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PREFACE

The study reported herein was conducted by personnel of the Hydraulics
Laboratory, US Army Engineer Waterways Experiment Station (WES), Vicksburg,

Mississippi, under the Improvement of Operations and Maintenance Program,

Office, Chief of Engineers, US Army. This is the third report in a series

dealing with the results of an in-depth investigation of the practice of
advance maintenance dredéing.

The study was conducted during the period 1978 to 1982 under the di-
rection of Messrs. H. B. Simmons and F. A. Herrmann, Jr., former and present
Chiefs of the Hydraulics Laboratory; R. A. Sager, Chief of the Estuaries
Division; R. A. Boland, Chief of the Hydrodynamics Branch; and M. J. Trawle,
Project Manager. This report was prepared by Messrs. R. C. Berger, Project
Engineer, and J. A. Boyd with the assistance of Messrs. Boland and Trawle.

Commanders and Directors of WES during the investigation and the prepara-
tion and publication of this report were COL John L. Cannon, CE, COL Nelson

P. Conover, CE, COL Tilford C. Creel, CE, and COL Robert C. Lee, CE. Tech-

nical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, US CUSTOMARY TO METRIC (S1)
UNITS OF MEASUREMENT

US customary units of measurement used in this report can be converted to

metric (S1) units as follows:

Multiply By To Obtain
acre-feet 1233.482 cubic metres
cubic feet 0.02831685 cubic metres
cubic feet per second 0.02831685 cubic metres

per second
cubic yards 0.7645549 cubic metres
feet 0.3048 metres
miles (US nautical) 1.852 kilometres
miles (US statute) 1.609344 kilometres
square miles (US 2.589988 square kilometres
statute)
tons (2,000 1b, mass) 907.1847 kilograms




EFFECTS OF DEPTH ON DREDGING FREQUENCY

EVALUATION OF ADVANCE MAINTENANCE PROJECTS

PART I: INTRODUCTION

Background

1. One of the lorps of Engineers responsibilities is that of improving
and maintaining navigation channels and harbors in the United States. Re-
cently, the cost of maintenance dredging in estuaries has grown rapidly as a
result of many factors including: increased environmental awareness, urban
expansion and previous dredging eliminating disposal sites, increased traffic
calling for more closely maintained channel, and labor cost increases.

2. 1In view of this, utilization of any equipment, operation and main-
tenance procedures, or methodology that improves the cost-effectiveness of
maintenance dredging should be considered. The subject of this report involves
one such methodology, '""Advance Maintenance."

3. Advance maintenance is a maintenance procedure in which the channel
section is deepened (sometimes widened) to allow a reduced dredging frequency.
If the shoaling rate is not increased significantly maintenance costs will be
reduced because of less frequent mobilization and demobilization of dredging
plant. A typical channel cross section with no advance maintenance is shown
in Figure 1. The required depth here is generally the authorized project
depth; however, it may be less. The dredging tolerance (usually only 1 to
3 ft*) is provided due to dredging inaccuracies. Figure 2 shows a channel
with provisions for advance maintenance. The required channel depth is the
authorized depth plus the depth of advance maintenance.

4. Advance maintenance should provide additional time before redredg-
ing is needed, which would mean a savings in the costs associated with start-
ing and completing dredging operations--mobilization, demobilization, survey
costs, and others. These costs will be referred to as mobilization costs.

A brief list of potential advantages and difficulties of advance maintenance

are shown below.

)

* A table of factors for converting US customary units of measurement to
metric (ST) units is presented on page 3.
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Typical dredged channel cross section
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Possible advantages

(1) Reduced expenditures for mobilization

(2) Increased scheduling flexibility for dredging

(3) Allowed project dimensions for a greater length of time
(4) Increased dredge efficiency due to larger cut

b. Possible difficulties

(1) Cost of the initial advance maintenance (including utili-
zation of disposal sites)

(2} 1If shoaling rate increases due to advance maintenance,
disposal areas would be used more rapidly

(3) A shift in the shoaling distribution to a less advantageous
region due to the enlargement

(4) Dredging operations could take longer
These factors would have to he evaluated from an economic standpoint.
5. It would seem apparent that potential economically beneficial advance

maintenance candidates would have one of the following characteristics:

a. High associated mobilization costs.

b. Dredge scheduling difficulties.

c. Critical shoaling primarily in a short reach; this reach could
use advance maintenance with the rest of the channel! dredged
normally. This would reduce initial costs.

d. A project which has historically not shown tremendous increase

in shoaling with channel enlargement.

Approach

6. This report discusses the use of advance maintenance on a few par-
ticular sites that might point out some general uses of advance maintenance
in practice. The primary factors that are of concern are the shoaling rate
and distribution and the dredging frequency before and after application of
advance maintenance.

