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~'2- PREFACE 

The investigations described herein were conducted by the Water

ways Experiment Station at the request of the Seattle District, Corps of 

Engineers. The study was initiated in August 1950 and completed in 

May 1952. The results of the investigation were reported to the Seattle 

District in preliminary reports of 28 February 1951, 11 April 1951, 

4 May 1951, 7 August 1951, and 9 May 1952, all of which are superseded 

by this report. 

Engineers of the Hydraulics Division of the Waterways Experiment 

Station actively connected with the investigation were Messrs. 

G. B. Fenwick, H. B. Simmons, and w. H. Bobb; and model technicians 

assigned to the project were Messrs. E. B. Jenkins, J. L. Norwood, and 

c. F. Kerry. 
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SUMMARY 

A hydraulic model investigation was conducted of Gray~ Harbor and 

Point Chehalis, Washington, primarily to determine the most effective 

and feasible comprehensive plan for protection of Point Chehalis, 

Westhaven Harbor, and the south jetty from wave and tidal current action. 

Plans designed to reduce maintenance dredging in a portion of the navi

gation channel were also investigated. Studies were made to determine 

the desirability of certain areas designated as disposal areas to be 

utilized for the wasting of dredged spoil removed from the navigation 

channel between deep water in the bay and the port of Aberdeen. 

The results of model tests indicated that removal of that portion 

of the outer 6000 ft of the south jetty above mllw elevation (which is 

being rapidly accomplished by nature) would reduce current velocities in 

the southern portion of the entrance channel and therefore benefit Point 

Chehalis as a whole. The erosion rate along the northern and western 

shores of Point Chehalis will undoubtedly be reduced when deterioration 

of the south jetty has progressed eastward a sufficient distance to per

mit material to pass over the jetty and replenish erosion losses along 

those beaches; however, local protection must be provided for the north

ern and western shores of Point Chehalis while this additional destruc

tion is taking place. Tests showed that training works located inside 

the entrance would be ineffective in reducing current velocities adja

cent to Point Chehalis and the south jetty. A system of breakwaters 

across the entrance to Westhaven Harbor would apparently reduce mainte

nance dredging in the harbor and assist in maintenance of the harbor 

entrance channel. A 58 per cent reduction in local shoaling is predicted 

as a result of relocating 20,000 linear feet of the navigation channel 

south of Sand Island. Maintenance dredging in the navigation channel be

tween deep water in the bay and the port of Aberdeen should be materially 

reduced by proper selection of disposal areas and by synchronizing 

dredging operations with the phase of tide. 
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PLANS FOR THE IMPROVEMENT OF GRAYS HARBOR AND 

POINT CHEHALIS, WASHINGTON 

Hydraulic Model Investigation 

PART I: INTRODUCTION 

The Prototype 

1. Grays Harbor, Washington, located about 40 miles north of the 

mouth of the Columbia River and 93 miles south of Cape Flattery, is a 

large bay at the head of which is the Chehalis River (see vicinity map 

on fig. 1). The bay is 13 miles long from east to west and 12 miles 

wide at its greatest width north and south. The harbor and the tribu

tary area furnish an outlet for forest products from an extensive area 

of valuable timber. 

2. A large part of the bay is occupied by tidal flats which are 

exposed at low water so that the approximate area of the bay is 97 square 

miles at high tide and 37 square miles at low tide. Its principal city 

and port, Aberdeen, Washington, is located at the head of the bay and on 

the north bank of the Chehalis River (fig. 1). Aberdeen is connected to 

the bay entrance by a 350-ft-wide, 30-ft-deep navigation channel. The 

tidal portion of the Chehalis River extends to Elma, Washington, approx

imately 25 miles upstream from Aberdeen. 

3. The entrance to Grays Harbor extends from Point Brown to 

Point Chehalis, a distance of 2.5 miles, and is protected by two con

verging rubble-mound jetties which are 6500 ft apart at their outer ends. 

Point Brown and Point Chehalis are both low and sandy with shoals ex

tending south and west from Point Brown and west from Point Chehalis to 

form a bar across the harbor entrance. The portion of Point Chehalis 

that lies north and east of the south jetty consists of a curving spit 

of land with a base width at the jetty of about 3000 ft. The spit tapers 

to the northeast and terminates approximately 4000 ft north of the ex

tension of the center line of the jetty. The inner or eastern shore of 
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requires extensive annual maintenance dredging over much of its length. 

Shoaling in the section of .channel south of Sand Island (location shown 

on plate 2) is exceptionally heavy, and realignment of the channel in 

this vicinity should prove beneficial. Establishment of a more efficient 

method for the disposal of spoil dredged from the remainder of the channe·1 

shoals should also result in decreased annual maintenance cost. 

8. The primary purpose of the model study was to develop a compre

hensive plan for the permanent protection of Point Chehalis and the south 

jetty. Plans designed for the improvement of Westhaven Harbor, and plans 

for the improvement of a portion of the navigation channel were also 

tested upon completion of the primary testing program. 'Tests vere also 

made to evaluate twelve areas selected as possible disposal areas for 

spoil dredged from the navigation channels. 
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PART II: THE 1-DDEL 

Description 

9. The model reproduced to scale Grays Harbor, about 16 miles of 

the tidal portion of the Chehalis River, and approximately 74 square 

miles of the Pacific Ocean adjacent to the bay entrance so that hydraulic 

conditions at the bay entrance could be correctly simulated. The model 

layout is shown on plate 1. 

10. The model was of the fixed-bed type, all channel and overbank 

areas being molded in concrete~ 0¥erbank axeas- were_ mol aea tn- an_ eleYa-

tion of +25 ft mllw at Point Chehalis, and the remainder of the model 

was molded to hydrographic surveys made by the Seattle District and by 

the U. S. Coast and Geodetic Survey. General views of portions of the 

model are shown in fig. 3. 
Scale ratios 

11. Linear scale ratios, model to prototype, were 1:800 hori

zontally and 1:80 vertically. Other scale ratios, computed from the 

linear scale ratios according to the Freudian relationship, were as 

follows: 

Velocity 1:8.94 

Time 1:89.44 

Discharge 1:572,433 

Appurtenances 

12. Automatic tide reproducer. The rise and fall of the tide and 

the accompanying tidal currents were obtained in the model by reproduc

ing the proper rise and fall of the tide in the model ocean. An auto

matic tide reproducer was used for this purpose and consisted essen

tially of the following components: (a) a pump supplying water to the 

model through a line equipped with a motorized, commercial, rising-stem 

valve, designated the inflow valve (fig. 4), which is synchronized with 

the outflow control; (b) a return line sloping from the model to a near

by water-supply sump and equipped with a second motorized, commercial, 



6 

a. Looking downstream 

b. Looking upstream 

Fig. 3. Views of model 

rising-stem valve, designated the outflow valve (fig. 5, page 8); and 

(c) an automatic tide-control apparatus (described in next paragraph) for 

regulating the operation of the outflow valve by means of a system of 

floats and electric contacts. Closure of the outflow valve, accompanied 
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by opening of the inflow valve caused a rapidly flooding tide; opening of 

the outflow valve accompanied by closure of the inflow valve caused a rap

idly ebbing tide. Thus, any desired rate of ebb or flood could be ob

tained by proper control of the two valves. 

13. Automatic tide apparatus. The automatic tide-control appa

ratus (see fig. 6) controlled the operation of the outflow valve and 

wa~ equipped with two adjustable cams rotated by an electric motor at a 

speed determined by the computed time scale. The adjustable cams con

trolled the action of two activating mercury switches for the outflow 

valve. One mercury switch controlled the v~lve-opening circuits, while 

the second mercury switch controlled the valve-closing circuits. The 

interaction of the cams and switches controlled the speed of either the 

opening or closing of the outflow valve and consequently the rate of ebb 

or flood. The outflow valve was equipped with limit switches to fix the 

point of maxim.um opening and the point of maxim.um closure which occurred 

at strengths of ebb and flood, respectively. These limit switches, in 

Fig. 6. Automatic control apparatus 
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effect, also synchronized the position of the outflow valve with respect 

to time twice each cycle and permitted the tide-control apparatus to oper

ate in a fully automatic manner. 

14. .Automatic tide recorder. The automatic control apparatus de

scribed above was equipped with the recording device, indicated in fig. 6, 

which inked on an unrolling paper strip a continuous record of the model 

tide curve superimposed upon the prototype curve being reproduced. The 

prototype curve was inked by a pen riding a cam cut to a polar plot of 

the tide being reproduced, while the model curve was superimposed by a 

pen fixed to a staff riding a float in a control pit connected to the 

model ocean. This feature permitted a visual check on the model tide 

reproduction at all times. 

15. Chehalis River discharge weir. The necessary river discharge 

_(e_quivalent to 4600 cfs) \ras supplied from a constant-head tank, and was 

introduced at the upper end of the model by a 2-in. Van Leer weir. 

16. Tide gages. Tidal elevations were measured in the model by 

means of' point gages graduated to the nearest 0.001 ft. Permanent gages 

were located to correspond to the location of all prototype gages for 

which tidal data were available. 

17. Current velocity meters. Current velocity measurements were 

obtained in the model by means of miniature Price-type current meters, 

one of which is shown in fig. 7. The cup wheels of the meters were ap

proximately 0.10 ft in diameter, and the cups were about 0.025 ft in 

diameter. The meters were calibrated periodically to insure accurate 

determination of current velocities. 

18. Wave generator. Waves of the desired dimensions were gener

ated in the model by means of a motorized wave machine of the plunger 

type, equipped with the necessary adjustments so that waves of any 

height or frequency could be set up in the model ocean. The wave ma

chine is shown in the background of fig. 3a. 

19. Shoaling apparatus. Shoaling was simulated in the model by 

means of finely ground gilsonite, an asphaltic compound having a spe

cific gravity of about 1.035, The gilsonite was crushed and graded, 

then mixed with water for introduction into the model. The mixture was 
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Fig. 7. Model current meter 

placed in a circular tank equipped with propellers to insure proper mix

ing, and was distributed to the model through a system of pumps, pipes, 

and valves. Material deposited in the model at the end of a shoaling 
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test was picked up by a small suction pump for volumetric measurement. 

General Test Procedure 

20. The model testing program was divided into four separate but 

interrelated phases: (a) verification of the model, (b) establishment of 

base tests, {c) testing of the various plans of improvement, and (d) test

ing of the various spoil areas. Model verification consisted of a cut

and-try process of adjusting the model to reproduce observed prototype 

tides and tidal currents and establishment of the proper operating tech

niques to insure consistency.in the testing program. The operating pro

cedure developed during the verification phase was then adhered to during 

the base tests and all subsequent tests of proposed plans of improvement. 

_This_procedure and the various_phases mentioned above are discussed in 

detail in subsequent parts of this report. 
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PART III: HYDRAULIC VERIFICATION OF THE MODEL 

21. A hydraulic model of the type used in the investigation re

ported herein should demonstrate its ability to reproduce with reason

able accuracy all significant phenomena of the prototype before tests 

of proposed improvement plans are undertaken. Critical prototype phe

nomena selected for verification of the Grays Harbor model consisted of 

tidal elevations and phases at Point Chehalis and Aberdeen and current 

velocities throughout the problem area. The locations of tide gages 

and velocity stations subsequently referred to in this report are shown 

on plates l and 2, respectively. 

Verification of Tides 

Procedure 

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

accurate reproduction of prototype tidal elevations and times through-

out the model. The spring tide that occurred on 5 April 1950 was selected 

for reproduction, since it was desired to test the improvement plans for 

extreme tidal conditions. The model was molded to condition surveys of 

March 1950, and all areas remained molded to these surveys throughout 

the testing program with the exception of Point Chehalis and vicinity 

which were revised from time to time. The original condition of Point 

Chehalis in the model {also the condition of Point Chehalis for the veri-. 

fication tests) is shown on fig. 8. The procedure followed was to adjust 

the automatic tide-control apparatus in such manner that the tides gener

ated in the model ocean would cause an accurate reproduction of prototype 

tides at Point Chehalis, then to regulate the roughness of the model 

until prototype tidal elevations and times were also reproduced correctly 

at Aberdeen. 

23. The permanent model roughness employed in both the tidal and 

current adjustment consisted of metal strips, about one inch wide, which 

were placed in random patterns over the entire model bed (with the ex

ception of the model ocean). The strips were vertical and were cut off 
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at elevation O.O m.llw. An excessive number of strips were placed ini

tially to avoid the tedious process of drilling holes in the concrete 

model bed and installing strips at a later date; therefore, the adjust

ment of tides consisted mainly of the elimination of the excess roughness. 

Results 

24. The accuracy with which the model reproduced prototype tidal 

data at the two tide gages referred to above is shown on plate 3. The 

agreement between the model and prototype tide at Point Chehalis is seen 

to be excellent with respect to both times and elevations. The agreement 

obtained at the Aberdeen gage is considered satisfactory, since it is 

located well upstream from the problem area. 

Verification of Currents 

Procedure 

25. The objective of the model current adjustment was to obtain 
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an accurate reproduction of prototype current velocities and distributions 

in and around the problem area. Prototype current velocity data for the 

21 prototype and model velocity stations shown on plate 2 were available 

for verification of model currents. This adjustment was obtained by 

locally adjusting the degree of model roughness until current velocities 

at all stations were in agreement with corresponding prototype measure

ments. This roughness adjustment, being of a localized nature, did not 

affect the model reproduction of tides. 

Results 

26. Measurements of model current velocities at the 21 prototype 

and model velocity stations shown on plate 2, superimposed on prototype 

measurements made at corresponding stations, are shown on plates 4 
through 10. Examination of model and prototype data on these plates 

indicates that the model re2roduction of prototype current velocities 

in the problem area was very good. Prototype velocity observations 

shown on plates 4-10 have been corrected to tidal conditions of 5 April 

1950. It will be noted that portions of the prototype curves have been 

omitted from these plots. This was done whenever the computed correc

tion factor (based upon difference in tidal range) appeared too large, 

and its application resulted in velocities entirely out of proportion 

to velocities measured at adjacent stations on 5 April 1950. 
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PART IV: NARRATIVE OF TESTS 

Base Tests 

Purpose 

27. In order to evaluate the effects of the proposed improvement 

plans, it was first necessary to establish hydraulic and shoaling "base 

tests" which depicted, respectively, the hydraulic and shoaling charac

teristics throughout the model for existing conditions. Thus, a test in 

which no improvement plan was installed in the model is referred to as a 

"base test," since its results constitute a basis of comparison for deter

mining the effects of improvement plans. 

Hydraulic base tests 

28. Original test. Hydraulic base-test data were obtained for 

tidal conditions of 5 April 1950 (spring tide) and for a constant mean 

discharge (4600 cfs) introduced into the Chehalis River at Montesano (see 

plate 1). Hydraulic data obtained consisted of measurements of tidal 

heights and current velocities at critical stations throughout the model. 

The directions of surface currents at strengths of flood and ebb through

out the problem area, obtained by making timed exposures of confetti mov

ing on the water surface, were observed for base test conditions and are 

shown on photograph 1. Velocity observations are included in table 1 and 

tidal observations in table 4. It is pointed out that base test and all 

subsequent current velocity observations were made at a depth of 6 ft 

above the bottom, since it was desired to evaluate the effects of improve

ment plans on bottom currents. 

29. Plan 5 test. The elements of plan 5, shown on fig. 9, in

cluded four groins, break.waters "A" and "B," and the extension and deep

ening of Westhaven Harbor. This plan was designed as the first step in 

the protection of Point Chehalis and was under construction in the proto

type prior to initiation of the model study. Tests were made to evaluate 

the hydraulic effects of plan 5, since it had been necessary to verify the 

model without the improvements. 



NOTE [L(.VATl0.N1AR(_ •N-~E-£-T-t-~OM-M(-AN-LO'+VC*L-OW-
WAT[R AT POINT CHEHALIS, WHICH tS •.86 "°[[T 
8(L0W MEAN SEA l[ll'(L. HORIZONTAL CO,.,TROL 
IS 8AS[0 0"'1 U. S.C. & G. S. LAM8£AT GR 10 F"OR STAT[ 
OF WASHINC;TQN CiOUT;-0. 

POINT 

2Z 
0 

S TIO[ GAGE 

ll 
0 

Q VELOCITY STATION 

- El!!Sl'.ING--SUWC-l'WRE--

-- - PLAN STRUCTURE 

Fig. 9. Elements of plan 5 

\ 

SCALE IN FEET 
~00 0 ~00 

CTIClnlc=_c-=---

30. Table 1 shows comparative maximum and minimum current veloc

ities for the base test and plan 5, and table 4 shows comparative max

imum and minimum tidal elevations for the Point Chehalis gage. Surface 

current directions for strengths of flood and ebb are shown on photo

graph 2. Velocities at station 22 showed the greatest change, indicat

ing increases in ebb velocities and decreases in flood velocities. 

Observations at station 35 (fig. 10), located between the breakwaters 

in the entrance to Westhaven Harbor, indicated that one-way flow will 

obtain in the harbor entrance for about 90 per cent of the time as a 

result of installing the breakwaters. The breakwaters also changed 

slightly the eddy action adjacent to the harbor during flooding tides. 

The installation of plan 5 should reduce shoaling in Westhaven Harbor 

because of the slightly increased velocities and one-way flow. The 

Value of the groins in reducing erosion of the point could not be deter

mined, since the groins were so small that no measurable hydraulic 

changes were observed. It is pointed out that plan 5 remained in the 

17 
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model for all subsequent tests, and that plan 5 hydraulic data are used 

as base test data for evaluating the effects of subsequent improvement 

plans rather than the original hydraulic base test data. 

Shoaling base test 

31. Establishing the shoaling base test consisted of developing a 

procedure for introducing shoaling material (gilsonite) in such manner 

and in sufficient quantity so as to effect a distribution of shoaling in 

the model which would correspond favorably to that observed in the proto

type. The procedure developed involved injecting the shoaling material 

through a perforated pipe along a section between the jetties during 

flood tides and through a similar pipe upstream from the problem area 

during ebb tides. The locations of the injection points are shown on 

fig. 45, page 56 (elements of plan 14). The procedure thus developed 

for the base test was followed exactly for all subsequent shoaling tests. 

Plans for the Protection of Point Chehalis 
and the South Jetty 

32. Twenty-four plans de&igned to benefit both Point Chehalis and 
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the south jetty were tested in the model and are discussed below. It is 

pointed out that the plans were numbered in the order tested on the model 

and are grouped as they are in this report for clarity. 

Plan 6 
33. Description. Plan 6 consisted of extending plan 5 groins 1 

and 4 to 300 ft beyond mllw as shown on fig. 11. 

