
14, AO—A045 462 COASTAL ENGINEERING RESEARCH CENTER FORT BELVOIR VA FIG $13 N
LABORATORY EFFECTS IN BEACH STUDIES. VOLUME II. MOVABLE—BED EXP——ETC(U) N

• AUG 77 C B CHESNUIT, R P STAFFORD
UNCLASSIFIED CE RC—MR—77—7—VO L—2 NL

~s t i  
_
_

_  

___ U _nfl

~~

_ _ _ _ _  

anun
I _ _II 111111 II



r —s

MR 77-7

Laborator y Effects in Beach Studies

Volume II

~J~ .%ovabIe~Bed Experiments with H0/L0 =0.021 (1970)

by
Charles B. Chesnutt and Robert P. Stafford

MISCELLANEOUS REPORT NO. 77.7
AUGUST 1977

_ _ _ _  _ _ _  

-

Approve d for public release , 

~1 c~ 
r 

~ ‘7
L distribution u n l i m i t e d .  J ~ ~~~~~~~ I

>— / — --~..~~~~~~—J

D

U.S. ARMY, CORPS OF ENGINEERS

• COASTAL ENGINEERING
RESEARCH CENTER

K ingmon Building

Fort Belvoir , Va. 22060



S

(
~r f (j I l I} ) I t ( d t l ( ) r I  ~)I 1 5 ~Ii h i d  t . t  I I I  .tII gi~ 1 I I I

cr r i l i (  to tlir t .~~~ . ~r rt is  ( i , ~i — ta I  I. r j iii ’ r iii ~ R ’ . ji rrli

I~i r i i i t t iI tr r i’  il i~tr i }i iit i ori i s i t l i i i i  I~ I I I IIIt ~ 1 ‘‘ t i l t - I ~iii~~I I

th i s  1 i u h u i i a l j u , i  } id~ t r i ll ru~hI1I u s  t I ~i~ ( r i t i r . \ t ~u iti t~d I I1 i r~ frI
as ai lahh t r i ni

.\ u I i u Iu I /  / I~~ h f l h (  a! I i i  t~~ i i i i ~ i ! i i , l i  ‘~~ rl ii

I / J \  : )j r ~~/ a r i~ /~ i i i~ u r i

~~~~~ I on  li \ il f l i ~( 4 !

“1, r I ( i ~~( t / v J  I r~ i : , i i  2 /  •

i’lir t u t u  tn t i t i —  r i  rt n i l  I I — I III II t .tI
I)’i art nuut nt t I Ilir ~rnt s ~,~~~i tt e it i t  — ii I~~i~ i .ii iI I S  l i i i
au tlu (,ruLr (I il i - un it I t  I— .

L .



UNCLASS I F I El)
SECURITY CLASSIFICATION OF THIS PAGE (WPi.i, bat. EnI.r.f )

REPADT I M r ~ I TAT IAII  oAr ~~ READ INSTRUCT IONS
~~~ 1 BEFORE COMPLETiNG FORM

2. GOVT ACCESS ION NO. 3. RECIPIENT’S CATA LOG NUMBER

~H~~~~~ ..Vo f_ L) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Z~~YTTtr (aid S~b~Sel.) 
______ _______ 

5 PE OF REPORT & PERIOD CnVERFD .

- ( LAB0RA TORY EFFE CTS IN BEACH S’I1JDIES~ ~ f’Misce1laneous
~
Re t .•~. ~

\.lum e 11 . MOVABLE-,.BED J XPER1MENTS WItH 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

1. AUTHOR(.) - S. CONTRACT OR GRANT NUMBER(.)

Charles
Robert P./Staffor~J 

______________________

9. PERFORMING ORGANIZATION NAM E AND ADDRESS 10. PROGRAM ELEMENT , PROJECT . TASK
Ilepa rtment of the Army AREA a WORK UNIT NUMBERS

Coa s ta l  En g i n e e r i n g  Research Center (CERRE-CP)  -‘Kingm an Building, Fort Be l voir , Virg inia D31192

II. CONTROLLING OFFICE NAME AND ADDRESS .f~~_ REPORT DATE

I)epartment of the Army ~~ ~~~~~~~~ 7 7j  .

~~~~~~ 
o Belj gjnia__22060 

____ 
____________II MONITORING AGENCY NAME a ADDRESS(1( dlllerw I 1,0., Co~fr0lllfl ~ OlIlc.) IS. SECU . /_ 1 i1J

UNCLASSIFIED
15.. DECLASSIFICATION/DOWNGRADING

SCHEDULE

16 DISTRIBUTION STATEMENT (of tAg. R.port)

Approved for  p u b l i c  r e l ea se ;  d i s t r i b u t i o n  u n l i m i t e d .

7 DISTRIBUTION STATEMENT (of lb. .b.t,.cS .nt.,.d In Block 20. II dlI 9.porf )

19. SUPPLEMENTARY NOTES

19 KEY WORDS (Co nti n~. on r.c.,oo od •  if n•c.aaary ,d td.nhlty by block nu,,b.r)

Breakers Movable-bed exper iments  Wave hei ght  v a r i a b i l i t y
(oa s t al  eng ineering l~ave envelopes Wave reflection
Currents Wave generators Wave tanks
Model s t ud ies

20 ‘
~~~~T RA C T  (Contlno. ~~, ~~~~~~ .ift If n.c .wy ~d Id.ntlfy b~ block n~~ ba~)

—~Two movable-bed experiments were conducted in 6- and 10-foot-wide wave
tanks for l T 5  and 210 hours , respectivel y , with a wave period of 1.90 seconds
and generated wave hei ght of 0.36 foot . The reflection coefficient from the
changing profile varied from 0.08 to 0.20 in the 6-foot tank and 0.04 to 0.19
i n  the 10-foot tank and the variations can be qualitatively related to changes
in the profile shape .

(con ti nued)

DO I JAI 7) 1473 EOITION OF I NOV S5 IS OSSOLETE U N C L A S S I F I E D
- SECURITY CLASS IFICAT IO N or~~~ ,S PAGE (WPt.n Data EnI.r.d)

- - ( ~
-
~~/ fr i .  -

_ _ _ _ _ _ _



‘ -r’~~~~~~ ’—----- ’ -~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —‘--~~~—.~~~~~~~~~~--—---- - -——- —-- -.-—.- - - — — . .  ~~~~~~~~~

IJNC LASS I F I El)
SECURITY CLASSIFICATION OF THIS PAGE(WlI.n Data In(.~~d)

~The profile in neither experiment attained an equilibrium shape , even
though the shoreline position was stabilized by backshore renourishment.

For approximately the first 50 hours (or before the shoreline stabiliza-
t ion), the shoreline recession rate in the 6-foot tank increased from 0.06 to
0.14 foot per hour coincident l y with a 10° Celsius temperature drop . The
shoreline erosion rate in the 10-foot tank was 0.08 foot per hour , and t~ c
temperature was between 25° and 30° Celsius . The difference in recession
rates between the two tanks is possibly due to differences in the distance
from the generator to the initial shoreline (100 feet in the 6-foot tank and
61.7 feet in the 10-foot tank) or to temperature differences . Lateral
variations occurred in the rate of development of the inshore zone in the 10-
foot tank that did not occur in the 6-foot tank , indicating that the tank
w idth may also have affected the profile development .

~~ T~~ TT1
::~‘

I :

- - . ,- 
Li . )

-. 
.. 

, 
~ - - Uu ~~~ , :L~H H : L )

~ 

~~~~%

_

UNCLA SSI Flu)
S(CUR ITY CLASS IF ICATION OF THIS PAGE(E,.n Data Ent.~.d)

- ._  .- - . - - -  -~~ -~~~—-,.-- ~~~~~~~ -
~~~~~~~~~~~~~~ - -



-. •~~
_.;_,_-_,__._., _ ._~~_ .._ .

PREFACE

Ten experiments were conducted at the Coastal  Eng ineer ing  Research
Center (CLRC) from 1970 to 1972 as part of an investi gation of the Labora-
tory Effects in Beach Studies (LEBS), to relate wave height variability
to wave reflection from a movable-bed profile in a wave tank. The inves-
ti gation also identified the effects of other laboratory constraints.
The work was carried out under the CERC coastal processes prograimi.

‘this report (Vol. II), the second of a series of eight volumes ,
analyzes two movable-bed experiments which show that wave height varia-
bili ty depends on a complex relationship between profile changes and wave
reflection . The experiments suggest that tank width and length , and water
temperature affect laboratory profile development and that under common
laboratory conditions the profiles approach equilibrium more slowly than
normally assumed . This study is aimed directly at the problems of the
laboratory researcher or engineer in charge of a model study ; ultimately ,
the results will be of use to field engineers in the analysis of model
studies.

