two sources of rock for embankment construction and rip-rap were 

inspected during our field investigation. These were the Alaska Railroad 

quarries near Eklutna on Knik Arm and near Rainbow on Turnagain Arm. 

A brief inspection of the southeast face of the quarry at Eklutna, 

12 miles northeast of the Location V crossing, indicated that the rock is a 

hard, greenish-gray metavolca nic . Joints and fractures are close, ranging 

from a few inches to about 1. 5 to 2 feet. The rock appears to be of suitable 

quality for small size stone for use in a rock embankment, but not sufficiently 

massive to produce armor stone. A recent letter from Sandra Clark, U.S.G.S. 

geologist, indicates that massive quartz diorite is also present at this 

locality and that it might produce suitable large stone. The diorite was not 

observed during our inspection. It is considered possible that a new quarry 

in the Chugach Range east of Eklutna could be developed for rock of all sizes. 

The Alaska Railroad quarry near Rainbow is about 50 barge miles south 

down Knik Arm and easterly up Turnagain Arm from the Location V crossing. 

The rock generally consists of hard, massive to close jointed, dark green 

to gray metavolcanics. Joints and fractures vary from a few inches to 

several feet. U.S . Geological Survey information indicates that the specific 

gravity of the rock ranges from 2. 76 to 2. 80, which results in a weight of 

172 to 175 pcf. Armstrong Associates 0969) have presented information on 

the development and operation of this quarry. The railroad's requirement 
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for a well-graded rock mixture for use in embankments specified that 70 

percent of the material was to be between 2-1/2 cubic feet and 1 cubic yard 

in size with not more than 10 percent less than 6 inches in diameter. The 

quarry reportedly produced about 400 1 000 cubic yards of rock in these size 

ranges with about 20 percent fine materials o No information is available 

on the percentage of large stone that was produced. Judging from the jointing 

exposed in the quarry I it is estimated that 10 percent of the stone could be 

produced in 15 to 20 ton blocks. 

From our inspections and studies we conclude that large quantities 

of sand and gravel for embankment construction or for concrete aggregate 

are available within 10 miles from the crossings. Rock is also available for 

embankment construction from nearby quarries 1 though an established source 

for large quantities of armor stone is presently not available. However 1 

the Alaska Railroad's quarry near Rainbow may prove to be the best source 

even though it apparently contains a relatively small percentage of large 

stone o For estimating purposes we are of the opinion that suitable rock 

in adequate quantity for a rock embankment can be located within 50 miles 

barge haul or within 15 to 35 miles rail or truck haul from Location V o 
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4. Engineering Considerations 

4.1 General 

The geologic history and present activity of the Knik Arm 

region combine to pose significant problems that must be considered in the 

design of structures under such circumstances. Earthquakes I waves I ice I 

tidal variation 1 wind 1 frost 1 gravity and both surface and subsurface water 

will influence the design of foundations 1 cut slopes 1 embankments and 

structures along the Arm. 

Each of the three proposed alignments will terminate in bluffs composed 

of glacial soils varying from compact till to stiff clay to sand and gravel. 

It is unlikely that bedrock or permafrost will be encountered at any of the 

sites. The following paragraphs more specifically relate the engineering 

problems of each site with the structure being considered. 

4. 2 Site Evaluation 

4.2.1 Crossing Location III. Because of its close proximity 

to Anchorage and the relatively short span (8,500 feet) I Location III is a 

logical choice for some type of crossing scheme. However 1 deep water 1 

strong currents 1 sea ice conditions and other considerations have apparently 

ruled out all structural schemes, except the suspension bridge presently 

being evaluated. 

The west abutment area at Location III is characterized by landslide 

topography. As noted previously 1 this represents both recent (1964) earth­

quake induced slides and older slumps 1 which resulted either from erosion 
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at the toe of the bluff or by an earlier earthquake. 

It is recommended that the west abutment cable anchorage be founded 

in an open excavation below the bottom of the Bootlegger Cove Clay. It is 

probable that water bearing granular soils underlie this clay, hence de­

watering should be included. For estimating purposes and lacking more 

definitive data the bottom of the clay may be assumed as not higher than 

elevation -10 MSL and possibly much deeper. In our opinion, anchorages 

are probably feasible only if the Bootlegger Cove Clay bottoms at -10 or above. 