34. Results. Appreciable decreases in ebb and flood velocities 

were observed at stations 16, 22, 33, and 34, and appreciable decreases 

in ebb velocities were observed at station 35 (table 1). The plan did 

not affect tidal elevations or times at Point Chehalis gage (table 4). 
Comparison of photographs 3 and 2 shows that extension of groin 1 caused 

the flood currents to swing wide of the point, while ebb currents were 

shifted away from the point by the extension of groin 4. It appears 

that the 300-ft extension of these two groins should be effective inre-

ducing erosion of the northeast point of Point Chehalis. However, it 

also appears probable that eddies would be formed downstream from the 
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extension of groin 4 during ebb and upstream from groin 1 during flood, 

and that the damage caused by such eddies could far exceed the benefits 

derived from shifting the main currents to the north. Data from which 

the probable effects of such eddies could be estimated could not be ob

tained because of the relatively small scale to which the model was 

constructed. 

Plan 7 

35. Description. Plan 7 consisted of groins 5 and 6, located on 

the northwest point of Point Chehalis as shown on fig. 12. These groins 

extended 300 ft beyond mllw. 

36. Results. No appreciable change in tidal heights at the Point 

Chehalis gage was noted as a result of plan 7 {table 4). Examination of 

velocity observations taken during the test (table 1) indicates that the 

groins were effective in shifting th~ 1!urrents -away from Point Chehalis. 

Velocity station 9 {located as shown on fig. 12) showed an increase in 

ebb velocities and a small increase in flood velocities, while station 22 
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showed a marked increase in flood velocities. Station 16 showed a con

siderable decrease in strength of both flood and ebb currents, indicating 

that currents were shifted away from the eastern extremity of Point 

Chehalis. Velocity observations at stations 31 and 32 indicated that 

velocities adjacent to the ends of groins 5 and 6 were not increased by 

installation of these groins. A comparison of the velocities at station 

7 for the base test (plan 5) and plan 7 is shown on fig. 13, since the 

plan affected the duration of flood and ebb at that station. Examination 

of photograph 4 shows eddy formations between groins 5 and 6, and east of 

groin 6, during flooding tide; but since velocities at the ends of the 

groins were not increased, it appears that these eddies would not cause 

increased erosion. Photograph 4 also indicates that groins 5 and 6 

would have little effect on ebb current directions except in the imme

diate vicinity of the groins+ A general_ shifting of currents away_ from 

the northeast point of Point Chehalis during ebb tide can be seen, as 

well as an increase in the size of the eddy east of groin 6. It appears 

that installation of groins 5 and 6 alone would not effectively decrease 

erosion of Point Chehalis. 

Plan 8 

37. Description. Plan 8 consisted of an 1800-ft breakwater 
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Fig. 13. Velocity observation, plan 7, station 7 
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located at the eastern extremity of the south jetty (shown on fig. 14 as 

breakwater "C"). 

38. Results. This plan had no measurable effect on tidal heights 

at Point Chehalis gage (table 4). Installation of the breakwater broke 

up the large eddy formation west of Point Chehalis and caused a double 

eddy between the plan breakwater and Point Chehalis and a large eddy 

west of the plan breakwater (see photograph 5). These new eddies were 

responsible for changes in velocities observed at stations 7 and 20 

(shown located on fig. 14) and at station 6 (shown located on plate 2) 

(see table 1). The breakwater caused the streamlining of both flooding 

and ebbing currents around Point Chehalis and the shifting of the cur

rents away from the western extremity of the point. Velocity observa

tions indicate that the structure had more effect on flood currents than 

on ebb currents at stations 22 and 30 (see table 1), the over-all effect 

being to decrease ebb strengths and increase flooa strengths at these 

stations. A small decrease in ebb strength was observed at station 19 
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(table 1) adjacent to the south jetty, but it is doubted that the break

water would reduce scour along the channel side of the jetty. It is 

possible that plan 8 would afford protection to the western shore of 

Point Chehalis from the attack of waves, although model tests to sub

stantiate this possibility were not made. 

Plan 8A 

39. Description. Plan 8A consisted of a 600-ft breakwater on the 

same alignment as breakwater "C" of plan 8, as shown on fig. 15. 
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4o. Results. This plan caused a general increase in all current 

velocities observed and no significant changes in tidal heights, as may 

be noted from an examination of tables 1 and 4. It appears that the 

Plan would not effect an appreciable reduction in erosion of Point 

Chehalis. Photograph 6 shows the surface current directions at strength 

Of flood and ebb for plan 8A. 

Plan 9 
41. Description. Plan 9 consisted of all elements of plans 6, 
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7, and 8A (fig. 16), and was designed to afford complete protection to 

Point Chehalis. 
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42. Results. The plan caused reductions in strengths of both ebb 

and flood currents at all critical velocity stations (table 1 and figs. 

17 and 18). Measurements at stations 8, 9, and 10, located well offshore 

in deep water (fig. 16), indicated general increases in velocities. This 

plan had no appreciable effect on tidal heights at the Point Chehalis gage 

(table 4). Photograph 7 shows surface current directions at strengths of 

flood and ebb. Examination of this photograph indicates that some ele

ments of this plan were apparently rendered ineffective by adjacent works. 

It is believed that the extension of groin 1 and all of groin 6 could 

have been omitted without reducing the effectiveness of the plan. Veloc

ity observations made at stations 32 and 33, located off the ends of 

groins 6 and 1, respectively, are shown on figs. 17 and 18, and indicate 

that ebb currents were practically eliminated and flood currents were 

drastically reduced at these two locations. 
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Velocity observation, plan 9, station 33 

Plan 16 consisted of seven groins (5-11), in Description. 

addition to groins 1-4, located as shown on fig. 19. Groins 5-10 ex

mllw, while groin 11 extended 300 ft be-tended to approximately -6 ft 

yond the -6-ft mllw contour. 
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44. Results. The data obtained for the tests of plan 16 consist 

entirely of surface current direction photographs for strengths of flood 

and ebb and are shown on photograph 8. The effects of the plan can be 

noted by comparing this photograph and photograph 2 (base test condi

tions). Both flooding and ebbing currents were shifted away from the 

northern and western sides of Point Chehalis, and the ebb-t_ide eddy adja

cent to Point Chehalis on the north was shifted away from the shore. 

Plan 17 

45. Description. Plan 17 consisted of all elements of plan 16, 

plus a 1400-ft breakwater ("C") located at right angles to the south 

jetty as shown on fig. 20. 

46. Results. Current directions at strengths of flood and ebb 

are shown on photograph 9. The effects of plan 17 were almost identical 

with the effects of plan 8, discussed in paragraph 38. 
Plan 18 

47. Description. Plan 18 was identical with plan 17 except that 
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the length of breakwater "C" (fig. 21) was reduced to 900 ft. 
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48. Results. Data obtained during tests of plan 18 consisted 

entirely of photographs showing surface current directions at strengths 

of flood and ebb (photograph 10). Little difference can be noted be

tween the effects of plans 18 and 17. 

Plan 19 

49. Description. Plan 19 consisted of all elements of plan 16, 

plus a single groin extending 200 ft from and normal to the north side 

of the south jetty at a point about 5000 ft inshore from the original 

outer end of the jetty (fig. 22). The top of the groin was constructed 

to an elevation above mhhw so that the general pattern of flow around 

the groin could be observed. 

50. Results. Velocity observations at stations 45, 47, and 49 

are shown in table 1. Station 47 was located approximately 80 ft beyond 

the outer end of the 200-ft groin (see fig. 22), while stations 45 and 

49 were located approximately 150 ft out from the toe of the jetty at 
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distances of 1000 ft downstream and upstream, respectively, from the 

groin. Velocity observations at station 49 indicate that the groin had 

no effect on velocities upstream from the structure. Maximum ebb veloc

ities opposite the end of the groin (station 47) were increased from 5.2 

ft per sec to 6.4 ft per sec as shown on table 1. This increase in ve

locity, plus a great increase in turbulence caused by flow around the 

structure, would almost certainly increase the rate of scour adjacent to 

the groin. Also, it is considered likely that construction of the groin 

would be very difficult because of existing high velocities at the pro

posed location. Observations at station 45 (fig. 22) indicate that ve

locities downstream from the groin were reduced appreciably; however, 

visual observations indicated that the atructura caused large increases

in turbulence for a distance of at least 1000 ft downstream from the 

groin and adjacent to the jetty toe. Measurements shown in table 1 in

dicate that the mass velocity of the flow was decreased slightly by the 

plan; however, particle velocities for turbulent flow of this type are 

considerably higher than the mass velocity. Therefore it is believed 

that scour along the toe of the jetty downstream from the groin would be 

equally as great as or more severe than at present because of turbulent 

conditions produced by the structure. Photograph 12 shows the effects 

of the groins on surface current directions at strengths of flood and 

ebb, and should be compared to photograph 11 for base (plan 5) condi

tions. The groin had little if any effect on flood-current directions. 

A local shift of the ebbing currents away from the jetty can be noted. 

A small eddy was formed immediately downstream from the groin during 

ebb. 

Plan 20 

51. Description. Plan 20 consisted of the 11 groins of plan 16, 

plus three 200-ft groins located on the north side of the south jetty at 

distances of 4000, 5000, and 6000 ft inshore from the original outer end 

of the jetty. The locations of the groins are shown on fig. 23. The 

Seattle District requested that the spacing of the groins be such that 

bottom velocities along the toe of the jetty between points located 

4000 ft and 6000 ft inshore from the outer end would be reduced by at 
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least 25 per cent. However, as discussed in preceding paragraphs, it was 

not possible to obtain a true velocity measurement in the vicinity of the 

groins because of the great turbulence produced by the structures. Attempts 

were made with all available instruments and techniques to obtain accurate 

velocity measurements, but it is doubtful that accurate measurements were 

obtained adjacent to the jetty. It was finally decided to use three groins, 

located as shown on fig. 23, and to obtain velocity measurements at a suf

ficient distance from the jetty so that the measurements would not be af

fected to a great extent by turbulence. 

52. Results. Table 1 lists velocity observations obtained at sta

tions 44 through 50 (located. as shown on fig. 23) with and without the 

groins installed in the model. Stations 45, 47, and 49 were located about 

80 ft out from the ends of the three groins; stations 46 and 48 were lo

cated midway between the groins and about 150 ft north of the jetty toe; 

station 44 was located about 500 ft downstream from the downstream groin 

and about 150 ft north of the jetty toe; and station 50 was located about 
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500 ft upstream from the upstream groin and about 150 ft north of the 

jetty toe. Observations at stations 44, 46, and 48 indicate that veloc

ities between and downstream from the structures were reduced appreciably, 

while observations at station 50 indicate that ebb velocities upstream 

from the structures were not affected appreciably. A slight increase in 

maximum ebb was noted at station 49, opposite the upstream groin, while 

decreases in maximum ebb were noted at stations 47 and 45, opposite the 

center and downstream groins, respectively. 

53. The presence of extremely high turbulence adjacent to and be

tween the groins during strength of ebb flow was noted visually during 

the test, and it is believed that velocity observations at all stations 

except station 50 may have been affected to some extent by this turbu

lence. Because of the extreme turbulence in the area, it is believed 

that the reductions in velocities at stations 44 through 48 do not indi

cate that scour along the jetty would be reduced; in fact, it is believed 

that the proposed groins would increase rather than retard the existing 

rate of scour along the jetty. Photograph 13 indicates that surface cur

rent directions were not affected appreciably by the groins. 

Plan 21 

54. Description. Plan 21 was designed to protect the north side 

and northwest point of Point Chehalis from further erosion by tidal 

currents and wave action by means of a 325-ft-long impermeable dike lo

cated as shown on fig. 24. The dike was constructed to a top elevation 

of +15 ft mllw for the first 50 ft offshore, thence parallel to the nat

ural beach contour to a top elevation of +9 ft at the mllw line, thence 

at +9 to the -12-ft depth contour. 

55. Results. The effects of plan 21 on current velocities are 

shown in table 1. The locations of velocity stations are shown on 

fig. 24. Current velocities were reduced appreciably by the plan, es

pecially during ebb, at stations 16, 52, and 32. Velocities at stations 

9 and 22 were increased, and velocities at station 31 were not changed 

appreciably. Tidal heights at the Point Chehalis gage were not affected 

(see table 4). 

56. The effects of the plan on surface current directions can be 
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seen by comparing photographs 2 and 14. The plan appeared to be very ef

fective in deflecting flood currents away from the northwest point and 

north side of Point Chehalis; however, the formation of eddies east of 

the plan dike were noted. The plan also deflected ebb currents away 

from the north side of the point to a lesser extent. A small eddy was 

formed to the west of the dike during ebb which would probably expedite 

accretion on the west side of the structure. 

57. It appeared that all of the effects of plan 21 would be bene

ficial in reducing the present rate of erosion along the western shore 

of Point Chehalis. Velocity observations in depths of water equal to or 

greater than that at the end.of the dike indicated that the stronger cur

rents were shifted away from the point; visual observations indicated 

that velocities shoreward of the -12-ft contour were reduced appreciably. 

It was considered probable that accretion west of the structure would 

expedite the present trend toward realignment of the west side of Point 

Chehalis to parallel the wave crests and thereby decrease the present 
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rate of erosion between the plan 21 dike and the inner end of the south 

jetty. This plan was selected as the best plan tested in the model 

for protection of Point Chehalis and was constructed in the prototype 

in 1951. 

Plan 2lA 

58. Description. Condition surveys of Point Chehalis made in 

November 1951 indicated that the hydrography of that area had undergone 

significant changes from conditions shown on the March 1950 survey, which 

was reproduced in that portion of the model for all preceding tests of 

protection plans for the point. Furthermore, the effects of plan 21 in 

the prototype appeared somewhat different than had been noted during 

model tests in that considerable scour occurred east of the dike and 

along the northern shore of the point. Therefore, it was decided to re

test plan 21 for 1951 hydrographic conditions to determine if the change 

in hydrography was responsible for the discrepancy in model predictions. 

Fig. 25, compared to fig. 24, shows the changes in the +12-, O.O-, and 
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-12-ft mllw contours around Point Chehalis between the prototype surveys 

of March 1950 and November 1951. Information was also desired as to 

how plan 21 affected current velocities around the point with waves 

of appreciable size entering the problem area, and how the plan affected 

the movement of material around Point Chehalis, since observation of 

the plan in the prototype indicated appreciable scour to the east of the 

groin. 

59. Plan 21A was the same as plan 21 except that groins 6 and 7, 
planned for protection of the scour area east of groin 5 and completed 

in December 1951, were added and the dike length was increased from 325 

to 51.0 _f'_t. The features of plan 21A are shown in fig. 25. As stated 

previously, the original test of plan 21 was made with March 1950 condi

tions installed, while the test of plan 21A was made with November 1951 

conditions in the model. 

60. Results. The results of the hydraulic test of plan 21A are 

presented in tables 1 and 4. The plan had no measurable effect on tidal 

heights at the Point Chehalis gage (table 4). Current velocities at 

stations 16 and 22 were reduced appreciably (table l); however, these 

reductions are attributable to the change in hydrography rather than to 

the effects of the dike and groins. Photograph 15 shows surface current 

directions around Point Chehalis for November 1951 hydrographic condi

tions but without the dike and groins 6 and 7 installed, while photo

graph 16 shows current directions with these structures in place. Com

parison of photograph 15 with photograph 2 (base test with March 1950 

hydrographic conditions) indicates that the change in hydrography caused 

appreciable changes in current patterns along the north side of Point 

Chehalis. Eddy action adjacent to the point, especially at strength of 

ebb, was much more severe for November 1951 conditions than for March 

1950 conditions. Installation of the plan 21 dike and groins 6 and 7 

(photograph 16) intensified eddy action during ebb in the angle between 

the dike and the shore east of the groin. This intensified eddy action, 

combined with the stoppage of material movement to the east (paragraph 

62), is probably responsible for the scour noted in this area since con

struction of the plan 21 dike. Groins 6 and 7 had no measurable effect 
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on this eddy action, since they were constructed only to the mllw line 

and could not be expected to be effective much beyond that contour, but 

should benefit the beach above that elevation. 

61. To determine the effect of waves on model observations, the 

test of plan 21A was repeated with waves having a deep-water wave 

height of about 10 ft (prototype) generated in the model. The effects 

of the plan on current velocities under these conditions were identical 

with the effects previously determined without waves; therefore, veloc

ity data for the wave test are not included in this report. It was 

concluded that waves would have little or no effect on current strengths 

observed in the problem area. 

62. A test was made to determine the effects of plan 21A on the 

movement of material by wave and current action along the west and north 

sides of Point Chehalis. The test consisted of supplying crushed coal 

(used to simulate sand in the prototype) at a constant rate to the west 

side of Point Chehalis near the shore end of the south jetty, and re

producing waves having a deep-water wave height of about 10 ft (proto

type). Identical tests were made with and without the plan structures 

installed in the model. Photographs showing the distribution of the 

crushed coal at the beginning of the tests and after the third, seventh, 

and thirteenth cycles of operation were obtained to permit comparison 

of the distribution of material with and without the groins in place. 

Photograph 17 shows the results of the material movement test without 

the plan structures, while photograph 18 shows material distribution 

at corresponding times with the structures in place. Comparison of 

these photographs indicates that the dike tends to force material not 

retained and moving around the point out into the area of higher cur

rent velocities, below the -12-ft depth contour, and that material does 

not return to the shore line east of the groin. This trend is probably 

more pronounced in the model than in the prototype because of the 

distorted model slopes; however, it is believed that the trend is in 

the same direction and probably contributes to the scour noted east of 

groin 5 since its construction in the prototype. 
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63. Description. Plan 23 consisted of lowering the outer 6oOO ft 

of the south jetty down to elevation mllw as shown on fig. 26. 

64. Results. This plan had no effects on tidal heights at Point 

Chehalis gage as shown in table 4. Its effects on current velocities at 

22 observation points are listed in table 2, and on surface current direc

tions at strengths of flood and ebb are shown on photograph 19. The dis

tribution of current velocities in the jetty channel was altered ap

preciably. Maximum flood velocities at stations 2, 43, 45, 49, and 51 
along the south jetty were increased to a marked extent, while maximum 

ebb velocities at all of these stations except 51 were materially re

duced. Both flood and ebb velocities were reduced at station 3, the 

greatest reductions occurring during flood. Flood velocities were re

duced and ebb velocities were increased slightly at station 4. Flood 

velocities at station 5 were reduced, while ebb velocities at this sta

tion were not affected. Current velocities in the deep channel north of 
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Point Chehalis (stations 8, 9, 10, and 112) were not changed appreciably; 

however, flood velocities at all stations located in comparatively shal

low water around the west and north sides of the point (stations 22, 30, 
and 32) were reduced. Velocities at station 27, which is located sea

ward of the outer end of the south jetty, were relatively unaffected. 

65. Current velocity observations made in the bar channel at sta

tions 65-69 are also shown in table 2. Velocities were increased slightly 

at strength of ebb at stations 65 and 66 but were not affected at the 

other stations. It appears that plan 23, if installed in the prototype, 

would not reduce velocities in the entrance channel seaward from the 

ends of the jetties and therefore should not increase slioaiing therein. 