Volume I of this series documents the procedures used in the 10
movable-bed laboratory experiments , and also serves as a guide for con-
duc t ing r e a l i s t i c  coastal eng ineer ing  laboratory studies. Volumes II to
VlI are data report s for the other experiments; Volume V II I is a final
analysis report .

This report was prepared by Charles B. Chesnutt , principa l investi ga-
tor dur ing the da ta anal ysis and report preparation phases of the work ,
and Rober t P . Stafford , senior technician in charge of the two experiments.
Dr. C .J .  Ga lv in , Jr., Chief , Coastal Processes Branch , was the pr inci pal
inves t igator  during t h e planning and conduct of these two experiments
and the earl y stages of the data reduction .

Comments on this p u b l i c a t i o n  are i n v i t e d .

Approved for publication in accordance wi th Public Law 166, 79th
Congress , approved 31 July 1945, as supp lemented by Public Law 172 , 88th
Congress , approved 7 November 1963.

/ JOHN I i .  COUSINS
(:oloncl , Corps of Eng ineers
Commander and l)i rector
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tolum e I I .  M o v a b l e — B e d  I ;x p e r i m e n t s  w i t h
11. / I. , = 0 . 02 1 (19 70)

~~~~~~~~~~ and ~~~ . ~~~~~:
‘
~~‘

1 - 1 NTROI)UC1 ION

1. Ba ck ground.

Isave h e i g h t s  in i mm ovab le—bed , c o a s t a l  e n g i n e e r i n g  l a b o r a t o ry  e x p e r o m en t s
mu d mode l s  c a r e  b o t h  in  space and t i m e  (Fi g. 1) .  Such v a r i a b i l i t y  is com-

mon over  t he  cons t an t  depth s ec t i on  of wave t a n k s  wi th  movabl e beds
~Sav age  , 1962 ;  F a i r c n i l d  , 1970a , 1970b ; G a l v i n  and S t a f f o r d . 1970) . because
wave hei ght en te r s  many c o a s t a l  eng i n e e r i n g  f o r m ul a s  to  t h e  second or t h i r d
power , s m a l l  v ar i a t  ions  in l a b o r a t o r y  w ave hei ght can cause  l a rge  e r r o r s
;-.hen e x t r ap o l a t e d  to pro to type  c o n d i t i o n s . ls’ave  he i ght  v a r i a b i l i t y  is  one
of severa l  l a b o r a t o r y  e f f e c t s , separa te  f rom sca le  e f f e ct s , w h i c h  can
h i n d e r  a t t e m p t s  to so lve  c o a s t a l  eng inee r ing  p rob l ems  in the  l a b o r a t o r y .

The Labora to ry  E f f e c t s  in Beach S tud ies  (LII BS )  p r oj e c t  was  i n i t i a t e d
in 1966 to invest i gate t he  causes  of variation in w av e  h e i gh t s  obse rved
in  longshore  t r a n sp o r t  expe r imen t s  in  the  Shore Processes  rest  B a s i n  (SPi ll )
at  t h e  Coas ta l  Lit g i n e e r i  ng Resea rch  Center  (CER C ) . Ori g i n a l  lv , wave hei ght
v a r i a b i l i t y  was t hou g ht to  be caused by e i t h e r  resonance , g e n e r a t o r  ma l-
function , or i n a c c u r a c i e s  in the wave gages. h owever , preliminary experi -
mac nt s i n d i c a t e d  t ha t  w ave r e f l e c t  ion front  t h e  m o v a b l e — b e d  p r o f i l e  and
variation in the reflection as the  p r o f i l e  a d j u s t e d  to wave a t t a c k  i~ere
t h e  major causes of wave  hei ght v a r i a b i l i t y .  S ince  r e f l e c t i o n  occurs
naturall y when waves t r a v e l  onto a b each , r e f l e c t i o n  cannot  be el  in i t i a t e d .
There fo re , t he  emp h a s i s  of the  LEBS e x p e r i m e n t s  has been to  l e a r n  hr .5
r e f l e c t  ion is a f f e c t e d  b~’ naturally occur r ing  changes  on the  b each in order
t h a t  c o a s t a l  eng i n e e r i n g  l ab o r a t o r y  s t u d i e s  can be b e t t e r  i n t e r p r e t e d .

A total of 10 detailed LEBS experiments were conducted , and this repor t
(Vol. II) discusses the first 2 experiments completed in 1970. The other
ei ght experiments are discussed in five data reports (\‘ol s. III to \I1)
as part of a series of eight reports on LEBS . Volume I of the series
(Stafford and Chesnutt , 1977) discusses the  contents and primary purposes
of the reports .

The two experiments covered in this study have  also bc-cit discussed in
part in earlier reports. Chesnutt , et al. (1972) cl i scussed the d e v e l op -
nc-nt of the profiles in  four LEBS experiments , i n c l u d i n g  t h e  t w o  in t h i s
stud s- . Chesnutt and G a l v  in  ( 1974)  a n a ly z e d  t i m e  r e l at  ionsh i p b e t w e e n
reflection variability and profile deve lopment  in  t h e  same fou r  e xp e r i m e n t s
discussed by Chesnutt , et al . (1972). Chesnutt ( 19 7 5 )  a n a ly z e d  other l a b —
oratory effects observed in  t h ree  E E B S  e x p e r i m e n t s , i n c l u d i n g  one of the
two in this volume .

- .
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2 . Ex p e r i m e n t a l  l ’ r o c e d ar e s

The experimental procedures used in the LEF~S experiments are described
in V o l u m e  I .Stafford and Chesnutt , 1977) which provides the necessary
details on the equipment , quality contro l , data collection , and data reduc-
tion for all 10 experiments. An appendix to this study documents the data
collection and reduction procedures unique to these two experiments. The
conditions of the two LEBS experiments (70X-06 and 70X-lO) are summarized
in  Table 1 . The table shows that the initial slope , water depth , wave
per iod , wave  height , and sand size were the same in the two experiments.

Table 1. Summary of experimental conditions.

Experiment 1 Initial test Initial Wave Generated
length slope period wave height

- 

(ft) (s) (ft)

7OX-O6 100.0 0.10 1.90 0.36
70X-lO 61.7 0.10 1.90 0.36

1Refer to Volume I (Stafford and Chesnutt , 1q77) for
relation between these experiments and the other eight
LEBS experiments.

NOTE . --Constant s for the two experiments: d50 (by dry
sieve analysis) of quartz sand = 0.23 millimeter ;
water depth = 2.33 feet ; wave energy flux = 5.8 foot-
pounds per second-foot .

Two experimental facilities were used (see Figs. 3, 4, and S of Vol.
I). Each facility consisted of two side-by-side wave tanks , one with a
0.10 concrete slope and the other a sand slope (also discussed in Sec.
II , 2). The generator at the other end was common to both of the tanks
so that each had identical wave energy input . The operation of the gen-
erators is described in Section IV and Appendix B of Volume I . The con-
crete slope provided a control (a bench-mark value) for the vary ing
reflection measured in the neighboring tank with the movable bed .

The basic difference between the two facilities was the tank width.
One pair of tanks, each 6 feet (1.8 meters) wide , was used for experiment
70X-06; the other pair , each 10 feet (3 meters) wide , was used for experi-
ment 7OX-10. The initial test length , from generator to stillwater level
(SWL) intercept on the slope , was 100 and 61.7 feet (30.5 and 18.8 meters)
in experiments 70X-06 and 70X-10 , respectively (Table 1).

During the experiments , it became evident that the backshore length
was too short , because the steady erosion of the sand slope caused the
shore to reach the end wall cf  the tank after 54 hours in experiment
70X-06 and after 62 hours in experiment 70X-10. From then until the end
of the experiments , sand was periodically added to the backshore to main-
tain an adequate supply. In effect , the erosion was stabilized by
beach replenishment .

_ _ _ _ _ _  ~~~-—--~~~~~~~~~~~~~
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The initial grading of the sand slope in experiment 70X-lO was on 7
May 1970, the first run was on 14 May 1970, and the last run was on 30
November 1970 after 210 hours. Data collection was completed 2 December
1970. Experiment 70X-06 was begun 10 August 1970, was stopped on 5
December 1970 after 175 hours , and the data collection completed 15
December 1970. ‘l’he dates are important because the experiments were run
in outdoor facilities with water temperature varying with ambient air teni-
perature. The major events of each experiment and the cumulative time at
the end of each run are summarized in Table 2.

Table 3 gives the data collection schedule within each run for 1- , 2- ,
and S-hour runs. During the first 2 hours when the runs were less than 1
hour long , the same data were collected , with the schedule depending on
the length of the run .

3. Scope. -

This report describes and analyzes the reduced data from LEBS experi-
ments 7OX-06 and 7OX-l0. The original data are available in an unpublished
laboratory memorandum (Chesnutt , 1977) filed in the CERC library (CERTI-LI).

Wave reflectijn , profile surveys , sediment-size distribution , breaker
characteristics , and water temperature are discussed in the following
section . Section III discusses (a) profile development , which examines
the interrelation of changes in profile shape , sediment-size distribution ,
breaker characteristics , and water temperature ; and (b) profile reflec-
tivity, which examines the interrelation of changes in profile shape,
