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FOREWORD

A request was made by the U. S. Army Engineer District, Alaska, on

1 A•j:'il 1963 to conduct a hydraulic model study of Gastineau Channel,

Alaska, and the request was subsequently approved by the Chief of

Engineers. Field surveys for the study were made in the summer and fall
of 1963, and the model study was conducted during the period October

1964-May 1967.
The model investigation was conducted in the Hydraulics Laboratory

of the U. S. Army Engineer Waterways Experiment Station (WES) under the

general supervision of Messrs. E. P. Fortson, Jr. (retired), Chief of

the Hydraulics Laboratory; G. B. Fenwick (retir*,), Assist-ant Chief of

the Hydraulics Laboratory; H. B. Simmons, present Chief of the Hydrau-

lics Laboratory; and F. A. Herrmann, Jr., Chief of the Estuaries Branch.

The tests were conducted by Mr. He 'rmann, assisted by Mr. D. A. Crouse.

This report was prepared by Mr. Herrmann.

Directors of WES during the course of this investigation and the

preparation and publication of this report were COL Alex G. Sutton, Jr.,

CE; COL John R. Oswalt, Jr., CE; COL Levi A. Brown, CE; and COL Ernest D.

Peixotto, CE. Technical Directors were Messrs. J. B. Tiffany and

F. R. Brown.
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CONVERSION FACTORS, BRITISH TO METRIC U5I1TS OF MEASUREZMT

British units of measurement used in this report can be converted to

metric units as follows:

Multiply By To Obtain

inches 25. 4  millimeters

feet 0.3048 meters

miles (U. S. statute) 1.609344 kilometers

feet per second 0.3048 meters per second

cubic feet per second 0.02831685 cubic meters rer second

square feet 0.092903 square meters

square miles 2.58999o square kilometers
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SUNMARY

The existing Federal project through the Gastireau Channel, Alaska,
provides for a navigation channel 4 ft deep at mllw (including overdepth
dredging) with a bottom width of 75 ft. The channel was constructed in
1959-60 through an area with a prevailing bottom elevation of +10 to
+15 ft mllw and soon experienced rapid shoaling at several loca.;ions. No
maintenance dredging has been performed, primarily because of the large
cost of moving a dredge to this remote area. A model study was con-
ducted to determine the best means of resolving the shoaling problem.

The model, constructed to linear scale ratios of 1:500 horizontally
and 1:100 vertically, reproduced about 7 miles of Gastineau Channel from
Fritz Cove on the west to 1 mile fitrth of Juneau, Alaska, on the east.
It. was equipped to reproduce and study prototype tides, tidal currents,
freshwater inflow, and shoaling. The shoaling tests were conducted
using granulated plastic to simulate the natural sediments, and a tech-
nique was developed to properly reproduce the prototype zhoaling pattern
and distribution.

It was determined from the model tests that any one of several
impermeable dikes with a top elevation above high water and located
along the north side of the am.igation channel would reduce shoaling by
80 to 85 percent. Diversion of Fish Creek away from the navigation
channel would result in an additional 5 percent reduction. The shortest
dike tested (plan 4) was 17,250 ft long, and the shoaling reduction for
this plan was essentially the same as that for longer dikes.
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NAVIGATION CHANNEL IMPROVEMENT

GASTINEAU CHANNEL, ALASKA

Hydraulic Model Investigation

PART I: INTRODUCTION

The Prototype

Description of the area

1. Gastineau Channel (fig. 1), a narrow strait about 16 miles*

long that separates Douglas IslanO from the mainland of southeastern

Alaska, connects Stephens Passage on the east with Fritz Cove on the

west. Juneau, Alaska, is located on the mainland side of the channel at

about its midpoint. East of Juneau the channel is fairly uniform with

the width varying from 4000 to 6000 ft. A naturally deep channel, with

controlling depth of about -45 ft at mean lower low water (mllw), exists

in this portion of Gastineau Channel. West of Juneau the width varies

from about 2000 ft near Juneau to about 10,000 ft near the western end

of the channel.

2. The western 5.5 miles of the channel has been described as a

giant shoal and has a general elevation of +10 to +15 ft mllw. The

shoal is roughly centered on the meeting point of the tides that enter

the opposite ends of the channel. Since the tides are very closely

equal in range and phe-e, tidal velocities in this area are almost zero.

Therefore, it is not surprising that sediments carried into the area by

tributary streams are not moved out of the shoal area. The shoal con-

sists primarily of glacial till with the surface layers being mainly

fine to coarse sands covered by a thin layer of organic muck.

Existing navigation project

3. Gastineau Channel provides a 15-mile shoitcut for boats

A table of factors for converting British units of measurement to
metric units is presented on page vii. r --
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traveling north from Juneau. In the past, however, the controlling

depth across the shoal area tas about +15 ft mllw so that it could only

be navigated by small boats and only at high tide. In 1945, Congress

authorized construction of a navigation channel through the shoal area

of the channel with a bottom width of 75 ft, a depth of 0 ft mllw, and

1-on-3 side slopes. The project was actually constructed during

1959-60 to a depth of -4 ft mllw, including 2 ft of overdepth dredging

and 2 ft of advance maintenance dredging. The dredge '3poil was placed

in spoil banks along the north side of the navigation ciannel, as shown

in fig. 2.

LEGEND

-------. ALTERNATE DIKE LOCATIONS

Fig. 2. Spoil bank locations and proposed dike locations

4. Subsequent to construction of the navigation channel, rapid

shoaling occurred within the limits of the project. The primary reasons

for this rapid shoaling appear to be twofold. First, it has been deter-

mined that under the influence of tidal action the natural side slopes

are between 1 on 6 aid 1 on 10, rather than 1 on 3 as constructed.

I'.
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Therefore, extensive sloughing of the side slopes was experienced during

the first year subsequent to construction of the project. Second, the

navigation channel produced a dredge cut that was as much as 15 ft be-

low the elevation of the adjacent tidal flats, which created a drainage

canal for the tidal flats. This situation increased the hydraulic gra-

dients of the natural channels across the shoal area, thus producing

higher velocities that are capable of moving large quantities of sedi-

ment into the canal. The result of this action is especiaLly evident

at the mouths of the tributary streams and sloughs entering the navi-

gation channel. No maintenance dredging has been undertaken, primarilly

because no dredges are available in Alaska.

5. The Juneau Airport and seaplane basin are located on the edge

of the tidal flats north of the navigation channel. When the navigation

channel was first dredged, there was a sizable breach in the east end

of the seaplane basin dike. Under this condition, almost the entire

volume of the seaplane basin drained into Jordan Creek during ebb tide

phases, resulting in the flushing of large amounts of sediment out of

Jordan Creek into the navigation channel. The breach in the dike was

subsequently repaired, and apparently navigation channel shoaling in

the vicinity of Jordan Creek has been significantly reduced.

Hydraulic characteristics

6. The channel is subject to tidal action at both ends. The

tides display a diurnal inequality typical of the Pacific Ocean. The

mean tide range at Juneau is 14.0 ft; however, the mean diurnal range

(from mhhw to mllw) is 16.6 ft. The extreme tidal range is about

26.5 ft, and the extreme high-water elevation is +21.1 ft mllw.

7. Several freshwater streams enter the channel--the largest of

these is the Mendenhall River, which enters the channel at its extreme

western end near the Juneau Airport. The mean and maximum discharges

of this stream are 1100 and 10,000 cfs, respectively. Other streams

entering the system include Sheep, Gold, Salmon, Lemon, Sweitzer, and

Fish Creeks. Of these, only Lemon Creek has an appreciable flow with

mean and maximum discharges of 220 and 3000 cfs, respectively.

r
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Salinity characteristics

8. Prototype salinity data obtained in September l.96 indicate

that there is no appreciable salinity gradient, sixface to bottom,

during the flood phase of the tide. During the later stages of the ebb

tide, surface salinities are considerably lover than bottob salinities

in the navigation channel.. During these staj6es of the ebb tide, almost -

the entire tidal prism of the area is confined to the navigation chAnnel.

Since fresh water from tributary streams ,-nters the navigation channel,

and since current velocities are not sufficient to create appreciable

vertical mixing, it is not surprising that this salinity gradient exists

during the ebb f-lows. It is believed that the density effects resulting

from vertical salinity differences are not significant to hydraulic or

shoaling phenomena in the problem area.

Purpose of the Model Study

9. In June 1961", the U. S. Army Engineer District, Alaska, re-

quested that the Corps of Engineers Committee on Tidal Hydraulics re-

view the shoeling problem and recommend measures which might resolve the

problem. At that time, the Committee recommended that more extensive

field surve: s be made in order to study the problem in more detail and

made several generalized recommendations for reducing channel shoaling.

10. In J-ne 1962, the Alaska District again requested that the

Committee review the Gastineau Channel problem. With the more detailed

information the Alaska District was able to furnish at that time, the

Committee published a report entitled "Navigation Project in Gestineau

Channel, Alaska" which listed several specific alternate solutions to

the problem as follows: (a) redredge the channel periodically, (b) re-

duce velocities over the shoal areas with dikes or by reshaping natural

contours, (c) localize scouring velocities to paved or enrocked ur-as

so that no bed movement occurs, (d) construct settling basins to trap

the sediments, (e) divert tributary streams and sloughs away from the

navigation channel, and/or (f) iaolats. the navigation cnannel from the

tidal flats by means of a continuous dike"

4



ll. of tk-ese possible solut ions, the Ccaittee recounmer~ed iso-

latiof- of the navigation. &Anel by means cf a --onitiwaaus dike as being

the only one giving promise of a permane:. inipr.ovemenet.. TI.e nort_ dike

proposed by the -=mittee (fig. 2' would be cpen at both ends to pre-

serve the tidal coiditio•s north, of t-e dike. 't se-med probable that

rat.er sizable -oermes of sedi"eT.t would be carried out of the tidal

f-lts past the ends of the dike; hsever, because of t.e abrupt termi-

nation of t.• act zLA. ends, it was not believed t-at the sediments

would be transrorted around the ends of tVe dike and into the navigation

c•_•nel. Mue:. -f the material recuired for construction of the dike

"Would logica 2ay be obtained by deepening and widening the na.igation

channel. This would lead to increased navigation benefits from the

pioiect and would satisfy requests of local interests for an enlarged

chamnel. T. was believed that an additiorml benefit "h..ich might be

realized from this plan would be the reclamation of land for future

development. Several alternate dike aliggnments are also presented in

fig. 2.