66. The effects of plan 23 on surface current directions can be 

seen by comparing photograph 19 (plan 23) with photograph 11 (base 

test). The plan eliminated the two eddies that formed near the sea

ward end of the south jetty during flood tide; also, surface currents 

during flood were reduced appreciably along the west and north sides 

of Point Chehalis. Ebb currents flowing over the portion of the south 

jetty that was lowered to mllw appeared to be the only major change in 

the ebb current pattern. 

Plan 24 

67. Description. Plan 24 was the same as plan 23 except that 

only 5000 ft of the outer end of the south jetty was lowered to eleva

tion mllw as shown on fig. 27. 

68. Results. Plan 24 had no measurable effect on tidal heights 

at the Point Chehalis gage (table 4). The effects of the plan on cur

rent velocities in the jetty channel and around the west and north 

sides of Point Chehalis were generally similar to those of plan 23 

(see table 2); however, the degree of change in velocities caused by 

plan 24 was not so great as that for plan 23. Flood velocities at 

stations along the south jetty were increased, while ebb velocities at 

these stations were reduced. Flood velocities at stations located 

around the west and north sides of Point Chehalis were reduced slightly, 

and ebb velocities at these stations were not affected. The effects of 

plan 24 on surface current directions (photograph 20) were generally 
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similar to the effects of plan 23; however, the volume of water flowing 

over the lowered portion of the jetty during ebb was less for plan 24, and 

the reduction in flood velocities along the west side of Point Chehalis 

was also less. Eddy action adjacent to the south jetty during flood tide 

was largely eliminated by plan 24. 

Plan 25 

69. Description. Plan 25 ~as the same as plan 23 except that 

only 4oOO ft of the outer end of the south jetty was lowered to elevation 

mllw, as shown on fig. 28. 

70. Results. Plan 25 had no measurable effect on tidal heights at 

the Point Chehalis gage (table 4)o The effects on current velocities in 

the jetty channel and around Point Chehalis were similar to but not so 

great as those for plan 24 (compare tables 2 and 3). The plan largely 

eliminated eddy action at the seaward end of the south jetty during flood 

tide and permitted some flow over the degraded portion during ebb tide 

(photograph 21). 
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71. Description. It was believed that the influence of ebb flow 

from North Bay was largely responsible for the shift of the entrance 

channel between the jetties to the south and for the high ebb velocities, 

especially along the channel side of the south jetty. Diked-off por

tions of this relatively large bay were tested to determine the effects 

of such structures on current velocities and directions in the vicinity 

of Point Chehalis and along the north side of the south jetty. For 

Plan 27, 100 per cent of the North Bay tidal prism was diked off, as 

shown on fig. 29. The dike was impervious and constructed to a grade 

above hhw for maximum effectiveness; in the prototype it would have to 

be e~uipped with one-way gates to permit the discharge of fresh water 

from the streams entering the bay. It was not necessary to simulate 

the one-way gates in the model, since the discharges of the tributaries 

entering North Bay were not reproduced during model tests. 

72. Results. Tidal ranges at the Point Chehalis and Bay City 
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gages were reduced 

slightly by lowering the 

elevation of high water 

(table 4). Tidal ranges 

at the Markham and Aber

deen gages were not af

fected appreciably, but 

mean-tide levels were 

lowered about o.4 ft. 

The plan drastically re

duced both flood and ebb 

current velocities at al

most all of the velocity 

stations, the average re

duction being of the 

order of 35 to 40 per 

cent (table 3). The re

ductions in velocities 

were of about the same 

magnitude in both the 

northern and southern 

portions of the cross 

section between the jet

ties, instead of being 

confined to the south 

half where reductions 

are desirable. It is pointed out that the cross section between the 

jetties, as it existed in the model, greatly favored the portion along 

the south jetty. A better analysis of the effects of such a plan could 

be obtained if the cross section between the jetties had been of uniform 

depth or similar to conditions in 1936 as shown on fig. 2. Had North Bay 

been diked off at that time it appears unlikely that the channel would 

have shifted to the south. 

73. Surface current directions with plan 27 installed in the model 
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Fig. 30. Mosaic limits, photographs 25 to 34 
are shown on photograph 23 and should be compared with base test (plan 5) 

photograph 22. The area covered by these photographs is shown on fig. 30. 
Comparison of these photographs indicates that the over-all pattern of 

flow in the entrance channel was not altered appreciably, but the effect 

of the velocity reduction is apparent from a comparison of the lengths 

of the confetti streaks. It also appears that the tendency toward con

centration of ebb flow along the channel side of the south jetty was re

duced to some extent. 

Plan 28 

74. Description. Plan 28 involved diking off 50 per cent of the 

North Bay tidal prism as shown on fig. 29. 

75. Results. Tidal ranges throughout the bay were not affected 

appreciably by plan 28 except at the North Bay gage, located near the 

closure dike, where the tidal range was reduced slightly (table 4). The 

elevations of mean-tide level were lowered slightly at all gages. Cur

rent velocities were generally reduced at all stations (table 3), but 



the reductions were not so drastic as for plan 27. The effects of plan 

28 on surface current directions (photograph 24) show the effects of 

the general velocity reduction, but the over-all flow pattern was not 

changed appreciably from base test conditions as shown on photograph 22. 

Plan 29 

76. Description. Plan 29 involved diking off 25 per cent of the 

North Bay tidal prism as shown on fig. 29. 

77. Results. This plan has no significant effect on tidal ranges 

or elevations -throughout the bay (tabl-e -4). Current velocities were re

duced somewhat at most of the velocity stations (table 3), with the major 

reductions occurring during ebb at stations located along the channel 

side of the south jetty (stations 2 and 3). The effects of plan 29 on 

surface current directions were rather insignificant as indicated by 

comparison of photographs 25 and 22. 

Plan 10 

78. Description. Plan 10 was one of a series of plans designed 

to decrease velocities along the channel side of the south jetty and 

prevent further scour along the structure. The plan was designed to 

shift to the east the point of convergence of ebb flows from North Bay 

and the middle portion of the bay, so that convergence of the ebb flows 

and the accompanying high ebb velocities would not occur along the jetty. 

Plan 10 consisted of a 6150-ft-long dike extending from the eastern ex

tremity of the north jetty into Grays Harbor, as shown on fig. 31. 

79. Results. Examination of the comparative tidal observations 

(table 4) indicates no significant change in the tidal range at any of 

the gages; however, the time of low water occurred slightly later in 

North Bay and slightly earlier in South Bay. It also appeared that 

mean tide level in South Bay was raised about 0.2 ft. Comparative veloc

ity observations are shown in table 5. At station 2 observations in

dicate an appreciable reduction in ebb velocities with little change in 

flood velocities. Flood velocities were increased slightly at station 3, 

while ebb velocities were reduced slightly. There were no significant 

changes in ebb or flood velocities at station 4, but ebb velocities were 

increased slightly at station 5. These observations indicate that the 
.. 
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dike would cause a slight shift of the current away from the south jetty. 

Velocity observations at other stations also show that the main thread of 

the ebb current was shifted in a northerly direction. Observations at 

stations 112 , 38, and 39 indicated definite increases in ebb velocities. 

Velocity observations taken 100 ft off the end of the plan dike at sta

tion 36 (fig. 32) show that ebb velocities were increased from a maximum 

of approximately 3.6 ft per sec to 6.5 ft per sec. Velocities of this 

magnitude would probably cause scour at the end of the structure, and 

would require that the end of the dike be protected to withstand the at

tack. The changes in velocities observed at station 36 were local, as 

would be expected and as is evident from observations at station 25 
(fig. 33) which show that both ebb and flood velocities were reduced. 

Photograph 26 shows the effect of the plan 10 dike on surface current 

directions at strengths of flood and ebb tides, and should be compared 

with photograph 22 to determine the effects of the structure on current 

directions. The plan caused the convergence of ebb flows north of 
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STATION 25 

Point Chehalis and the_ improvement of current directions between the 

jetties. An extensive eddy formed north of Point Chehalis and is also 

shown in photograph 26. 

Plan 11 

80. Description. Plan 11 (fig. 33) consisted of all elements of 

plan 10 plus extension of the plan 10 dike to a total length of 9800 ft. 

The initial tests of this structure indicated a large reduction in the 

range of tide in North Bay; therefore, a channel of sufficient width 
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and depth to restore the range of tide in North Bay to base test condi

tions was dredged adjacent to the dike. The limits of assumed scour in 

this channel for plans with the 9800-ft dike are shown on fig. 33. 
81. Results. Comparisons of tidal observations (table 4) show 

no change in tidal characteristics at Point Chehalis and Bay City re

sulting from the dike, while Markham and Aberdeen gages show no change 

in tidal range but a slight lowering of mean tide level. Observations 

at North Bay tide gage indicate that the duration of flood was decreased 

and that of ebb increased. These changes in duration of flow were prob

ably accompanied by an increase in maximum flood currents into North Bay 

and a decrease in maximum ebb currents from the bay. Maximum flood and 

ebb velocities observed for plan 11 are compared with base test observa

tions in table 5. Ebb velocities at station 2 were reduced by as much 

as approximately 2.0 ft per sec, while flood velocities were increased 

slightly. Flood velocities at station 3 were increased slightly, and 

ebb velocities were relatively unaffected. Flood velocities were 
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reduced at stations 4 and 5 and were not .changed appreciably at station 2. 

It appears that the plan 11 dike caused an appreciable northward shift of 

the main thread of ebb currents. Ebb velocities at station 10 were in

creased appreciably, indicating that the greatest ebb velocities were 

along a line parallel to and a considerable distance north of the south 

jetty. This effect may be seen on photograph 27, which shows the strength

of-ebb-flow pattern for plan 11. Fig. 34 presents complete velocity ob

servations for three locations to show more clearly the effects of plan 11. 

At station 22 off Point Chehalis, flood velocities were increased and ebb 

velocities reduced. Station 27 wa-s- in an eddy behind the plan dike. 

Velocities off the end of the plan dike at station 37 were increased. 

Plans 1 and 2 

82. Description. Plan 1 consisted of a 10,000-ft-long training 

dike extending part way across the entrance to North Bay as shown in 

fig. 35. The dike was located to deflect the ebb flow from North Bay 

away from Point Chehalis and reduce velocities along the south jetty. 

The elements of plan 2, also shown on fig. 35, consisted of a 
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7000-ft-long training dike lying in a northwesterly direction across the 

back channel east of Point Chehalis, and was intended to direct the ebb 

flow from the back channel away from the point. 

83. Results. No tidal or velocity observations were made during 

the tests of these two plans. Their effects on surface currents were ob

served visually, and indicated additional observations to be unnecessary 

since no benefits could be noted. Plan 1 produced no noticeable effect 

on currents in the vicinity of Point Chehalis. Plan 2 had no effect on 

flood currents, and caused an increase in ebb velocities next to the 

point. Ebb flow was concentrated around the soutn ena of the dike thereby 

increasing velocities along the northern and eastern shores of the point. 

Plans for Improvement of Westhaven Harbor 

Plan 22 

84. Description. Plan 22 consisted of a 1425-ft-long breakwater 
11 D11 (fig. 36) designed for protection of Westhaven Harbor. The shore end 
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of the breakwater ended at the mllw line, so that some flow occurred be

tween the breakwater and the shore during most of the tidal cycle. Plan 

22 was tested with March 1950 hydrography around Point Chehalis. 

85. Results. The results of the test of plan 22 are shown in 

tables 2 and 4 and on photograph 28. The plan had no effect on tidal 

heights at Point Chehalis and no appreciable effect on current veloc

ities around Point Chehalis {velocity differences at stations 9, 22, and 

32 were caused by the plan 21 dike rather than by plan 22). The size of 

the floodtide eddy in the vicinity of plan 22 dike was increased by in

stallation of the plan {compare photographs 14 and- 28) 1 but ebb cur-

rent directions in the area were not affected appreciably. 

Plan 22A 

86. Description. Plan 22A consisted of extending breakwater "D" 

Boo ft south (fig. 37) to the +12-ft contour so that it eliminated flow 

between the south end of the breakwater and the shore. This plan was 

tested with November 1951 hydrography around Point Chehalis. 
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87. Results. The results of the test of plan 22A are shown in 

tables 2 and 4 and on phot~graph 29. The plan had no effect on tidal 

heights at Point Chehalis and no appreciable effect on current velocities 

except at station 35 (see fig. 38), located in the entrance channel to 
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Fig. 38. Velocity observation, plan 22A, station 35 

Westhaven Harbor, where flow directions were changed by elimination of 

eddies. Photograph 29 indicates that flow directions in the vicinity of 

the harbor were more uniform than for base test or plan 22 conditions. 

Plan 34 

88. Description. Plan 34 consisted of the 2600-ft-long breakwater 

"E" shown on fig. 39. The shore end of the breakwater extended to the 

+12-ft contour, and the plan was tested with November 1951 hydrography 

around Point Chehalis. 

89. Results. The results of the test of plan 34 are shown in 

tables 2 and 4 and on photograph 30. The plan had no appreciable effect 

on current velocities except at station 35, where current directions 

were altered by elimination of eddies at the harbor entrance. Current 

directions in the vicinity of the harbor for plan 34 were almost identical 

with those of plan 22A. The plan had no noticeable effects on tidal 

heights at Point Chehalis. 
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Plans for Improvement of the Navigation Channel 

90. Hydraulic tests of plans 10 and 11 indicated that relocation 

Of the navigation channel south of Sand Island would be necessary, 

should either of these dike plans be adopted, because of the strong 

Velocities across the existing channel. This condition would probably 

constitute a hazard to ships navigating the channel at or near strength 

Of ebb, as well as cause rapid shoaling of the channel. Information 

~as therefore desired as to the probable rate of shoaling in the pro

posed relocated channels as compared to the present rate of shoaling in 

the existing channel. Three proposed channel relocations, designated 

Plans 14, 30, and 31 (figs. 43, 44, and 45, respectively), were tested 

to determine their hydraulic and shoaling characteristics as compared 
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to the intercepted reach of the existing channel. Both hydraulic and 

shoaling tests were made of these channel realignment plans. In addition, 



52 

hydraulic tests only of the channel realignments of these plans were made 

in conjunction with certain other plan features. For example, the plan 14 

channel realignment was tested in conjunction with plan 11 as plan 12, with 

plan 10 as plan 13, and with the existing channel filled to simulate a 

shoal condition as plan 15; the plan 30 channel realignment was tested with 

the existing channel filled to simulate a shoal condition as plan 33; and 

the plan 31 channel realignment was tested with the existing channel filled 

to simulate a shoal condition as plan 32. 

91. Prior to conducting model tests of the proposed channel re

alignment plans, it was rreces-sEry -tu U.evelup a 1n0del {)perating technique 

to reproduce, as closely as possible, the pattern of shoaling in the 

existing channel (previously discussed in paragraph 31). When this had 

been accomplished, the three proposed relocations were tested to determine 

their probable effects on shoaling, following the operating techniques 

developed during the trial adjustment tests. The results obtained for the 

test of each proposed relocation are compared with the results of the ad

justment or base test to obtain a qualitative indication of whether the 

relocated channels would experience more or less shoaling than the exist

ing channel which it replaced. 

92. The final shoaling adjustment, considered to be the best repro

duction of the shoaling pattern in the existing channel obtained during 

the series of trial adjustment tests, consisted of injecting shoaling 

material into the model on the two ranges shown on fig. 43, page 56, for 

five consecutive flood and ebb periods, operating the model for eight ad

ditional tidal cycles without further injections to permit the tidal cur

rents to transport and deposit the material injected, then retrieving the 

deposited material from the navigation channel and measuring it to deter

mine the final quantities and distribution. This procedure was duplicated 

exactly for the three shoaling tests reported herein. That part of the ex

isting navigation channel which would be completely or partially relocated 

by the various plans was divided into six sections as shown on fig. 43, and 

the material deposited in this portion of the channel was retrieved and 

measured by sections. The distribution of material by sections for the 

final shoaling adjustment test is shown in table 8. The results of this 
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test are designated as the base test in table 8, since they serve as a ba

sis for comparison with the results of tests of the proposed relocations. 

Plan 12 

93. Description. Plan 12 consisted of all features of plan 11, 

described in paragraph 80, plus the proposed realigned channel shown on 

fig. 40. The proposed channel was 300 ft wide dredged to a depth of 33 
ft mllw. No changes were made in the existing channel for the test of 

Plan 12. 
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94. Results. Measurements of tidal heights and current veloc

ities {tables 7 and 5, respectively) indicate no significant changes 

from plan 11 conditions. The small increase in cross section provided 

by the realigned channel appears to be insignificant when compared 

With the total cross section. Surface current directions at strengths 

Of flood and ebb are shown on photograph 31. Flood-current directions 

Were in perfect alignment with the proposed channel; however, the 
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stronger ebb currents flowed across the westerly end of the realigned 

channel at an angle of approximately 30 degrees. It is possible that 

this condition would be hazardous to navigation at or near strength 

of ebb flow. 

Plan 13 
95. Description. Plan 13 was a combination of plan 10 and the 

proposed channel realignment described above (see fig. 41). No changes 

were made in the existing channel for the test of plan 13. 
96. Results. Measurements of tidal heights and current velocities 

(tables 7 and 5, respectively) indicate no measurable changes in plan 10 
conditions as a result of dredging the relocated channel. Surface cur

rent directions at strengths of flood and ebb are shown on photograph 32. 

Ebb currents were in better alignment with the relocated channel of plan 

13 than in plan 12. 

Plan 15 
97. Description. Plan 15 was identical with plan 13 except that 
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the existing channel was filled to normal bottom elevation to simulate a 

shoaled condition and the plan 10 dike was removed. The limits of the 

shoaled section of the existing channel are shown on fig. 42, in addition 

to other elements of plan 15. Hydraulic data for the test of plan 15 are 

shown on tables 6 and 7. 
98. Results. Photograph 33 shows surface current directions at 

strengths of flood and ebb. Shoaling of the existing navigation channel 

had little effect on hydraulic conditions as a whole. 

Plan 14 

99. Description. The plan 14 realignment is shown on fig. 43, 

divided into shoaling sections. The proposed channel is about 17,600 ft 

long and replaces approximately 19,700 ft of the existing channel. 

100. Results. The results of the shoaling test of plan 14 are 



" z 

~ 

I 

N•oo,oo0 
z 
0 

~ 0 -
- . 

·~ 
SourH 

NOTE: ELEVATIONS ARE IN rEET rAOM MEAN LOWER LOW 
WATER AT POINT Cl-l[HALIS, WHICH IS 4.815 F'EET 
BELOW MEAN SEA LEVEL, HORIZONTAL CONTROL 
15 BASED ON USC I GS LAMBERTC.RID FOR 
STATE OF WASHINGTON (;iOUTt-0. 