breaker characteristics , and wave reflection. Section IV discusses the
results of wave height variability , profile equilibrium , and other labora-
tory effects.

The conclusions and recommendations (Sec. V) are aimed directly at the
- : problems of the laboratory researcher or engineer in charge of a model

study. Field engineers should be aware of these conclusions and reconmmen-
dations when discussing and analyzing model studies of their projects.

The data in this study (particularly the profiles) may have other
uses. The researcher can use these data, after consideration of the lab-
oratory effects, to analyze short- and long-term changes in profile shape.
After an analysis of the scale effects , the field engineer may use these
data to determine generalized shoreline recession rates.

I I .  RESULTS

1. Wave hei ght V a r i a b i l i ty .

a. Incident Wave Heights. Wave height measurements from time contin-
uous recording of water surface elevation along the center range at station
+25 during the first 10 minutes of each experiment are shown in l’able 4.
The wave he ights in the movable -bed tanks varied front 0.09 to 0.38 foot
( 2 . 7  to 11 .6 centimeters) in experiment 70X-O6 , and from 0.15 to 0.43 foot

12
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Table 2. Expo rim ental schedul e for exper iment s 70X-0 (, and 705-10.

Cumu lative Date Wave record No. Survey No. Spec ia l data
t ime 1 col lected
(hr) (19 70)

Experimen t 705-06

0:00
0:1 0 10 Aug. 001 2

0 :25 002 3

0: 40 003 4

1:00 004 5

1:30 005 6

2:00 006 7

3:00 007 8
2 2 2

9:00 013 14

10:00 16 Sept. 014 15

12:00 015 16
3 2 2

S0:00 16 Oct. 034 35 ripple photos
3 2 2

98: 00 058 59

100:00 9 Nov. 059 60, 61 profile survey;
ripple photos

105:00 060 62
_ 2 2

150:00 23 Nov. 069 71 . 72 profile survey;
ripple pho tos;
sand samples

_ _ 2 2

175:00 5 Dec . 074 77 profile survey

Exper iment 705-10 
-

0:00

0:10 14 May 001 2

0:25 002 3

0:40 003 4

1:00 004 S

1:30 205 6

2:00 006 7
3:00 007 8 

2 _ 2 2

t Wavo records were taken ~~~~n ’ run ending at cumulative time shown ;
surve ys , sand samples , and ripple photos were taken after the run ending
at the cumulative time shown (see also Table 3).

2 increme nts of 1.
3 lnc re men t s of 2.
‘Incrementa of 5.
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I s ; e r rnent , .s hedule for eaye r l m ents  703-06 and 703- i O . - - , n t seued

C u m . l ~~t lI , t e  have rec ord No. S-.s rve y No . Spes al data
~~ I~~e~ te d

l h r  1970 j  I
L x pe r lme t t 7 0 5- 10

9 00 013 14

4 0 00 12 June 014 IS

2 :5W 015 
3 ~~2 2

50:00 27 J u l y  034 3 5
I 2

90 : 00  04 59

100 :00 21 S - p t  - 139 60 , 61 p r o f i l e  survey;
r i p p l e photos

10 5 : 0 0  s O s ’ 62 
‘ _ _ 2 2

130 ‘0 - - - s - -s 71 r i p p le photos
2 2

.~s ’ 1 ’ :0 0  IS ‘- ‘s 079 81 , 82 profile survey ;
r i p p l e  p hotos;
sand samples

080 83
2 1 : 5 01’ 30 Nov . 081 84

1 lsaee rr~~,rd s were t . k r n  ~~ r n  run ending at cumula t i ve  t ime shown ; surveys ,
sai d samples , and ripple p hotos were taken after the run ending at the cumulative
t u e  shown (see al so Table 3 ) .
lncrem ent s of 1.

3 lnc rcmc nts of 2.
‘Increme nt s of 5.

4
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Table 3. Data collection schedule within runs for experiments
7OX—0ô and 70X-lO .

Time within runs (h r : m in ) ~

Event 1-hr runs 2-hr  runs S-hr runs

Photo of foreshore before before start before start before start
St art

Photos of breaker and 0:01 0:01 0:01
runup

Photos of breaker and 0:19 0:59 3:59
runup before wave
envelope

Recording of wave 0:20 1:00 4:00
envelope started

Photos of breaker and 0:59 1:S9 4:59
runup

Photo of foreshore after after stop after stop after stop
water surface had calmed

Profile survey after stop after stop after stop

Water temperature data
collected in morning and
afternoon of each day of
testing ; however , there
may have been more than
one run during each day.

1See Table  2 for distributi on of 1- , 2- , and S-hour runs.

‘ 5
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Table  4 .  Wave hei g h t s  du r ing  f i r s t  10 minutes for experiments
7OX-O6 and 7 0 X - l O .

Cumulative Wave Wave height (ft)
time period

(min:s) (s) Movable-bed tank Fixed-bed tank
(max) (mm ) (avg.) (max) (mm ) (avg.)

Experiment 70X-06

O:00_0:201 1.893 0.384 0.092 0.302
0:20-0:40 0.358 0.295 0.326
0:40-1:00 0.341 0.311 0.327 0.349 0.310 0.333
1:40-2:00 1.894 0.364 0.328 0.348
2:40-3:00 1.896 0.333 0.303 0.312
3:40-4:00 0.344 0,320 0.333
4 : 4 0 - 5 : 0 0  1.893 0,355 0.331 0.344 0.333 0.309 0. 324
5:40-6:00 0.339 0.306 0.322
6:40-7:00 0.334 0.296 0.312
7:40-8 :0 0 0.330 0.314 0.320
8:40-9:00 0.318 0.297 0.307
9:40-10:00 1.895 0.322 0.292 0.306 0.335 0.305 0.320

avg. avg.
0 .3 23 0 .32 6

_____________ 
Experiment 70X-l0

0:00_0:202 0.390 0.154 0.332
0:20-0:40 1.85 0.376 0.328 0.354
0:40-1:00 0,373 0.341 0.355 0.394 0.349 0.366
1 :40-2 :00  0.395 0.366 0.378
2:40-3:00 0.379 0.345 0.360
3:40-4:00 0.411 0.378 0.396
4:40-5:00 0.396 0.376 0.385 0.396 0.376 0.385
5:40-6:00 0,413 0.379 0.396
6:40-7:00 0.420 0.378 0.404
7:40-8:00  1.85 0.408 0 .340 0.377
8:40-9:00 0.427 0.372 0.394
9:40-10:00 0.4 10 0.357 0.384 0,39 1 0.35 1 0.371

avg. avg.
0.383 0.374

1This  group includes waves 2 to 11; wave 2 is the  very smal l  wave
and wave 6 is the high wave.

2This group includes waves 2 to 11; wave 2 is the very smal l  wave
and wave 7 is the  hi gh wave .

6
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(4.6 to 13.1 cent imeters)  in experiment 7 0X - l O .  Ignor ing  the f i rs t  group
of 10 waves , the wave hei ghts differed within the f i r s t  10 minutes b y as
much as 0 .07 foot (2 .1  centimeters)  in experiment 70X-06 and 0.10 foot
(3.0 cent imeters)  in experiment 70X-l O.  This di f ference suggests that the
re f lec t ion  from the movable-bed profi le  was varying s ign i f i can t ly  during
the i n i t i a l  run . As expected , the wave hei ghts varied less in the f ixed-
bed tanks , varying 0.04 foot (1.2 centimeters) in experiment 70X-06 and
0.05 foot (1.5 centimeters) in experiment 70X- lO.

The average wave height for each record was determined by averag ing
the average of the last 10 waves in the last 20-second interval for each
10 minutes .  In experiment 70X-06 , the average wav e hei ght was 0.32 foot
(9.8 cen t imeters ) ;  in experiment 70X- lO the hei ght was 0.38 foot . Nei th er
of these values can be compared to the nominal generated wave hei ght 0.36
foot (11 centimeters) as indicated in Volume I, because the position of
the gage between nodes and antinodes of the reflected wave envelope is
unknown . Since the waves were recorded at the same distance from the
reflector , the difference in the wave heights is likely due to the differ-
ence in the initial test length as the result of secondary waves or re-
reflection from the wave generator. There was little difference in the
avel~age wave heights between the movable- and fixed-bed tanks for either
experiment.

The average inc ident wave he ights from the two experiments are shown
in Table 5. These he ights were determined by averaging all the wave
heights on a given envelope as part of the automated method for determin-
ing the KR (see Vol. I). The values determined in the fixed-bed tanks
indicate that the generator operation variation and measurement errors in
both movable- and fixed-bed tanks were ±0.005 foot (±0.15 centimeter) in
experiment 70X-06 and ±0.015 foot (±0.45 centimeter) in experiment 70X-lO.

The wave he ight in the movable-bed tank in experiment 70X-06 varied
from 0.32 to 0.38 foot and in experiment 70X-lO from 0,34 to 0.39 foot
(10.4 to 11.9 centimeters). The variation not attributable to generator
variation and measurement error is likely due to re-reflection from the
wave generator superposing with the generated wave creating a different
incident wave.

b. Reflection from the Movable-Bed Profile. In measuring the reflec-
tion coefficient from a wave envelope recorded by a slowly moving gage
(see Vol. I), it is assumed that the reflection coefficient does not change
during the 5 to 7 minutes required to make the recording .

Table 6 gives the reflection coefficient versus time data for experi-
ments 70X-06 and 70X-10 as determined by the manua l method .

( 1) Experiment 70X-06. Figure 2 shows the r e f l e c t i on  coe f f i c i en t ,
KR ,  versus time data for experiment 70X-06 for all time and for the first
10 hours at a larger horizontal scale. During the first 10 hours , the
KR varied between 0.20 and 0.08. At 10 to 25 hours , KR remained fairly
constant (0.14 to 0.16) and then dropped to 0.08 at 31 hours. From 33 to

‘ 7
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Tab e 5.  Incid en t o ,,vr 4se i~ ht ( f t )  ~or eope r im ent s
706.06 and 7 0 6 -10 .

Exper im ent 705-06 lsxper mest 705- 10

Time Movable bed f i x ed  bed Movable bed Fixed bed
(hr)

0. 5  0 . 3 7  0 . 3 7

0.8 ._
~~~ 0 .38 0 . 3 8