Excavation slopes of lV on 4H are recommended with granular free draining 

backfill around the anchorage. With this configuration, the cable anchorage 

should be designed to not only retain the cable tension but also act as a 

buttress for the slope to the west in the event of an earthquake similar 

to that which occurred in 1964. It is anticipated that the combined dynamic 

forces imposed by the resloped bluff and bridge cables could be very sizeable. 

Though there was no significant lateral earth movement during the 

1964 earthquake at Cairn Point (east abutment Location III) and Bootlegger 

Cove Clay was not observed during our inspection of the site, we believe 

it reasonable to assume that the anchorage conditions may be only slightly 

better than those at the west abutment. The severe gullying and minor 

sloughing indicate that surface runoff and subsurface seepage will combine 

to create maintenance problems in cut slopes. However, this potential 

- 18-
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problem could be effectively controlled during construction by slope grading 

and installing surface drainage facilities combined with subsurface drains 

and graded filters as shown in Fig. 8 . The cable anchorage for the east 

abutment should be similar to that for the west abutment. 

To resist erosion at the toe of both the east and west bluffs, shore 

protection works will be required. These should extend for several hundred 

feet both north and south from the bridge and from above the maximum high 

water line to at least 20 feet below the low water line. Since this shore 

protection will be subjected to the action of ice as well as waves and tidal 

currents , consideration should be given to using massive Us ton±) units of armor 

stone or precast concrete shapes as shown in Fig. 8. 

It is recommended that the two main piers for the suspension towers 

be founded upon either cellular box caissons sunk by excavating in the 

wet from within the cells or upon deep piers constructed within steel 

sheet pile cofferdams. The use of sand islands probably will not be 

feasible because of the high tidal currents which probably would cause 

severe erosion and maintenance problems. The cellular box caissons 

should be sunk to a depth of at least 70 feet below channel bottom. The 

deep piers may be founded at 30 foot depth on steel H piles driven and 

jetted to a depth of approximately 100 feet below channel bottom. 

Dewatering of the cofferdammed excavation should follow the pouring of a 
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thick tremie seal. An allowable bearing not in excess of 15 tons per sq. ft. 

may be assumed for the cellular caissons and deep piers, and 100 to 200 tons 

per steel H pile depending upon pile dimensions, or in excess of 500 tons 

with specially designed pipe sections and driving techniques. 

4.2.2 Crossing Location IV. The east and west abutment areas 

are both characterized by severe gullying and minor slumping caused 

primarily by wave and ice erosion at the toe of the bluff, subsurface seepage 

from the base of the sandy units exposed in the bluff and surface runoff. 

Though the clay exposed along the toe of the bluff appears to be Bootlegger 

type, there was no visual evidence of major, earthquake related landslide 

activity 1 such as found at Location III and within the City of Anchorage. 

It is possible that the apparently stronger clay at Location IV is the result 

of glacial loading during the last ice advance, which did not extend over the 

City. This glacial preloading presumably consolidated the clays and 

somewhat densified any interbedded sand seams, such that the shear 

strength of these soils is increased and the susceptibility to liquefaction 

decreased. 

Based on the present bridge configuration, we believe there will be 

no significant problems in designing either footing or pile type foundations 

for the east and west approaches and abutments. However I a considerable 
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grading, drainage, and shore protection will be necessary to dress up 

and locally stabilize the degrading bluffs . 

The 25 offshore bri dge piers will be difficult to construct because of 

the persistent strong tidal currents, and during the winter, cold temperatures 

and sea ice , Possible boulders in the subsoil could make the installation 

of sheet piling for cofferdams impractical and difficult to maintain parti­

cularly under winter sea ice conditions. As at Location III, the use of 

sand islands may not be practical . Strong currents, water temperature 

and poor visibility also will greatly limit the use of divers to accomplish 

any underwater work, 

It is recommended the foundations for the piers consist of one of the 

following: 

a) Cellular box caissons founded at a depth of approximately 50 to 

100 feet or more below the bottom in the medium dense granular 

soils . 

b) Piers founded within the same depth inside cofferdammed excavations 

using a thick tremie seal followed by dewatering . 

c) Piers founded at a depth of 30 feet, within cofferdammed 

excavation, on steel H piles driven to refusal at a penetration 

of about 50 feet or more. Tremie seal cast then cofferdam 

dewatered . 
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d) Piers founded in dredged excavation on piles as above 

except that all construction carried out without dewatering 

utilizing techniques developed for offshore platforms by the 

oil industry. 