QJi TIDE QAQE 

0 VELOCITY STATION 

- EICISTING STRUCTURE 

--- PLAN STRUCTURE 
SCALE IN FEET 

lO'lO 

Fig. 43. Elements of plan 14 
presented in table 8. Material deposited in section 1, and that part 

of section 2 upstream from the junction of the plan 14 realignment 

with the existing channel, was retrieved and measured to permit com

parisons of the results of tests of the three realignments. The 

shoaling index (total shoaling for the plan divided by total shoaling 

for base test) for plan 14 was 0.62, indicating that the realigned 

channel would experience 38 per cent less shoaling than the existing 

channel. Tables 6 and 7 and photograph 34 show the results of hy

draulic tests of this plan. The only significant changes in hy

draulic conditions caused by the realigned channel were an increase 

in ebb velocities at station 112 and a decrease in ebb velocities at sta

tion 14A. The small increase in cross section caused by the new channel 

appeared to be of little significance in altering the hydraulic charac

teristics of the area. Current directions at strengths of flood and ebb, 

shown on photograph 34, indicate that the plan channel caused no noticeable 

changes from base test (plan 5) conditions. 
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Plan 30 

101. Description. The plan 30 channel relocation is shown on fig. 

44. The relocated channel was 24,000 ft in length, and replaced a 29,000-

ft length of the existing channel. The depth of the relocated channel 

was -33 ft mllw, and the bottom width was 350 ft. 

102. Results. The results of the hydraulic test of plan 30 are 

shown in tables 6 and 7 and on photograph 34; the locations of velocity 

stations used for this test are shown on fig. 44. The plan had no meas

urable effect on tidal ranges or elevations throughout the bay or on cur

rent velocities at stations outside the lilD.It-s- of'- the- proposed re-locatiurr. 
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Velocities at station 54, which is located at about the center of the 

relocated channel, showed appreciable reductions during both flood and 

ebb; however, the base test velocities at this station were obtained 

at a depth of about -6 ft mllw, while the plan velocities, measured in 

the relocated channel, were obtained at a depth of about -27 ft mllw. 



Comparison of the surface current directions for plan 30 (photograph 34) 

with those of the base test (photograph 22) indicates that the plan had 

no noticeable effect on current patterns in the problem area. 

103. The results of the shoaling test of plan 30 are presented 

in table 8, and the shoaling sections listed in this table are shown 

on fig. 44. The volume of material retrieved from each section of the 

relocated channel and the total material retrieved are shown in cubic 

centimeters in table 8, and the shoaling index is shown in per cent. 

The shoaling index of 0.75 for plan 30 indicates that the plan channel 

experienced 25 per -c-ent le-ss -stroal-fTrg -than did the existing ehannel. 

Plan 31 

104. 

fig. 45. 

Description. The plan 31 channel realignment is shown on 

The realignment was approximately 14,500 ft in length, and re-

placed a 20,000-ft reach of the existing channel. The dimensions of the 

plan 31 channel were the same as those of the plan 30 channel. 

105. Results. 
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shown on tables 6 and 7. Photographs showing surface current directions 

are not included, since flow directions were unaffected by this plan. 

Plan 31 had no measurable effects on tidal ranges, tidal elevations, or 

current velocities. It is pointed out, however, that velocities at sta

tions 58 and 60 were not reduced by installation of the plan channel, 

as were velocities at station 54 when the plan 30 channel was installed. 

106. The results of the shoaling test of plan 31 are presented in 

table 8. Material deposited in sections 1 and 2 was retrieved and 

measured since the plan realignment did not replace these portions of the 

existing channel and the- total shoaling for the- plan 3~ rea-ligrunent was-

then comparable to total shoaling for plan 30. The shoaling index for 

Plan 31 was o.42, indicating that the realigned channel would experience 

58 per cent less shoaling than the existing channel. 

Plan 32 

107. Description. Plan 32 was the same as plan 31 except that the 

abandoned portion of the existing channel (fig. 46) was filled to elevation 
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-10 ft mllw to simulate the estimated eventual shoaling of the abandoned 

channel. The model test of plan 32 consisted of determining the effects of 

the filling of the abandoned portion of the existing channel on hydraulic 

conditions in the realigned channel; no shoaling test was made of this plan. 

108. Results. Results of the test of plan 32 are shown in tables 6 
and 7. The plan had no appreciable effect on tidal heights throughout the 

bay. Current velocities were relatively unaffected except at stations 13 
and 15, located adjacent to the abandoned portion of the existing channel, 

where both ebb and flood velocities were generally reduced. Velocities at 

stations 58 and 60 in the reallgnea channel were not increased, indicating 

that flow diverted from the existing channel by the assumed shoal did not 

increase velocities in the realigned channel. 

Plan 33 
109. Description. Plan 33 consisted of the realigned channel 

of plan 30 and the assumed shoal in the existing channel described 

in paragraph 107. The elements of plan 33 are shown in fig. 47. 
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A hydraulic test only was made of plan 33. 

110. Results. The results of the test of plan 33 are shown in 

tables 6 and 7. The plan had no measurable effect on tidal heights 

throughout the bay. Current velocities at station 15 were redu~ed about 

the same amount as for plan 32. Flood velocities at station 54, located 

in the re~ligned channel, were less than those of the base test but were 

appreciably greater than corresponding velocities for plan 30. This in

dicates that some flow was diverted from the existing channel by the 

assumed shoal and that the diverted flow increased velocities in the 

realigned channel. Current velocities were- re-lati-ve-ly-unaf1'ected- at

all other stations. 

Tests To Evaluate Disposal Areas for Dredged Spoil 

111. Maintenance of the navigation channels throughout Grays 

Harbor is accomplished by means of both hopper and pipeline dredging 

operations. One purpose of the model study was to locate areas ad

jacent to the channel for dumping material dredged by pipeline dredges, 

and areas in deeper water for use by hopper dredges, from which minimum 

amounts of spoiled material would return to the channel. Information 

was also desired as to whether material removed from the channel by 

hopper dredge could be dumped in an area from which a large part of it 

would be shifted to the shore of Point Chehalis by wave and current 

action and partially compensate for erosion of the point. Tests were 

made of twelve disposal areas, all of which are shown on plate 11. 

Areas 1 to 5 and 7 were selected for use by pipeline dredges, while 

areas 5A, 6, and 8 to 11 were selected primarily for use by hopper 

dredges. All spoil area tests were conducted for conditions of spring 

tide. 

~neral test procedure 

112. Two types of tests were employed to determine the effective

ness of the various areas. The first technique used, referred to as 

the five-cycle injection method, consisted of continuously introducing 

a mixture composed of 5 per cent gilsonite and 95 per cent water into 
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the area being tested for five 24.84-hour tidal cycles (about 5 days 

prototype). The mixture of gilsonite and water was released approxi

mately 0.1 ft above the water surface so that it was available in 

suspension for disposition by the currents. Model operation was con

tinued for one cycle after completion of the injection period, then 

operation of the model was stopped and sketches or photographs showing 

the disposition of the material were made. The second method used was 

suggested by engineers of the Seattle District after observing the 

movement of material during tests employing the five-cycle injection 

method. It was their opinion, from observations of prototype dredging 

operations, that material spoiled (chiefly clean sand) immediately sank 

to the bottom in the vicinity of the release point and could only move 

away as bed load; therefore, it was felt that the model should test the 

ability of the currents to move bed material from the area being tested 

rather than their ability to move suspended material. The second tech

nique, referred to as the predeposit method, was developed and used for 

additional tests of areas previously tested and for tests of alternate 

areas selected from observations of material movement in the model. 

This method consisted of placing a total of approximately 1640 cc of wet 

gilsonite uniformly over the area being tested, prior to flooding the 

model. The model was then flooded slowly to starting elevation, care 

being taken that the flooding process removed no material from the area. 

Model operation was begun when the water in the model ocean reached hlw 

elevation, or at approximately hour 22 of the tidal cycle. Operation 

was continued until all significant movement of material ceased, or for 

a minimum of 10 tidal cycles. Operation of the model was then suspended, 

and sketches or photographs were made showing the disposition of mate

rial at the end of the test. 1-

Spoil area 1 

113. Description. The original limits of area 1 were generally 

those of the reservoir around the Rennie triangulation station (see 

plate 12). The Waterways Experiment Station was not advised of the 

existence of the Rennie Island Reservoir until after completion of the 

five-cycle injection test for area 1. The model was revised to include 



the reservoir dike prior to conducting the predeposit type test for area 

1 as shown on plate 13. 

114. Results of five-cycle injection test. The original spoil 

area 1 was located on comparatively high ground on the present site of 

the Rennie Island Reservoir. The area is above water during part of 

each cycle, and for this reason the material introduced was immediately 

transported from the area, by the water contained in the mixture, and 

deposited chiefly in the back channel to the south of the spoil area, 

as shown on plate 12. No material returned to the main navigation 

channel during this test. 

115. Results of predeposit test. The Rennie Island dike, which 

extends above mhhw and forms the Rennie Island Reservoir, was installed 

prior to undertaking this test. This dike effected the closure of 

area 1 on the north and west (see plate 13) and made it extremely dif

ficult for the currents to move material from the area. Material lost 

from the area was moved in very small quantities during ebb; the most 

noticeable amounts ~eft the area around the east end of the dike. Opera

tion beyond the tenth cycle did not seem warranted, since material move

ment was so slight. Plate 13 shows the material disposition at the end 

of the tenth cycle. It is estimated that at least 95 per cent of the 

material deposited remained in the area at the end of the test; further

more, the material moved from the area was deposited largely to the 

south of the navigation channel. 

Spoil area 2 

116. Description. Area 2 is a long narrow strip located south of 

the navigation channel as shown on plates 11 and 14. The western two

thirds of the area lies just south of the crest of a shoal that parallels 

the channel, while the eastern one-third is located on fairly high ground 

that is above the water surface at low tide. A five-cycle injection test 

(test 1) and a predeposit test {test 2) were made of area 2. 

117. Results of test 1 (five-cycle injection test). The results 

of this test are shown on plate 14. It was observed that flood cur

rents were responsible for the movement of the majority of the material 

from the disposal area into the navigation channel. Flood currents, 
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moving generally east across areas 3 and 4 (see plate 11) and then 

across area 2 and following the secondary channel between the zero con

tours, carried material from the eastern half of the area back into the 

channel northeast of the area. Local ebb currents, moving generally 

north between the two zero contours in the western half of the area at 

certain stages of the tide, moved some material back into the channel. 

Considerable movement of material could still be observed at the end 

of the test, and it is believed that little material would have remained 

-1n~he_area if model qperation had been continued. 

118. Results of test 2 (predeposit test)·. Material began leaving 

the area as soon as the test was started and in the same manner described 

in the preceding paragraph -- over the bar to the north in the western 

half of the area during the latter part of ebb, and out the secondary 

channel east of the center of the area. Material movement continued 

at a fairly rapid rate for the first five cycles, at which time it is 

estimated that approximately half the total movement had occurred. Model 

operation was continued to cycle 20, and during the last 15 cycles it was 

observed that material moved at a slowly decreasing rate so that condi

tions were apparently stable when model operation was stopped. The final 

disposition of material is shown on plate 15. It is estimated that ap

proximately 50 per cent of the material remained in the area at the end 

of the test, about 25 per cent had returned to the navigation channel, 

and the remaining 25 per cent was distributed over the outer channel 

areas as shown on plate 15. 

Spoil area 3 
119. Description. Three tests, one using the five-cycle injection 

method and two using the predeposit method, were made for this area. 

The bottom conformity of the area in the model, and observations made 

during the five-cycle injection test, indicated that two predeposit 

tests were necessary. This area is bisected by a shoal whose crest runs 

down the approximate center of the area, dividing the flow during both 

ebb and flood. It was desired to determine the disposition of material 

spoiled on each side of the crest and to obtain an indication as to the 

best half of the area to use for spoiling dredged material. Therefore, 



a predeposit type test was made for that portion of area 3 north of the 

shoal crest {area 3N), and a similar test was made for the area south of 

the crest (area 38). 

120. Results of five-cycle injection test. Material introduced 

into the area moved out at a fairly rapid rate during both flood and 

ebb, with the ebb currents causing the more rapid movement. The mate

rial leaving the area during ebb moved directly into the navigation 

channel west of area 3 and was carried down to form extensive shoals in 

the navigation channel as shown on plate 16. Flood currents crossing 

the area moved material in an easterly direction into the small ba~k

channel, and a portion of this material was carried on into the main 

navigation channel opposite the mouth of the Hoquiam River in the same 

manner as material was moved from area 2. It is estimated that approx

imately 10 per cent of the material introduced remained in the area at 

the end of the test and that 60 per cent of the material introduced 

had moved into the navigation channel west of the area. 

121. Results of predeposit test for area 3N. The duration of 

this test was 15 cycles, and the disposition of material at the end of 

the test is shown on plate 17. Ebb currents were more effective in 

moving material away from the area than were the flood currents. Cur

rents during the first part of the ebb period moved down the length 

Of the area and carried material into the navigation channel north of 

area 4 (see plate 11). Late ebb currents moved across the area from 

south to north and carried material into the channel north of area 3. 
Flood currents, moving generally parallel to the navigation channel, 

Picked up material moved to the area between the channel and area 3 

by the ebb currents and caused a general easterly shifting of this 

material with but little of it moving into the channel. An estimated 

30 per cent of the material remained in the area at the end of the 
test. 

122. Results of predeposit test for area 3s. This test was 

identical with the test for area 3N except that the material was placed 

in the south half of the area, and model operation was stopped at the 

end of cycle 20 when it was observed that material movement was 
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practically complete. Currents during the latter portion of the ebb 

period, moving across the area from south to north, were responsible for 

practically all material movement from the area. Flood currents caused 

some southerly and easterly movement, but such movement was insignifi

cant. The final distribution of material at the end of the test is 

shown on plate 18. It is estimated that approximately 5 per cent of 

the original volume of material was moved to the navigation channel 

during this test. 

Spoil _ar_ea 4 

123. Description. Spoil area 4 is located across a back channel at 

its junction with the main navigation channel as shown on plates 11 and 

19. One test of the five-cycle injection type was made for this area. 

124. Results. Strong ebb currents, moving across the eastern half 

of the area from the back channel into the navigation channel, trans

ported the spoiled material directly into the navigation channel. Flood 

currents, crossing the area from west to east, were also of sufficient 

strength to move considerable material. It is estimated that approxi

mately 75 per cent of the material introduced was deposited in or adja

cent to the navigation channel west of the area at the end of the test 

(cycle 6), and that only 5 per cent of the material spoiled remained in 

the area. Results of the test, shown on plate 19, indicate that the area 

should not be used; therefore, no further tests were made of this area. 

Spoil area 5 
125. Description. This area is located approximately 1000 ft north 

of the navigation channel and west of Moon Island Airport on comparatively 

high ground (all above elevation +2 ft mllw) as shown on plates 11 and 12. 

A five-cycle injection test only was made of this area. 

126. Results. The movement of material introduced was very slight 

when the area was inundated; however, when the area was above the water 

surface, water in the mixture being introduced carried a substantial part 

of the material from the area. The greater portion of the material moving 

from the area followed the slope to the west and collected in the depres

sion there as shown on plate 12. Movement along the slope to the south 

toward the navigation channel also occurred, but at the end of the test 



only a negligible amount of material had reached the navigation channel. 

Spoil area 5A 

127. Description. Area 5A is located in fairly deep water, 2 to 4 
fathoms deep at mllw, north of the navigation channel as shown on plates 

11 and 20. The area was selected for testing from observations of mate

rial movement in the model and can be used by either pipeline dredges or 

shallow-draft hopper dredges. Only a predeposit test was made of this 

area. 

128. Results. The duration of this test was 20 cycles, and the 

final disposition oY material at the end of the te-st- ts- showrrorrplat-e 

20. The area was practically unaffected by flood currents throughout 

the test. Material moved upstream from the area was first shifted out 

Of the area by the ebb currents, which caused a general shifting of the 

spoiled material to the south toward the navigation channel. The ebb 

currents also picked up a small amount of material from the area and 

moved it into the navigation channel southwest of the area to form a 

light shoal over practically the entire length of this reach. The rate 

Of material movement decreased rapidly from cycle 5 and became almost 

negligible by cycle 10. The test was continued to cycle 20, but little 

or no change was observed during the last 10 cycles. It is estimated 

that about 60 per cent of the material remained in the area at the end 

Of the test, about 20 per cent was shifted to the slope between the 

spoil area and the channel, and the remaining 20 per cent was scattered 

thinly over the lightly shoaled area shown on plate 20. 

§.Peil area 6 

129. Description. Spoil area 6 is located east and south of the 

navigation channel in fairly deep water as shown on plates 11 and 21. 

The area is intended primarily for use by hopper dredges operating in 

the adjacent channel. A five-cycle injection test only was made of 

this area. 

130. Results. The disposition of material at the end of the test 

is shown on plate 21. Very little of the material spoiled was retained 

in the area at the end of the test. Ebb currents moved the spoiled 

material rapidly to the west to form heavy shoals in the navigation 
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channel to the southwest and in the next reach of the channel to the west. 

Flood currents were also very effective in moving material from the area, 

but their effect did not appear harmful since all material moved by flood 

currents was deposited to the northeast in an area well removed from the 

navigation channel. 

Spoil area 7 

131. Description. Spoil area 7 is located east of the South Bay 

channel as shown on plates 11 and 22 and is intended for use by pipeline 

dredges operating in the adjacent channel. Only the five-cycle injection 

-te-chntque -test-was -made -for -this area. The minimum bottom elevation in 

the area is +2 ft mllw, and the area has a gentle downward slope to the 

west toward the navigation channel. 

132. Results. Material movement from this area closely resembled 

that described for tests of areas 1 and 5, in that the tidal currents 

had little effect on material introduced into the area. The great major

ity of material moved from the area was transported by the water in the 

shoaling mixture at times when the area was above the water surface. It 

is estimated that approximately 5 per cent of the material introduced was 

moved to the navigation channel, while approximately 90 per cent of the 

material remained in or adjacent to the area as shown on plate 22. 

Spoil area 8 

133· Description. Spoil area 8 is located northwest of the naviga

tion channel as shown on plates 11 and 13. The area is located roughly 

between the 3- and 4-fathom contours, and slopes downward toward the 

navigation channel. 

134. Results. 

One predeposit type test was made for this area. 

The duration of this test was 15 tidal cycles, and 

the final disposition of material at the end of the test is shown on 

plate 13. Flood currents had but little effect on material spoiled in 

the area. Ebb currents caused a general shifting of material downslope 

to the south and east toward the channel. Movement was very slow through

out the test as indicated by the small shoal in the navigation channel at 

the end of the test. 