7. Maintenance histories of six navigation channel segments are pre-
sented and evaluated in this report with regard to the effects of advance
maintenance on dredging frequency, shoaling or dredging rate, and shoaling
distribution. The channel segments are located at Shipyard River, S. C.;
Coos Bay, Oreg.; entrance (miles 0 to 1) and inner channel (miles 12 to 15),
and three reaches of the Columbia River, Oreg.-Wash., between miles 73 and 84

(Kalama, lLower Martin Isltand, and Upper Martin Island). Effects of advance




maintenance were analyzed by comparing the results of dredgiug operations that
included advance maintenance with those that did not. Data used in this report
are based on predredge and postdredge survey sheets and other pertinent dredg-
ing information obtained from the Corps District Otfices and the history of
dredging operations contained in the Corps Annual Reports.

8. Analysis of maintenance requirements was based primarily on informa-
tion from the Corps Annual Reports. The initial dredging of advance mainte-
nance on a project was considered new work instead of maintenance in this re-
port, so this amount usually had to be estimated from hydrographic survey
results. Average maintenance requirements and dredging period values with and
without advance maintenance conditions were compared. The "period" is the
length of time from the completion of one dredging operation to the completion
of the next. The inverse of this parameter indicates the number of times
dredging was necessary within a specified time, or the dredging frequency.

9. The average values used for these comparisons weve determined using
data that contained a certain amount of variability. This variability or
variance requires that the determination of the effectiveness of advance main-
tenance is a statistical exercise. The 10 percent level of significance was
chosen for this task. This means that if a condition were judged to be si1g-
nificantly different from another there is only a 10 percent chance that in
reality the two conditions were identical; but due to the particular samples
chosen to represent each condition, a difference was noted as bheing signifi-

cant. The student's t-test (Owen 1962) was used where possible to make the

evaluation. The value of "t" was calculated as follows:
- o (;1 - )—(2) ] ) [!( “2(“17* n_ - 2)
2 ”l + n
\/ “]1 - hs) o (nz - I)S2

where:

;l and ;2 are the means of samples 1 and 2

0y and n, are the sample sizes of samplc 1 and 2

SI and S2 are the standard deviations of samples 1 and 2
If the absolute value of the calculated "t was greater than the student’s

"t found in standard statistical tables for a significance fevel of 010 tor

(n, + n, - 2) degrees ot freedom, the difterence was considerced s1tgmitircant,

1 2




10. The student's t-test assumes that the samples are from normally
distributed populations and that the population variances are equal. In order
to use the t-test, the variances of the two samples must be shown not to be
significantly different. This was done by dividing the larger sample variance
by the smaller. The resulting value would indicate a significant difference
if greater than the value of "F" in an F distribution table (Owen 1962) for
the appropriate significance level.

11. In the event that the difference in the sample variances was too
great to use the student's t-test, a nonparametric method known as the Mann-
Whitney U test (Owen 1962) was used. This method is not as effective as the
t-test but can be applied to samples with unequal variances. To perform the
Mann-Whitney test, data from the two samples are ranked jointly in increasing
(or decreasing) order of magnitude. From this ranking the statistic "U" can

be calculated.

U:nn+—~'————“——-R

where:
ny and n, are sample sizes of samples 1 and 2

R1 is the sum of the ranks assigned to the values of the first sample

If (UO.QS < Ucalculated < UO.OS) then the samples were considered significantly
different at the 0.10 significance level.

12. The distribution of shoaling within a project for conditions with
and without advance maintenance was developed from hydrographic surveys. The
shoaling rate for each section along the project was determined as the average
difference in elevation across a range of a hydrographic survey after a dredg-
ing operation (postdredge) and a survey prior to the next dredging operation

(predredge). No analytic evaluations of advance maintenance effects on shoal-

ing distribution were made but yualitative characteristics were observed.
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PART [I: ANALYSIS OF SPECIFIC PROJECTS

Shipyard River, South Carolina

Description

13. Shipyard River is a saltwater tidal tributary ot Charleston Harbor,
South Carolina. From its source, the river flows scvutherly about 3 miles and
empties into Cooper River about 3/4 mile above Drum [sland. Current veloci-
ties in Shipyard River are low, and the mean tidal range is 5.2 ft (OCE 1960). .

14. Material depositing in this river is predominantly clay (97 per-
cent by volume passing the 200 mesh sieve). This is considerably finer than
the material normally deposited in the adjacent Charleston Harbor project.
Background

15. The existing Shipyard River navigation project provides for a
channel 30 ft deep at mean low water and 200 ft wide, widened at the entrance,
and two turning basins 30 ft deep. One basin is at the upper end of the
project and the other, near its entrance (Figure 3).

16. The existing project was completed in June 1951. Table 1 lists
the maintenance dredging operations ia Shipyard River from that time through
FY 75. The information in this table was gathered from the Corps Annual
Reports.

17. Advance maintenance has been performed on this project trom
November 1961 to the present. Four feet of advance maintenance was dredged
over the entire project between November 1961 aud January 1962. FEach subse-
quent maintenance dredging included 4 tt ot advance maintenance until thas
was increased to 6 ft in July-August 1966. Siuce initial advance maintenance K
dredgings are considered "new work" in this veport, the volumes of material
removed during both the first 4 ft and the first 6 ft advance maintenaunce
operations were estimated using hydrographic surveys, then removed from main-
tenance and placed under new work 1n Table 1.