12. The Committee further recommerned that a hydraulic model

study ztf the problem be undertaken with The following purposes: (a) to

study the present current patterns over the shoal area as a guide to

"laying out improvement works; (b) to determine the velocities associated

with any proposed dike construction, weir construction, or channel diver-

sion; and (c) to study dike closure procedures in the event that a land

reclamation project is considered in the improvement program. %ubse-

quently, item (c) was removed from the program, and the model study was

expanded to include an investigation of shoaling distrioution patterns

with and without improvement works. The study was further expanded to

include investigation of the effects of enlarging the dimensions of the

navigation c.annel.

113
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Descarition

13. The Gastineau C7annel model reProduced about 7 mil~es of the

Gastineau Channel from Fritz Cove to about I mile north of Juneau, an

area of about 15 square miles. Bach end of the model terminated in a

headbay of suitable area arA depth for installation and operation of a

tide generator. The limits of the area reproduced are shown in fig. 3,

and a general view of the model is shodn in fig. 4.

14. The model was constrscted to linear scale ratios, wdel to

prototype, of 1:500 horizontally and 1:100 vertically. Frin these basic

ratios the following scale relations were caeqpted according to the

Froudian relations: slope 5:1, velocity 1:10, time 1:50, discharge

1:500,000, and volume 1:25,000,000. Salinity was not reproduced in the

model, since an analysis of prototype saliaity data indicated that den-

sity pheno-_ena had no significant effects on shoaling. One prototype

tidal cycle (diurnal) of 24 hr and 50 _in was reproduced in the model

in 29 min and 48.5 sec. Horizontal control was based on the Universal

Transverse Mercator grid system, Zone 8, and vertical control was based

on mliU, 1959 revision, USUGS. The model was approximately 65 ft long

and 25 ft wide, covered an area of about 1600 sq ft, and was of fixed-

bed construction; it was complete.ly enclosed to protect it and its ap-

purtenances from the weather and to permit uninterrupted operation.

The navigation channel was molded in removable blocks so that desired

alterations could readily be made as necessary to investigate changes

in channel dimensions.

15. The permanent roughness employed consisted of 1/2-in.-wide

metal strips, although it was subsequently determined that the concrete

bed of the model was sufficiently rough to eliminate the need for any

additional roughness.

Appurtenances

16. The model was equipped with the necessary app.irtenances to

14
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reproduce and measure all pertinent phenomena such as tidal elevations,

current velocities, freshwater inflow, dispersion characteristics, and

shoaling distribution. Apparatus used in connection with the reproduc-

tion and measurement of Uhese phenomena included two primary tide gen-

erators and recorders, tide gages, current velocity meters, freshwater

inflow measuring weirs, skimming and measuring weirs, dye injectim

equipment, and shoaling recovery apparatus. This equipment is described

in detail in subsequent paragrap.s.

Tide generators and recorders

17. The reproduction of tidal action in the model was accom-

plished by means of tide generators located in the h-adbays at each end

of the model. These tide generators mainteined a differential between

a pu4wpd inflow of water to the model and a gravity return flow to the

supply sump as required to reproduce all characteristics of the proto-

type tides at the control stations (tide gages 7 and 21 shown in fig. 3).
The tide generators were equipped with continuous tide recorders so

that the accuracy of model tide reproduction could be checked visually

at any time. The control element of one of the tide generators and its

tide recorder are shown in photo 1, while one of the automatic valvea

in the outfall line is shown in photo 2. A schematic diagram of the

tide generation system is shown in fig. 5.

Tide gages

18. Permanently mounted point gages (photo 3) were installed at

the locations of the four recordirig tide gages used for collection of

field tide data (fig. 3). The model gages were graduated in 0.001 ft

(0.1 ft prototype) and were used to measure tidal elevations throughout

the model. Portable point gages were used to measure tidal elevations

at other points as required.

Current velocity meters

19. Current velocity measurements were made in the model with

miniature Price-type current meters (photo 4). The meter cups were about

0.04 ft in diameter, representing 4.C ft in the prototype. The center

of the cups was about 0.045 ft from the bottom of the frame, represent-

ing 4.5 ft in tne prototype. The meters were calibrated frequently

* 8
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to ensure their accuracy and were capable of measuring velocities as low

as about 0.05 fps (0.5 :.ps prototype). For water depths less than about

5 ft, velo3cities were determined by timing the movement of surface floats

over a k~nown distance.

Freshwater inflow measuring weirs

20. V.an Leer (or California-pipe) weirs (shown in photo 5 with

constant head tank) were used to obtain precise measurements of the

freshwater inflows of M~endenhall River and Lemon Creek. No freshwater

inflow was rei~roduced in the other tributary creeks, since their flows

were insignificant.

Skimming and measuring weirs

21. The water that accumulated in the -iodel as a result of the

Mendenhall River and Lemon Creek inflows had to be removed in order to

maintain a constant volume of water in the model. This was accomplished

by means of a floating skinmming weir (photo 6) that removed a quantity

.. 179I



of -ater equal to the freshwater inflows to the model. M(easurement of

the discharge over 'te skining weir was made with a Van Leer veir.

Dye injection equilment

22. Dye tracer tests were corducted to determine areas of

Gastt'eau Channel affected by freshwdater flows of Jerdenh-aU River and

Lemon Creek. The dye a- introduced directly into t.e outfafl pipe of

the freshwater Van Leer weirs of th-e tributaries. Dye dispersion pat-

terns were recorded p1otographicafy, but no -asurements of dye concen-

tration were made.

Shoaling recovery apparatus

23. Shoalinj- was reproduced in the model by injecting granulated

polystyrene plastics. Known volumes of the shoaling material were han-d

placed at predetermined locations in the model before and during each

shoaling test. At the end of the model test, the shoaling material

deposited within the limhits of the navigation channel was recovered by

suction using a flared nozzle connected by hose to an aspirator (or

hydra7ulic ejector) (photo 7); the -!aterial was then measured

volumetrically.

18
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2h. It shoul4 be emphasized that the vorth of azy model stu$y is

who.ly dependent upon the proven ability of the model to produce with a

reasonsble degree of accuracy the fsuits which can be expected to occur

in the prototype under given condiions. It is essential, therefore,

before any model tests a-e undertaken of proposed izpr-yenent plans,

th.at the required simlitude first be established between the model and

prototype and that all scale relations between tke two be determined.

25. Verification of the Gastineau Channel model vas accoplishel

in two pbases: (a) hydraulic verification, which ensured that tidal el-

evations and tines, and current velocities and directions were in proper

agreement with the prototype; and (b) sboaling verification, which as-

sured acceptable reprmouction of prototype 3hoa.ng istribution.

26. 7he accurate reproduction of hydraulic, salinity, and shoal-

ing paenwena in an estuary model is an important phase in the prepara-

tion of the model for its ultimate use in evaluating the effects of

proposed imrovenent vorks. In this instance, it was decided that sa-

linity effects played an insignificant role in the shoaling problem;

therefore, salinity was not reproduced in this model. Verification of

hydraulic phenomena for one spring tide and one mean tide required a

series of elaborate tests extending over a period of four rnnths. Shoal-

ing verification of the model required an additional three months. Pro-

totype data used for the hyd1aulic verification ý:ere published IyV t'.e

U. S. Department of the Interior, Geological Survey, Water Resources

Division, Juneau, Alaska, in a report of October 1963 entitled "Gas-

tineau Channel Study--Administrative Report."

Rydraulic Verification

Prototype data

27. Prototype data collected for verification of the model in-

cluded: (a) continuously recorded tidal elevations at four loca-

tions (fig. 3); (b) current velocity, current direction, and salinity

111
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observations at three depths at each of four stations in the navigation

channel (fig. 3); (W) bYdrob" s of fresbiater tributArles in the prob-

len area; and (d) ••ydrographic and toographic surveys. The field data

for item (a), (b), and (c) were gathered in septeier 1963 by the Ju-

neau, Alaska, office of the U. S. Geological Survey. These prototype

data were obtained over a 12-day period during which the tides varied

ftom spring range to sligh less than mean range. Freshwater inflows

durin the meterin period were scmewhat higher than the average arn1al

high discharge.

28. Current velocity and salinity data were obtained using only

one survey boat, which was anchored at each station in succession for

periods of 25 hr. This procedure was repeated so that velocity obser-

vations were made at each station on three different days in the 12-day

metering period. Since the tide range was varying rather rapidly during

this period, the velocities cbtained at any one station were not di-

rectly comparable to those ax any other station. Velocity and salinity

swzling stations were locatei only along the center line of the navi-

gation channel because the surrounding tidal flats are exposed through-

out the major portion of tCe tidal cycle.
Tidal adju pten

29. The objective of the model tidal adjustment was to obtain an

accurate reproduction of prototype tidal elevations and phases through-

out the model. Prototype tidal data from four recording tide gages

(fig. 3) were available to verify the accuracy of the model tM-al ad-

justment. These gages recorded continuously throughout the 12-day pe-

riod of prototype velocity and salinity measurements.

30. During the prototype metering period, there were significant

variations of tidal range and other tidal characteristics. In order to

avoid the time-consuming and expensive procedure of adjusting the model

to reproduce all 12 tides observed during the metering period, it was

decided to select two 24.84-hr (diurnal) tides representative of spring

and mean tide conditions occurring within the 12-day period and to com-

plete the adjustment of tides and currents throughout the model for only

the two tides thus selected. The two tides chosen were 4-5 September

12



1963 (spring tide) and 9-10 Septmber 1963 (mean tide).

31. The normal procedure followed for tidal adjustment is to ad-

just the tide generator to accurately reproduce the desired tide at the

control tide gage, then to adjust the model roughness until prototype

tidal elevations and times are properly reproduced at all tide gages

throughout the model. Since the Gastineau Channel model had a tide gen-

erator at either end of the model, the procedure was somewhat more com-

plicated. First, a nodal point of tidal currents from the opposite ends

of the channel was determined from examination of the prototype current

velocity data and the general hydrogra.iy; a barrier was then construc-

ted across the model at that location, thus isolating the influence of

the tide generators from each other. In this way it was possible to

adjust each tide generator individually to approximately reproduce the

proper tides at their respective control tide gages. After this was ac-

complished, the barrier was removed and the tide generators were simul-

taneously adjusted to reproduce the proper tides at the control gages.