Spoil area 9 

135· Description. The location of spoil area 9 is shown on 



plates 11 and 22. The area is in deep water, all over 4 fathoms, and is 

intended primarily for use by hopper dredges operating in the channel to 

the west of the area. One predeposit type test was made for this area. 

136. Results. The duration of this test was 10 cycles, and the 

final disposition of material at the end of the test is shown on plate 22. 

Movement of the spoiled material was very slight during the course of 

this test, and a general shifting or leveling out of the spoiled material 

was the principal action noted. Practically no material was moved from 

the area by either flood or ebb currents, and no material was observed 

in the navigation channel at the end of the test. 

Spoil area 10 

137. Description. Information was desired as to whether material 

dredged from the lower navigation channel by hopper dredges could be 

dumped in an area from which an appreciable portion of the spoil mate

rial would move to the shore of Point Chehalis and supplement the normal 

supply of beach material in that area, thereby decreasing the present 

rate of erosion on the western and northern shores of the point. Pre

liminary tests (discussed below) indicated that ebb currents would 

transport material to the western shore of Point Chehalis from a loca

tion approximately 1000 ft north of the point. Area 10, located north 

Of Point Chehalis as shown on plates 11 and 23, was selected on the basis 

Of Previous tests. One predeposit type test was made for this area. 

138. Results. The movement of material from the area was very 

rapid, particularly during ebb. Flood currents had little effect on 

the material with movement restricted generally to the upstream end of 

the area and with some material shifting down the slope away from Point 

Chehalis. An estimated 75 per cent of the material was moved from the 

area during the first ebb period. A small portion was trapped in the 

eddy between the spoil area and Point Chehalis and deposited there. 

The large eddy between the end of the south jetty and the shore of 

Point Chehalis trapped a larger amount. The following flood had little 

effect on material in the area, but moved practically all the material 

deposited between area 10 and Point Chehalis during the preceding ebb 

cycle, except for a small deposit upstream from groin 5. Material was 
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also shifted downslope into area 11. The effects of the second ebb 

period on material remaining in the area were similar to but of less 

intensity than that occurring during the first ebb, since the maximum 

current velocities were less. Practically all material had been moved 

from the area by the end of the third ebb period. Conditions at the 

end of 6 cycles (or at the end of the test), at which time no material 

remained in the area, are shown on plate 23. An estimated 5 to 10 per 

cent of the material spoiled was deposited downstream from Point Chehalis 

in a location from which it could be moved by waves to the shore of the 

point; however, the greater portion of the material introduced moved out 

through the jetty channel into the ocean. 

139· Spoil area 10, free-dump tests. Tests were conducted in the 

model to establish the most desirable spot location for free-dumping 

material dredged from downstream reaches of the navigation channel prior 

to conducting the dump-area tests described above. The most desirable 

location was considered to be that spot from which currents would move 

the largest quantity of material to the vicinity of Point Chehalis. It 

was believed that spoiling in this area would replenish the supply of 

material to the point at little or no additional cost. Shoaling material 

was injected at many points during numerous trials and observed as it 

moved with the currents. The most promising location (designated "in-

jection point" on fig. 48) was tested further and the results are dis-

cussed below. This spot location was later included in the area desig-

nated as spoil area 10, and the results of this test are similar to 

those obtained for area 10. 

·140. The point selected is located approximately 1000 ft off 

Point Chehalis and just downstream from the main stem of the ebb currents 

entering Grays Harbor from South Bay. Small injections of shoaling mate

rial were introduced at this point at a depth of approximately 20 ft be

low mllw each hour for 10 cycles (equivalent to about 10 days in the 

prototype). Photographs were made at the end of the injection period 

and after an interval equivalent to 10 additional days time to afford 

a basis for evaluating the effectiveness of the area. (The results can

not be considered quantitative in any respect.) Fig. 48 shows the 
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SCALE IN F'EET 

deposit of material'west of Point Chehalis at the end of the injection 

Period. Fig. 49 shows the same area at the end of cycle 20, or 10 days 

(prototype), after completion of dumping. A comparison of these two 

figures shows that the material deposited around Point Chehalis during 

the first 10 cycles slowly moved away when the supply was cut off. It 

is possible that the departure rate would be much slower in the proto

tYPe where some supply is always available; however, the effects of wave 

action in the area might completely change the trends indicated by the 

model. 

141. The test showed that material would move from the dump area 

to the western shore of Point Chehalis. It is believed, however, that 

dumping should be restricted to the smallest practicable area, since 

current directions in the vicinity of the dump area vary greatly within 

small distances and might consequently carry the material elsewhere. 

It is also pointed out that material was introduced in the model during 

both ebbing and flooding tidal intervals. It was observed that ebb 
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currents carried and deposited practically all the material indicated on 

fig. 48. Dumping during ebb tide only would result in the largest possible 

percentage of dumped material being carried to and deposited on the west

ern shore of Point Chehalis. Material dumped during flooding tides was 

transported chiefly to the back channel and into the area southeast of 

Westhaven Harbor and could possibly cause an increase in shoaling in the 

harbor entrance channel. 

Spoil area 11 

142. Description. Spoil area 11 is located adjacent to and west 

of the downstream. end of area 10 as shown on plates 11 and 24. This area 

was selected for the same purposes as area 10, and was tested to determine 

whether flood currents would be more effective in transporting material 

from the spoil area to the shore of Point Chehalis than was observed for 

area 10. 

143. 

Area 11 was tested in the same manner as was area 10. 

on plate 24. 

Results. The results of the test of spoil area 11 are shown 

The first flood period had very little effect on the 
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spoiled material. An appreciable amount of the spoiled material was re

moved from the area by the first ebb, and this material was carried sea

ward along the north side of the south jetty. The same type of movement 

continued throughout the test, in that flood currents had little effect 

on the material while ebb currents progressively removed material from 

the spoil area and carried it to sea. At the end of cycle 6 (or at the 

end of the test) practically all of the spoiled material had been re

moved from the area as shown on plate 24. None of the material removed 

from the area by the ebb currents was deposited along the shore of Point 

Chehalis. Visual obs~rvations ma~e- durin~ the course_ of_ tha tesL indi

cated that all of the material was carried to sea by the ebb currents 

and that flood currents had little or no effect on movement of material 

from the area. 
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PART V: LIMITATIONS AND ACCURACY 

Hydraulic Tests 

144. The hydraulic data obtained from the model may be considered 

quantitatively accurate except for certain limitations. These limitations 

are imposed by the inability to obtain reliable velocity observations in 

certain local and highly turbulent areas ad,iacent to the shore or to 

structures. Current observations made at locations 100 ft or more away 

from the shore line or from a structure are believed accurate and can be 

transferred to the prototype in a quantitative manner. It is pointed 

out that all data were obtained for conditions of spring tide and con

tinuous mean river discharge, equivalent to 46oo cfs. Waves cannot be 

correctly reproduced in distorted models with regard to both wave height 

and wave length. Waves of a height equivalent to 10 ft prototype, but 

with an arbitrary length, were generated in the model to evaluate in a 

general way the effects of storms. The results are not quantitative in 

any respect. 

Shoaling Tests 

145. The results of model shoaling tests cannot be transferred 

quantitatively to the prototype; therefore, model shoaling data must be 

evaluated on a comparative or qualitative basis. Prototype data neces

sary to verify shoaling in the model were not available, eliminating 

the possibility of verifying shoaling in the model prior to undertaking 

shoaling tests of improvement plans. Techniques employed for the base 

shoaling test were repeated exactly for all subsequent shoaling tests, 

thus making it possible to analyze the results of such tests on a com

parative basis. 

Disposal Area Tests 

146. Results of tests to evaluate the effectiveness of disposal 
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areas in retaining dredged spoil are only qualitative for the same reasons 

as stated above. There is no assurance that the movement of bed load 

material (gilsonite) in the model reproduced the movement of prototype 

bed load material in a quantitative manner. It is believed that the 

test results do indicate whether material will be retained in an area or 

carried away by the currents, and that the paths of movement of the mate

rial were indicated approximately. It is believed that data presented on 

plates 12 through 24 represent fairly accurately the general effects to 

be expected as a result of utilizing the respective areas; at least to 

the extent of eliminating the use of se"V"eral Qf_ the proposed areas. The 

individual effects of ebbing or flooding currents are also believed to 

be accurately indicated. 
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PART VI: CONCLUSIONS AND RECOMMENDATIONS 

147. The chief cause of the erosion of Point Chehalis is believed 

to be the south jetty, which halted the normal movement of beach mate

rial from the south and concentrated and directed wave action to the 

western shore. The alignment of the south jetty is also believed to be 

responsible for the migration of the channel to the south and the ulti

mate attack of the high ebb currents on this jetty. The accompanying 

shift-Of ~he main thread of the flood currents to the south between the 

jetties has no doubt increased the rate of erosion of the point. Model 

test results indicated that plan 23, which involved removal of that 

portion of the outer 6ooo ft of the south jetty above mllw, produced the 

maximum benefits to Point Chehalis. Nature has already accomplished a 

considerable portion of the work involved in degrading the jetty and 

this process will undoubtedly continue (outer 6ooo ft destroyed to about 

mllw as of 1953). Work to retard destruction of the south jetty, or re

pair of this structure, is not recommended. 

148. Steps should be taken to decrease the present rate of erosion 

of Point Chehalis provided it appears economically feasible. Work should 

be concentrated on the northwestern and northern shores and should aim 

at: (a) eliminating the drift of material around the northwestern point 

in an attempt to stabilize the western beach, and (b) eliminating the 

scouring action of eddies along the northern beach for the same purpose. 

It has been demonstrated in the prototype that groin 5 alone will not 

accomplish the desired results. The additions of groins 6 and 7 should 

halt erosion of the northern shore above mllw. Extending groins 6 and 7 

to the -6- or -12-ft contour should break up the eddies causing the 

scour, dampen wave action, and stabilize the beach out to the ends of 

the groins. 

149. The best plans tested for the protection of Westhaven Harbor 

appear to be plans 22A and 34, in both of which the shore breakwater ex

tended to the +12-ft mllw contour. The duration of one-way flow in the 

harbor entrance was increased with accompanying increases in velocities 

which should retard the shoaling rate. Elimination of the eddy southeast 
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of the harbor should reduce the rate of supply of shoaling material and 

thus reduce the shoaling rate in the harbor. Dredging may be required 

to maintain the access channel between deep water north of the point and 

Westhaven Harbor and South Bay. However, the large shoal developing 

east of the channel and Point Chehalis may serve to concentrate the ebb 

flow from South Bay and the back channel and maintain sufficient depths 

for navigation. 

150. Material benefits can be derived, in regard to both naviga

tion and decreased maintenance dredging, as a result of relocating that 

portion of the navigation channel south of Stind Is-land Shoal.- Model 

test results indicated that installation of the plan 31 realignment 

would cause the maximum reduction in shoaling. Plan 30 appears to be 

best from a navigation standpoint but offers the least benefit with re

spect to reduction of shoaling. The plan 30 channel is much longer than 

the plan 31 channel, and the initial cost of dredging the plan 30 channel 

would probably be more than double the cost of the plan 31 realignment. 

It is therefore concluded that the plan 31 realignment would be the most 

satisfactory of the realignments tested and should be installed in the 

Prototype if economically justified. 

151. It is believed that the results obtained from the predeposit 

tests of the various spoil areas give a more reliable indication of what 

can be expected in the prototype than do the results obtained from tests 

Using the five-cycle injection method, because of the physical charac

teristics of the bulk of the dredged material in the harbor. Therefore, 

it is recommended that the final evaluation of a disposal area be made 

chiefly on the results of the predeposit tests. It is also pointed out 

that the model shoaling material used for these tests was very light 

(specific gravity about 1.035), which probably resulted in more rapid 

movement in the model than would obtain in the prototype where the 

spoiled material is primarily sand. 

152. The results of the predeposit test of area 1 indicate that 

the area would retain practically all material deposited there. An 

eastern extension to the dike constructed along the northern edge of the 

area would increase its capacity and efficiency; however, the high 



retention rate indicates that its use would be limited. The results of 

tests of area 2 indicate that portions of the area are suitable for the 

spoiling of dredged material. The eastern end, between the +2-ft con

tour and Rennie Island Reservoir, should be satisfactory and would be 

improved if a retaining dike similar to the one provided for area 1 were 

placed along the northern side to join the Rennie Island dike. That 

portion of area 2 across the back cbannel should not be used unless the 

spoil could be dumped to dam the back channel and the dam could be main

~ained at an--ele'ILSxion above mllw. It was observed in the model that 

late ebb currents, flowing from south to north across the area, were 

concentrated in depressions in the crest of the shoal. An effort should 

be made to fill these depressions with the dredged spoil and maintain 

the crest elevation of the shoal running through the area at a fairly 

uniform elevation. The material spoiled in area 2 should be released 

south of the crest of the shoal to obtain the maximum retention rate. 

The same procedure seems applicable to area 3. The low portion of the 

shoal through the area should be filled to eliminate concentration of 

late ebb currents moving from south to north across the area, and all 

subsequent dumping should be done south of the crest of the shoal to 

obtain the maximum possible retention. 

153. Use of areas 4 and 6 is not recommended, since a large per

centage of the material spoiled therein returned to the navigation 

channel. Results of the test of area 5 indicate that it could be used 

successfully, provided the material is released so as to take advantage 

of the bottom slope to the north which would insure that the smallest 

amount possible would return to the navigation channel. The results 

of tests of area 5A indicate that the retention rate of this area is 

high enough to warrant its use; however, a general shifting of material 

downslope toward the navigation channel can be expected. The same con

dition is indicated for area 8. Area 7 was indicated to be satisfactory, 

and it is believed that it would prove to be better in the prototype 

than was indicated by the results of the model test. Results of the 

test of area 9 indicated that spoiling material in this area would have 

no harmful effects. 



79 

154. Dumping in the vicinity of Point Chehalis should be limited 

to area 10 in order to provide the maximum possible benefit to Point 

Chehalis. It is believed that area 10 could be extended to the north

east approximately 1000 to 2000 ft for dumping during ebb tides without 

decreasing the benefits to Point Chehalis, but dumping during flood 

tides should be confined to the present limits of area 10. It is pointed 

out that while the spoiling of dredged material in area 10 should re

lieve conditions along the western and northern shores of Point Chehalis 

to some extent, it might increase the rate of accretion now occurring 

at the northeastern extremity ot the :point_ and might ultimatel~ cause a 

maintenance problem in the channel between Westhaven Harbor and deep 

water north of Point Chehalis. 



Table 1 

Effects of Plans 5' 6, 7, 8, 8A. 9, 19, 20, 21 1 21A on Maximum Current Ve loci ties* 

1st Ebb 1st Flood i'.Sd Ebb 2d F'lood 
~ Base Test Plan Difference Base Test Plan Difference Base Test Plan Difference Base Test Plan Difference 

Plan 5 

16 3.6 4.1 -t{), 5 3,6 3,3 -0.3 3.6 3.8 -t-0.2 4.0 3. 7 -0.3 
22 4.2 5.3 +1.1 4.5 3.2 -1. 3 4.5 4.7 -t-0.2 5.0 3.7 -1. 3 
33 5.4 5. 5 +O.l 4,5 3.8 -0.5 5. 5 5. 3 -0.2 5.0 4.7 -0.3 
34 3.7 4.5 -t-0.8 3.6 3. 7 +O.l 3.8 4.4 -t-0.6 4.5 3,9 -0.6 

Plan 6 

16 4.1 2.6 -1.5 3.3 2.3 -1.0 3.8 2.6 -1.2 3. 7 2.5 -1.2 
22 5,3 1.6 -3. 7 3.2 2.6 -o.6 4.7 1.3 -3.4 3,7 2.8 -0.9 
33 5. 5 1.0 -4.5 3.8 2.9 -0.9 5,3 1.3 -4.0 4.7 3.3 -1.4 
34 4.5 3.8 -0.7 3,7 2.3 -1.4 4.4 3.8 -o.6 3.9 2.3 -1.6 
35 2.0 1.4 -0.6 0.2 0.3 +0.1 1.3 1.0 -0.3 0.3 0.4 -t-0.1 

~ 
9 3.6 4.6 +1.0 2.5 2.7 -t-0.2 3.3 4.4 +1.1 3,3 3.4 +0.1 

16 4.1 3.0 -1.1 3.3 2.3 -1.0 3.8 3.2 -0.6 3.7 2.9 -0.8 
22 5.3 4.3 -1.0 3,2 5.4 +2.2 4.7 4.5 -0.2 3,7 5.7 +2.0 
31 2.0 1.9 -0.1 3.0 2.7 -0.3 1.6 1.6 o.o 3.6 3.6 0.0 
32 1.5 2.2 -1.l 4.3 3.9 -o.4 4.0 2.4 -1.6 5.4 5.4 o.o 

~ 
6 3.0 1.6 -1.4 l.6 1.4 -0.2 3,5 1.6 -1.9 2.0 2.0 o.o 
7 1.0 1.9 +0.9 1.3 '0.7 -o.6 0.9 1.4 -t-0.5 1.9 1. 3 -0.6 
8 3.0 3.9 -t-0.9 2.8 2. 7 -0.1 3.0 3.6 +0.6 3.6 3. 3 -0.3 
9 3,6 3.8 -t-0.2 2.5 3.0 +0.5 3.3 3,3 o.o 3,3 3.6 +O. 3 

10 5,1 4.8 -0.3 3,2 3.1 -0.l 4.5 4.3 -0.2 3.7 3.5 -0.2 
16 4.1 2.8 -1.2 3,3 3. 3 o.o 3.8 2.9 -0.9 3.7 3.6 -0.1 
19 6.4 6.o -0.4 l.6 1.6 o.o 5.8 5.4 -0.4 2.0 2.0 o.o 
20 1.3 2.2 +0.9 1. 7 0.9 -o.8 1.4 1.6 -t-0.2 1.5 1.3 -0.2 
22 5.3 4.3 -1.0 3.2 4.3 +1.1 4.7 4.2 -0.5 3.7 4.8 +l.l 
30 3.6 3.6 o.o 2.2 2.4 +0.2 3.3 2.7 -o.6 2.2 3.2 +1.0 

~ 
6 3.0 3.6 -t-0.6 1.6 1. 7 -t{).l 3. 5 3.7 -t-0.2 2.0 2.2 -t-0.2 
7 1.0 1. 5 +0.5 1.3 1. 7 +o.4 0.9 l.6 -t-0.7 1.9 2.3 -t-0.4 
9 3,6 3.8 -t-0.2 2.5 2.9 +o.4 3,3 3.6 -t-0.3 3. 3 3.6 +0.3 

20 1.3 2. 7 +o.6 1.7 2.0 +0.3 1.4 2.3 -t-0.6 1.5 2.2 +O. 7 
29 1.0 2.2 +1.2 1.0 1.4 +o.4 1.4 1.7 -t-0.3 1. 5 1.6 +O.l 