0.8 ---- ---- 0.39 0.31

1 . 8  0 . 3 8  0 . 3 6  0 . 3 8  0 . 3 7

1.8 ---- -—-— 0.38 0.37

4 .3  - - - -  0 . 3 7  0 . 3 7
4 .3 0.35 0.37 0.37 0.37

9.3 - - - -  -- --  0.36 0.35

9.3 0.34 0.36 0.36

19 - - - -  - - --  0.37 0.36

19 0 . 32 0 .37  0 . 3 7  0 .36

27 0 .35 0.37

27 0 . 3 5  0 .37

29 - - -- -- - - 0.34 0.35

29 -- -- ---- 0.34 0.35

39 - - --  0.39 0.35 0.3S

39 0.34 0.37 0.35 0.35

49 0 . 33 0 . 3 7

49 0.33 0.37

51 - - - -  - - - -  0 . 3 0  0 . 3 t

SI - - - -  - - - -  0 .36 0 . 3 6

53 0.33 0.37

53 0 . 3 3  0 . 3 7

59 0.35 0.37 0.37 0.35

59 0.33 0.37 0.37 0.35

65 -- -- -- -- 0.37 0.35

65 - - --  - - - -  0. 3 6  0 .3 5
69 0 .35  0 . 3 7
09 0.35 0.37

77 - - - -  . - _ -  0.30 0.35

77 -- -- -. -- 0.36 0 ’S

79 0.34 0.37

79 0.33 0 3 7

89 0 . 3 5  0 .36  0 . 3 8  0 . 3 5
89 0 .35  0 . 3 6  0 . 3 7  . 3 5
99 0.30 0 .37  0.3t-  (i s, .

99 --- - 0.30 0.34 0.33

12-I 0.34 0.37 0.37 (‘ .31,

124 0.34 0.36 0.38

149 - - . -  - - - -  0.38 0 . 3 1

1-10 - - - -  - - - -  0 . 3 7  0 . 3 5
11 ,5’ — — . .  — — - .  0.36 (1 .3,

169 - - - -  - - - -  0. 36 0 . 3 5
174 0. 34 0.37 0.38 4) .

1 74 - - - -  - - - -  0 . 3 8  11 . 51

18 
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(4~ f i t - s i l o , )  COn , : : , : -  v t - r s u S
t im e  4 i :  for e s ; - :  ,m cnt s
705 06 ond 7 0 0 - 4 0  , : : n n . s l

I x ; s s - r s o s s s t  ‘ 99 . ) ) ~, l o p s - s  s - s o t  7 0 0 — I S

Cumu lat:ie 4 - , Cumu li: cc 6,,
time t ar t -
(hr) l i s t

0 .2  0 .19 5 0.2 0 . 4 9 4
0 .5  0 . 1 0 1  (L i  0 . 1 1 7 .
0. 8 0 . 1 07 0 . 5, 0 : 5 - )
1 .3  0. 146 1 , 4 0 . 1 3 2
1. 5 0 .13 6  1 . 0 0 .1 05
2 . 3  0 . 1 2 2  3 . 4 0 . 1 3 2
3 .3  0 . 1 3 1  4 . 4 0 . 4 2 4 ’
4 . 3 0 . 1 3 2  0 - I  0 .138
5 . 3  0 .108 6 4  0 1.1 ’
l, .3  0 . 4 2 1 )  7 . 4 0 . 1 ( 4 6
7 , 3  9 4 9 . 4 7 . 8
8 . 3  0 .0 84  ‘ 4 4  0 . 1 2 1 )
9 .3  0 . 4 2 - )  1 1 . 2  0 . 1.1 4
II 0.13 -)  19 0. 1 ( 5 .
13 0 . 1 3 9  I S  0. 1 1 7
15 0 . 151 ,  I ’  0 .108
17 0 _ I l l  I ’  0 . 1 1 5

9 0 - 4 , _ I  2 1 0. SVO
.51 0 . 0 23 0. 0 , - S
.53 0 .10  25 - 0. 07
25  0 . 1 5 0  0 .095
27 0 . 1 1 3  25 ’ 0. 9 - 4
23 - - - -  9 1 0. 0 - 19
31 0 . 4 0 , )  33 0. 055
33 0 . 1 1 0  35 0. 0 1-0
35 0 . 4 ( 3  37 0 . 072

0 . 1 1 3  (54 0. 4 ) 1 3
39 0. 1 . 5 2  ‘II 0 004
-1 I 0 . 1  44 1’ 0 ) s3 0
43 0 . 1 2 3  - 17 0 0’)’
45 0 . 1 1 0  0 .1 0 1,
.17 0 . 1 1 6  SI 0. 0 0
4 9 0 . 1 1 8  53 0 . 1( 5 (9
SI 0. 12- I  55 0 . 194
33 0 . 1 2 4  57 0 0 ’ .)
55 0 ( 2 ) ’  59 0 .062
57 0 . 1 ) ’ ,) 61 0. 078
59 0.111 , 63 0.090
(‘I 0 . 1 2 9  65 0 .091
63 O I l S  67 0. 083
65 0 . 1 1 6  69
67 0 . 1 2 3  7 !  0 .096
69 0 . 108 73 0 .084
71 0 .106  7 5 0 .097
73 0. 106 77 0 .9 8 5
7S 0 .108 79 0. 054
77 0 .092 81 0 . 1 1 9
79 0 .11 8  93 0 . 108
81 0.106 85 0 .1 00
83 0 . 12 6  87 0 .097
85 0 . 1 0 1  89 0 .082
87 0 .116  91 0 .090
89 0 . 128  93 0 .106
91 0 . 1 4 2  95 0 ,116
93 0 .128  97 0 .116
95 0 .126  99 0 . 1 2 2
97 0 . 153 

— 
104 0 .142

‘ 9

-- -. - -.  --~~~~~~~,-- ~~-.-- -~~~~~~~~~~~~~~~~ -



-,.- . —-—- - -~~~ -—~~~~~~~~~~

Table 6. Ref lect ion co eff i ci e n ts versus
tima data Ion cx7enime n ts
70X.06 and 708 .10 (manual
method ) ,..Co ntj nucd

Exper iment 701.06 Experiment 705.10

CumulatSy. 11R CwnuIstLvs KR
tim.

(hr ) 
________ 

(hr ) 
________

99 0 . 1 2 3  109 0 . 144
104 0.116 119 0.144
109 0 .141  12 4 0 .1 5 4
11 4 0.122 129 0.133’
119 0.152 13 4 0.138
124 0.197 139 0.188
129 0.177 144 0.150
134 0.140 149 0.152
139 0.162 154 0.160
144 0.148 159 0.168
149 0 . 142  164 0. 144
lSi 0.152 169 0.166

~S9 0.184 174 0 . 183
164 0.192 179 0.154
169 0.168 184 0.187
174 0.160 189 0.148

194 0.120
199 0.118
204 0.034
209 0.144

20 
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Fi gure 2. Reflection variability in experiment 70X- 06 .
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0~ iloll r~ , K :- ~~d5  loI ~er  and v a r i e d  be tween  0 .09  511111 0. 1-1; a f t e r  9~ 11005’ S ,
K . f i  t I c  tua  ted be t i~ ve I l  0. 12 and 0. 20 and , in genera I , ~ lie y e as  ed . Ti le
l a r g e s t  v s l l l l e s  of K . . o ccu r red  at I 24 and 104 h o u r s .