Because of the interaction between the tides generated at either end of

the model, it was necessary to adjust the roughness throughout the model

concurrently with the adjustment of the tide generators.

32. Comparisons of model and prototype tidal elevations at tide

gages 7, 14, 18, and 21 for the two tides reproduced in the model are

shown in plates 1-4. The maximum discrepancy in high-water elevations

was +0.3 ft prototype (0.003 ft model), whereas at low water the model

water-surface elevation was as much as 1.4 ft prototype (0.014 ft model)

too high. These large discrepancies in low-water elevations occurred

only at the interior tide gages (14 and 18) for spring tide conditions.

The water depths in the channel at low water for the spring tide became

so shallow in the model that surface tension effects probably became

large enough to retard the outflow, thus holding up the low-water ele-

vation. Velocities in the channel during these phases of the tide were

so low in both model and prototype that the overall effect of the large

discrepancies in low-water elevations was not significant to the hy-

draulic or shoaling regimens of the channel. Maximum discrepancy in the

times of high and low was about 1/4 hr prototype (18 sec model).

13



Adjustment of currents

33. The objective of the model current adjustment was to obtain

an accmuate reproduction of the vertical and longitudinal distribution

of prototype currents throughout the model. Because the flow is con-

fined to the narrow navigatlui: channel throughout most of the tidal

cycle, it was not practical to meter prototype velocities outside the

channel. Thus, it was not possible to determinea the lateral distribu-

tion of prototype currents.

34. Prototype current velocity observations were made at U2'e four

stations shown in fig. 3. The velocity measurements were made with a

Price-type current meter, while current direction wai, determined by ob-

serving the deflection of a light weight suspended on a thin fishing

line at the same depth at which the velocity measurement was being made.

Readings were made at half-hour intervals at 1 ft below the surface,

middepth, and 1 ft above the bottom for periods of 25 hr at each sta-

tion. It must be pointed out that because tidal currents enter Gas-

tineau Channel from both ends the absolute directions of ebb (or flood)

currents are opposite at the two ends of the channel. It was determined

that the nodal point is in the inmmediate vicinity of sta 2; thus, ebb

currents at sta 1 are directed toward Jiueau (east), whereas ebb cur-

rents at sta 3 and 4 are directed toward Fritz Cove (west). Apparently

the nodal point moves back and forth past sta 2, since it was determined

that ebb currents (falling tide) can actually move either east or west.

A similar situation exists for flood currents. Therefore, in the plates

showing velocity measurements, the current directions at sta 2 are spec-

ified as either east or west instead of ebb or flood; currents at sta 2

that flow east are usually ebb currents.

35. The procedure followed for adjustment of current velocities

was to reproduce the two tidal conditions (spring and mean) in turn and

adjust the model roughness until the distribution and velocity of cur-

rents at the metering stations were correctly reproduced in the model.

During this phase of the model verification it was determined that all

artificial roughness in the model could be removed.

6 As discussed previously, the center of the cups on the model

14
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velocity meters was 4.5 ft (prototype) above the bottom of the frame.

Thus, bottom velocities obtained in the model using these meters actu-

ally represent conditions 4.5 ft (prototype) above the channel bottom,

whereas prototype bottom velocities were obtained 1 ft above the channel

bottom. When the top of the meter cups became. exposed above the water

surface, it was no longer possible to accurately measure velocities with

the meter. Because of the dimensions of the velocity meters, it was not

possible to measure velocity with these meters in depths of water less

tha% about 5.0 ft. When the depth at a station dropped below 5.0 ft, it

was necessary to measure the current velocity by timing the movement of

a surface float over' a known distance. Because of the shallow depths

involved when measuring velocity with the surface floats, the measure-

ments thus obtained are presented as the surface, middepth, and bottom

velocities.

37. Prototype velocity observations for the spring tide period

were made on 3-7 September 1963, but only the tide of 4-5 September was

reproduced in the model. Similarly, velocities during the mean tide

period were observed on 7-11 September 1963, but only the tide of

9-10 September was reproduced in the model. The tides occurring during

the entire metering period at gage 7 are shown in fig. 6 to indicate the

rapid change in tidal range that was observed. Because of this rapid

change in tidal range, it is obvious that current velocities observed on

any particular day are not representative of the velocities which would

have been observed at the same station on any other day, even the pre-

ceding or following day. Thus, it was necessary to adjust the prototype

velocity measurements so that they would more nearly represent prototype

conditions on the two days reproduced in the model. It was found that a

reasonably good linear relation existed between tidal range and maximum

velocity. However, it was necessary to develop separate relations for

each current direction, observation depth, and station. Equations for

the lines of best fit for the data were determined using a simple re-

gression analysis of the least-squares method. Tidal range was taken

as the independent variable, and maximum velocity was taken as the

dependent variable. For all the curves developed, the average standard

15
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error of estimate was about 0.2 fps. A typical pair of the correlation

curves is presented in fig. 7.

38. Comparisons of model and prototype current velocities for the

four stations are presented in plates 5-12. In each of these plates the

date of the tide reproduced in the model and the date of the actual

prototype velocity measurement are shown. It must be remembered, how-

ever, that the prototype data have been adjusted to represent conditions

of the tide reproduced in the model. Half-hour measurements were plot-

ted for both model and prototype, and smooth curves were drawn through

the points. The model velocities at sta 4 are generally too high. It

is believed that the mojel was too rough in that general area; this

would result in higher flows in deep areas which are less affected by

boundary roughness than are shallow areas. In other words, the excess

roughness reduced flows over the shallow tidal flats and increased flows

in the deeper navigation channel. The navigation channel was too small

to offset the slow imbalance by adding roughness strips within the limits

of the confined channel, and it was not practical to attempt to reduce

the roughness of the concrete model bed. Thus, there was no practical

method for effecting an accurate reproduction of velocities at sta 4.

With this one exception, the agreement between model and prototype cur-

rent measurements was considered to be satisfactory.

Shoaling Verification

Prototype data

39. Unfortunately, the only prototype shoaling data available

consisted of three sets of 17 cross sections of the channel, the loca-

tions shown in fig. 8, surveyed imediately after completion of dredg-

ing (1960) and again in 1961 and 1962, along with one comprehensive

1ydrographic survey of the area made in 1963. The volume of shoaling

within the navigation channel between cross sections was determined on

an end-area basis and converted to a percentage of the total shoaling

in the channel in order to determine the shoaling distribution pattern.

Thus, only an approximate determination of the prototype shoaling char-

acteristics was possible.

17
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heavy~ ~ ~~ ~~~~~~EV shoalin occurre duig h960s-ya 6ftrdrdig 160,

at four locations (fig. 8)'as follows:I

a. Sta 20. This shoaling near the eastern end of the than-
riel is,-believed to have been caused by severe side
sloughing.

b. Sta 76-96. Sweitzer ajpd Lepon Creeks enter the channel
in this reach. Severe erosion (not slouighing) of the
side slopes was observed in this area. The heaviest
shoaling was observed in the northerly portion of the
channel, with the deep water in the channel ishifting
south.

c. Sta 152-188. Jordan Creek enters the channel in this
reach. S~evere erosion and sloughing of the side slopes
were observed. The breach in the seaplane basin dike at
the Juneau Airport accentuated this shoaling, and a
tidal slough entering the channel from the south betweeni
sta 152 and 172 may have increased oho~aling at the east-
ern end of this reach.

<2 I 7

d. Sta 234-248. Several tidal sloughs enter the channel in
SThis reach. Severe sloughing and erosion of 'the side

*slopes were observed. The dredge,spoil disposal areas

18
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I
I-,n this- area were ce-ner to the caeel than _0b thte rert

of Ube project; therefore, it iz vo%=Eble that thr.: ehal-
inr. -As- accentuated by the retura :7f dredgied at~erl-a- to
the channei..

41. In the Periodi 1961-63, the shml.ing Wateirn F" tkas~e areas

was ,hanzed as ,o-10 T

a. Sts ?D. Only very light shoaiin_ G _rred: , obab ly be-
cause of Sta--T7Zaftion Of the side 210pes.

b. Sta 76-96. Yeny 1;i43t shcalinz- coccurred -in the riecinity
of the main freshwAter inflw (sta 94). .Mderate to
hewiy szhe-injZ was shiftei as far east as sta 40 and as
far "west as sta 106.

c. Sta, 152-l&3. Very !L.tt shoalinz occurred in the ,icin-
ity of the mouth of Jordan Creek (sta leO). The breach
i.n the seaplane dike was repaired in November 9,62, tlris
redu--iM the supply of sediment to this area. Heavy
shoaling; occurred as far east as sta 132 and as far west
as sta 234. Erosion of side slopes was appa-ently stil!
occurring but not sloughing.

1. Sta 234-248. Only very light shoaling occurred, probably
attributable to stabilization of side slopes. The -heavy
shoaling areas during this period are shown in fig. 9.

I)SPrL OINK

Fi:•r. 9 .Location of heavy shoal areas (1961-63)

~27
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42. It tbas appear that within ame ver after constractim! of

the mviption dcunael the channel side slopes Bad berm relativly

stable, so that =6se=_emt ebamiel shoefii in--lme oel27 a "Aw- inmpt~

of side sloabing. The shoiulin that occurred durig 1961-3 us ased

as the replesentative pratotrpe shoaing condition. The volme of

shfaing between each cross section was converted into a yer-cetaW of

the total sboali within the navigation channel, and the relting

shoaling distribution pmttern is shomn in plate 13. For the purpose of

the model shoaling verification, the navigation chael in the model ws

molded to conform to 1961 conditions.

IoaliniE test procedure
143. The initial phase of the model shoaling verification was the

determination of the dispersion characteristics of the f-reshwater flows

"of Mendenhall River and Lemon Creek. This was accomlisbed by intro-

ducing dye vith the discharge of each stream and observing its spread

thronghoat the model for several tidal cycles. In this anner it was

possible to determine the areas affected by any suspended sediments that

might be carried by these streams. Dye diffbsion patterns were recorded

photographically F-t times of high- and low-water slacks for conditions

of the spring tide combined with mean and high freshvater discharges.