~ 
6 3.0 3.9 -t-0.9 1.6 1.5 -0.l 3.5 3.8 -t{),3 2.0 2.0 o.o 

7 1.0 0.7 -0.3 1. 3 1. 5 -t{).2 0.9 0.9 o.o 1.9 2.2 +0.3 
8 3.0 4.7 +l. 7 2.8 3.6 +o.s 3.0 4.1 +1.1 3.6 4.4 -t-0.8 

9 3.6 3.6 o.o 2.5 2.5 o.o 3.3 3.6 -t{),3 3.3 3.2 -0.1 
10 5.1 5. 5 +0.4 3.2 3.6 +0.3 4.5 4.8 -t-0.3 3.7 3.8 +0.1 
16 4.1 3.1 -1.0 3,3 1. 7 -1.6 3.8 3.0 -0.8 3.7 2.0 -1. 7 
20 1.3 i.6 -t-0.3 1.7 1.9 +0.2 1.4 i.6 ·+0.2 1. 5 2.0 +0.5 
22 5,3 1.2 -4.l 3.2 2.8 -o.4 4.7 1.2 -1. 5 3.7 3.2 ... 0.5 
29 1.0 1.5 -t-0.5 1.0 1.3 +0.3 1.4 1.4 o.o 1.5 1.5 o.o 

31 2.0 1.2 -o.8 3.0 2.6 -o.4 1.6 0.9 -0.7 3.6 3.2 -o.4 

34 4.5 3.6 -0.9 3,7 2.4 -1. 3 4.4 3.6 -0,8 3,9 2. 7 -1.2 

35 2.0 1.5 -0.5 0.2 0.3 +O.l 1.3 1.3 o.o 0.3 o.4 +O.l 

~ 
45 5.9 1.6 -4.3 1.2 1.2 o.o 5. 3 1.8 -3.5 2.0 1. 3 -0.7 
47 5.2 6.4 +1.2 1.2 1.2 o.o 4. 7 5,6 -t-0.9 2.2 1.6 -0.6 

49 4.8 5,0 +o.2 1.2 0.9 -0.3 4. 7 4.8 -t-0.l 1.6 1.6 o.o 

Plan 20 

44 5.3 2.6 -2.7 0.5 0.9 +o.4 4.9 2. 7 -2.2 1.8 1. 3 -0.5 
45 5.9 4.0 -1.9 1.2 1.2 o.o 5.3 3.6 -1. 7 2.0 1. 3 -0.7 
46 5.2 3.2 -2.0 1.0 1.0 o.o 4.6 2.4 -2.2 1. 7 1.2 -0.5 
47 5.2 4.6 -o.6 1.2 o.8 -o.4 4.7 3.4 -1. 3 2.2 2.0 -0.2 
48 4.1 2.4 -1. 7 1.0 0.7 -0.3 3.4 2.0 -1.4 1. 5 1.4 -0.l 

49 4.8 5.4 -t-0.6 1.2 1.1 -0.1 4. 7 4.8 -t-0.l 1.6 1.6 o.o 

50 5. 5 5.2 -0.3 1. 5 1. 3 -0.2 5.2 5.2 o.o 1.9 1.6 -0. 3 

~ 
9 3,6 4.7 +1.1 2.5 3.4 +0.9 3.3 4.4 +1.1 3. 3 3.2 -0.1 

16 4.1 3. 5 -0.6 3.3 2.6 -0.7 3.a 3.6 -0.2 3. 7 2.8 -0.9 
22 5. 3 5 .1 -0.2 3.2 5. 4 +2.2 4.7 5,4 -!{).'{ 3,7 5.9 +2.2 

31 2.0 2.3 +O. 3 3.0 3.6 +o.6 1.6 1. 5 -0.1 3.6 3.8 t0.2 

32 3. 5 2.2 -1. 3 4.3 3.9 -o.4 4.o 1.8 " ,, 5.4 4.4 -1.0 

52 2.2 1. 8 -o.4 4.8 4.5 -0. 3 2.0 2.0 o.o 5.3 4.8 -0. j 

Plan 21A 

9 4.7 4.2 -0.5 3.4 2.9 -0.5 4.4 4.0 -0.4 3.2 2.8 -o.4 
16 3. 5 3.4 -0.1 2.6 0.7 -1.9 3.6 3.3 -0.3 2.8 1. 7 -1.1 
22 5.1 1.4 -3. 7 5.4 4.3 -1.l 5.4 1.8 -3.6 5,9 4.7 -1.2 

" All velocities a.re expressed in prutotype ft/sec. 



Table 2 

Effects of Plans 22 1 22A1 34 1 23 1 24 on MaxilllUlll Current Velocitiee* 

let Ebb let Flood 2d Ebb 2d Flood 
~ Base Teet ~ Difference Base Test Plan Difference Baee Teet .!'..!!!! Difference Base Teet .!'..!!!! Difference 

~ 

9 3,6 4.9 +1.3 2.5 3.3 +0.8 3.3 4.8 +1.5 3.3 3.6 +0.3 16 4.1 3.8 -0.3 3.3 2.7 -o.6 3.8 3.6 -0.2 3,7 3.2 -0.5 22 5.3 5.2 -0.1 3.2 5.2 +2.0 4.7 5.3 +0.6 3,7 5.6 +1.9 
31 2.0 1.9 -0.1 3.0 3.6 +o.6 1.6 1.9 +0.3 3.6 4.3 +0.7 
32 3,5 1.9 -1.6 4.3 3.8 -0.5 4.o 1.9 -2.1 5.4 4.3 -1.1 
35 2.0 2.0 o.o 0.2 o.o -0.2 1.3 1.9 +0.6 0.3 o.o -0.3 
52 2.2 1.5 -0.7 4.8 4.4 -0.4 2.0 1.7 -0.3 5.3 5.2 -0.1 

~ 

7 1.5 1.6 +O.l 2.3 2.3 o.o 2.2 1.9 -0.3 2.5 2.5 o.o 
9 4.2 4.6 +0.4 2.9 3.0 +O.l 4.o 4.1 +O.l 2.8 2.9 +0.1 

10 5.3 5.2 -0.1 3.0 2.6 -0.4 4.7 5.0 +0.3 3.2 3.0 -0.2 
16 3.4 3.2 -0.2 0.7 1.0 +0.3 3.3 2.8 -0.5 1.7 1.9 +0.2 
22 1.4 1.2 -0.2 4.3 4.2 -0.1 1.8 1.7 -0.1 4.7 4.6 -0.l 

- 53 --4.-2 -3-.--9 --0.3 4.6 4,4 ~o.2 _J.4 3.4 !l.D lqi 4.9 o.o 

Plan 34 

7 1.5 1.5 o.o 2.3 2.2 -0.l 2.2 2.0 -0.2 2.5 2.5 o.o 
9 4.2 4.2 o.o 2.9 2.9 o.o 4.o 4.2 +0.2 2.8 3.0 +0.2 

10 5.3 5.3 o.o 3.0 2.9 -0.l 4.7 4.7 o.o 3.2 3.4 +0.2 
16 3.4 3.4 o.o 0.7 o.8 +0.1 3,3 3.3 o.o 1.7 1. 7 o.o 
22 i.4 0.7 -0.7 4.3 4.5 +0.2 1.8 0.7 -1.1 4.7 4.8 +O.l 
35 2.2 1.4 -o.8 1.3 o.o -1.3 L6 1.6 o.o o.o o.o o.o 
53 4.2 3.5 -0.7 4.6 4,5 -0.1 3,4 3.4 o.o 4.9 5.3 +0.4 
70 1.9 2.6 +0.7 o.o o.o o.o L2 2.2 +1.0 0.5 0.3 -0.2 

Plan 23 

2 5.4 4.7 -0.7 Ll 2.4 +L3 5.4 4.7 -0.1 l.9 3.1 +L2 
3 4.2 3.8 -o.4 4.6 3.2 -L4 4.2 3.2 -1.0 5.6 4.3 -1.3 
4 4.2 4.8 +0.6 5.0 3.9 -1.1 3.6 4.1 +0.5 5.6 4.6 -LO 
5 4.2 4.o -0.2 4.4 3,5 -0.9 3.7 3.5 -0.2 5.1 4.1 -LO 
8 3.8 3.8 o.o 3.1 2.6 -0.5 3.1 2.9 -0.2 3.6 2.7 -0.9 
9 3.3 3.6 +0.3 2.7 2.4 -0.3 3.5 3.2 -0.3 2.9 2.6 -0.3 

10 4.3 4.3 o,o 2.6 2.6 o.o 3.8 3.9 +0.1 2.9 3.2 +0.3 
112 3.2 3.1 -0.1 3.2 2.9 -0.3 2.7 2.7 o.o 3,6 3.6 o.o 
22 4.6 4.6 o.o 4.2 3.4 -o.8 4.6 4.8 +0.2 4.8 4.0 -o.8 
27 3.3 3.2 -0.1 L7 1.7 o.o 3.9 4.o +O.l 2.1 2.1 o.o 
28 5.7 5.5 -0.2 3.7 4.8 +Ll 5.0 5.3 +0.3 4.5 4.3 -0.2 
30 4.2 3.5 -0.7 2.7 1.7 -1.0 3.6 3.5 -0.1 2.7 2.1 -0.6 
32 2.1 2.0 -0.l 3.7 3.2 -0.5 2.0 2.0 o.o 4.4 3.6 -o.8 
43 7.0 5.5 -L5 1.4 2.9 +l.5 6.1 4.9 -1.2 1.7 3.8 +2.l 
45 6.3 5.7 -o.6 1.2 2.5 +L3 5.7 5.0 -0.7 1.8 3.4 +L6 
49 5.3 4.6 -0.7 L3 2.6 +1.3 4.8 4.7 -0.1 1.9 3.4 +1.5 
51 5.7 5.6 -0.1 L4 2.5 +1.1 5.4 5.4 o.o 1.9 3.4 +L5 
65 2.7 3.8 +l.l 2.3 2.1 -0.2 L3 L4 +O.l 2.8 2.5 -0.3 
66 1.6 2.5 +0.9 L7 1.7 o.o L7 1.7 o.o 2.0 1.8 -0.2 
67 1.0 LO o.o LO 1.0 o.o LO 1.1 +O.l 1.2 Ll -0.l 
68 o.8 L4 +0.6 0.7 0.3 -o.4 o.8 o.8 o,o l.O LO o.o 
69 1.0 L3 +0.3 o.o o.o o.o 1.0 1.0 o.o 0.9 0.9 o.o 

~ 

2 5.4 4.5 -0.9 1.1 1.8 +0.7 5,4 4.5 -0.9 l.9 2.6 +0.7 
3 4.2 3.2 -1.0 4.6 3,3 -1.3 4.2 3.6 -o.6 5.6 3,9 -1.7 
4 4.2 3.9 -0.3 5.0 3.7 -1.3 3.6 3.8 +0.2 5.6 4.5 -Ll 
5 4.2 3.9 -0.3 4.4 3.4 -LO 3.7 3.6 -0.l 5.1 4.4 -0.7 
8 3.8 3.9 +0.1 3.1 2.6 -0.5 3.1 3,5 +0.4 3.6 3.0 -o.6 
9 3.3 3.5 +0.2 2.7 2.2 -0.5 3.5 3.4 -0.1 2.9 2.6 -0.3 

10 4.3 4.5 +0.2 2.6 2.8 +0.2 3.8 4.1 +0.3 2.9 3.1 +0.2 
112 3.2 3.2 ·o.o 3.2 3.0 -0.2 2.7 2.8 +O.l 3.6 3.6 o.o 
22 4.6 4.6 o.o 4.2 3.6 -o.6 4.6 4.7 +0.1 4.8 4.3 -0.5 
27 3,3 3.3 o.o 1.7 1.7 o.o 3.9 3.3 -o.6 2.1 1.8 -0.3 
28 5.7 5.3 -o.4 3.7 3.9 +0.2 5.0 5.1 +O.l 4.5 4.4 -0.1 
30 4.2 3.5 -0.7 2.7 1.9 -0.8 3.6 3.8 +0.2 2.7 2.2 -0.5 
32 2.1 2.1 o.o 3,7 3.0 -0.7 2.0 2.3 +0.3 4.4 3.4 -1.0 
43 7.0 5.1 -1.9 1.4 2.9 +l.5 6.1 5.0 -Ll l. 7 3.6 +1.9 
45 6.3 4.8 -1.5 1.2 2.4 +L2 5.7 4.7 -LO 1.8 3.0 +1.2 
49 5,3 5.2 -0.1 1.3 2.3 +1.0 4.8 5.1 +0.3 L9 2.4 +0.5 
51 5. 7 5.5 -0.2 L4 2.4 +1.0 5,4 5,4 o.o 1.9 3.1 +1.2 

* All velocitiee are expreesed in prototype ft/eec. 



Table 3 

Effects of Plans 25 ! 27 1 28 1 29 on Maximum Current Velocities* 

let Ebb let Flood ~d Ebb ~d Flood 
~ Base Test Plan Difference Base Test Plan Difference Base Test ~ Difference Base Test ~ Difference 

Plan 25 

2 5.4 4.6 -o.8 1.1 1.6 +O. 5 5.4 4.5 -0.9 1.9 2.0 +0.1 
3 4.2 3.6 -0.6 4.6 3.1 -1.5 4.2 3.6 -0.6 5.6 4.1 -1. 5 
4 4.2 3,9 -0.3 5.0 3.7 -1.3 3.6 3.4 -0.2 5.6 4.2 -1.4 
5 4.2 3,3 -0.9 4.4 3.0 -1.4 3,7 3.4 -0.3 5.1 4.1 -1.0 
8 3.8 4.1 +0.3 3.1 2.8 -0.3 3.1 3.6 +O. 5 3.6 3.1 -0.5 
9 3.3 4.2 +0.9 2.7 2.4 -0.3 3.5 3,6 +0.1 2.9 2.7 -0.2 

10 4.3 4.3 o.o 2.6 2.7 +0.1 3,8 3,9 +O.l 2.9 3,3 +0.4 
~ 3.2 2.9 -0.3 3.2 2.5 -0.7 2.7 2.5 -0.2 3.6 3.1 -0.5 
22 4.6 4.7 +0.1 4.2 3.7 -0.5 4.6 5.0 +0.4 4.8 4.5 -0.3 
27 3.3 4.0 +O. 7 1.7 1.4 -0.3 3.9 4.2 +0.3 2.1 1.9 -0.2 
28 5,7 5. 7 o.o 3.7 3.8 +O.l 5.0 5,3 +0.3 4.5 4.8 +0.3 
30 4.2 3.9 -0.3 2.7 2.0 -0.7 3.6 3,3 -0.3 2.7 2.1 -o.6 
32 2.1 2.2 +O.l 3. 7 3.2 -0.5 2.0 2.1 +O.l 4.4 3.6 -0.8 
43 7,0 5.6 -1.4 1.4 2.8 +1.4 6.1 5.2 -0.9 1.7 3.4 +1.7 
45 6.3 5.3 -1.0 1.2 2.1 +O. 9 5.7 4.7 -1.0 1.8 3.0 +1.2 
49 5.3 4.6 -0-.7- 1.8 +o. 5- 4--.8-- I._ I. -o.-4 1;9- 2-.-0- +-0~7-.L"o.J ... '+-

51 5.7 5.5 -0.2 1.4 2.1 +0.7 5.4 5.4 o.o 1.9 3.0 +l.l 

Plan 27 

2 5,5 3,7 -1.8 0.7 o.6 -0.1 4.9 3.2 -1. 7 1.8 1.3 -0.5 
3 4.9 2.5 -2.4 4.o 1.9 -2.1 4.5 2.3 -2.2 4.5 2.6 -1.9 
4 4.2 2.8 -1.4 4.4 3.4 -1.0 4.2 2.6 -1.6 5,3 4.1 -1.2 
5 4.4 3.2 -1.2 4.5 2.7 -1.8 3.6 2.2 -1.4 5.2 3.4 -1.8 
8 3.0 2.3 -0.7 2.8 2.3 -0.5 3.0 1.8 -1.2 3.6 3.2 -o.4 
9 3.6 3.0 -o.6 2.5 2.0 -0.5 3.3 2.4 -0.9 3.3 2.7 -o.6 

10 5.1 3,2 -1.9 3.2 2.3 -0.9 4.5 3.0 -1.5 3,7 2.6 -1.1 
112 3.6 2.6 -1.0 3.3 2.7 -o.6 2.9 1.7 -1.2 4.o 3.1 -0.9 
13 5.0 2.3 -2.7 4.o 2.0 -2.0 4.1 2.4 -1. 7 4.6 2.3 -2. 3 
15 2.6 2.9 +0.3 1.9 1.9 o.o 2.7 2.2 -0.5 2.0 2.3 +0.3 
16 4.1 3.1 -1.0 3.3 2.2 -1.l 3.8 3.0 -o.8 3.7 2.6 -1.l 
22 5.3 3,3 -2.0 3.2 3.0 -0.2 4.7 3.4 -1.3 3,7 3.8 +0.1 
23 3.8 2.1 -1. 7 3.6 2.2 -1.4 3.2 1.9 -1.3 4.1 2.4 -1. 7 
28 6.2 4.4 -1.8 2.8 2.7 -0.1 5.1 3.9 -1.2 3.4 3.5 +o.l 

Plan 28 

2 5.5 4.3 -1.2 0.7 1.2 +o.5 4.9 3,8 -1.l 1.8 1.4 -o.4 
3 4.9 3.2 -1. 7 4.o 3.2 -o.8 4.5 3.2 -1.3 4.5 4.2 -0.3 
4 4.2 3.4 -o.8 4.4 4.2 -0.2 4.2 3.2 -1.0 5.3 5. 3 o.o 
5 4.4 3,3 -1.1 4.5 3.0 -1.5 3.6 3.0 -0.6 5.2 4.2 -1.0 
8 3.0 3.0 o.o 2.8 2.9 +o.l 3.0 2.6 -0.4 3.6 3.2 -o.4 
9 3.6 3,7 +0.1 2.5 2.6 +o.l 3.3 3.4 +O.l 3.3 3,3 o.o 

10 5.1 4.1 -1.0 3,2 2.2 -1.0 4.5 3,7 -o,8 3,7 3.0 -0.7 
112 3.6 3.0 -o.6 3.3 2.8 -0.5 2.9 2.2 -0.7 4.o 3.3 -0.7 
13 5.0 3.3 -1. 7 4.o 2.3 -1. 7 4.1 3.4 -0.7 4.6 3.2 -1.4 
15 2.6 2.8 +o.2 1.9 1.9 o.o 2.7 2.6 -0.1 2.0 2.4 +0.4 
16 4.1 3.3 -0.8 3.3 2. 5 -0.8 3.8 3.3 -0.5 3.7 3.0 -0.7 
22 5.3 4.2 -1.1 3.2 3.8 +o.6 4.7 4.5 -0.2 3.7 4.7 +1.0 
23 3.8 2.6 -1.2 3.6 2.7 -0.9 3.2 2.6 -o.6 4.1 3.2 -0.9 
28 6.2 5.4 -o.8 2.8 2.8 o.o 5.1 4.8 -0.3 3.4 4.3 +0.9 

Plan 29 

2 5. 5 4.9 -0.6 0.7 1.8 +1.1 4.9 4.6 -0.3 1.8 1.4 -0.4 
3 4.9 3,3 -1.6 4.o 3.6 -o.4 4.5 3.0 -1.5 4.5 4.5 o.o 
4 4.2 4.1 -0.1 4.4 4.6 +0.2 4.2 4.4 +0.2 5.3 5.8 +o.5 
5 4.4 3.8 -o.6 4.5 3.3 -1.2 3.6 3.4 -0.2 5.2 5.2 o.o 
8 3.0 3.0 o.o 2.8 2. 7 -0.1 3.0 3.0 o.o 3.6 3.3 -0.3 
9 3.6 4.2 +o.6 2.5 2.8 +o.3 3.3 3.9 +o.6 3,3 2.9 -0.4 

10 5.1 4.2 -0.9 3.2 2.6 -0.6 4.5 3.8 -0.7 3,7 3.4 -0.3 
112 3.6 3.2 -0.4 3.3 2.8 -0.5 2.9 2.4 -0.5 4.o 3.3 -0.7 
13 5.0 3.8 -1.2 4.o 3.0 -1.0 4.1 3.1 -1.0 4.6 3.3 -1.3 
15 2.6 2.6 o.o 1.9 1.8 -0.l 2.7 2.4 -0.3 2.0 2.2 +o.2 
16 4.1 3.8 -0.3 3.3 2.4 -0.9 3.8 3.4 -o.4 3.7 2.8 -0.9 
22 5.3 4.4 -0.9 3.2 4.o +o.8 4.7 4.3 -o.4 3.7 4.6 +0.9 
23 3,8 2.8 -1.0 3.6 2.8 -0.8 3.2 2.3 -0.9 4.1 3.4 -0.7 
28 6.2 6.4 +o.2 2.8 4.3 +1.5 5.1 5.6 +0.5 3.4 4.4 +1.0 

* All velocities are expressed in prototype ft/sec. 