For cost estimating it is recommended that an allowable bearing 

pressure not in excess of 15 tons per sq. ft. be used for the cellular box 

caissons and the piers. Steel H piles may be designed for 100 to 200 tons 

per pile depending upon pile size, or in excess of 5 00 tons with specially 

designed pipe sections and driving techniques. 

4.2.3 Crossing Location V. As presently designed, the Location 

V crossing would be made using a 25 ,500-foot long causeway-dam. Such 

a structure would create a large, constant level, fresh water lake in the 

upper end of the Arm. The lake level would be controlled by a spillway to 

be located in the east abutment area. 

With respect to stability, the existing bluffs at the east and west 

abutments are as good as any in Knik Arm. Since these bluffs consist mainly 

of till, cut slopes could be relatively steep while abutment problems for 

the dam should be minimal. The till should prove to be an excellent 

foundation material for the spillway. 

Fig. 9 presents our preliminary recommendation for the causeway-dam 

cross section. This configuration, in our opinion, should have adequate 

stability against failure assuming the foundation conditions prove to be 
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reasonably good with the exception that some subsidence due to consolidation 

should be anticipated in a major earthquake. The essential features and 

the rationale for the section are described in the following paragraphs. 

A rock fill is selected over a sand and gravel fill primarily to 

achieve acceptable seismic stability. Also important in our opinion is the 

probable necessity to quarry large volumes of rock to obtain the needed rip-rap. 

And finally, it will be necessary to close two channels with water velocities 

which probably will be much greater than those presently occurring. These 

closures may be possible only with a rock fill. It is noted that the closure 

plan will probably require a hydraulic model study to determine sequence 

and particle size required for closure. The rock fill would be placed on the 

specially prepared gravel blanket, which acts as a filter, by bottom dump 

barges up to approximately elevation 0 MSL or possibly by end dumping from 

trucks. Above that elevation the rock would be placed in layers and compacted 

by the hauling and spreading equipment. It is possible that a substantial 

part of this upper portion of the fill could consist of clean, well graded, 

compacted sand and gravel. Upon completion of the rock fill, rip-rap 

would be placed from barges on the seaward face and a gravel blanket by 

skips on the lakeside face. Against the gravel blanket, fine sand from bars 

north of the dam would be placed by dredged fill method. Sufficient sand 

would be placed to develop a flat stable beach within the range of lake 

fluctuation and wave action. Though a major earthquake could cause sub­

sidence and failure of the upstream sand fill, such a failure would not be 

- 23-
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expected to result in a failure of the dam or roadway. An alternate lakeside 

treatment is shown in the insert on Fig. 9. It is expected that sedimentation 

of silt and fine sand on the upstream face would rapidly reduce the seepage 

through the structure to a small amount. 

4. 3 Seismic Design Considerations 

Knik Arm is in a geographic area of high and frequent seismic activity 

with the 1964 Alaska Earthquake (Richter magnitude 8.4 to 8.6) being the 

most recent major earthquake. This earthquake caused not only extensive 

damage to structures but also large landslides 1 including submarine slides 1 

and land subsidence. 

Landslides occurred at Anchorage related to the Bootlegger Cove 

clay formation. This clay is recognized as being present at Crossing 

Location III and recommendations presented in Section 4. 2.1 for stabilizing 

the slopes in the vicinity of the structure utilizing buttressing concepts 

developed as a result of studies following the 1964 earthquake. Slope 

flattening of other slopes is considered necessary for both static stability 

and seismic considerations but the latter is not expected to be significant. 

"Bootlegger-like" clays were also mapped at several spots north of 

Location III. 

Since bottom topography is gentle and bottom sediments 1 based on 

the single deep boring are believed to be dense or hard, the probabilities 

of submarine landslides are considered to be remote, with the exception 
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of any loosely placed fills or embankments. Similarly 1 land subsidence 

as a result of densification during an earthquake of bottom sediments i s 

considered to be minor. 