These tests indicated that only a very small portion of the Mendenhall

River discharge eventually umkes its way into the navigation channel.

On the other hand, the Lemon Creek discharge rapidly dispersed through-

out the entire length of the navigation channel. As a result of these

dye dispersion tests, it was concluded that the Mendenhall River is not

a major source of sediments to the navigation channel, but the small

tributary creeks might supply significant volumes of sediment to the

channel.

44. The madel shoaling verification involved the reproduction of

the prototype shoaling distribution pattern throughout the length of the

dredged navigation channel. The basic objective of the model shoaling

verification was to identify a synthetic sediment which would move and

deposit under the influence of the model forces in the same manner that

the natural sediments move and deposit under the influence of the

28
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!Tatm3r fare". In the prote= of Idetify'ir a =01table zetintif far

use in the mlel., a •. et mm*er of variables w•re el-olvae 2al.e hd

to be reslved b7 trial and er ain Ithe •ioWt. The mint zini ff t
variables Inte1d: Wa1 shape, size, greantioe, and specific em vty of

the artificial seftment; (b) method, location, umttlm, SPA Wrtity of

artificial se•iment, iection; (c) rate of f 0resbter &=serle; ftedI

ei-tue o rtie; (e) lemth of hel oprotoy ; ae w reautment-

of node] roeatens. Model water tes.eratuzre mmst be cost ely a-it a ed,

sine similar srhioing tests run with different water -- itratares often

give sgnificanitly different results.

A5_. For the model shoalim tests, granulated pytrnwith a

specific gravity of 1-r6 and a sa grain eize of 0r mm was selected as

best approximating the act-ion of the prototype sediment. A rather cone-

plex operating techni ue was developed. Before the start of a shoeling

test, i6M0 cc of the nod- sedinent was placed on the bed of the model

in the lower portion of Switzer Creek in the general .icinity of chan-

nel sta 90. During the test, additional material was added periodically

at eReitzer Creek, Jordan Creek, -wish Creek, and near gage 18. A total

of 55,000 cc was used for each test. The amunts and times of t'hese

injections are presented in table 1, while the locations of the inj~ec-

tion areas are shown in fig. 10. The nodel was operated for 7.5 tidalI

cycles using the spring tide and the following tributary inflows: Men-

denhall River, 3000 cfs; Lemon Creek, '1000 cfs; Fish Creek, 300 cfs; and

&-eitzer Creek, 75 cfs. Locations of the shoaling sections with refer-

ence to the channel stations are shown in fig. 11. At the conclusion of

each test, the material deposited between cross sections within the nav-

igation channel was picked up with a suction device and measured volu-

metrically. The shoaling distribution was then cooputed as the percent-

age of total material recovered from each section. The model technique

was exactly the same for all tests, except as noted later for tests in-

volving impermeable dikes through the injection areas. Results of the

shoaling verification are presented in table 2 and plate 13. The accu-

racy with which the model duplicated the prototype shoaling distribution

pattern was considered quite sufficient to er sure a valid indication of

21
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the effe.-fl of th* ;-apisef L-_~wsz p;at (a shm .ig chaaceriz-

tesIs tbe ;!-, &PC are* Th ShML fag tfo SiCI deterullmi fro this

wyriffetim~ tezt waz 7.7 I~ moe = 25 ;tk rotetyre. or rwety

Lbintati= of the Aegaragy cof Y~xol 3bmr~ts

iA& G t of" tfida e.Ie tiom L3 the MOW were w ith

padet ZAM= Cradmted to O.OM~ ft, or 0.1 ft pratotype.. Since the error

betwe moeI. and prototMp tidal datwa s of appo!miateI7 thiz order

of Mognitahfr, the mo~del Psu13 of tiftl elevatiow am c~onsidered

accuate and Stizsfrttory.

?A7. me 1initatiow~ of the Carr-et ve2locity meters used iný the

modl A=oU! be considered in mnki close er~imbtee idel an)

prototypý- e wiclIty dea. The CMUW rmLn of the neter em W= 0.0M5 ft
atb@o'e the botto of-tVie frwte; therefore, bottoma velocity srmt

In the moel uming the meters were actunfy (a)ti.-nd at a point 4~.5 ft
(prototrpe) abore the bottom, instead of 1.0 ft as in the prototype

metering prq~rain. Sazrtace velocities were measured in the model vith

the cups ~just barely submerged- Since the cups were about 0-O1& ft

high, sursfIace velocitlies; in the moel using the meters were obtained

at a point between 2 andi 3 ft below the surfe instead of 1.0 ft as

in thie prototype metering survey. Conversely, sur-face, velocities in

the model' measured withn floats were actua-lly on the surface. 7he nodell

velocities were determined by counting the nmier of revolutions of the

neter caps in a 10-sec interval (udhich represented a period of about

8 main prototype) as compared with about a 1-rain abservatien in the

prototype. The horizontal spread of the entire cup wheel was about

0.U1 ft (55 ft prototype) as compared with less than 1.0 ft for the

prototype meter. Thus, the distortion of areas (model to prototype)

results in comiparison oft prototype point velocities with model mean

velocities for a much larger area. The same is true for the vertical

area, since the height of the meter cups was about 0.014 ft (14.0 ft

prototype) as compared with only a few inches for the Drototype me~ter.
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The aewww or the ami velocity mte2 Is Wmt O.105O 1108 (rzototyw)

Sim t3e 2=w-- velocity 1V2 a, eai *vrt ±0-25 fgs (7ra~toYq) In the

higW we2oit7• wwes.
As3. !D I"-xe*-bei Zbah-g t~zts, It Is no Possible to I f 1Prae

ted an ban zew hsbn erazom bank z1ovedig, am s bhee

etc., ame mot rep-roduceI im the modeL Mmwal any of teeparticular

z-hemame 1.5r i the Potatr-pe, tbe7 would create a --auce of nw

sefiinmts, %tic c=&U caume e sigm,1if Iant; inereaze in chaez]e sboallr

Th accuracy of the no~de] sboling texts is comos-idred to be about

110 per t, Since th•t is the lint of the acemracy of repeating

identical tests.

Discussion of Results of Verificatim Tests

h9- Agreemnt bebtPe no.de] mu prototype as evidenced

b7 the results of ftdran2ic and shmx1li verification data, appeared to

be excellent. Yhe oel. ws considered to be sufficienUy skmilar t

-ts prototype that it could be used with confidence in quantitative

studies of the effects of proposed isprovment plans an hydrwalic

p-ena and aoould be reasonably reliable in ining qUlitattive

effects with regard to shoaling pbenomema.
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50. As a basis for deteaminizg the changes to be expected as a

result of - SU iMrO~iemt vouigs ad/cr enlarging the navi'Vtion

;ea , i-fomtic vaz retuiried on the hydrauiic and shealfn chara-

te-ristics of the conditions eswt . Censuently,. easurmnts of

tidal elevations and sur•fae and subsurface velocitiez, easervatic" of

surface current patterns, and identical shoaling tests were an& for

each cownition tested.

51. All tests were for conditions of the p tide of !h.5

Septemer 1963 (f=lats 1 and 2), Which bad a diurnal range of 20.6 4L.

The tributaz-- inflos were as follows: VMoenball River, 3000 cfs;

LTeem Creek, 1000 cfs; Fish Creek, 300 cfs; and Sweitzer Creek, 75 cfs.

The model vas operated with fresh water only, since analysis of proto-

type data indicated that saltwater-generated density currents have no

s. nificant effect on the hydraulic or shoaling phen~aena of the area.

Berept for t'he navigation channel, the AUodel vas molded to conform to

1963 protot-ye hydrqoap. During the testing phase of the model study,

the navigation channel was molded to the design condition being

investigated.

Types off Data Obtained

52. fydraulic W4t obtained consiste.d of tidal elevations mea-

sured at half-hour (prototype) intervals; current velocities obtained at

half-hour (prototype) intervals at 3 ft below the surface, middepth, and

5 ft above the bottom; and surface current patterns recirded by means of

Photographs taken at hourly (prototype) intervals. Velc_4ty measurements

were made at sta -, which were all located along the center line of

the najigation channel. Shoaling tests were made tc determine both the

rate and distrilmtion pattern of shoaling in tLe navigation channel.

53. Surface current patterns were photographed throughout theL- 25 Z;3



tidal Cra*-. The ph&MakSý were tin-Ispse exposures of confetti

feati on " ' the water smrface. A b-ikht UIt was flashed i...diately

tefcem the cowra, lems was closed, resultimg in a brigbt spot at apprm-

itel*' the end of eh confetti streak v1ich indicates the direction of

flxw. Cwrvmt velocitiex can be deterfined ty measuring the lengths of

cenfetti streais and ecaring the lengths Vi -tbe velocity scales pro-

wided In tke atgral.hs. In addition to su-',we current patterns, the

waterline is also sbown in the "h r . -Srace current photogra:hs

taken at hourly intervals fg each ecnd2i tic tested were furnished the

Alaska District, b.ut _.'ly selected lhrhcgramhs of each cmodition are in-

cluded in this report.

(x.ditions Tested

54. It was assumed tnat any "• rovement plan actiualy constructed

ins the prototype would include redredging the navigation channel to de-

sign conditions. Th7us, for the base test condition the channel was

molded to design conditions (4 ft deep by 75 ft wide). Py conducting a

shoaling test of this base condition, it was possible to determine the

shoaling rate and distribution pattern in the design channel without the

effects of side sloughing. The fcur improvement plans tested with the

existing navigation channel consisted of v-aiations of the impermeable

north dike proposed by the Committee on Tidal **draulics. These plans

are shown in fig. 12. Plan I consisted of a 26,850-ft-long dike. The

plan 2 dike was 24,350 ft long, having been shortened by 2500 ft on the

Juneau end. For plan 3, the dike of plan 2 was shortened by 5000 ft on

the Fritz Cove end, resulting in a 19,350-ft-long dike. For plan 4, the

dike of plan 3 was shortened an additional 2100 ft on the Fritz Cove

end, resulting in a 17,250-ft-long dike, and Fish Creek was diverted

from the navigation channel directly into Fritz Cove. The best plan

ttLsted (plan 4) was then tested with two possible enlarged navigation

channels. Plan 5 consisted of a 12-ft-deep by 150-ft-wide channel with

no supplemental improvements, while plan 6 consisted of the same channel

with proposed improvements of plan 4. Plan 7 consisted of a 30-ft-deep

ZA 26
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Fig. 12. Elements of proposed north dike plans I-4

by 300-ft-wide channel with no supplemental improvements, while plan 8

consisted of the same channel with the proposed improvements of plan 4.