Station 

Pt. Chehalis 

Pt. Chehalis 

Pt. Chehalis 

pt, Chehalis 

Pt. Chehalis 

Pt. Chehalis 

Pt. Chehalis 

Pt. Chehalis 

pt, Chehalis 

Pt. Chehalis 

Pt. Chehalis 

Pt. Chehalis 

Pt. Chehalis 

Pt. Chehalis 

Pt, Chehalis 
Ba.y City 
Markham 
Aberdeen 

Pt. Chehalis 
Bay City 
North Bay 
Markimn 
Aberdeen 

Pt. Chehalis 
Bay City 
North Bay 
Markham 
Aberdeen 

Pt. Chehalis 
Jay City 
North Bay 
MarkhaJTI 
Aberdeen 

Pt. Chehalis 
Bay City 
North Bay 
Markham 
Aterdeen 

Table 4 

Effects or Plans 5, 6S 7, 8, 8A, 9, 21, 21A, 22, 22A, 34, 23, 24, 
25, 27, 2 , 29, 10, 11 on Tidal Heigl!ts 

Low Low Water 
Base 
~ ~ Difference 

-1.1 -1.3 

-1.3 -1.2 

-1.3 -1.l 

-1.3 -1.2 

-1.3 -1.3 

-1.3 -1.2 

-1.3 -1.3 

-1.3 -1.3 

-1.3 -1.4 

-1.3 -1.3 

-1.2 -1.2 

-1.3 -1.3 

-1. 3 -1.3 

-1.3 -1. 3 

-1. 3 -1.4 
-1.6 -1.6 
-1. 3 -1. 5 
-1. 3 -1.B 

-1.3 -1.5 
-1.6 -1. 7 
-1. 7 -1.4 
-1. 3 -1.6 
-1.3 -1.8 

-1. 3 -1.l 
-1.6 -1. 5 
-1.7 -1.G 
-1. 3 -1.4 
-1. 3 -1.6 

-1.3 -1.3 
-1.6 -1.4 
-1. 7 -1. 7 
-1. 3 -1.2 
-1.3 -1.2 

-1.3 -1. 3 
-1.6 -1.4 
-1. 7 -1. 7 
-1.3 -1.6 
-1.3 -1. 5 

+Q.2 

-0.1 

-0.2 

-0.1 

o.o 

-0.1 

o.o 

o.o 

+Q. l 

o.o 

o.o 

o.o 

o.o 

o.o 

+o.l 
0.0 

+o.2 
+o. 5 

+0.2 
+O.l 
-0. 3 
+0.3 
+o. 5 

-0.2 
-0.1 
-0.l 
+O.l 
+Q. 3 

0.0 
+o.2 
0.0 

+O.l 
+o.l 

o.o 
-0.2 
o.o 

+o.3 
+o.2 

Low High Water 
Base 
~ Plan Difference 

8.1 

8.3 

8.3 

8.3 

8.3 

8.3 

8.3 

8.3 

8.3 

8.3 

8.4 

8.4 

8.4 

8.4 

8.3 
8.6 
8.7 
9,3 

8.3 
8.6 
8.6 
8.7 
9,3 

8.3 
8.6 
8.6 
8.7 
9.3 

8.3 
8.6 
8.6 
8.7 
9.3 

8.3 
8.6 
8.6 
8.7 
9.3 

Plan 5 

8.3 +o.2 

Plan 6 

8.3 o.o 
Plan 7 

8.4 +o.l 

8.4 

8.4 

8.3 

8.3 

8.3 

8.3 

Plan 8 

+0.1 

Plan 8A 

+o.l 

Plan 9 

+o.2 

Plan 21 

o.o 
Plan 21A 

o.o 
Plan 22 

o.o 
Plan 22A 

o.o 
Plan 34 

8.4 o.o 
Plan 23 

8.4 o.o 
Plan 24 

8.4 o.o 
Plan 25 

8.4 o.o 
Plan 27 

8.2 -0.1 
8.4 -0.2 
8.4 -0.3 
9.0 -0.3 

8.4 
8.6 
8.6 
8.9 
9.2 

8.5 
8.7 
8.7 
8.8 
9.3 

8.3 
8.9 
8.7 
8.8 
9.4 

8.3 
8.6 
8.8 
8.5 
9.0 

Plan 28 

+0.1 
o.o 
o.o 

+o.2 
-0.1 

Plan 29 

+0.2 
+O.l 
+o.l 
+{).l 
o.o 

Plan 10 

o.o 
+{), 3 
+o.l 
+{). l 
+o.l 

~ 
o.o 
o.o 

+0.2 
-0.2 
-0.3 

High Low Water 
Base 
Test Plan Difference 

2.7 

2.6 

2.5 

2.5 
2.2 
2.5 
2.2 

2.5 
2.2 
2.1 
2.5 
2.2 

2.5 
2.2 
2.1 
2.5 
2.2 

2.5 
2.2 
2.1 
2.5 
2.2 

2.5 
2.2 
2.1 
2.5 
2.2 

2.6 

2.6 

2.6 

2.7 

2.5 

2.6 

2.5 

2.3 
2.0 
2,0 
1.9 

2.3 
2.4 
2.6 
2.3 
1.9 

2.6 
2.4 
2.2 
2.4 
2.2 

2.7 
2.6 
2.2 
2. 7 
2.4 

2.7 
2.4 
2.4 
2.4 
2.3 

-0.2 

+o.l 

+o.l 

+o.l 

+o.2 

+o.2 

o.o 

0.0 

o.o 

o.o 

o.o 

o.o 

o.o 

o.o 

-0.2 
-0.2 
-0.5 
-0.3 

-0.2 
+0.2 
+o.5 
-0.2 
-0.3 

+o.l 
+0.2 
+0.1 
-0.1 
o.o 

+0.2 
+o.4 
+o.l 
+o.2 
+o. 2 

+o. 2 
+o. 2 
+o.3 
-0.1 
+o.l 

Base 
High High Water 

Test Plan Difference 

10.6 10.6 

10.6 10.6 

10.6 10.7 

10.6 10.8 

10.6 10.6 

10.6 10.8 

10.6 10.6 

10.6 10.6 

10.6 10.6 

10.6 10.6 

10.7 10.5 

10.6 10.6 

10.6 

10.6 

10.6 
10.8 
11.0 
11.4 

10.6 
10.8 
10.8 
11.0 
11.4 

10.6 
10.8 
10.8 
11.0 
11.4 

10.6 
10.8 
10.8 
11.0 
11.4 

10.6 
10.8 
10.8 
11.0 
11.4 

10.6 

10.6 

10.2 
10.4 
10.4 
11.0 

10.4 
10.6 
10.7 
10.8 
11.0 

10.7 
10.9 
10.9 
10.9 
11.3 

10. 7 
11.1 
10.9 
11.2 
11.6 

10.6 
10.8 
11.0 
10.7 
11.2 

o.o 

o.o 

+o. l 

+o.2 

o.o 

+o.2 

o.o 

o.o 

o.o 

o.o 

-0.2 

0.0 

o.o 

o.o 

-0.4 
-0.4 
-0.6 
-0.4 

-0.2 
-0.2 
-0.1 
-0.2 
-o.4 

+o. l 
+{).l 
+0.1 
-0.1 
-0.1 

+o. l 
+O. 3 
+O.l 
+0.2 
+0.2 

o.o 
o.o 

+{).2 
-0.3 
-0.2 

Note: Elevations are in feet from rnea.'1 low low water at Pt. Chehalis which is 4,86 ft below mean sea level. 



Table 5 

Effects of Plans 10 1 11, 12, lj on Maximum Current Velocities* 

1st Ebb 1st Flood ~d E6b 2d Flood 
~ Base Test ~ Difference Base Test Plan Difference Base Test Plan Dii'f'erence Base Teat ~ Difference 

Plan 10 

2 5, 5 4. 7 -o.8 0. 7 LO +O. 3 4.9 4.6 -0.3 L8 L3 -0.5 
3 4.9 4.3 -0.6 4.o 4.2 +0.2 4.5 4.2 -0.3 4.5 5.1 +0.6 
4 4.2 3,8 -o.4 4.4 4.7 +0.3 4.2 4.2 o.o 5,3 5. 5 +0.2 
5 4.4 4.6 +0.2 4.5 4.9 +o.4 3.6 4.2 +o.6 5,2 5.2 o.o 
8 3.0 5.6 +2.6 2.8 3,3 +O. 5 3.0 4.9 +L9 3.6 3,9 +o.3 

10 5.1 5,4 +0.3 3.2 3.0 -0.2 4.5 5.1 +o.6 3,7 3,5 -0.2 
112 3,6 5.4 +L8 3,3 3.3 o.o 2.9 4.5 +1.6 4.o 3,9 -0.1 
14A 3,8 5,8 +2.0 2.6 3.3 +0.7 3,4 5.8 +2.4 2.8 4.2 +1.4 
15 2.6 2.7 +O.l L9 2.2 +0.3 2.7 2.5 -0.2 2.0 2.5 +o.5 
16 4.l 4,2 +O.l 3,3 3.8 +O. 5 3.8 3.9 +O.l 3,7 4.5 +0.8 
22 5,3 3. 5 -L8 3.2 3,6 +0.4 4.7 4. 7 o.o 3.7 4.2 +0.5 
23 3.8 3.8 o.o 3.6 2.9 -0.7 3.2 3.3 +o.l 4.l 3.2 -0.9 
38 3.8 4.5 +0.7 3,8 3.6 -0.2 3,3 3.9 +o.6 4.3 3,9 -o.4 
39 3.4 4.4 +LO 3.0 3,7 +0.8 2.8 3,9 +Ll 3,4 3.9 +o.5 
40 3.1 3,0 -0.1 2.4 2.5 +o.l 2.4 2.3 -0.l 2.7 2.8 +0.1 
41 3.3 3.:; +Q.~ ~.2- 1-.-9 -0.-3 2.4- 2.3 -0.l 2-.2- 2.0 -0.-2-
42 3,4 2.8 -o.6 L6 L7 +O.l 2.4 2.2 -0.2 L6 L9 +o.3 

Plan 11 

2 5,5 3. 7 -L8 0.7 Ll +o.4 4.9 3.2 -L 7 L8 L5 -0.3 
3 4.9 4,6 -0.3 4.o 4.2 +0.2 4.5 4.0 -0.5 4.5 5.4 +o.9 
4 4.2 4.0 -0.2 4.4 3,9 -0. 5 4.2 3,2 -LO 5. 3 4.2 -Ll 
5 4.4 4.0 -o.4 4.5 3.1 -L4 3.6 3.1 -0. 5 5.2 4.4 -o.8 
8 3.0 3,7 +o.7 2.8 3.2 +o.4 3.0 3.1 +O.l 3,6 3.4 -0.2 
9 3.6 2.8 -o.8 2.5 2. 3 -0.2 3,3 3.2 -0.1 3. 3 3.0 -0.3 

10 5.1 6.8 +L7 3.2 2.8 -0.4 4. 5 5.6 +Ll 3,7 3.3 -0.4 
112 3.6 4.4 +0.8 3.3 2.8 -0.5 2.9 3.6 +o.7 4.o 3.2 -0.8 
l4A 3.8 L 7 -2.1 2.6 3.2 +o.6 3.4 2. 5 -a.9 2.8 4.1 +L 3 
15 2.6 5.2 +2.6 1.9 2.2 +0.3 2.7 4.4 +l.7 2.a 3.0 +l.O 
16 4.l 4.8 +a. 7 3,3 4.a +a. 7 3.8 4.4 +o.6 3. 7 4.5 +o.8 
23 3,8 3,9 +O.l 3.6 2.3 -L 3 3,2 3.2 a.a 4.1 2.9 -L2 
26 3,2 3,5 +o.3 2.3 2.0 -0.3 2.8 3.1 +o.3 2.6 2.6 a.a 
38 3,8 5.4 +LG 3.8 3.a -0.8 3,3 4.4 +l.l 4.3 3,5 -a.8 
39 3,4 5,4 +2.0 3.0 3,2 +o.2 2.8 4.6 +L8 3.4 3,9 +0.5 
40 3.1 2.8 -0.3 2.4 2.9 +0.5 2.4 2.5 +o.l 2.7 3,5 +o.8 
41 3.3 2.3 -LO 2.2 L9 -0. 3 2.4 L9 -0,5 2.2 L9 -0.3 
42 3.4 2.9 -0.) L6 2.2 +o.6 2.4 2.2 -0.2 L6 2.5 +o.9 

Plan 12 

2 5.5 3,6 -L9 0.7 0.9 +0.2 4.9 3.3_ -L6 1.8 Ll -0.7 
3 4,9 5.1 +0.2 4.o 4.3 +0.3 4.5 3, 7 -a.8 4.5 5.8 +L 3 
4 4.2 4.5 +0.3 4.4 4.8 +0.4 4.2 3.8 -0.4 5,3 4.6 -0. 7 
5 4.4 4.6 +0.2 4. 5 3, 5 -LO 3,6 3.8 +o.2 5.2 4.6 -0.6 

112 3,6 4. 5 +o.9 3, 3 2.9 -0.4 2.9 4.0 +Ll 4.o 3,9 -0.l 
38 3.8 4.3 +0.5 3,8 2.9 -a.9 3,3 3. 7 +o.4 4.3 3.6 -0. 7 
39 3,4 4.8 +L4 3,0 2.9 -0.l 2.8 3,9 +Ll 3,4 3.6 +0.2 
40 3.1 2.8 -a,J 2.4 2.7 +0.3 2.4 2.3 -0.1 2. 7 2.9 +0.2 
41 3.3 3.a -0. 3 2.2 L9 -a.3 2.4 L 7 -0.7 2.2 L9 -0.3 
42 3.4 2.8 -a.6 L6 L9 +0.3 2.4 1.9 -a.5 L6 2.2 +o.6 

Plan 13 

2 5, 5 4.9 -0.6 0.7 0.7 o.o 4.9 4.4 -0.5 L8 L4 -0.4 
3 4.9 4.7 -0.2 4.o 4.2 +0.2 4. 5 4. 7 +o.2 4. 5 4.8 +0.3 
4 4.2 4.2 o.o 4.4 4.5 +O.l 4.2 4,4 +o.2 5,3 5.5 +0.2 
5 4.4 4.8 +0.4 4.5 5.a +o.5 3.6 4,4 +o.8 5.2 5,9 +0.7 

112 3.6 4.8 +1.2 3,3 3, 3 o.a 2.9 3,9 +LO 4.o 3.8 -0.2 
38 3,8 4.0 +0.2 3.8 3,5 -0.3 3,3 3. 7 +o.4 4.3 3,9 -o.4 
39 3.4 3,5 +0.1 3.0 3,2 +0.2 2.8 3.1 +o,3 3.4 3. 5 +O.l 
40 3.1 3.0 -0.l 2.4 2. 3 -0.1 2.4 2. 5 +o.l 2. 7 2.8 +0.1 
41 3,3 2.8 -0.5 2.2 L9 -0.3 2.4 2.2 -0.2 2.2 2.0 -0.2 
42 3.4 2.9 -a.5 1.6 2.0 +o.4 2.4 2.3 -0.l 1.6 2.2 +o.6 

* All velocities are expressed in prototype ft/sec. 