Analysis and results

18. The behavior ot the project as reflected by the maintenance dredg-
ing required for various conditions of advance maintenance is shown in Table 2.
This table contains information derived from data in Table 1. Results ave

compared for advance maintenance of 4 fv, & tt, and their combipation, with

L R IR

no advance maintenance, or "'Base™ conditions, using methods desoribed carlier
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Figure 3. Shipyard River project

under Approach. The third column lists the average values of period and the
average dredging rate for all conditions. The differences between these
average values and the Base mean value were evaluated as to their significance
and the judgment is registered in the last column. The 4 ft advance mainte-
nance condition registered no significant change from Base. However, the 6 ft
advance maintenance condition showed an increase in dredging period from

9.1 to 16.0 months and a decrease in dredging volume from 44,900 to

30,500 cu yd/month compared with Base. There were 14 periods under Base con-

ditions and only 6 each for 4 and 6 ft ot advance maintenance. To compare

10




results of about the same length of time, 4 and 6

tt of advance marntenance

were combined to compare directly with Base conditions. These resulls showed

an increase in required dredging period from 9.1 to 12.6 months with no signif-

icant change in maintenance dredging reqguirements.

19. The drop in maintenance dredging required during the 6 ft advance

maintenance condition could have been a result of a reduction in the freshwater

sediment source. Figure 4, however, which shows the average yearly intlow

for 1950 through 1975 for flow at Pinopolis Dam and maintenance dredging

required, indicates no such reduction in flow tor

flow is somewhat higher than for Base conditioun.

this period; 1in tact, the
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Figure 4. Average yearly 1ntlow at Pinopolis Dam
and yearly maintenance dredging in Shipvard River

20. The shoaling distribution within this project for all conditions

was developed at 200-ft increments along the channel at the survey dates

shown in Table 3.

21. Figure 5 reveals the results ot

this work. The foss ot depth is




1.0

-
-
-

SHOALING RATE
FT/MONTH

~
O'IJJILIIIJLIlllellAJJIAIIJJILA_]
1,000 2.000 3,000 4,000 5,000 6,000 7.000
RANGE NUMBER, FT
10—
a -
ot -
o L
&)
N
5o
« 51 AN ~
- Py N
®) L
5% ,, \\ / s—// v\f \ -
& AN N ~
Y y \ 5
OILIIILLLIllllLlllLLlllllllllJll]
1,000 2,000 3.000 4,000 5.000 6,000 7,000

RANGE NUMBER, FT

LEGEND

———— NO ADVANCE MAINTENANCE (BASE)
— wm == 4-FT ADVANCE MAINTENANCE
------ ~ 6-FT ADVANCE MAINTENANCE

Figure 5. Shoaling distribution, Shipyard River

the criterion used here for evaluation of advance maintenance. Therefore the
two diagrams shown in Figure 5 do not reflect volumes but loss of depth. The
bottom diagram is the result of normalizing the top diagram by dividing each
value by the total loss of depth. This will provide a direct means of com-
paring distribution. The peak shoaling location remained the same for all
conditions at about range 3,600; however, advance maintenance seemed to shift
the bulk of the shoaling slightly downstream. Overall, the shoaling distri-
bution did not indicate much change.

22. Advance maintenance appears to have significantly reduced the fre-
quency of maintenance dredging (increased the period) without causing signifi-
cant changes in shoaling distribution or an increase in the maintenance volume

required for the Shipyard River project. Provided the costs of implementation

.
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of advance maintenance were not gredat enough to oftset the savings realized by
the reduction in dredging trequency, advance maitntenance was etfeclive on the

project.

Coos Bay, dregon

Description

23. Coos Bay, located on the Oregon coast about 200 miles south of the
entrance of the Columbia River and 445 miles north of San Francisco Bay, 1s
rather complex with nearly 30 tributaries feeding the svstem. The largest of
these tributaries is the Coos River which has an average freshwater discharge
of 2,200 cfs (Oregon State Water Resources Roard 1971). Coos Bay has a drain-
age area of about 605 sguare miles which yields a total of 2,200,600 acre-ft
of freshwater annually (OSWB 1971). Sediment transport to the estuary trom
this drainage basin is estimated to average 72,000 tons annually (Oregon State
University 1971a, 1971b). The mean tidal range is 5.2 ft with a diurnal range
of 7.0 ft (Oregon State University 1971b). The tidal prism of the estuary for
mean and diurnal tidal range is 1.86 x 109 and 2.51 x 109 cu ft, respectively
(Johnson 1972). The estuary is generally classified by salinity distribution
as partly to well mixed.
Background

24. The Coos Bay navigation channel project is shown in Figure 6.
During the period of concern for this study it consisted of: two rubble-
mound, high-tide jetties at the entrance; an entrance channel across the outer
bar 40 ft deep at mean lower low water (mllw) and approximately 700 ft wide
near mile 0, gradually reducing to a depth of 30 ft and a width of 300 {U near
mile 1; an inner channel 30 ft deep at mllw by 300 ft wide trom mile 1 to
mile 15; two turning basins; anchorage areas near channel miles 3.5 and 7.0,
and several connecting channels (OCk 1960). The 30-ft-deep inner channel was
completed in 1951 and dredging ot the &40-tt-deep entrance channel was com-
pleted 1n 1952, The project was moditicd trom 1976 through 1977 by o 5-1t
deepening of the channels and turning basins, widening of the channel to
400 ft between miles 9 and 15, and abandonment of the anchorage areas.