~2 ) i,xjss’r i m e l i t  7 0 X — 1  U .  F i gure  3 shows K~, versu s time for
exp e r i m e n t  0 \ —  10 11 ( 1’  I I I  1 t inc m u d  for  the  f i r s t  10 hours  at a l a r ger
ho n :onta  1 sea I v .  OLI n 1 ng the  f i r s t  20 hours , K4 1 vs r l e d  f rom 0. 1g .) t o
0. lo , and bet  ween  2 1 and 89 hours  , K: - ranged from 0. 04 to  0. 12.  I i’oIl (
SO to  154 hour s , K: . - i n c r e a s e d  f rom (.) . 08 to 0. 19 and a f t e r  184 hour s ,
K d e c re a s e d  t o  as low as 0 . 10 at 204 hours. the niaximulu v a l u es  occs ;i  red
at I 39, 1 T-l , slId 184 hours  .

C . l:VSI 1 ua t  i on ot .- \u to iuat ed Met hod for  1)et eniii  in ing K11 . The r e t  1 vet i OI l

c o e f f i c i e n t  ve r sus  t inc d a t a  for  expe r imen t s  70X-06 and 7 0X - 10  as det e r -
mi lied ISV t h e  aL l t om at ed  method are shown ill ‘lab i e T . Volume  I d i s c u s s e s
t i l e  proc edure and the programs used ill  t he a u t o m a t e d  method . P l o t s  of
r e f l e c t i o n  c o e f f i c i e n t  v e r s u s  t i m e  f rom the  m o v a b l e — b e d  p r o f i l e  for  the
two ex p e r i m e n t s , as d e t e r m i  ned by both manua l  and a u t o m a t e d  methods , a re
shown ill F igu res  4 and a . The au tomated  m ethod gave c o n s i s t e n t l y lower
v a l u e s , but  t h e  t i m e  v a r i a t i o n  in r e f l e c t i o n  was  s i m i l a r .  Manua l  v a l u e s
versus  a u t o m a t e d  v a l u e s  for  t h e  two exper iment s are shown in a s c a t t e r
p l o t  of t he  K . - d a t a  (Fi g. 6 ) .  L i u i e s  th roug h t he  data  p o i n t s  l i e  above
and p a r a l l e l  to  t h e  pe r fec t  co r r e l a t  ion l i n e , i n d i c a t i n g  that t he  auto-
mated method g ives  c o n s i s t e n t l y  lower  v a l u e s  and t h a t  the d i f f e r e n c e  was
not a f u n c t i o n  of the m a g n i t u d e  of t he  r e f l e c t i o n  c o e f f i c i e n t .  The a u t o -
n a t e d  K2 7 v a lues  averaged 0.05 lower in exper iment  70X-06 and 0 .04 l ow e r
in  exper iment  7 0 X - l O .

d . R e f l e c t i o n  from the  F ixed-Bed  P r o f i l e .  ‘I’he average K , - f r o m  t h e
f i x e d -b e d  p r o f i l e  was 0 . 05 in exper iment  70X- 0b  and the  v a l u e s  varied f rom
0.05 to 0 .06  ( ‘table  7 ) .  In expe r imen t  7 0X - l 0 , the  v a l u e s  ranged f rom 0 .03
to 0. 0 ’  and t i le  average was 0 .04 . ‘I’he s m a l l  v a r i a t i o n  in the  K5 , for
the  f ixed -bed  p r o f i l e  ind ica tes  t h a t  the  wave genera tor  was p e r f o r m i n g
c o n s i s t e n t l y .  The v a r i a t i o n  also indica tes  tha t  tile measurement of K: 5
f rom a wave envelope  recorded b y a s l o w - m o v i n g  wave gage can v a r y  Is v :0 .02 .
‘rile la rge  v a l u e s  of K1~ from t h e  movable  bed were not t h e  r e s u l t  of any
cllSlIlgC ill the  gene ra to r , because the  KR v a l u e s  f rom the  f ixed  bed
remained at t h e i r  usua l v a l u e s  (Table 7)

2. P r o f i l e  Surveys .

a.  Interpretat i on of Contour Movement  P l o t s .  The p r o f i l e  s u r v ey s
(discussed in Vol . I )  measured the  t h r e e  space v a r i a b l e s  of onshore-
o f f s h o r e  d i s t . I n c e  ( s t a t i o n ) ,  a lo n g s h o re d i s t a n c e  ~r a n g e )  , and  e l e vat  ion
at f i xed  t i m e s  (Tab l e  2) d u r i n g  the  e x p e r i m e n t  . The CUNP1. T method ( F i g .
7 ,b) for  p r e s e n t i n g  t h e  da ta  i n v o l v e s  f i x i n g  the  a lo ng s hor e  d i s t a n c e  b y
s e l e c t i n g  ~1a t a from a g i v e n  range and a n a l  y : I ng t lie su rveys  a long t hat
range . ‘l’lie surveyed d i s t au c e — e l ev a t  iOn psi I’S a long tha t  range  are  used
to obtain tile interpolated position of e q u a l l y  spaced dep ths ; e . g . ,  - 0 . 1 ,
—0 . 2 , and — 0 .  3 0~~ t h e  h ypo the t  i cal profile in F i gore 7 (a) . These  cen t  our
positions from each survey  are then  p l ot t e d  ;Iga i l i s t  t l ine (Fi g. “
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Fi g ure 3. Reflection variability in experimen t 70X-l0.
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i’ a b l e  7 . R e f l e c t  ion  co ef f ’ic icn t  by automa t ed method .

E x p e r i m e n t  7 0 X — 0 6  E x p e r i m e n t  70 -10

‘l ime  Movab le  bed F i xed bed M o v a b l e  bed i- i XCII 1)ed
(hr )

0.5 0 .067 0 .059 ~~~~~~~~~~

0.8 0.073 0.037

1.8 0.065 0.055 0. 090 0. 037

4 .3 0 .048 0.058 0.086 0.037

9 .3  0 .067 0 .052  0.085 0 .040

19 0 .109 0 .0 o4 0 .086 0 .042

27 0 .075  0 .055

29 0 .044  0 . 032

39 0 . 067 0 .052  0.0 11 0 .038

49 0 .075 0.054

51 0 .037  0 .050

53 0 .082 0 .059

59 0.060 0.053 0 .0 4 3  0 .052

65 0. 054 0. 049 0 .054 0 . 04 9

69 0.049 0 .059

77 0 .046 0 .051

79 0.07 1 0.056 -

89 0.053 0 .047  0 .039 0 .065

99 0.055 0 .046 0. 075 0 .046

124 0 .152 0 .046 0 .107 0 .030

140 0.101 0. 044

169 0 .116 0 . 04 4

174 0 . 12 3  0 .045

194 0. 076 0 . 04 4

‘Not analyzed by this method.
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Figure 4. Lower KR values and similar KR trend from automated method in
experiment 70X-06.
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.5

A hon :ontal Ii lie in Fi gure 7 (b )  represents no change in contour posi -
t i o n .  An u p w a r d - s l o p ing  l i n e  i n d i c a t e s  landward movement of contour posi-
t ion (i . e . ,  e ros ion) ; a d o w n w a r d - s l o p i n g  l i n e  i n d i c a t e s  depos i t i on .  The
slope of a line indica tes the horizontal rate of erosloit or deposition at
that elevation. The three x ’s at t i m e  t2 (Fig. 7 ,1)) indica te multi ple
contour positions at elevation —0.2 wh i c h  is shown by the intersection of
t he  dashl  inc w i t h  pr o f i l e  t 2 ~ 

l: i I ~u re  7 ( a )

Three types  of contour  movement p l o t s  inc luded in t h i s  s tudy a re :

(a) The seawardmost intercepts along one range for any
or a l l  de pt h s ;

(b) the seawardmost intercepts for one depth along all
ranges ; and

(c) a l l  contour intercepts along one range , for up to
12 selected dep ths .

The c o o r d i n a t e  sys tem used for  tile contour movement p lo t s  is shown in
F i gur e  S.