Table 6 

Effects or Plsns 15 1 14 1 301 31 1 321 33 on Maximum Current Velocities* 

lat Ebb lat Flood 2d Ebb 2d Flood 
~ Base Teat ~ Difference Base Test !'.!!!:! Difference Base Test Plsn Difference Base Test ~ Difference 

~ 
2 5,5 4.6 -0.9 0.1 0.7 o.o 4.9 4.1 -o.8 1.8 1.5 -0.3 
3 4.9 5.6 -+-0.7 4.o 3.8 -0.2 4.5 4.8 +o. 3 4.5 4.2 -0.3 
4 4.2 4.2 o.o 4.4 4.2 -0.2 4.2 4.4 +o.2 5,3 4.8 -0.5 
5 4,4 4.5 +o.l 4.5 4.3 -0.2 3,6 4.6 +1.0 5.2 5.2 o.o 
8 3.0 4.5 +1.5 2.8 3.2 +0.4 3.0 3.2 +o.2 3.6 3,6 o.o 

10 5,1 5.1 o.o 3.2 3.0 -0.2 4.5 4.5 a.a 3,7 3. 5 -0.2 

fu 3,6 4.o -+-0.4 3,3 4.o +o.7 2.9 2.8 -a.1 4.a 3.9 -a.1 
3,8 2.3 -1.5 2.6 2.6 o.a 3.4 1.9 -1.5 2.8 2.6 -0.2 

15 2.6 2.3 -a.3 1.9 2.2 +0.3 2.7 1.6 -1.1 2.0 2.0 a.a 
16 4.1 3.8 -0.3 3.3 3.9 +o.6 3.8 3,5 -0.3 3.7 4.2 +o. 5 
22 5,3 5,7 +o.4 3.2 3.6 +o.4 4.7 5.5 +o.8 3,7 4.2 +o. 5 
23 3,8 3.6 -0.2 3.6 3,2 -0.4 3.2 3.3 +o.l 4.1 3.6 -0.5 
25 4.2 3.0 -1.2 3.5 2.7 -0.8 3.6 2.6 -1.a 4.1 3.8 -a.3 
26 3.2 4.o -+-0.8 2.3 3.0 +o. 7 2.8 2.4 -o.4 2.7 3.1 +0.4 
36 3.6 3.7 -+-0.1 3.4 3.2 -0.2 3.0 3.4 +o. 4 4.1 4.o -0.1 
38 3.8 3.1 -0.7 3.8 3.5 -0.3 3.3 3.a -a.3 4.3 4.1 -0.2 
39 3.4 3.4 o.o 3.0 3.0 o.a 2.8 2.6 -0.2 3.4 3.5 +o. l 
40 3.1 3.9 +o.8 2.4 2.6 +0.2 2.4 3.1 +o. 7 2.7 2.9 +0.2 

--41 -3.-3 -2.3 ...J..O 2.2 1.6 -0.6 2.4 2.0 -o.4 2.2 l. 7 -0.5 
42 3.4 2.7 -0.7 i.6 2.0 +o.4 2;4 2.1 -0.3 1.6 2.2 +0.6 

Plen 14 

2 5.5 4.8 -0.7 0.7 a.7 o.a 4.9 4.6 -a.3 1.8 1.5 -0.3 
3 4.9 5,4 +o. 5 4.a 3.6 -0.4 4.5 4.8 +o. 3 4.5 4.2 -0.3 
4 4.2 4.5 -+-0.3 4.4 4.5 +o.1 4.2 4.3 +o. l 5.3 4.9 -0.4 
5 4.4 4.6 +o.2 4.5 4.5 o.o 3.6 4.5 +o.9 5.2 4.8 -0.4 
8 3.0 3.9 -+-0.9 2.8 3.a +o.2 3.0 3.0 o.o 3,6 3.8 +o.2 

la 5.1 4.8 -0.3 3.2 3.1 -a.1 4.5 4.3 -0.2 3.7 3,7 o.o 
112 3,6 4.5 -+-0.9 3.3 4.2 -+-0.9 2.9 3.9 +1.0 4.o 3.6 -o.4 
14A 3,8 2.5 -1.3 2.6 2.6 a.o 3,4 2.2 -1.2 2.8 3.0 +o.2 
15 2.6 3.a +o.4 1.9 2.2 ..0.3 2.7 2.6 -0.1 2.0 2.3 +0.3 
16 4.1 3,9 -0.2 3.3 3.4 +0.1 3.8 3.6 -0.2 3.7 3.9 +o.2 
22 5,3 5.6 -+-0.3 3.2 3.9 +o.7 4.7 5.1 +0.4 3,7 4.2 +0.5 
23 3.8 3,3 -0.5 3.6 3,5 -0.1 3.2 3,1 -0.1 4.1 3.9 -0.2 
25 4.2 3,3 -0.9 3.5 3.5 o.o 3.6 2.9 -a.7 4.1 4.o -0.1 
26 3,2 2.5 -0.7 2.3 2.5 +o.2 2.8 1.7 -1.l 2.7 2.8 +0.1 
36 3.6 3.9 +0.3 3.4 3.6 +o.2 3.0 3.3 +0.3 4.1 4.2 +O.l 
38 3.8 3.0 -o.8 3.8 3.2 -o.6 3.3 2.9 -a.4 4.3 3.8 -0.5 
39 3.4 2.9 -0.5 3.0 3.0 o.o 2.8 2.7 -0.l 3.4 3. 3 -0.1 
40 3,1 3,2 +O.l 2.4 2.5 +0.1 2.4 2.6 +o.2 2.7 2.6 -0.1 
41 3,3 2.6 -0.7 2.2 1.6 -o.6 2.4 1.9 -0.5 2.2 1. 7 -a.5 
42 3.4 2.8 -o.6 1.6 1.9 +0.3 2.4 2.0 -o.4 1.6 l.9 +0.3 

Plsn 30 

8 4,7 4.5 -0.2 3.7 3.8 -+-0.1 4.1 4.2 +o.l 3.8 3.8 a.o 
112 4.9 4.7 -0.2 2.9 3.1 +0.2 3.8 3.8 o.o 3.9 3.4 -0.5 
13 4.4 4.2 -0.2 3.6 3,7 +0.1 3,5 3,5 o.o 3.9 3,9 o.o 
15 2.9 2.8 -0.1 2.3 1.8 -0.5 2.9 2.6 -0.3 2.6 2.5 -0.1 
53 3.6 3.6 o.o 4.6 4.a -o.6 3.1 3.3 +o.2 5.0 4.2 -0.8 
54 3.0 2.8 -0.2 3.2 1.7 -1.5 2.7 2.0 -0.7 3.6 1.7 -1. 9 
42 3.6 4.o +0.4 2.0 2.0 o.o 2.8 2.8 o.a 2.0 2.2 +0.2 

Plsn 31 

8 4.7 4.8 +O.l 3.7 3.5 -0.2 4.1 4.3 +0.2 3.8 3.2 -0.6 
112 4.9 4.9 o.o 2.9 2.9 o.o 3.8 4.3 +o.5 3.9 3.9 a.o 
13 4.4 4.4 o.o 3.6 2.7 -0.9 3,5 3,5 o.o 3,9 3,5 -o.4 
15 2.9 2.8 -0.l 2.3 2.3 o.o 2.9 3.0 +o.l 2.6 2.5 -0.1 
42 3.6 3,9 +0.3 2.0 2.0 o.o 2.8 3.2 +0.4 2.0 2.0 o.a 
58 3.2 3.2 o.o 3.5 3.6 +o.1 2.8 2.8 o.o 3,9 4.1 +o.2 
6o 3,2 3.0 -0.2 1.8 1.8 o.o 2.a 2.3 +a.3 1.7 2.2 +0.5 

Plan 32 

8 4.7 4.9 +0.2 3.7 3,3 -0.4 4.1 4.2 +o.l 3.8 3,5 -0.3 
112 4.9 4.3 -o.6 2.9 3.0 +0.1 3.8 3.7 -0.1 3.9 4.3 +0.4 
13 4.4 4.3 -0.1 3.6 .2.7 -0.9 3,5 3.8 +o.3 3.9 3.2 -0.7 
15 2.9 2.9 o.o 2.3 1.5 -0.8 2.9 2.3 -o.6 2.6 1.6 -1.a 
42 3.6 3.8 -+-0.2 2.0 2.2 +0.2 2.8 3.1 +o.3 2.0 2.2 +0.2 
58 3,2 3.2 o.a 3.5 3.8 +o.3 2.8 2.8 o.a 3.9 4.4 +0.5 
6a 3.2 2.9 -0.3 1.8 1.8 o.a 2.a 2.2 -+-0.2 1.7 1.7 o.a 

Plsn 33 

8 4.7 4.9 +o.2 3,7 3,5 -0.2 4.1 4.5 +0.4 3.8 3,6 -0.2 

i? 4.9 5.1 +o.2 2.9 3.0 +o.l 3.8 4.2 -+-0.4 3.9 4.o +O.l 
4.4 4.7 +0.3 3,6 3.2 -a.4 3,5 3.8 +o.3 3.9 3.9 a.o 

15 2.9 2.4 -a.5 2.3 1.6 -0.7 2.9 2.5 -o.4 2.6 1.9 -0.7 
42 3,6 3,9 +o,3 2.0 2.2 +0.2 2.8 3.2 +o.4 2.a 2.2 +0.2 
53 3.6 3.5 -a.1 4.6 4.4 -a.2 3.1 3.4 +o.3 5.0 5.1 +o.l 
54 3.a 3.0 o.o 3.2 2.6 -o.6 2.7 2.6 -0.1 3.6 2.6 -1.0 

* All velocities are expressed in prototype rt/sec. 



Table 7 

Effects of Plans 12, 13, 15, 14, 30, 31, 32, 33 on Tidal Heights 

Low Low Water Low Hi!Q: Water High Low Water High Hie;h Water 
Base Base Base Base 

Station Test Plan Difference Test ~ Difference ~ Plan Difference Test Plan 

Plan 12 

Pt. Chehalis -1.3 -1.3 o.o 8.3 8.5 +o. 2 2.5 2.6 +0.1 10.6 10.6 

Bay City -1.6 -1.6 o.o 8.6 8.6 o.o 2.2 2.4 +o.2 10.8 10.8 

North Bay -1. 7 -1. 7 o.o 8.6 9.0 +o.4 2.1 2.4 +o. 3 10.8 11.0 

Markham -1.3 -1.3 o.o 8.7 8.6 -0.1 2.5 2.6 +o.l 11.0 11.0 

Aberdeen -1.3 -1.3 o.o 9.3 9.1 -0.2 2.2 2.2 o.o 11.4 11.2 

Plan 13 

Pt. Chehalis -1.3 -1.4 +O.l 8.3 8. 5 +o.2 2.5 2.6 +o.l 10.6 10.6 

Bay City -1.6 -1.6 o.o 8.6 8.7 +O.l 2.2 2.5 +o. 3 10.8 l0.9 

North Bay -1. 7 -1. 7 o.o 8.6 8.8 +0.2 2.1 2.3 +o.2 10.8 10.9 

Markham -1.3 -1.6 +0.3 8. 7 8. 7 o.o 2.5 2.2 -0.3 11.0 10.8 

Aberdeen -1.3 -1.5 +0.2 9.3 9.2 -0.1 2.2 2.1 -0.l 11.4 11.2 

Plan 15 

Pt. Chehalis -1.3 -1.1 -0.2 8.3 8.4 +O.l 2.5 2.5 o.o 10.6 10.6 

Bay City -1.6 -1.6 o.o 8.6 8.6 o.o 2.2 2.5 +o. 3 10.8 10.9 

North Bay -1.7 -1.6 -0.1 8.6 8.6 o.o 2.1 2.3 +o.2 10.8 10.8 

Markham -1.3 -1.3 o.o 8. 7 8.7 o.o 2.5 2.5 o.o 11.0 11.0 

Aberdeen -1.3 -1.4 +0.1 9.3 9.1 -0.2 2.2 2.2 o.o 11.4 11.2 

Plan 14 

Pt. Chehalis -1. 3 -1. 3 o.o 8.3 8.3 o.o 2.6 2.6 +o.l 10.6 10.6 

Bay City -1.6 -1.6 o.o 8.6 8.8 +0.2 2.2 2.5 +0.3 10.8 l0.9 

North Bay -1. 7 -1. 7 o.o 8.6 8.9 +o.3 2.1 2.4 +o. 3 10.8 11.0 

Markham -1.3 -1.3 o.o 8.7 8.6 -0.1 2.5 2.4 -0.2 11.0 10.8 

Aberdeen -1.3 -1. 7 +0.4 9,3 9.3 o.o 2.2 2.2 o.o 11.4 11.2 

Plan 30* 

Pt. Chehalis -1.2 -1.2 o.o 8.4 8.4 o.o 2.6 2.6 o.o 10. 7 10. 7 

Bay City -1.5 -1. 5 0.0 8.7 8.7 o.o 2.3 2.3 o.o 10.8 10.9 

North Bay -1.6 -1.6 o.o 8.6 8.6 o.o 2.2 2.3 +o. l 10.8 10.9 

Markham -1.6 -1.6 o.o 8.7 8.7 o.o 2.3 2.4 +o.l 10.9 10.9 

Aberdeen -1.6 -1.6 o.o 9.1 9.1 o.o .1.9 1.9 o.o 11.2 11.2 

Plan 31* 

Pt. Chehalis -1.2 -1.2 o.o 8.4 8.4 o.o 2.6 2.6 o.o 10. 7 10.7 

Bay City -1. 5 -1. 5 o.o 8.7 8.7 o.o 2.3 2.3 o.o 10.8 10.8 

North Bay -1.6 -1.6 o.o 8.6 8.6 o.o 2.2 2.4 +0.2 10.8 10.8 

Markham -1.6 -1.6 o.o 8.7 8.7 0.0 2.3 2.3 o.o 10.9 l0.9 

Aberdeen -1.6 -1.6 o.o 9.1 9.1 o.o 1.9 1.9 o.o 11.2 11.2 

~ 

Pt. Chehalis -1.2 -1.2 o.o 8.4 8.4 o.o 2.6 2.6 o.o 10. 7 10.7 

Bay City -1. 5 -1.5 o.o 8. 7 8.7 o.o 2.3 2.3 o.o 10.8 10.8 

North Bay -1.6 -1.6 o.o 8.6 8.6 o.o 2.2 2.2 o.o 10.8 10.8 

Markham -1.6 -1.6 o.o 8.7 8. 7 o.o 2.3 2.2 -0.l 10.9 l0.9 

Aberdeen -1.6 -1.6 o.o 9.1 8.9 -0.2 1.9 1.9 o.o 11.2 11.1 

Plan 33* 

Pt. Chehalis -1.2 -1.2 o.o 8.4 8.4 o.o 2.6 2. 5 -0.l 10.7 10.7 

Bay City -1. 5 -1.5 o.o 8. 7 8. 7 o.o 2.3 2.3 o.o 10.8 10.8 

North Bay -1.6 -1.6 o.o 8.6 8.6 o.o 2.2 2.2 o.o 10.8 10.8 

Markham -1.6 -1.6 o.o 8.7 8.8 +o.l 2.3 2.3 o.o 10.9 11.0 

Aberdeen -1.6 -1. 5 -0.l 9.1 9.1 o.o 1.9 2.0 +Q.l 11.2 11.0 

Note: Elevations are in feet from mean low low water at Pt. Chehalis which is 4.86 ft below mean sea level. 
* New hydraulic base test established for these plans. 

Difference 

o.o 
o.o 

+o. 2 
o.o 

-0.2 

o.o 
+o. l 
+0.1 
-0.2 
-0.2 

o.o 
+0.1 
o.o 
o.o 

-0.2 

o.o 
+O.l 
+o. 2 
-0.2 
-0.2 

o.o 
+0.1 
+o. l 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 

o.o 
0.0 
o.o 
o.o 

-0.1 

o.o 
o.o 
o.o 

+o.l 
-0.2 



Table 8 

Results of Shoaling Tests 

Base Plan 14 Plan 30 Plan 31 
Section cc cc cc cc 

1 20 15 15 

2 70 25 85 

3 675 

4 300 

5 175 

6 10 

7 225 

8 430 

9 240 

10 35 

11 10 

12 125 

13 275 

14 30 

15 115 

16 400 

17 205 

18 15 

Total 
cc 1250 775 940 530 

Index 0.62 0.75 o.42 



Photograph 1. Surface current directions at strength of flood and ebb 
tides, pase test vith March 1950 hydrographic conditions 



Photograph 2. Surface current directions at strength of flood and ebb 
tides, plan 5 (base test for plans 6, 7, 8, 8A, 9, 16, 17, 18, and 21) 



Photograph 3. Surface current directions at strength of 
flood and ebb tides, plan 6 



Photograph 4. Surface current directions at strength of 
flood and ebb tides, plan 7 



STRENGTH OF EBB 

PLAN 

Photograph 5. Surface current directions at strength of 
flood and ebb tides, plan 8 



STRENGTH OF FLOOD 

PLAN 8-A 

STRENGTH OF EBB 

PLAN 8-A 

Photograph 6. Surface current directions at strength of 
flood and ebb tides, plan 8A 



Photograph 7. Surface current directions at strength of 
flood and ebb tides, plan 9 



,STRENGTH OF FLOOD 

PLAN 16 

STRENGTH OF EBB 

PLAN 16 

Photograph 8. Surface current directions at strength of 
flood and ebb tides, plan 16 



STRENGTH OF FLOOD 

PLAN 17 

STRENGTH OF E88 

PLAN 17 

Photograph 9. Surface current directions at strength of 
flood and ebb tides, plan 17 



STRENGTH OF FLOOD 

PLAN 18 

STRENGTH OF EBB 

PLAN 19 

Photograph 10. 81:.rface current directions at strength of 
flood and ebb tides, plan 18 



Photograph 11. Surface current directions at strength of flood and ebb 
tides, plan 5 (base test for plans 19, 20, 23, 24, and 25) 



Photograph 12. Surface current directions at strength of 
flood and ebb tides, plan 19 



Photograph 13. Surface current directions at strength of 
flood and ebb tides, plan 20 



STRENGTH OF FLOOD 

PLAN 21 

STRENGTH OF EBB 

PLAN 21 

Photograph 14. Surface current directions at strength of 
flood and ebb tides, plan 21 



Photograph 15. Surface current directions at strength of flood and ebb 
tides, base test (plan 5) with November 1951 hydrographic conditions 



Photograph 16. Surface current directions at strength of 
flood and ebb tides, plan 21A 



Photograph 17. Material movement test without plan strl.1ctures 



Photograph 18. Material movement test with plan 2JA structure 



Photograph 19. Surface current directions at strength of 
flood and ebb tides, plan 23 



Photograph 20. Surface current directions at strength of 
flood and ebb tides, plan 24 



Photograph 21. Surface current directions at strength of 
flood and ebb tides, plan 25 



Photograph 22. Surface current directions at strength of flood and ebb 
tides, base test (plan 5) in area shown in fig. 30 



Photograph 23. Surface current directions at stre'ngtr+ of 
flood and ebb tides, plan 27 



Photograph 24. Surface current directions at strength of 
flood and ebb tides, plan 28 



Photograph 25. Sur:f'ace current directions at strength of' 
:f'lood and ebb tides, plan 29 



Photograph 26. Surface current directions at strength of 
flood and ebb tides, plan 10 



Photograph 27. Surface current directions at strength of 
flood and ebb tides, plan 11 



STRENGTH OF FLOOD 

PLAN 22 

STRENGTH OF EBB 

PLAN 22 

Photograph 28. Surface current directions at strength of 
flood and ebb tides, plan 22 



PUN2M 

Photograph 29. Surface current directions at strength of 
flood and ebb tides, plan 22A 



Photograph 30. Surface current directions at strength of 
flood and ebb tides, plan 34 



Photograph 31. Surface current directions at strength of 
flood and ebb tides, plan 12 



Photograph 32. Surface current directions at strength of 
flood and ebb tides, plan 13 



Photograph 33. Surface current directions at stre~h of 
flood and ebb tides, plan 15 



Photograph 34. Surface current directions at strength of 
flood and ebb tides, plans 14 and 30 
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