Base Test

55. Base test conditions were essentially the same as those for

hydraulic and shoaling verification, except that the navigation channel

was molded to the original design dimensions of 4 ft deep and 75 ft

wide. A comparison of the profiles of these two channel conditions is

shown in fig. 13. The average deepening over the entire length of the

navigation channel was 4.5 ft. However, between sta 1 and 2 and between

sta 3 and 4 the average deepening was 5.9 ft.

56. The shoaling index, which appears at the bottom of tables 2,

3, 5, 7, and 8, is defined as the total amount of material recovered for

a test, divided by the total amount of material in some different test to

which the former is to be referenced. Thus, the shoaling index for any

7 -
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i test, as compared with existing conditions, can be determined by divid-

ing the total amount of material recovered for that test by the total

amount recovered for the shoaling verification test. An index greater

than 100 percent indicates an increase in shoaling as a result of the

condition tested; conversely, an index less than 100 percent indicates

that the condition tested would reduce shoaling. Changes on the order

of plus or minus 10 percent are considered to be within the limits of

accuracy of repeating identical tests and thus are not considered

significant.

57. The results of the shoaling base test are presented in

table 2 an• plate 14. The shoaling rate for the base test was 43.3

percent greater than that observed in the shoaling verification, and

the areas experiencing the greatest increases were sections 6 and

10-14. Jordan Creek enters the channel in section 6, and Sweitzer

Creek enters in the center of sections 10-14. The latter area also

brackets the nodal point of the tidal currents.

58. Tidal elevations measured during the base test are compared

with those of the model verification in plates 15 ani 16. The tides at

sta 7 and 21, which were located near each end of the model, were not

greatly affected by the changed channel conditions. At sta 7, the ele-4

vations of the high and low waters were decreased by about 0.1 to 0.3 ft.

28
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At sta 21, the time phasing of the base test tide was generally about

10 to 15 min earlier than that of the verification tide, the elevation

of higher low water was decreased by about 0.3 ft, and the elevation

of higher high water was increased by about 0.3 ft. However, at the

gages located near the center of the model (sta 14. and 18), the shape

of the tide curves was considerably altered because deepening the chan-

nel allowed the low-water elevations at these stations to decrease by

3.5 to 6.5 ft.

59. Comparisons of the verification and base test velocities at

sta !-4 are presented in plates 17-20. Maximum ebb velocities ,-ere in-

creased by 0.75 to 1.50 fps at sta 1 and were reduced by 0.25 to 1.25 fps

at sta 3 and 4. Maximum east (generally ebb) velocities at sta 2 were

increased by 1.0 to 1.75 fps. Maximum flood velocities were increased

by 1.0 to 2.0 fps at sta 1 and 4 and were reduced by 0.75 to 1.0 fps at

sta 3. Maximum west (generally flood) velocities at sta 2 were reduced

by 0.75 to 1.0 fps. During the base test, and in all subsequent tests,

the location of sta 2 was moved to a point 1000 ft (prototype) west of

its original position (fig. 14). This was done to avoid the center of

the large eddy formation in the imnediate vicinity of the original lo-

cation of sta 2. Surface current patterns at hourly intervals through-

out the tidal cycle are shown in photos 8-32.

Dike Tests

60. Plans 1-4 consisted primarily of impermeable dikes with a top

elevation of about +25 ft mllw situated on the alignment proposed by the

Committee on Tidal Hydraulics. This alignment varied from about 500 to

1500 ft north of the navigation channel and incorporated the spoil banks

created during construction of the navigation channel. The dikes of

plans 1-4 varied in length from 26,850 to 17,250 ft and are shown in

fig. 12. It was decided by the Alaska District not to investigate any

of the proposed alternate dike layouts. These alternate dikes were to

have been connected to the existing bankline for the purpose of land

reclamation behind the dike. During the shoaling tests of the various
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Fig. 14. Revised location of velocity sta 2 and
location of Lemon Creek tide gage

dike plans, sediment placed in the model at the initial injection area

and the Jordan Creek injection area (see fig. 10) was divided so that

half the material injected in each of these areas was placed on each

side of the dike. This was done to ensure that a supply of sediment

would be available to the navigation channel even though the dike

separated the channel from the major portion of the tidal flats.

Plan 1

61. Plan 1 consisted of a 26,850-ft-long dike as shown in

fig. 12. The results of the shoaling test, presented in table 3 and

plate 21, show that the plan 1 dike caused a reduction in channel shoal-

ing of 83.2 percent.

62. Tidal observations for plan 1 are presented in plates 22-24.

A new tide gage location was established in the Lemon Creek area behind

the dike (fig. 14) to determine the effects of the proposed dikes on

tidal action in that vicinity. Tidal elevations throughout the entire
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tidal cycle were not significantly affected at sta 7, nor were tne high-

water elevations at the other gages throughout the model; however, the

low-water elevations at the other stations in the navigation channel

(sta 14, 18, and P1) were increased by 0.4 to 0.7 ft and at the Lemon

Creek gage by 3.2 ft. The measurements at the Lemon Creek gage indicate

that extensive areas behind the dike will remain flooded at the time of

low water, instead of completely draining into the navigation channel as

occurs for existing conditions. Velocity observations are presented in

plates 25-28. Maximum ebb velocities at all three depths at sta 1 were

decreased by 0.5 to 1.0 fps, and maximum east velocities were increased

by 1.0 to 1.5 fps at middepth and bottom at sta 2. No significant

changes in velocity were observed at sta 3 and 4.

63. Photos 33 and 34 (surface current patterns) were taken at the

time of higher high water (hhw) and lower low water (11w), while photos

35 and 36 are most representative of strength of ebb and strength of

flood conditions. Comparison of photo 33 with photo 22 shows that plan 1

did not cause any significant change in the waterline at hhw. On the

other hand, comparison of photos 34 and 28 shows that plan I will cause

extensive areas behind the dike to remain flooded at the time of l1w.

Seven areas were determined throughout the model. which might be subject

to the most significant changes in velocity as a result of the dike

plans and are shown in fig. 15. Maximum surface velocities within each

of these areas, but outside the navigation channel, are presented in ta-

ble 4. Velocities in areas that were constricted by the dike (areas 1,

3, and 5) were significantly higher for plan 1 than for the base test.

Furthermore, the region of highest velocity in area 1 was much closer

to the bankline for plan 1 than for the base test. Conversely, veloci-

ties were generally reduced between the rike and Douglas Island (areas 2,

4, and 6). Velocities between the dike and Mendenhall Peninsula

(area 7) were unchanged. Photo 37 shows the crosscurrents that devel-

oped along the navigation channel during the flood phase of tide in

area 4 and at the east end of the dike. On the other hand, the existing

crosscurrents at the mouth of Sweitzer Creek (as shown in photos 8 and 11)

were essentially eliminated by the dike.
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Fig. 15. Locations of areas subject to velocity changes
as a result of dike plans
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Plan 2

64. It was believed that the velocitieb for plan I conditions

which occurred between the east end of the dike and the bankline were

too high and would cause extensive dcour in that area. Thus, the length

of the dike was reduced for plan 2 by 2500 ft'on the Juneau end. 'This

considerably increased thd cross-sectional area atithe constriction be-

tween the end of the dike and the bankline. Plan 2 thus consisted of a

24,350-ft-long dike (fig. 12). The results of the shoaling test for this

plan are presented'in table 3 andplate 21 and indicate'that the reduc-

tion in the dike length increased shoaling by ohly 1.9 percent as com-

pared with plan 1, or a total reduction of 81.3 percent'as compared with

t. • base test. Although the difference in shoaling test results between

plans I and 2 is too small to be considered significant, the increase

occurred near the Juneau end of the channel as was to be expected.
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"65. Results of tidal elevation measurements are pre-sernted ir.

plates 22-224. No significant changes occurred at the navigation channel

gages (sta 7, 1, 18, and 21) as ccmTared with plan 1. At the Lemon

Creek gage, both the low- and high-water elevations for plan 2 were 0.2

to 0.5 ft lower than for plan 1. Because of the relatively minor change

in nodel conditions for plan 2 as compared with plan 1, no velocity

measuretents were made for plan 2.

66. Fecause of the limited nature of the difference between

:plans 1 and 2, surface current photographs for plan 2 were made only for

.the icrediate area around the Juneau end of the dike. Photos 38 and 39
were made at the times of hiw and l1w, respectively. No appreciable

differences were noted between these and the corresponding plan 1 photos

3P and 34. Maximum velocities observed in areas I and 2 are presented

in table 4. Maximum ebb velocities in area 1 were 2.0 fps less than for

plan I, while maximum etb and flood velocities in area 2 were about

0.5 fps greater than for plan 1. The length of bankline in area 1 which

was subject to relatively high velocities was considerably less for

plan 2 than for plan 1. Photos 40 and 41I are the most representative of

strength of ebb and strength of flood conditions. Photo 42 show3 the

crosscurrent that developed near the end of the dike. This is essen-

tially the same pattern that developed for plan 1 (photo 37).

'Plan 3

67. During tests of plans I and 2, it appeared that the Fritz

Cove (western) end of the dike was not sprving any useful purpose. This

.portion of the dike was well aligned with the existing flow patterns

and thus did not seem to have any effect on current velocities, current

patterns, or sediment transport. The flow in that region is determined

by a natural ridge along which about 12 spoil banks are located. Very

little flow passes between these spoil banks for existing conditions

(photos 8-32). It was therefore decided to remove 5000 ft from the

Fritz Cove end of the plan 2 dike to determine if the dike could be

shortened without increasing the shoaling rate. The plan 3 dike was

thus 19,350 ft long (fig. 12). The shoaling test results are presented

in table 3 and plate 29. Channel shoaling was reduced by 3.9 percent.
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as compared with plan 2, which cannot be considered a significant

charge, or a total reduction of 85.2 percent as ecopared with base condi-

tions. The reduction in shoaling as comered with plan 2 actually oc-

curred in the Juneau end of the channel, which does not seen reasonable

since the reduction in dike length was at the other end of the dike.