25. This report considers only the entrance channel trom mile 0 te
mile 1 and the inner channel between mites 12 and 15,0 The reach between
miles 1 and 12 1s maintained on an irvegilar basis depending pramar by upon

weather conditions and dredge avarlability,
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Coos Bay Entrance

26. The history of dredging activityv in the entrance of Coos Bav since

the last change of project dimensions is shown 1n Table 4. Advance main-

tenance of 3 and 5 ft was performed trom 1 July 1962 through fiscal vear 1975,

The initial dredging of each advance maintenance condition should be con-
sidered new work; therefore these values were estimated based on the results
of survey data. The remainder of the data was obtained from the Corps Annual
Reports. The amount ot advance maintenance performed was not consistent from
year to year but shifted back and forth from 3 to 5 ft. Therefore all condi-~
tions of advance maintenance were combined in subsequent analyses.

27. Anpalysis of dredging period was made on data from dredging opera-
tions beginning 1 July 1958, because prior records did not include specific
dates of operation. Table 5 shows that the average dredging period increased
from 11.5 to 11.9 months following implementation ot advance maintenance.
This slight increase of about 2 weeks was nejther statistically nor practi-
cally significant.

28. Figure 7 is a plot of Jdredging periods taken trom lable 4. This

MONTHE
JAN FEB _MAR _APR MAY JUN _JUL _AUG  SEP  OCT WOV DEC
1958 AT
1959
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1965
1966
1967
1968
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1970
1971
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197%
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Figure 7. Dredging operai tons, toos Koy entoance
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figure shows that dredging operations occurred over a narrow band of time each
year. The beginning of dredging operations varied from as early as 1 May to
as late as 7 September, only slightly over 4 months. Perhaps such regularity
indicates that the determination of the time to dredge was not based upon the
lack of depth but possibly upon another factor, such as the availability of a
dredge, or the only period in which the dredge can operate. As it turns out,
the storms that frequent this area during the winter months force all dredging
operations to be made during the summer. Since this restricts when dredging
can take place, the advance maintenance provides assurance of project dimen-
sions until operations can be resumed the following year. This also explains
why no change in period was registered.

29. Maintenance volume was analyzed as maintenance per fiscal year
rather than applying specific dates to calculate shoaling rates. This allows
the use of additional data back to FY 53 for which dates were not given. As
shown in Table 5, the maintenance required showed a drop from 1.03 to 0.79 mil-
lion cu yd trom Base to advance maintenance which was not a significant change.

30. The shoaling distribution was developed for six ranges 1,000 ft
apart (Figure 8). The dates of the survey periods considered are shown in
Table 6.

31. As shown on the location map in Figure 6, the channel widens from
range 5,000 to range 0, so the distribution in Figure 8 does not reflect volu-
metric shoaling rate but the average loss of depth across a range. The dis-
tribution shows peak shoaling rates at range 3,000 for both conditions. Range
2,000 was near the tip of the jetties and a scour pattern was sometimes ob-
served at this range; hence results at this range were quite sensitive to
movement of the scour area, explaining some apparent difference between base
and advance maintenance conditions. The deepened conditions did show an in-
creased shoaling rate at the lower two ranges; in fact, at range Q0 the shozaling
rate was approximately doubled. Unfortunately, with the limited amount of
base information the evidence is not conclusive.

32. Implementation of advance maintenance on the entrance of Coos Bay
could not be shown to change the frequency of maintenance dredging, nor was
there any conclusive evidence of a change in maintenance dredging required, or
in the distribution of shoaling within the prcject. Though .he peak shoaling
remained at range 3,000 for both conditions, it did appear that shoaling ftor

advance maintenance increased at the most downstream ranges. The use of

16
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Figure 8. Shoaling distribution, Coos Bay entrance

advance maintenance was dictated on this project by the timited portion of the
year in which dredging activity could take place. Advance maintenance was
used here to assure appropriate channel depth until dredging could start

again; therefore no decrease in dredging frequency was possible.

Coos Bay (Miles 12 to 15)

33. The dredging history of this channel betore and after application 1’
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of 5 ft of advance maintenance is shown in Table 7. The volumes shown under
new work volume were the initial dredging of advance maintenance in a portion
of the channel. The amounts of initial advance maintenance were estimated
using hydrographic dredging surveys, and the amount was subtracted from the
maintenance volume reported by the US Army Engineer District, Portland.

34. The dredging operation of 24 July 1963 to 9 September 1963 was not
considered separately as a dredging event but was combined with the subsequent
dredging. It seems quite unlikely that the small amount of material which
apparently was within the navigation channel prism at that time was the cause
of implementing the dredging operations. Instead, it seems likely that a
small portion of the channel between miles 12 and 15 was dredged because of
the availability of a hopper dredge which was operating primarily in the lower
reaches of the estuary.