Since tectonic displacements of large magnitude have occurred in 

this locale I the possibility of future tectonic displacements should be 

considered as well as the effects of the tectonic displacement which 

occurred in the 1964 earthquake. 

The design of piles and caissons should include seismic con-

siderations. In dense or hard soils 1 such as are believed to exist at 

all locations 1 foundations can be expected to perform satisfactorily if 

designed by accepted practices for design loads which include a seismic 

component. For preliminary design and cost estimating 1 reasonable 

assumptions can be made based on generally accepted Zone III criteria 1 

though for final design the seismic design criteria should be based on 

the results of a detailed seismic response study. 

SHANNON & WILSON 1 INC. 
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RBP RALPH B . PECK CIVIL ENGINEER : GEOTECHNICS 

September 7, 1971 
J867 

Howard, Needles, Tammen & Bergendof f 
Consulting Engineers 
1805 Grand Avenue 
Kansas City, Missouri 64108 

SUBJECT : Knik Arm Crossing Stu~~ 
Gentlemen : 

This letter contains comments concerning the influence 
of soil conditions on' the proposed crossings of the Knik Arm 
at Lines III, IV, and V. Information available from various 
sources up to 1 September, 1971 has been given consi deration . 

Line III. It is my understanding that preliminary 
studies have indicat ed the cost of a single-span suspension 
bri dge at this location to be considerably in excess of 
alternati ves at Lines IV and V, and that such a br idge is 
no longer considered a like~ alternative . 

Even if the economic comparison were more favorable, 
technical cons i derati ons with respect to the stability of 
the abutments might increase the uncertainty of performance 
of the structures to an undesirable extent . A long- span 
suspension bridge should not be considered suitable for this 
site until the elevation of the bottom of the Bootlegger Cove 
Clay is definitely established at both anchorages . The 
anchorages, as pointed out by Shannon and Wilson, should be 
established below this formation. Otherwi se, they would be 
located above a horizontally l~ered formation of clay 
containing at least some seams or zones weaker than the 
average . Under the steady horizontal force associated with 
the cable tension, the anchorage would have a tendency to 
creep along one or more of the weak zones unless the stresses 
were restricted to a very low magnitude . Extensive tests 
would be required to determine the shearing stresses that 
could sajely be withst ood with~ creep; it is quite possible 
that the size of anchorage requ~ed to keep the stresses 
within appropriate limits would be excessive and would 
substantially increase the cost of the structur e. 
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Howard, Needles, Tammen & Bergendoff September 7, 1971 

The establishment of anchorages for long-span suspension 
bridges on materials subject to creep has rarely been 
attempted and only after exhaustive investigation. Hence, 
before such an alternative could be considered, the subsurface 
conditions at the proposed anchorages would need to be defined 
by boring, sampling, and testing. Only if the results of such 
investigations proved favorable should the alternative be 
entertained. 

Line IV. The proposed multi-span bridge crossing at 
Line IV would involve the construction of piers in water as 
much as 50 to perhaps 75 feet deep. A novel construction 
procedure has been studied by your organization: it includes 
means for establishing a base shell through which 36-inch 
pipe piles can be driven and on which can be erected 
segments forming an enclosure within which the pier shafts 
can be concreted in the dry except for a seal at the bottom. 
Although unusual, the techniques include procedures adapted 
from the construction of off-shore drilling rigs and appear 
to be feasible. 

The design criteria for the bridge indicate that earth­
quakes will be taken into account by computing lateral forces 
equal to 0.1 times the dead load applied horizontally in any 
direction at the center of gravity. This procedure may be 
satisfactory for an initial estimate of the cost of the bridge 
based on preliminary designs. However, because of the great 
depth of the sediments at the bridge crossing, it is likely 
that earthquake motions transmitted to the soil through the 
underlying rock will be considerably modified in the upper 
part of the alluvial materials. It is likely that the 
accelerations may be relatively low but the periods of 
vibration may be long and the displacements large. Hence, 
final design should be based on a dynamic analysis in which 
the relative movements of the tops of the piers are investi­
gated to provide a basis for assuring that the spans remain in 
position on the piers. In the earthquakes considered in the 
dynamic analysis, vertical as well as horizontal acceleration 
should be taken into account. 