The foll owing elevations are referred to in the  discussion that follows :
± 0 . 2  foot (.~Js .1 centimeters), -0. 3 foot (-9.1 centimeters), -0.4 foo t
(-12. 2 centimeters ), -0.5 foot (-15.2 centimeters), -0 . 6 foo t (-18. 3 cent i-
mete r s ) ,  -0.7 foot (-21.3 centimeters), -0.8 foot (-24.4 centimeters),
-0.9 foo t ( -27 . 4 centimeters), -1 .0  foot (-30.5 centimeters), -1. 1 fee t
(-33.5 cen t ime ters) , -1.2 feet (-36.6 cent imeters), -1 .3  fee t ( -39 .6  centi-

me te r s ) ,  —1. 4 fee t ( — 4 2 . 7  centimeters), —1.5 feet ( — 4 5 . 7 cen t ime ters) ,
-1 .6  fee t  ( - 48 .8  cen t ime ters ) , - 2. 0 feet  ( -6 1 .0  centimeters), and —2 .1
feet (-64.0 centimeters).

b. Profile ones. 1 )efinit ion s of coastal eng ineering terms used in
LLB S reports conform to A l l e n  (1972) and U . S . Army , Corps of ling ineers ,
Coas ta l  Eng i n e e r i n g  Resea rch  C e n t e r  (1973). However , the boundary be tween
t h e  fo reshore  and inshore  zones i s  d e f i n e d  in  t he se  repor ts  as t h e  lower
l i m i t  of b a ck r u sh  ( low wa te r  l i n e )  m u d  i s  at e l e v a t i o n  -0 .2  foot .

The seaward edge of the  i n s h o r e  zone is d e f i n e d  as e x t e n d i n g  f rom t i m e
low wat en l i n e  t h r o u g h the  b reaker  zone.  The boundary  between t he I n s h o r e
and o f f s h o r e  zon es is  a t  e l e v a t i o n  -0 .8  foot .

A d e f i n i t  ion s k e t c h  of tile p r o f i l e  zones i s  shown in  Fi gure  9. i h e
profile in  each exper iment  developed in a similar sequence. E a r l y  pro-
files (b roken  lim e i n  Fi g. 9) had a steep foreshore  , a short  inshore zone
w i t h  a Ion gsho r c  I)ar , and a g en t l y s lop ing  o f f s h o r e  zone ,  l a t e r  p r o f i l e s
(dash i  tue  i l l  F i g. 9) a l so  had a steep foreshore  zone , hu t  t h e  inshore  zone

w i d e n e d  to  a l o n g ,  f l a t  s h e l f  w h i c h  t e r m i n a t e d  in  a r e l a t i v e l y s teep o f t ’-
shore zone .  Tim i s  deve lopment  is shown by con tour  movement  p l ot s  ( F i gs .
10 to  17) of ’ tile seawardmost contour i n t e r cep t s  for e l ev a t  ions  at 0 . 1 -
foo t -dep th  inc remen t s  from +0.2 to —2. 1 feet. F i gui’es 10 to  12 are for’

29



4 S8bUDd—.I.- SUO LIDA~ J]

(n~~
_ 

‘“C
‘C 

~~
~~~~~~~~~ 14

_ _  : Y _

ci) 2
“C c~_ 

-
+ .2 ‘—2

(I, Cr,
‘-C— C)

‘0 0 I + 4,)
CI) I~ .1. UI

‘0 co 
-~~~~ T

CI)
C) C)

‘0 0 ..._
CI) > 0 -

0
Li ci, -~~

0
I— 0

0
C-)

lU 1~~1’- ‘4-.
5 > 0

~~_J (_1_. ~~~C) Pa:
C,)

CO

C-)
S-

a)_m —n

LL
CI)

0

0
(-I

.
)

~~ CC
a)

30



. !~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-.‘---.- . ,-

i t )
‘ rd. c I

CI) )
~~

I,
(1) IV

~~

~~~~~~~~~~~~~~ ~~~~
‘ 

0 ,4
/ JI (“s

C’.J N- / 1’ 4,)

/ V —~~

CI) (
‘ _

. 1  
~~ i / I  C)
.C I I ~~, 0..

ii ~~~~Q) 
>‘

~/ I I  - — C,) C)
0 1 (1 L,
ci) 0 , ci)

I ~~r.~~
’6

I CI) 0
h L.

a) I’ 0 0.
ff~0 I’, ‘.flU’ ~ 0

C)) E
C i~

’\
~~ 0 -

~~— I t  I— 0
I I ~ 9— 4,C

~~~~~~~

Lu ,  

_  

C)
. Q ~~ 

.
~~

II C
— 1 1 0 P
P G )  ., ..- 0
a)’- 1/ 

_ _ _ _ _

I C)
~~~~~~ I

‘-0 ‘-I

I ( L~~~
’
~~ _ _ _

—4-— . i’—

I S a) 
I

~- ‘0
0

C)
5-.

I I
C) (~1

(u) ‘iMS a~oqo UoI~OA8 I]

3’ 



_ _ _ _ _  _ _ _  - -  ----.--- -- - -- ~~~~~~~~ -~~~-- -- -

!

i

I

~~~ 

~~~~~~~~~~~~~~~~~::

20 I~IZI~ ~~~~~ 
- I .5 f t

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ::
25

0 50 t OO 150 200 250
Cum~Iclt ive Time (hr)

Fi gure 10. Profile changes along range 1 , exper iment  70X- 06 .
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Figure 11. Prof i l e  changes along range 3, experiment T OX -0 6.
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ranges 1, 3 , and 5 in experiment 70X -0~~; Fi gures 13 to 17 are for ranges
1 , 3, 5, 7, and 9 in experiment 70X-l0. The heavier lines for the -0.2-
and -0.8-foot contours distinguish the three profile zones in the figures.
In the  foreshore and offshore zones the contour l ines  are close together
indicating steeper slopes; in the inshore zone the l ines are spaced far ther
apart indicat ing f l a t t e r  slopes.

(1) Foreshore Zone. Within the first hour of each experiment,
the foreshore developed the basic shape which it mainta ined throug hout
the experiments , as shown in the contour movement plots of the foreshore
zone for the first 10 hours of experiments 70X-06 (Fig. 18) and 70X-lO
(Fig. 19). The foreshore slope and length remained fairly constant , but
not the foreshore position (see Figs. 10 to 17). The foreshore retreated
as material was eroded from the foreshore and the backshore (upward-slop ing
lines in the figures). The foreshore position was stabilized (horizontal
contour lines in Figs. 10 to 17) by the backshore nourishment beginning at
54 hours in experiment 70X-06 and 62 hours in experiment 70X-10.

Although the contour lines of the foreshore zone moved together , the
lines were not always parallel , indicating a variation in foreshore slope
with time at each range (Figs. 10 to 17). Table 8 gives slope values at
the SWL intercept for the regularly surveyed profiles in experiments
70X-06 and 70X-10. The steepest slope was about 0.60, but at any one time
the slope along any range may have been much flatter . The average slope
was 0.19 in experiment 70X-06 and 0.20 in experiment 70X-lO.

The lateral variation in the slope of the foreshore developed as a
result of concentrations of backwash , which created gullies , or flatter
slopes (Fig. 20). The shape of the scarp formation and the schematic
diagram of flow in this figure demonstrate the process of erosion. A rid ge
extends seaward from the point of the scarp (A in Fig. 20) to the intersec-
tion with the beach face at its steepest slope . Because the slope and the
elevation of the berm crest are greatest along this range , less water
washes over the crest and more water rushes directly back to form the
reflected wave. The backrush velocity is greatest in the vicinity of C in
Fi gure 20, thus maintaining the steepest slope ; the overwash velocity is
least , thus ero~Jing less from the scarp and maintainin g the point at A .

The part of the uprush that washes over the crest divides along the
ridge , proceeds laterally in either direction , and erodes material from the
scarp until the landward velocity component reaches zero (B in Fi g. 20).
The latera l velocity component is still great enough to move sediment and
t he  backwash flows into tile gully, carrying some of the sediment eroded
from the scarp out to the toe of the foreshore zone. When the backwash
in the gully (where the volume is greatest) meets the incident wave , the
seaward velocity of the backwash decreases to zero and deposits sediment
at the toe of the foreshore . This action causes a longer , flatter reg ion
below the SWL intercept at this range. The interference of the backwash
with the incident wave decreases the uprush in the reg ion of tile gull y and
prevents sediment f rom b e i n g  d e p o s i t e d  on the  upper p a r t , of t i le  beach face ,
thus  m a i n t a i n i n g  t h e  f l a t t e r  s lope .  Because t he  incident w a v e s  meet i~~ s
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L. ( : le  8. Slope of (I.e (,t’ac(, t ,~~e it the :81. t e r ~ e ;- t  in
exper iments 705 -01’ i,:d 70\ - I ) .

l,iogeflt OP t he  slope

CusnuI,.t ly e Range I R infe S U.ng e S U r n ,!.- () .ol,!i’ 9
title
( O r)  70\-01,  705- 10 705—06 70 - 0 “01 - 01. 7 : 1 - 1 0  7 0 1 . - l U