35. The majority of the project was deepened to the 5 ft advance main-
tenance condition by the dredging operation of 18 October 1962 to 20 December
1962, in removing about 960,000 cu yd from about mile 13 to mile 15. All
operations which took place after that time were under advance maintenance
conditions for this analysis.

36. Table 8 reveals the effect of the additional 5 ft of depth 1ncor-
porated in the advance maintenance conditions. The required maintenance
dredging period increased from an average of 22.2 months for Base to 45.7
months for advance maintenance conditions--more than double. The number of
base periods and advance maintenance periods were just four and three, respec-
tively; however, this increase was just significant at the 0,10 level Advance
maintenance appears to have made a significant decrease 1n dredging trequency.

37. The average volume of maintenance dredging 1n this portion ot the
navigation channel was 39,200 cu yd/month for Base and 35,000 cu vl month for
advance maintenance. This difference was not signiticant at the 0.10 level.
Certainly, there was no indication of an increase in required marntenance.

38. In evaluating the effect of advance maintenance on the shoaling
distribution some 17 ranges were considered (ranges 5,000 to 21,000 an
1,000-ft increments, Figure 6). The shoaling rates in feet/month ot lost
depth were calculated for base and advance maintenance conditions based on
predredge and postdredge hydrographic surveys. [f these were not available,
condition surveys were used.  Dates and locations ot the surveys used are

shown in Table 4.
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Figure 9. Shoaling distribution, Coos Bay (miles 12 to 15)

39. Figure 9 shows the results of determining average shoaling rates.
This figure does not reflect volume of shoaling since the width varies as shown
in Figure 6. The lower plot in this figure is the base and advance main-
tenance conditions normalized for the overall shoaling rates of each condition
so that the distribution alone may be revealed. The dominant shoaling peaks
occur at ranges 14,000 and 20,000 for both conditions. Additionally, two
smaller peaks occur at ranges 6,000 and 10,000. All these high shoaling rate

areas appear for both conditions, and the rank of each is the same for both
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conditions. Thus the shoaling distribution is quite similar for base and
advance maintenance corditions.

40. Advance ma ntenance of 5 ft in the channel region between miles 12
and 15 in the Coos Bay estuary appears to have significantly reduced the
frequency of maintenance dredging without increasing shoaling rates or signifi-
cantly altering the distribution of shoaling within this channel reach. If
the cost of implementation of the initial advance maintenance was not toco

large, advance maintenance was quite effective here.

Columbia River

Description

41. The Columbia River has its source in Columbia Lake, British
Columbia, and enters the United States near the northeast corner of the State
of Washington. From here the river flows in a generally southerly direction
for approximately 440 miles; then turns and flows westward about 305 miles,
forming the boundary between Washington and Oregon; and discharges into the
Pacific Ocean 153 nautical miles south of the Straits of Juan de Fuca and
535 nautical miles north of San Francisco Bay (Herrmann 1968).

42. Tides at Columbia River estuary have the diurnal inequality
typical of the Pacific coast of North America with two unequal tides each day
and a long runout to lower low water normally following higher high water.

At lower stages of the river, tides cause a reversal of current as far as
90 miles above the mouth.

43. The three reaches of the Columbia River examined in this report--
the Kalama, Lower Martin Island, and Upper Martin Island--extend approximately
from river mile 74 to mile 84 (Figures 10, 11, and 12). For reference, Van-
couver, Washington, is located about river mile 105. Although the water sur-
face is subjected to tidal fluctuations in these reaches, the flow is usually
unidirectional. Thus these are essentially riverine conditions.

Background

44. The original project for improvement of Columbia and lower
Willamette Rivers from Portland to the sea was approved in 1877 and modified
by subsequent acts. The existing project provides for a main channel 40 ft
deep and 600 ft wide with various side channels. From 1955 through 1965,

the period for which the effects of advance maintenance on this project were

20
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analyzed, the Columbia River main channel was 35 ft deep by 500 ft wide. The

dimensions of the entrance channel across the ocean bar are 48 ft by 2,640 ft.
45. These three shoals (Kalama, Upper and Lower Martin Islands) on

the Columbia River shall be considered individually. Each of the reaches

has a 35-ft navigation channel with 2 ft of dredging tolerance. Also each

has had 3 and 5 ft of advance maintenance.

Analysis and results

46. On Kalama Bar, dredging data for no advance maintenance condition
are shown in Table 10, from 4 August 1955 through 30 October 1959. New work
for 3 ft of advance maintenance was conducted from 1 October to 30 October
1959 and was enlarged initially to 5 ft between 5 December 1960 and 20 January
1961. The amount of new work to accomplish the advance maintenance was esti-
mated from hydrographic surveys and subtracted from the maintenance dredging
volume reported by the Portland District. Advance maintenance condition data
are presented beginning in October of 1959 and extending through December 1967.

47. As shown in Table 11 the average dredging period was 12.55 months
before advance maintenance and 12.20 months after initiation of advance
maintenance. This was not a significant change in period, nor was the change
in maintenance dredging rate significant.