68. Tidal elevation measurements are presented in plates 30-32.

Pj, comparing these with plates 22-24, it is seen that the high- and low-

water elevations for plan 3 are generally about 0.2 to 0.5 ft lower than

for plan 1 at the navigation channel gages. At the Lemon Creek gage,

high-water elevations are 0.3 to 0.4 ft lover than those in plan 1 and

low-water elevations are the same as in plan 1. Apparently the model

tidal plane for this test was erroneously set about 0.3 ft too low. No

velocity measurements were made for this plan.

69. Surface current photographs were made only at the Fritz Cove

end of the navigation channel, since the dike modification involved in

this plan was limited to that vicinity. Photos 43 and 4u were taken at

the times of hhv and llw and show no significant differences as com-

pared with the corresponding plan 1 photos 33 and 34. Maximmn veloci-

ties observed in areas 6 and 7 are presented in table 4. Maxinmm ebb

velocities in area 6 were increased by 1.0 fps as compared with plan I,

while maximum flood veloci.ies were reduced by 1.0 fps. Maximum veloci-

ties in area 7 were the same for plans I and 3. Photos 43 and 45 are

the most representative of strength of ebi and strength of flood condi-

tions, respectively.

Plan 4

70. From visual observations made during plan 3, it was decided

that the western 2100 ft of the dike was not effective in reducing chan-

nel shoaling. Thus for plan 4, the dike was shortened by 2100 ft on the

Fritz Cove end, leaving a total dike length of 17,250 ft. In addition,

it was observed that Fish Creek seemed to be contributing a significant

amount of sediment to the Fritz Cove end of the navigation channel in

sections 1-3. Therefore, it was decided to plug the mouth of Fish Creek

where it enters the navigation charnel and divert its flow directly to

Fr•t• Cove -. he elements of plan 4 are shown in fig. 12. Results of
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the plan 1; shoaling test are Fresented in table 3 and plate 29. The

reduction in dike length and diversion of Fish Creek of plan I caused

a reduction in shoaling of 5.3 percent as comared with Plain 3. Wle

a difference in shoaling index of this magnitude should not be con-

sidered significant, it is important to note that in the area where

the dike shorting and Fish Creek diversion were accmplished (shoal-

ing sections 1-4), there was a reduction in shoaling of 4.6 percent.

The total reduction in shoaling for this plan as compared with base

conditions was 9D.5 percent.

7P. Because of the very minor differences between the elements

of plauns 3 and 4, no tidal elevation 1easurements were -ade for plan 4.

Curre.t velocities were measured, however, because no such measure-

ments were made for plans 2 and 3. Current velocities for plan 4 at

sta 1-4 are presented in plates 25-28. Compared with base conditions,

the only significant increases in maximm velocities occurred at the

surface and middepth of sta 2, which were increased by 2.0 and 1.0 fps.

Maximum ebb velocities at sta I were reduced by 1.25 to 2.5 fps, and

maximum surface and middepth flood velocities at sta 3 were reduced

by 1.25 and 1.0 fps.

72. Surface current photographs were made for that portion of the

model between the western end of the plan 14 dike and Fritz Cove. Photos

46 and 47 were made at the times of hhi and llw and show no significant

differences as compared with either base test (photos 22 and 28) or

plan 1 (photos 33 and 34) conditions. Table 4 shows the maximum current

velocities observed in areas 5-7. Maximum ebb velocities in area 5 were

3.0 fps greater than those for the base test, and those in area 6 were

1.0 fps greater than for the base test. Maximum flood velocities in

areas 5 and 6 and maximum ebb flood velocities in area 7 were not sig-

nificantly different from those for the base test. Photos 48 and 49 are

the most representative of strength of ebb and strength of flood con-

ditions, respectively.

Discussion

73. Based primarily on the shoaling test results, it was decided

that plan 4 was the best plan tested. This plan caused the greatest
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yeduetion in shMMUMC 90-5 peremtaSl 2=4!?W the shartest Iemth (of dke..

If the 71ish ~erk dimsi n had been Include In tae etber Fla=s, It Is

telle~ed that rhealing for =1=n 1-3 would hraw teen re6deed b7 abomt

5-o pereent.. Ttas the rescmlts of anl sheaiine testz umml ha-miem es

sentiafly the -e. Tbe priarmu- temefit, of plan A; as coniared with

vl•z 1-3 is therefore its lower constrution cost.

7k. Ratber higb Telocities ad.jacent to Vie bamkline c= teo-

serred in the hotgra=s' in mreas 1, 3, and 5 and alag the fame af the

dike near either end. Th vifi require so sort of bank protection

to ensure stability. it is telieved tbat the crmsMsUrrent which cer

near the Juneau end of the dike are not strong enmvh to haper nani-

gation. of the type vessels whiich nar=Uy use iastinem Channel, r

do current velocities seen to have been increased sufficiently in any

area to -hamper .avigation.

Channel Enlargement Tests

75. P-lans 5-8 consisted of enlargement of the navigation channel,

combined with either the elements of plan O or existing conditions. The

enlarged channel dimensions investigated were 12 ft deep at =lwv by

150 ft wide, and 30 ft deep at mll by 300 ft wide. The existing proj-

ect dimensions are 4 ft deep at mllv (including overdepth dredging) by

75 ft wide. Tests of an enlarged channel in combination with the b-est

dike plan developed was a logical extension of the testing program,

since material dredged from the channel could be used to construct the

proposed dike. It seems reasonal-le to assume that when the proposed

dike is constructed, the navigation channel will be redredged at least

to the existing pr3ject dimensions. Since such a maintenance dredging

oper-.tion would not furnish sufficient material with which to complete

construction of the proposed dike, it would appear that the dike mate-

rial could le economically provided by dredging a larger channel. The

align.ment of the navigation channel east of the existing project was

not shown on any of the maps furnished by the Alaska District. The

plignmenj 4 sed for this portion of the navigation channel was the best
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Fig. 16. Eleents. of plans 5 and 6

test fer plan 5 are presented in table 5 and plate 33. Enlargement of

the navigation channel without providing any other i _roverent worts

would increase channel shoaling by about 44.8 percent. Shoaling was

actually reduced at both ends of the channel but was greatly increased

in the Jordan Creek and the Sweitzer-Lemon Creek areas. For plans 5-8

an additional shoaling section (section 17) is shown. This section was

added lecause deepening the channel would require lengthening the

dredged channel on the Juneau end.

77. Measurements of tidal elevations are presented in plates

3h-36. The enlarged channel caused only minor changes in tidal heights

at sta 7 and Lemon Creek compared with tase test conditions, tut the
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kot-water elewaticas at sta 141, 18, Wt 2t Were 11ce A t 0.1 to 3.2 It.

b~,for PlIan 5 the 1aw-mter elematies were eqma thiapehut, the

leth of the deimeL feIct7 obserwaticums are presented ifu pates
37-40. iai O ttelocities at all defts at sta I an 4 (which are

located menr the enrds of the channell wee Vwemerally re~wd by 0.5 to

2-25 fps, while o im flood velocities at these station were gir-er-

ally reduced bor 1.25 to 2.5 fps. The lzrge reductions in maxim ve-

locity were to be expected, because the flow area at. tIe t s of madxi-

mm curren is 1.nited priinrily to the navi~atimi ch1mel: thus, the

f lo area was greatly iwreased with a . z . decrease in velo-

ity. 3Xd"i surface and middepth ebb velocities at sta 3 (which is lo-

cated in the central portion of the channel) were increased by 1.0 fps,

while the m batton ebb velocities were unch ed at this station.

Hmim surface and uiddepth flood velocities at sta 3 were also in-

creased by 1.0 ftps. At sta 2. mi surface and idddepth east veloc-

ities were increased by 0.5 to 1.75. Maxima surface vest velocities at

sta 2 were increased by 1.25 fps. It is probable that the increase in

velocities at these two stations (sta 2 and 3) was caused by increaseii

efficiency of the channel. This viev is supported by the fact that the

tine of rioad velocities with the enlarged channel was generally con-

siderably earlier (as xmmh as 3 hr) than. for the exit-ing channel.

78. Photos 50 and 51l show the surface current patterns at th

times of hbi and liv and indicate no change in the waterline as c.paed

with base test conditions (photos 22 cmd 28). Faximm surface veloc-

ities in the areas shown in fig. 15 (but outside the navigation cmannel)

as determined fr-o= the photographs are presented in table 6. Maximam

-.. wrface vtelocities in the areas at both ends of the navigation channel

(areas 1, 2, and 6) were generally decreased; conversely, maximum sur-

face velocities in the areas near the central portion of tbe channel

(areas 3, 4, and 5) were generally increased. These are th.ie same trends

determined from the velocity measurements in the navi!;Ation channel .ee

plates 37-40). Photos 52 and 53 are the most representative of strength

of ebb and strength of flood conditions, respectively. The only appre-

ciable change in current patterns observed for plan 5 was the occurrence
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of a sligt ed on the flood phase of the tide just west ot the nouth

of Jardan Creek. This edd is sbwm n fin ohto 5%. and the cs lc-dn

base test cur-ve pattern is sham in photo 2.

79. Plan 6 consisted of the 12- by 150-ft navivation ciumel in

cankinatir with the elements of plan I4, that is, the 1?,250-f,-Iug

dike ani divrsion of Fish Creek. This plan is also sham in fig. 16.