0:00 (( .0)) 0.10 0. 10 0 .1 0  0.! :’  (1 .11 (1 . 1 - I
0:1(1 0 .18 0 1 8  0 .14 0. 10 0 .11. ( .21 (( . 14 11 . 1 2
0 :2 5  0.11. 0 .18 0.20 0.18 0 .2 0  0 .1 ’ -  0 ,10 (1 . 14
0 :40  11 .1$ 0 ,20 0.18 0 . 18 0 .20 0 .12 0. ! .  (1 . 1$
1:00 1 .12 0 ,14 0 ,20 0, 11, 0 . 12 0.11 ’ 0. 1 0 ,2( 1
1:30 0.2 1  0.21 ) 0.12 0. 08 (( . 2 (1  0 . 2 : ’  (‘ . 14  0 (1.
1:00 0.12 O Il, 0 ,18 0. 28 0 .2 1) 0 ,2 (1 0.2 1) 0. -Ill
3:00 11.20 0.1 8 0 . 14  0.12 0 . IS  0 .20  0 ,10 0. 111
4: 1)0 0 .22  0.18 0 ,1 8 0. 21 0.2 1) 0,111 (I . I’ : 1 .21
5:00 0.20 0.18 0 ,22  0.11, 0 .1l~ 0 . 2 2  0.211 0 .
6 :00 (( .18 0.18 0,18 0, 18 0,10 0 .14 11. 22  0 . 2) :
7 :00 0 ,13 0.20 0,18 0 .24 0,16 0 ,10 0 .2 1) (‘ .20
8 :00 0 , 12  0 ,24 0 ,20 0, 22  0 .20 0 .20 (( . 2 2  0 . 2 2
9:00 0,18 0 .18 0.20 0, 20 0 . 2 2  0 . l o  (( .10 0.2 : :

10:00 0.18 0 .20 0.16 0.18 0.20 0,18 (1 . 21 ) (( .2:’
12:00 11.18 0,2(1 0.16 0, 20 0 .32 0 ,18 0 .20 0.20
14: 00 0 .18  (1 . 24 0 ,24  0 , 18  0 . 18  (1 .12 0 ,20 0 . 11)
16 :00 0 ,12 0.20 0 ,22  0, 22 0,20 0,16 0 . 2 2  (I II
18 :11( 1 0.20 O Il, 0 ,22  0, 14 0 . 14 0 .16 0 .20 O I l ,
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2 1 : 0 ) )  0 ,24 0,11, 0 ,22  0 .18 0 .18 0 .18 11 .1$ 0 .22
21 :00  0 .22 0.11, 0,18 0 .14 0 .20 (1 . 2 1  (1 .18 (‘ II:
2,,:0O 0,20 (1,14 0 .2 2  0. 22 0,20 0,20 (( .20 0 .2 2
28:1)0 0,18 0 ,12 0,24 0, 11) 0 ,22 0 .58 0,11, 0 .22
311: 00 0 . 1 6  0 , 2 1 0 ,22  0 ,18 0.16 O. I 8  0 ,11 0 .18
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4 .1:1(0 (1 .1$  1.1.1 0 .2 2  0, 18 0 .18 O Il, (( .10 0 .24
41,:011 (1.18 0 .20 0 . 2 2  0, 18 0 .11, 0 .22  (1,24 0 .2 1’
48:00 0 ,12 0 ,2 1  0 .20 0, 10 0 .20  0 . 2 2  0 ,2 :1 0 .18
511:00 0.18 0,30 0.1-I 0. 11. 0.16 0 , 2 2  (1 .22  0 . 1 2
52:00 0 .22  0 ,20 0.16 0. 20 0 .20 0. 42 0. 11 0.11’
54 :1(0 (1 . 2 2  0 .2 (1 0. 2(1 0 .22  0 . 2 2  0 .18 0 ,22  0 ,18
50:1(11 0,13 0. 1$ 0 .18 0.13 0 .2-I 0 .22  0,21’ 0 .2 1
58:00 0 ,18 0 , 2 2  0,2-I 0 ,20  0 .2 (1  0 , 1 4  0 .38  0 . 1,:
1,11:1)0 0 .22 0.11. 0 .22  0.21, 0.1(1 0.2 (1 0 . 18 (1 ,18
62:00 0,1.1 0.20 0 .26  0,28 0 ,18 0 .18 0 .14  (( . 20
o-I :00 0 .20  0,2 1, 0 .28  0, 20 0 .18 0 .12 0 , 1 4  1 .1:l
61. 00 0,2 1) 0 . 2 2  0 .22  0 .12  (1.18 0. 12 (1. 2 2  (‘ .1,’
l,$ : ( 1 )  ((.22 (1.1(8 0,21) 0,21., 0,18 1 , II (1,2(1 (( .14
70:0 1) 0.211 0 ,12  0 ,20  0 .18 (1.11. 0 .18  0 . 10 0 .12
72 :00  11.18 0, 08 0 ,20 0 .18 0 . 14  I) .21 . 0 . 10 0 .14
74:00 11 .2)1 0 ,20 0,20 0 ,20 0 .18 0 .20  0 . 2 2 ‘ . 4 1-

~l, :O0 0 .11, 0 ,1 4  0 ,30 0, 32 (1.14 0.1’ ’  0 . 3’ ’ 0 ,34
78:00 0.21) 0 , 2 2  0 . 2 2  0 ,1)1 0 .14 0 .2 1 II . 11 0. 31
8(1:01) 0 .20 0. It, 0,2- I  (( .20 0 .2: ’  0 .11. 0. ~-l 0 . 2 2
82:00 0.18 (1 .26  0 . 22 11 . 1 4  ( .2 ( 1  11,18  0 ,2:1 ‘ . 0
84:00 0 ,20 0.20 0 ,10  0 .14 (‘ .2 ) )  0 , 1.1 (1. 1.11 0 (14
81’ :OO (( .18 0,18 0 .18 0 .14  (L2l( 0 . 2 2  0 , 2 2  0.10
88:00 0.16 0. 18 0, 2 0  (1 . 22 0. 1’  0 . 11’ (1 . 1 8  11.1,,
1)0:00 0.18 0. 20 0 ,2 0  0 .20  0.10 0.14 0, 211 0.11,
92:00 0,2) ) 0.20 0,11, 0 ,14 0.20 (( .22  0 ,2 2  0 .2 0
94:00 0 ,14  0 . 20  0 . 1 8  0 (1, 0 . 2 2  0 ,14 0 ,2) ’  (( .38
90 :00 0 . 2 2  0.10 0 ,2 ) )  0 .211 0. lx 0. 21) 0 . 1 8  I’ . I,
98:00 0 .20 0.14 0 .20 0 ,18 0 ,20 0,20 11 . 32 “ .1”

160:00 0.20 0 .20 0 ,20 0 . 2 2  0, 20 0 ,12  0,21.
105 :00 0 .14 0 .20 0,20 0,20 0 ,20  0 .18 0 .48  (1 .14
1111 :00 0.18 0, 18 0 .20 0 .22 0 .20 0.18 0 . 2 2  0.U
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‘I’aOlo 8. Slopo of tlio Oeacli face at tl ,u SI,!I. &4.terccpt  in
expe rimen ts 70 11-06 anO 7011.10. - Coup i~~ucx1

Tangent of tlic si opo ____________________
Cum,ilat lvi Rango 1 Rang e 3 Itango S Ran ge 1 ~~~~ 9