48. Advance maintenance of 3 ft was begun on the Lower Martin Island
Bar with the dredging operation of 13~25 October 1961, and 5 ft of advance
maintenance was initiated with the 17 September to 7 October 1962 operation.
Table 12 lists the dredging history of Lower Martin Island Bar from August
1955 through November 1965. The new work volumes required in implementing
the advance maintenance depths were again estimated.

49. As shown in Table 13 there were only three dredging periods with
advance maintenance, so the variance of these data was high. The variances
between the two sample populations were not similar and the Mann-Whitney test
revealed no significant differences for either maintehéace volume or dredging
period.

50. The Upper Martin Island reach dredging history is shown in Table 14,
Advance maintenance was implemented beginning in 1961 and was 3 ft in some

vears and 5 ft in others. The new work involved in deepening to include

advance maintenance was estimated. Table 15 shows that the sample sizes were
6 and 4 tor no advance maintenance and advance maintenance, respectively.
The average dredging period remained about 1 vear for both cases with no
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significant difference noted. The average dredging rate for maintenance in-
creased from 16,120 to 24,180 cu yd/month which was not a significant change.
51. These three reaches of the Columbia River are indeed riverine
reaches unlike the previous projects which were estuarine or coastal in
character. Generally, riverine systems are dominated by seasonal flow fluctua-
tions in which tremendous sediment transport will occur during the high flow
season. The shoaling potential within certain flow periods, therefore, is
gquite large and certainly capable of completely filling the channel to critical
conditions even with moderate enlargements. This forces the dredging period
to remain somewhat constant, as was shown in this case, at about a l-year
period. The filling of the additional volume should result in an actual in-
crease in maintenance dredging. The analysis of these reaches could not dis-
cern this effect. 1In a high energy situation such as this, the advantage of
advance maintenance would be in providing some critical channel depth for a
longer time period though probably not for the entire dredging period. An
evaluation of this objective would require a series of surveys between

dredging operations.

V.
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PART 111: CONCLUSIONS

52. Two of the estuarine projects in this study, miles 12.0 to 15.0 of
Coos Bay channel, Oregon, and Shipyard River channel, South Carolina, showed
significant reductions in dredging frequency after the implementation of
advance maintenance. Neither channel revealed any increase in shoaling due
to advance maintenance or any significant shift in shoaling distribution, and
advance maintenance seems to have been beneficial. Both of these reaches are
in areas of low energy (the currents and wave conditions are low).

53. In the high energy environment of the coastal entrance of Coos Bay
entrance channel and that of the riverine channels of Upper and Lower Martin
Istand Channel and Kalama Bar Channel in the Columbia River, the dredging
frequency was not reduced; apparently the principal benefit of advance main-
tenance was to provide project dimensions a greater percentage of time. In
the case of the Coos Bayv entrance, storms are so severe that dredging opera-
tions for any reasonable period of time can only be conducted during one
season of the year. In the three reaches of the Columbia River, the additional
depth provided by the advance maintenance could allow the use of the channel
at project dimensions for a greater length of time in spite of large seasonal
variations in water levels and flows.

54. In some but certainly not all cases, the application of advance
maintenance brings about a reduction in required dredging frequency resulting
in reduced overall costs as well as an improved project. However, since
advance maintenance is not always successful, the practice should be evaluated
on a case by case basis, using an approach such as that described in Report 2

of this series (Trawle 1981).
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Table 3

Survey Period, Shipyard River

Postdredge Survey

Predredge Survey

No Advance Maintenance

7/15/1955
4/16/1956
10/23/1956
7/26/1957
11/19/1957
9/30/1958
3/14/1960
1/--/1961
2/05/1962

1/12/1956
7/19/1956
2/14/1957
11/08/1957
6/19/1958
4/21/1959
8/05/1960
7/17/1961
5/29/1962

4 ft Advance Maintenance

9/24/1962
4/29/1963
3/27/1964
12/14/1964

2/13/1963
7/24/1963
7/28/1964
4/08/1965

6 ft Advance Maintenance

9/12/1969
10/13/1970
12/17/1971
12/15/1972

6/28/1974

9/04/1975

9/13/1976

4/04/1970
5/06/1971
5/16/1972
4/24/1973
10/22/1974
1/07/1976
4/01/1977
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Survey Periods, Coos Bay

Postdredge Survey

g;ed?éh§2"§ﬁrvey

No Advance Maintenance

10/06/1958

9/09/1959
10/03/1960
10/03/1961

5/21/1959
6/15/1960
4/18/1961
4/12/1962

Advance Maintenance

8/01/1962
9/30/1963
8/06/1964
9/14/1965
9/29/1966
8/14/1968
8/19/1969
8/28/1970
7/12/1971
9/27/1973
6/19/1975

7/30/1963
4/16/1964
6/17/1965
5/15/1966
4/12/1967
4/16/1969
4/01/1970
4/07/1971
8/15/1972
5/20/1974
4/29/1976
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1/31/1957
6/29/1961
3/10/1964
8/26/1966