?be results of the plan 6 smhlvain tect are presented in table 7 aMn

plate 34i. The elements of plan 6 reduced shoeliag by -04-1.4I percent, as

com•ared with the enlarged ebmael. of plan 5 without my other improve-

ments. Shoaling was very light thrcmghout the channel, except at the

June= end. Heavy shoaling was observed in section 17; bowever, this

section is quite long (3700 ft) so the material would be spread over a

large ar-ea. On the basis of shoaling rate per unit area, the 3d&5 cc

recovered in section 17 corresponds to about 5.5 cc per 1000 sq ft

(prototype) of bottom surface area in the navigation channel. Referring

to the results oif ttie shoaling verification, it was found that the

shoaling rates per unit area in sectios 5 and 13 were 5.9 and 5.7 cc

per 1000 sq ft (prototype), respectively. Based on the end-arva cross

sections described in paragraph 39, the average depth of fill in sec-

tions 5 and 13 during the 2-yr period 1961-63 was 3 to 4 ft. Since it

is obvious that the shoaling in section 17 would not be uniform, it is

assumed that the maximm depth of fill would be on the order of 6 ft

over a period of 2 yr. Since previous tests had shown that an easterly

extension of the dike would create excessive velocities between the dike

and the bankline, no such plan was investigated to reduce shoaling in

section 17. It is believed that improvement of th# L,.mon Creek channel

to deep water beyond the eastern end of the navigation channel would re-

sult in reduced shoaling in section 17, but no test was conducted of

such a plan.

80. Observations of tidal elevations are presented in plates 34-36.

No significant changes were observed at the gages located along the

navigation channel as compared with plan 5, and the changes at the Lemon

Creek gage were typical of the changes observed for all previous dike

plans. Results of the velocity measurements are shown in plates 37-40.
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C Iar with plan 5, the sichaant cnges in moximu- velocities ob-

served in plan 6 were as follws: st sta 1, the amximum surface flood

velocity was reduced by 0.5 fps, wbile the nmm m mnddept flood veloc-

ity was inereased s-- 01.5 9ýz; est sta 2, the mw-umam surface cost v;&loc-

ity was reduced by 0.5 46, maximum middepth and bottom east velocities

were increased by 1.25 fps, and xzinum surface and bottom west veloe-

ities were reduced by 1.5 and 0.5 fps, respectively; at sta 3, maiimum

ebb velocities were reduced by 0.5 fps, while smxinum flood velocities

were increased bY 0.5 to 2.0 fys; and at sta 4, xwii ebb velocities

were reduced by 0.5 to I.25 fps, while maxi flood velocities were in-

creased br 0.5 to I.0 fps.

81. Photos 55-60 show surface current patterns for plan 6.

Photo 55 sboes conditions at the time of hw. Comparison of photos 55

and 50 indicates that there is no difference in the waterlines for con-

ditions of plans 5 and 6; on the other hand, photo 56, which was taken

at the time of liw, indicates extensive areas behind the plan 6 dike

will remain flooded rather than becoming completely exposed as in plan 5

(photo 51). Maximum surface velocities in the areas shown in fig. 15

(but outside the limits of the navigation channel) are presented in ta-

ble 6. Compared with plan 5, the maximfm ebb velocity observed between

the Juneau end of the dike and the bankline (area 1) was increased from

3.0 to 5.5 fps, the maximum ebb velocity observed between the dike and

the seaplane basin (area 5) was increased from 1.5 to 3.5 fps, while

the maximum ebb velocity observed near the mouth of Jordan Creek (area 4)

was reduced from 4.5 to 1.5 fps. Photos 57 and 58 are the most repre-

sentative of surface current patterns at the times of strength of ebb

and strength of flood, respectively. Crosscurrents near the mouth of

Jordan Creek and the Juneau end of the dike developed during the flood

phase of tide and are shown in photo 59. Similar crosscurrents were ob-

served during tests of plan 1 (photo 37). Also during the flood phase

of the tide, a rather strong eddy developed around the navigation chan-

nel near the Juneau end of the dike in area 2 (photo 60).

30- by 300-ft channel

82. Plan 7 consisted of a 30- by 300-ft navigation channel with
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Fig. 17. Elements of plans 7 and 81

no other improvements (rig. 17). The results of the plan 7 shoaling

test, presented in table 5 and plate 33, show that this channel enlarge-

menit would increase shoaling by about 109.1 percent. The primary peak

of the shoaling distribution pattern was shifted to the west from shoal-

ink, sections 13 and 14 (just east of the mouth of Sweitzer Creek) to

section 11 (just west of the mouth of Sweitzer Creek).

83. Tidal elevation measurements for plan 7 are presented in

plates 42-44. The changes observed were essentially the same as those

observed in plan 5. Velocity observations are presented in plates 45-li8.

Gross reductions of maximum velocities were observed at all four sta-

tions. Only the maximum west velocities at sta 2 and the maximum ebb

velocities at sta 3 were relatively unchanged. The reductions of maxi-

mum velocities varied from 1.5 to 3.25 fps. Reduced velocities were to

be expected because of the large increase in flow area effected by the

enlarged channel. 4
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84. Photos 61-64 show the surface current patterns for plan 7.

Conditions at the times of hhw and l1w are shown in photos 61 and 62.

Comparison of these photographs with photos 22 and 28 indicates that the

enlarged channel had no effect on the waterline at hhw and l1w. Maxi-

mum surface current velocities as determined from the photographs for

the areas shown in fig. 15 are presented in table 6. Maximum surface

velocities in these areas were generally reduced by 1.0 to 3.0 fps, ex-

cept that the maximum ebb velocity in area 3 was increased by 1.0 fps.

Photos 63 and 64 are the most representative of conditions at the

strength of ebb and strength of flood, respectively.

85. Plan 8 (fig. 17) consisted of the 30- by 300-ft channel in

combination with the 17,250-ft-long dike and diversion of Fish Creek as

developed in plan 4. The results of the plan 8 shoaling test are pre-

sented in table 8 and plate 49. Shoaling was reduced by 67.5 percent

as compared with plan 7 but heavy shoaling occurred at the Juneau end of

the navigation channel in shoaling sections 16 and 17. The shoaling

rates per unit area in sections 16 and 17 were 1.8 and 3.9 cc per

1000 sq ft (prototype), respectively. The corresponding approximate

maximum depths of fill in these sections during a 2-yr period for plan 8

conditions are 2 and 4 ft.

86. Results of the tidal elevation measurements for plan 8 are

presented in plates 42-44. No significant changes as compared with

plan 7 were observed at the channel gages, and the increase in low-water

elevation observed at the Lemon Creek gage was typical of all other dike

plans. Velocity observations are presented in plates 45-48. Compared

with plan 7, the only significant changes in maximum velocities were as

follows: maximum surface ebb velocity at sta 1 was reduced by 0.75 fps,

maximum surface flood velocity at sta 4 was reduced by 1.25 fps, and

maximum surface ebb velocity at sta 3 was i'creased by 1.0 fps.

87. Surface current pattern photos 65 and 66 were taken at the

times of hhw and l1w for plan 8, respectively. No change was observed

in the high waterline, and the low waterline was typical of other dike

tests. Maximum surface current velocities as determined from the photo-

graphs for the area shown in fig. 15 are presented in table 6. Compared
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with plan 7, significant velocity changes were observed in areas 1, 3,

4, and 5. In area 1, maximum surface ebb and flood velocities were in-

creased by 3.0 and 1.0 fps, respectively. In area 5, mndim surface

ebb and flood velocities were increased by 1.5 and 2.0 fps, respectively.
In area 3, the maximum surface flood velocity was increased by 1.0 Iva.

In area 4, the maximum surface flood velocity was reduced by 1.5 fps.

Photos 67 and 68 are the most representative of strength of ebb and

strength of flood, respectively.

Discussion

88. Shoaling test results show that for either of the enlarged

channels combined with the proposed dike, rather heavy shoaling will oc-

cur at the Juneau end of the channel in sections 16 and 17. It is be-

lieved that this situation can be alleviated by improving the Lemon

Creek channel to carry ebb flows directly into the deepvmter portion of

Gastineau Channel (fig. 18), although this configuration was unfortu-

nately not subjected to testing in the model. The same effect could be

Fig. 18. Proposed diversion of Lemon Creek ._
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obtained by extending the dike about 8000 ft toward Juneau; however,

this would result in excessive velocities between the dike and the bank-

line over that entire distance and would probably cause a considerable

reduction of high-water elevations behind the dike.

69. Relatively high velocities adjacent to the dike and the bank-

line were observed in areas 1, 3, and 5 for the plans involving channel

"enlargement and the dike. These will necessitate some sort of protec-

tion of the bankline and the face of the dike near each end.
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PART V: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

90. Based on analysis of available prototype information and the

results of model tests reported herein, the following conclusions are

drawn:

a. The Mendenhall River does not contribute significantly
to shoaling of the navigation channel.

b. The heavy shoaling in the navigation channel observed in
the first year after construction was caused primarily
by sloughing of the side slopes. In addition, the breach
in the Juneau Airport seaplane basin caused heavy
shoaling at the mouth of Jordan Creek.

c. For any of the dike plans tested in combination with the
existing channel, shoaling in the navigation channel will

be reduced by about 80 to 85 percent. Diversion of Fish
Creek will reduce channel shoaling by about an additional
5 percent.

d. Enlargement of the navigation channel to dimensions of
12 by 150 ft will increase shoaling in the navigation
channel by about 45 percent; enlargement of the channel
to 30 by 300 ft will increase shoaling by about
110 percent.

e. The 17,250-ft-long dike and diversion of Fish Creek, in
combination with the 12- by 150-ft channel, will reduce
shoaling by about 60 percent as compared with base con-
ditions, while these same improvements with the 30- by
300-ft channel will reduce shoaling by about 30 percent.

f. Either of the enlarged channels in combination with the
improvements will cause rather heavy shoaling in the
Juneau end of the channel (sections 16 and 17).

For all of the plans tested, current velocities and cur-
rent patterns should be satisfactory from the standpoint
of navigation.

h. For all plans involving a dike, relatively high veloc-
ities will occur near the ends of the dike, along the
bankline opposite the ends of the dike, and along the
bankline at the Juneau end of the airport runway.

i. Because of the head differential measured across all of
the proposed dikes tested, a substantial flow would de-
velop across the top of the dike if it were constructed
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with a top elevation below hhw. This flow could cause'
severe damage to the structure unless extensive protec-
tion were prov-ded.

j. With'any of the dike plans, a substantial area behind
the dike will remain flooded at the time of low water.