The nature of the alluvium in the buried valley cut into 
the dense glacial soils beneath the Knik Arm has not yet been 
determined reliably. Hence, estimates of pile lengths or 
sizes to achieve postulated capacities cannot be made with 
confidence and conservative values are justified. The 
susceptibility of the alluvial materials to loss of strength 
during earthquakes also requires investigation by detailed 
sampling and testing before foundation types can be compared 
in a meaningful way. 



- 3 -

Howard, Needles, Tammen & Bergendoff September 7, 1971 

Line v. Comments with respect to a proposed bridge 
cross1ng at Line V are similar to those for Line IV, except 
that conditions are considerably less severe with respect 
to depth of water. Foundation conditions in the upper 
materials are as yet, however, virtually unknown. 

A seriously considered alternative at this location 
is a causeway. The principal factor to be considered in 
this alternative is the possibility of liquefaction during 
earthquakes. In my judgment, no sand placed under water 
without extensive artificial densification can be relied 
upon to remain in position during a major earthquake such 
as that of 1964. The portions of a causeway beneath water 
level should, in my judgment, consist of rock. 

Fairly steep slopes, on the order of 2 (horizontal): 
1 (vertical), have been proposed for rock fill in the 
causeways. These slopes represent, in my judgment, the 
steepest likely to be successful and require that the 
foundation material have at least the strength of a dense 
sand. Present knowledge concerning subsurface materials 
along Line V is based on a single boring and the results 
of reflection soundings. The echo profile obtained from the 
soundings is complex and indicates several buried valleys. 
It does not appear that the presense of loose silty materials, 
loose sandy materials, or even soft clay can be ruled out on 
the basis of present information. Such materials would 
require much flatter embankment slopes irrespective of the 
strength of the embankment materials. Furthermore, if 
materials subject to liquefaction should be present, 
reduction of the danger of liquefaction by flattening 
slopes may be desirable, inasmuch as reduced slopes are 
associated with smaller shearing stresses in the foundation 
material. 

On account of the foregoing possibilities, it would seem 
advisable to furnish two cost estimates for the causeway 
alternative. One, the more optimistic, might be based on the 
2:1 slopes for which analyses have been performed on the 
assumption that satisfactory foundation conditions exist. 
The other, which might be considered reasonable if foundation 
conditions are as poor as is compatible with our present 
knowledge about the geology, would represent a cost that is 
not likely to be exceeded. For such an estimate, I would 
judge that the average rock slopes might be taken as flat as 
about 5:1. 
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There is little merit in making additional stability 
analyses on the basis of assumed weak subsurface conditions~ 
it is preferable to assume the overall slopes. Until factual 
knowledge of the character of the subsurface materials is 
obtained by a series of borings with samples and appropriate 
tests, the required cross-section of the causeway is 
considered a matter for speculation. The single boring at 
our disposal indicates very favorable conditions~ furthermore, 
it corresponds reasonably well with conditions encountered 
in the Turnagain Arm. Nevertheless, in my judgment, it 
would at present be unwarranted optimism to assume that the 
foundations for the entire causeway, or even a substantial 
part of it, would be so favorable as to justify an estimate 
based on 2:1 slopes throughout. At the present state of 
knowledge, it would be more conservative to assume that 
bridge foundations could be designed and constructed as to 
remain stable during an earthquake than to assume that 
liquefaction would not occur at at least some locations 
beneath a causeway. Hence, a bridge crossing presently 
appears to be a more positive and dependable alternative. 
Nevertheless, no rational assessment of the relative 
dependability of the two types of construction can be made 
until adequate subsurface exploration has been carried out. 

Conclusion. The discussion in connection with Lines 
IV and V indicates that a substantial margin of uncertainty 
is inevitable in the engineering evaluation and cost esti­
mates that can be made at the present time. This situation 
cannot be improved until adequate technical data are 
obtained concerning subsurface condition along the proposed 
lines. In my judgment, expenditures to this end would be 
more rewarding than further detailed analyses which must 
inevitably be speculative. 

Yours very~ly, 

&. Peck f;:_j. 
RBP/gmc 
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