“Survey Dates

Bas

to
to
to
to

Table 9

Survexggggiod, Coos Bay

Ranges 5,000 to 7,000

e

5/16/1961
6/25/1963
7/15/1966
3/15/1970

Advance Maintenance

5/31/1970 to 4/18/1974
5/31/1974 to 12/30/1976

1/--/1957
1/--/1957
1/23/1959
5/--/1961
6/07/1961

Bas

to
to
to
to
to

Ranges 7,000 to 15,000

e

4/20/1961
12/19/1958
3/30/1961
12/--/1962
6/10/1966

Advance Maintenance

12/--/1962
8/24/1966
7/~-/1966
5/--/1970
6/--/1970
L/--/1974

1/--/1957
12/22/1958
12/22/1958
12/22/1958
11/26/1958

5/2/1961
8/1/1961

3/28/1961

7/17/1961

2/28/1961

to
to
to
to
to
to

Bas

to
to
to
to
to
to
to
to
to
to

4/12/1966
3/05/1970
2/06/1970
4/18/1974
3/01/1974
1/04/1977

Ranges 15,000 - 21,000

e

10/24/1958
3/22/1961
3/02/1961
1/26/1961
1/26/1961
9/24/1962
10/23/1962
10/23/1962
10/23/1962
10/23/1962

(Continned})

____Ranges

5,000-7,000
5,000-7,000
5,000-7,000
5,000-7,000

5,000-7,000
5,000-7,000

7,000-10,000
11,000-15,000
12,000-15,000
11,000-15,000
7,000-10,000

10,000-15,000
7,000-9,000

10,000-15,000
7,000-9,000

10,000-15,000
7,000-15,000

15,000-21,000
15,000-16,000
17,000-18,000
19,000-20,000
21,000
15,000~17,000
18,000
19,000
20,000
21,000

'(Shvvl I ot 2)




<

Table 9 (Concluded)

Survey Dates

Advance Maintenance

11/25/1962
11/25/1962
5/13/1966
3/24/1966
4/23/1970
4/23/1970
4/15/1974
4/04/1974

to
to
to
to
to
to
to
to

3/09/1966
12/01/1965
12/18/1969
12/18/1969
2/27/1974
1/23/1974
1/04/1977
1/04/1974

1~7_Ranges )

15,000-18,000
19,000-21,000
15,000-20,000
21,000

15,000-16,000
17,000-21,000
15,000-16,000
17,000-21,000

(Sheet ! of 2)




L e e -

-

“pajewIIsYy  u

T

{ S Z GE 000°887 L961 23(Q 81 [96] AON 8
1 Gzt
2 S Z G¢ 000°16% 9961 290 2 9961 AON |
Z°€l
ﬁ.
S 4 99 000°6%2 G961 120 (T G961 3190 6
b 88
S Z S¢ 000°GZ¢L G961 uefr [g %961 190 [
9%t
€ A SE 000°19¢ £961 AON %] €961 120 %2
Lzl
€ z GE 000°GL1 7961 120 ST 2961 120 8
'8
€ 4 gg 000°%S¢ 7961 Q34 ¢ 961 uer g
921
‘ g Z 13 #000°118 000°‘8¢2 1961 uer 07 0961 294 S
: Ll
€ 4 GE +000°9GY 000°59t 6561 120 0O¢ 6S61 150 1
1701
. 0 z Ge 000°L€9 8s61 23a (2 gs61 150 7Z
. 6°91
) 0 z o 000°8SY LG61 Bny | LS61 Inr 8
, 06
0 4 4y 000°%89 9%61 190 0f 9661 dag 01
Z 91
0 z GE 000°SZYH GG61 Eny 9z SGH1 8ny o
T3y Ty PYRTTEEE P&k ns pk n> syjuow T Teveq T oeg
Jdueualjut el yiydapaaag yidaqg aumijop SUWNTOA potaad 3uipuy dutriaeag
JOUPADY a7qemor1y 12901y NIOM MIAN Jodueualjulel

‘ uoijesadg Suidpoaq jo uotirardwo)y
1e UOT3Tpuoc) [auuey) =

leg eweley ‘1aanly erqunjo) ‘suotieaadp Buidpaiqg

0l arqel 2




LA audh o

A

ON

ON

JduaIaj (g
Juedt
-jrugdig

0 o:

T P\ MMM B
- g1 0S°1 ] e’y Cl'g woﬂqu.ﬁ 8Z6°1L1 S08°€€ 8 13 G pue ¢
- -- -- -- -- -- gOLx7y Y LL0*1z 608°LY Y aseq
yjuow yruouw
/PA 1o /PA no>
UoI3etTA3( Ia1ey
plepuels 3ut
-3paaqg
adexaay
a1ey Jui8paxq Idueruajuiey
- 181 0Z°0 3 T B A A4 [ASRRS se'C 0Z°21 8 1} G pue ¢
- -- -- -- -- -- oy ¢l S€'9 66 ¢l y aseqg
polisg
F3CE 0L°0. O1e> 1S3l 01°0Q0. O1ed 3duelaep  syjuow sqiuow  3z1§ 13
n 3 } adAy, 4 5 qm Z uotleras( potaag a1dweg asueuajuley
Nm\Nm § paepuelsg a8eaaay u Joueapy
X
Jeg euweley ‘IaAly erqunpo)