RecomMendations

91. Based on the results of the model tests and the subsequent

analysis thereof, the following recommendations are made:

a. The 17,250-ft-long dike and Fish Creek diversion (plan 4)
should be constructed if economically.ju~tified. The
top elevation of the dike should be above hhw, and the
dike should be impermeable.

b. The ends of the proposed dike and the bankline in the
vicinities of the seaplane basin, the east end of the
airport runway, and Vanderbilt Hill should be protected
against erosion by relatively high cqurrent velocities.

c. It is suggested that the Lemon Creek channel be improved
from the upstream end of the proposed dike to its down-
streammost junction with the navigation channel. This
would reduce the lateral flow between ,Lemon Creek and
the navigation channel and thus reduce the possibility
of shoaling in that reach of the channel.

d. If the navigation channel is enlarged, it is recommended
the Lemon Creek channel not only be improved but also
be diverted from the navigation channel directly into
deep water near Salmon Creek.
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Table 1

Shoaling Test Injection Schedule

Location and Amotmt of Injection, cc
Sweitzer Jordan Fish Gage

:Cycle Time Creek Creek Creek 18

Prior to
test 6,000 0 0 0

0 0200-0500 2,000 1,000 0 0

0 " 1400-1800 2,000 1,000 0 0

1 0200-0500 2,000 1,000 0 0

1 1400-1800 2,000 1,000 0 0

2 0200-0500 2,000 1,000 0 0

2 1400-1800 2,000 1,000 0 0

3 0200-0500 2,000 1,000 0 0

3 1400-1800 2,000 1,000 0 0

1.4 0200-0500 2,000 1,000 1000 1000

4 1400-1800 2,000 1,000 1000 1000

5 0200-0500 2,000 0 1000 0

.5 1400-1800 2,000 0 1000 0

6 "0200-0500 2,000 0 1000 0

6 14oo-180o 2,000 0 1000 0

7 '0200-0500 2,000 0 1000 0

Total 36,000 10,000 7000 2000
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Table 2

Results of Shoaling Tests

SShoaling Verification and Base Test

Base Test
Shoaling Verification % of

Material % of Total Material Verification
Shoaling Recovered Material Recovered Total Material
Section cc Recovered cc Recovered

1 490 5.7 225 2.6

2 175 2.0 415 4.9

3 317 3.7 485 5.7

24 705 8.3 400 4.7

5 53C 6.2 700 8.2

6 340 4.0 1,380 16.2

7 1185 13.9 665 7.8

8 460 5.4 25 0.3

9 50 0.6 93 1.1

10 25 0.3 550 6.4

11 225 2.6 1,110 13.0

12 290 3.4 870 10.2

13 685 8.o 1,86o 21.8

14 1505 17.7 1,745 20.5

15 845 9.n 737 8.6

16 705 8.3 980 11.5

Total 8532 100.0 12,240

Shoaling Index 143.5*

* Shoaling index is the total amount of material recovered for the base
test divided by the total amount of material recovered for the shoal-
ing verification.



c!C_-U M=11 ftte-- "4^- Mr__________r

1 21-1 2. 75 0.6 in5 101-5 0.9 0.

2 4;2 3-4; 55 9;-s 365 3.0 15 0-1

3 463 4. tr :3.5 . 3.41 295 2.6 0..?

4" 33 0.7 2215 !.0 i62 0.5; 0.6

5; W 5.7 ?.*~ .1 0MAL 0.7 0.2

6 21,30 31.3 2A15 2.0 22 0.2 2E0 2.3 210 2.7

7 665 5.16 25 0.2 0 0 65 0.7 11 1

825 0ý.2 10 0.1 0 is CA c. 0.6

9 93 0.8 33 030 0 10 0.1 90.8

10 550 14.5 13 0.1 0 0 20 0.1 20 0.2

11 32110 9.1 5 0.0 28 0.2 12 0.1 !0 0.3.

12 870 71.1 20 0.2 98 0.6 1:2 0;3 i5 0.1

13 1,866D 15.2 133 1.1 :00 2.5 70 0.657 0.6

2h 1,17-5 114.2 145 0.14 W65 1.3 15 0.1 35 0.3

15 737 6,o 145 0A1 52 0.1; 55 0.14 75 0.6

16 90 8.0 i65 1.3 35D 2.9 400 3.3 225 i.

Total 12,2140 103. 20514 2287 1816 1162

Shoalir.g Index 16.8- .18.70 114.8 .5

'Shoaling Index Is. the total am'ount or material recovered for a plan test divided by the total amount of material
recovered for the base test.
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Table 1

zi, surface Murreat Velocities

Dike Plas

Current 3Xiins Szrface Velocity fAL

Area Direction Base Test Plan I1 ~ Plan 2 Plan..

I Ebb 3.5 6.0 4.0 - -

Flood 1.0 11.5 1,.5 ....

2 Ebb 4.5 2.5 3.0 -

Flood 3.0 2.0 2.5 ....

3 Ebb 1.5 0.5 --....

Flood 2.0 O..0.....

4 Ebb 3.5 1.0

Flood 4.0 2.5 --

5 Ebb 1.5 2.5 4.5

Flood 2.0 3.5 -- 2.5

6 Ebb 1.5 2.5 -- 3.5 5.5

Flood. 4.5 4.o -- 3.0 4..5

7 Ebb 3.0 3.0 -- 3.0 3.0

Flood 2.0 2.0 -- 2.0 2.5

Note: Th,,ze velocities were measured on photographs of surface current
patterns and were measured outside the limits of the navigation
channel. Areas 1-7 are shown in fig. 15.
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Table~ 5

Be=L1ts of Sbling Yesft. w!1ms 5 and 7

Plm 5 Plm "7
Base Test 1;of % ot

Sha- To Base Test Base Test
ing Material.l Tatal ateriel Total Material Total
See- Reco7rered Material Recovered Material .eewoered- mterial
tion cc RPe,_, re, e cc Be-ei'ered cc Recovered

i 225 1.8 37 0.3 1,210 10.1

2 1.15 3.- 35 0.3 50 0.1

3 485 14.0 4o 0-3 220 1.8

4 4w 3-3 30 0.2 255 2.1

5 700 5-7 980 8.0 75 0.6

6 1,380 .113 2,230 1e.? 3,725 30.1.

7 665 5.4 282 2.3 88 0.7

8 25 0.2 50 o.4, 147 1.2

9 93 0.8 33 0.3 3W0 2.4

10 550 4.5 670 5.5 1,627 13.3

11 1,110 9.1 2,320 18.9 10,915 89.2

12 870 7.1 2,420 19.8 6,350 51.9

13 1,86o 15.2 5,615 45.9 550 4.5

14 1,745 14.2 2,875 23.5 25 0.2

15 737 6.0 23 0.2 0 0

16 980 8.0 10 0.1 0 0

17 0 0 80 0.6 0 0

To.ai 12,240 100.0 17,732 25,597

Shoaling Index 144.8* 209.1*

* Shoaling index is the total amount of material recovered for a plan
test divided by the total amount of material recovered for the
base test. 59



Sfbit 6

~~C~M' P26=Sufa •!o'Crt

CuTceit Y~xdm $=-face veloeity, flis
Area Direcuoam Baft Test Flan~ 5 plan 6 plan? n fam

I 3.5 3.0 5.5 LO 4.0

Flood ?#.0 3-0 3.5 3-0 k.0

2 E1b.5 2.0 2.0 1.5 1.5

Flood 3.0 1-5 1-5 2.0 1-5

3 Ebb 1.5 2.0 2-5 2.5 2.0

Flood 2.0 2.0 1.5 2.0 3.0

4bW 3-5 4.5 1.5 1.5 1.5

Flood 4.0 4.5 3.5 3.0 1.5

5 Ebb 1.5 1.5 3.5 2.0 3.5

Flood 2.0 3.0 3.5 1.0 3.0

6 Ebb 4.5 3.0 3.5 2.0 1.5

Flood 4.5 4.0 4.5 2.0 2.0

7 Ebb 3.0 3.0 3.0 3.0 3.0

Flood 2.0 2.5 2.5 2.0 1.5

Note: These velocities were measured on photographs of surface current
patterns and were measured outside the limits of the navigation
channel. Areas 1-7 are shown in fig. 15. j



I!*Ie 7

31=11tz Of 3gali~m Usts

R AM 6f 
m an 6

Rlan 5 %of
% orfla

Nuterial VTotal -Material Total
31,a!w Roeemeed .aterial ?5ecoaered Material
Seetion cc_ Reco'mered CC !ceted

1 37 0.2 0 0

2 35 0.2 20 0.1

3 hO 0.2 220 1.2

4 30 0.2 55 0.3

5 981 5.5 2001 1
6 2,230 12.6 125 0.7

7 282 1.6 25 0.1

8 50 0.3 0 0

9 33 0.2 0 0

10 670 3.8 0 0
1i 2,320 13.1 0 0

12 2,1i2o 13.6 97 0.6

13 5,615 31.7 275 1.6

14 2,875 16.2 0 0

15 23 0.1 10 0.1

16 10 0.1 1465 2.6

17 80 o.14 3045 17.6

Total 17,732 100.0 4537

Shoaling Index 25.6*

Shoaling index is the total amount of material recovered for plan 6
divided by the total amount of material recovered for plan 5.
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Tiabe 8

Retsults of MMoUnM Tests

Plan t
Plan 7 S of

Sof Plan7
Material Total Material Total

Sbcoling Recovered Material Recovered Material
Section cc Recovered cc Recovered

1 1,270 5.0 970 3.8

2 50 0.2 79D 3.1

3 220 0.9 300 1.2

4 255 1.0 170 0.7

5 75 0.3 25 0.1

6 3,725 I4.5 50 0.2

7 88 0.3 25 0.1

8 147 0.6 o 0

9 300 1.2 25 0.1

10 1,627 6.4 0 0

U 10,915 42.6 50 0.2

12 6,350 24.8 160 0.6

13 550 2.1 130 0.5

14' 25 0.1 90 0.4

15 0 0 102 0.4

16 0 0 1085 4.2

17 0 0 4335 16.9

Total 25,597 100.0 8307

Shoaling Index 32.5*

* Shoaling index is total amount of material recovered for plan 8
rvided by total amount of material recovered for plan 7.
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