[1 J91qe]




fro1ewt 18y

S 4 S¢ 000°¢LS 4961 AON 11 4961 AON 9
Q7

S Z %3 000‘zie €961 AON B £961 AON %1
LEl

S Z %9 +000°611 000°'S9 7961 3130 [ Z961 das /1
211

£ Z Se +000°66 000" 8¢ 1961 3120 ST 1961 120 (1
Ul

0 Z G¢ €9¢°1¢ 0961 130 % 0961 120 €1
: 8 11

0 4 S€ 000°¢1 6G61 130 {Z 6561 120 1
0°¢l

0 4 S¢ 000'2!¢ 8661 120 ZZ gspl dag g1
AN

j 0 Z Gg 000° S LS61 120 L1 LS61 120 %l
€271

0 4 93 00016 9G61 120 6 9¢61 dos 0o
Z° 91

0 z 4€ 000 %S Ss6l 3ny v $G61 3ny |

R 1) B MTTW 1} PR 1o T pR oo syjuow T ateq Coeyeq

S)UeUl JUTRY yidapianp yidaqg JWN [ OA AWN [ OA potiad duipuy durjaelg

asrueapy Jlgemo v 1a9loay HIOM MIN ERTUCESTIRE:IA]

uotjeaady Furdpaiq jo uoriajduwon |
18 UOI1TpuUo) [auuey)

Jeg pue{s] ulijdel 13amo - I3ary erqunjo; - suorieradg Fui8paaq

1 214qe] o




ON 91-2 L -- -- n 6.°S LT°6 moﬂxﬁo.m §HGs 748'9 € 1} ¢ pur ¢
- -- -- -- -- -- -- -~ g01xee"€ 1281 010‘y 9 aseq
yauow yjuow

/P& 1o /P& no
uorleras( o1ey

paepuelg Ju1
-3paag
a3eaaay
31ey Juidpoig soueuIIuIey
ON 91-¢ 9 -- -- n 6L°G 8T'8¢ e 1y €99 0z 91 € 1) G pur ¢
-- -- -- -- -- -- -- -- 801 70" gn Tl 9 aseq
potiag
, J3ua1sjjiq Ol 0. OJjed mﬂ4mm u~muw 1S3l 01°0. DOje>. 9ouetaep  syjuow  syjuow  azig 3y
juedt n n ad&y, 4 g Am z uotletad( poitaagd aidweg osoueusztUIERY
-jrudtg Nm\wm s paepuelg aderaay u aJUBApY
X

Jeg PUB[S] UT1JE} JaM07] - J9ATY erqunio)

€1 2198l




‘pailewtisy

S 4 S¢

S 4 e

€ 4 S¢

S 4 <S¢

3 [4 S¢

0 4 q€

0 4 Ge

0 [4 e

0 [4 SE

0 4 S¢€

0 4 Se
T 13 ATiw 33
JoueulUT B yidapaaag yadaqg
adueapy a1qemMOT IV 109loag

uotjeiadp Surdpaig jo uoriafdwo)
18 UOT3ITpuo) [auuey)

000°‘EYE
L €1
000°€6¢€
1°01
000602
Syl
5000°0S1 000°2S2
rARE
#000°8LY 000061
€21
000981
L1
000902
6°21
000001
I'11
000°TL1
G-zl
000°Z0¢
AR R
000°€91
pAk no p& no> syjuow
UMTOA AUNTOoA potasd
HIOM MIN Jdueuajurey

G961 AON (T G961 320
%961 120 ( 4961 dag
€961 2230 § €961 AON
7961 das 61 7961 8ny
1961 320 €I 1961 dag
0961 320 % 0961 das
6S61 320 SI 6561 120
8561 dag (1 8Ge1 dag
LS61 390 %1 LS61 3120
9661 das o€ 9661 dag
GS61 120 4T SS61 120
ale( aje(Qq
3utpuy Sutjaeag

8¢

VAt

01

9l

9¢

R

LT

€l

pueys| uiixey 1add ‘1aaTy erqunio) - suoljeaadp Bui3paag

%1 3149e],




12-¢

ESTESESERT

ot o:

18°1 p! 7'  89°C  ,0IxIg"L 0668 081 ‘%2 1J G pue ¢
-~ -- -- -- oLt 07Z°S 02191 aseq
" yauow yyuouw
/pA no /PK no>
uorietadg oIey
piepuels 3urt
-8paaq
38eaaay
378y Juidpai oPoueuaUTE)
-- n | /AR %0°8 8¢ % L0°¢ 8¢ Tl 1} G pue ¢
- -- -~ -- €50 €L°0 S6°11 aseq
potaxad
J1ed 1S3 010 J1ed acuetie;  syjuow  syjuow E¥1
K adLy, 4 5 gm z uoi1jetad( PpoOl1Id{d 3IdueuUIJUIRY
Nm\mm s piepuelg s8eaaay Joueapy
x

puels] uraiey 1addp ‘13a1y erqumio)

Gl 21qe]




: : L .. o t

o Ay s s Shot+ B Ao

. P . .. R . .. c . E T B