(line
(Or) 7011.06 7011-10 705-06 7011 10 7OX~O6 7011-10 701140

115:00 0.18 0.22 0.20 0.20 0.20 0.20 0.22 0.18
120:00 0.22 0.22 0.18 0.22 0.12 0.20 0.16 0.18
125:00 0.22 0.20 0.20 0,20 0.12 0.20 0.22 0.20
130:00 0.12 0.16 0.20 0.22 0.20 0.22 0.24 0.24
135: 00 0,20 0.34 0.14 0.14 0.22 0.22 0.24 0.18
140:00 0.18 0.20 0.24 0.20 0.22 0.22 0.18 0.22
145 :00 0.20 0.22 0.20 0.20 0.20 0.34 0.18 0.18
150:00 0,22 0.22 0.20 0.18 0.18 0.34 0.20 0.18
15 5:00 0.18 0.24 0.16 0.18 0.18 0.18 0.18 0.20
160:00 0.16 0.16 0.18 0.18 0.22 0.22 0.20 0.14
165:00 0.18 0.18 0.20 0.16 0.22 0.18 0.22 0.32
170:00 0.20 0.20 0.26 0.20 0.22 0.16 0.22 0.26
175:00 0.24 0.16 0.22 0.20 0.20 0.12 0.20 0.22
!ó0:00 ——— . 0.16 •——— 0,20 — ——— 0 .12 0.22 0.18
lsS:00 - .—- 0.16 -- .- 0.20 —--- 0.16 0.22 0.20
~5o:OQ -.-- 0.1$ ---. 0.20 •.-— 0.08 0.20 0.20
105:00 •--. 0.24 .--. 0.18 -—-— 0.20 0.18 0.10
200:00 --.- 0.36 -.-- 0.12 —--— 0.20 0.20 0.18
205:00 ——— . 0.18 •--. 0.16 — .— —  0.16 0.22 0.18
210:00 

~~~~~~
--- . 0.24 —,.. 0.18 —--‘ 0.18 0.24 0.20
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Fi gure 20. ‘i’hree-diniensional flow in t h e foreshore zone .
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interference ill the  steeper reg ion iiear C ( in  Fi g. 20) , t he  uprush
between A and B is greater , erodes farther into tile scarp, and carries
more sediment into the g u l l y ,  further generating the three-dimensional
system of flow and erosion.

After this erosion process has progressed a while , the uprush no
longer has sufficient velocity to erode material between points A and B
(Fig. 20), the sediment moving into the gully decreases , the interference
betwee n the backwash in the gully and the incident wave decreases, and
the  uprush increases in the region of the gully. l’hen, the uprush begins
to erode mater ia l  from other areas of the scarp, and changes the posi t ions
of the gully and the steep region.

liven thoug h the foreshore shape varied laterally and the slope of the
foreshore along any range varied with time , the average slope of the fore-
shore did not vary wi th time .

h ile shorel ine  (0 contour) movement along tile several ranges for the
two experiments is compared in Fi gure 21. The slope of the 0 contour
line indicates the shoreline recession rate. Because the slope of the
back sho re was 0. 10 (and not f l at) , the volum e rate of erosion was propor-
t io nal to the  square of the s~ior e l i ne  recession rate .

In experiment 70X-lO , the shoreline recession rate between 12 and 62
hours averaged 0.08 foot per hour ( 2 . 4  centimeters per hour). h owever , in
experiment 70X-06 , a significant increase occurred in the retreat rate
during the first 50 hours . ‘l’he rate was 0.06 foot per hour (1.8 cen t imete r s
per hour) before 22 hours and 0.14 foot per hour (4.2 cent imeters per hour)
after 22 hours. Tile calculation of these rates is shown in Table 9.

A f t e r  the  beach had eroded to the back of the tank and the back shore
nourisilment began , tile position of tile foreshore was stabilized (the
Appendix discusses the procedures used in nourishment). ‘l’able 10 gives
data on wei ght of sand added to the backsilore in eacil experiment in 10-
hour increments and the av era g e wei ght for a 10-hour inc rement ,  in experi-
ment 70X -10 , the gr eatest backshore erosion occ urred betwe en 130 and 150
hours and between 170 and 180 hours ;  tile least  eros ion occurred between
62 and 70 hours and between 160 and 170 hours .  In experiment TOX-06 , the
greates t  erosion was between 90 and 100 hours Wi t i l  m i n i m a l erosion between
60 and 70 hours and between 170 and 175 hours .

(2) I nshore one. W i t h i n  the first hour of each experiment , a
longshore bar developed at the shoreward end of tile inshore zone between
elevations -0.2 and -0.5 foot . Later , but at d i f f e r e n t  t i m e s , the  bar
d isa ppea r ed , the a rea between -0. 2 a nd -0.5 foot steepened , and a long ,
flat shelf developed between elevat ions -0.5 and - 0 .8  foot . The shelf
continued to grow in  l e n g t h  for t h e  rema inder of tile experiments. Change s
in t he  nsiio re zone for each expe r i ulent a re  d i v i d e d  I n t o  an i n n e r  reg ion
(between -(1.2 and -0.5 foot) and an outer reg ion (between -0 .5 and -0.8
foot).

(a) i n n e r  Reg ion (Lxpe r im cnt  70X-00 ) .  The movement of a l l
contour  i n t e r c e p t s  in  the  in sho re  zone a long  t i le  ti lr eC ’ ranges for  expe r imen t
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F a b l e  10. W e i g ht  of sand added to ba cbshore
(in 10-hour intervals).

Time in te rva l Wei ght ( Ib )
(hr )

10-ft  t ank  6 - f t  ta nk

00:00 to 10:00 0 0

10:01 to 20 :00  0 0

20:01 to 30:00 0 0

30:Oi to 40:00 0 0

40:01 to 50:00 0 0

50:01 to 60:00 0 135.13

60:01 to 70 :00  140.19 85.00

70:01 to 80:00 341.31 120. 75

80:01 to 90:00 217.94 281.56

90:01 to 100:00 315.63 416.25

100:01 to 110:00 302.63 177.56

110:01 to 120:00 254 .50  2 0 2 . 6 9

120:01 to 130 :00 340.00 265.13

130:01 to 140:00 451 .00  243.38

140:01 to 150:00 434.13 200.81

150:01 to 160:00 262.19 167.31

160:01 to 170:00 168,50 224.56

170:01 to 180:00 439.13 4 4 . 6 3

180:01 to 190:00 279.75

190:01 to 200:00 295.81

200:01 to 210 :00  200 .00

Totals 4,442.71 2,564. Th

Avg. for 10-hr increment 296.18 205 .18
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70\-06 is shown in Figures 22 , 23, and 24; tile movement of selected indi-
vidual contours along the three ranges is compared in Figure 25. —

During the first 10 minutes of testing a bar formed at station 4 by
plunging breakers , and wit il in  4 hours the elevation of the bar had reached
-0.3 foot (triang les in Fi gs .  22 , 23, and 24). Between 4 and 8 hours tile
bar moved shoreward and then remained at s t a t i on  2 until 22 hours . After
22 hours the bar moved seaward to s ta t ion 2.5 and the elevation fluctuated
between -0.3 and -0.4 foot , as indicated in the figures by the shifting
of tile seawardmost contour for -0.3 foot .  Af te r  54 hours tile bar disap-
peared , evidenced by the shoreward movement of the -0.4-foot contour.
The inner reg ion maintained a fairly stable , gently sloping shape from 66
to 155 hours and after 135 hours developed a steep slope (close spacing
of the -0.2- , -0.3- , and -0.4-foot contours in Figs. 22, 23, and 24).

‘Ihe movements of the -0.2- and -0,4-foot contours are compared in
Figure 25. No lateral variation apparently occurred in the changes of
the  inner region , other than minor differences in the elevation of tile
bar crest between 22 and 54 hours (see comparison of tile -0.2- and -0.4-
foot contours for the three ranges in Fi g. 25). —

(b) Outer Region (Experiment 70X-06). During the first 22
hours little change occurred in this region , only the sli ght erosion evi-
denced by the retreat of the -0.5-foot contour (Figs. 22, 23, and 24) as
the i)ar formed in the inner region. After 22 hours the deposition of sand
in the offshore was sufficient to move the -0.8-foot contour in the sea-
ward direction and thus form a nearly flat shelf between the 0.5- and 0.8-
foot depths. After the large deposition between 22 and 26 hours (seaward
movement of the -0.6- , -0.7- , and -0.8-foot contours), the shelf in the
outer inshore continued to grow as more material was deposited offshore ,
as indicated by the seaward movement of the -0.8-foot contour . The shore-
ward movements of the -0.5- and -0.6-foot contours follow the erosion of
tile bar in the inner region and result in the further development of the
flat shelf in the outer region.

The shoreward edge of the shelf or outer region stabilized after 66
hours , and tile seaward edge (-0.8-foot contour) reached equilibrium at
100 hours . After 100 hours , the seaward movements  of tile -0 .6-  and -0 7-
foot contours indicated that some material was being deposited in this
outer region. What mig ht be considered small bars (difference between
crest and trough elevations was generally less than 0.2 foot) were formed
at stations 8.5 and 4.5 (Figs. 22 , 23 , and 24).

‘the only si gnificant lateral v a r i a t i o n s  in this outer inshore was the
depth over the bars at stations 8.5 and -1 .5. After 135 hours t i le elevation
of the bar at station 4.5 was -0.5 foot a long  range 1 (Fig. 22), -0,6 foot
along range 3 (Fig. 23), and -0.7 foot along range 5 (Fig. 24); tile eleva-
tion at station 8.5 was generally —0. 7 foot , hut at different times along
the three ranges reached an e l e v a t i o n  -0.6 foot . Tile movements of tile
-0 .0- and -0.7- and -0.8-foot contours along the three  ranges (Fi g. 251
sh ow that latera l variations are q u i t e  s m a l l .
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(c) Inner Reg ion (Exper iment  70X-lO). The inshore zone in
tile 10-foot tank developed in a pattern similar to that in the 6-foot tank ,
but at a different rate of change. Contour movement in the inshore along
the five ranges for experiment 70X-10 is shown in Figures 26 to 30; the
movement of selected individual depths along the five ranges is compared
in Fi gure 31.

Within the first 10 minutes of testing a longshore bar formed at sta-
tion 4 by plunging breakers. After 10 hours the bar position stabilized
at station 3, with the elevation of the crest varying from -0.3 to -0.4
foot , as shown by the shifting of the -0.3-foot contour (see Figs. 26 to
30). At 56 hours the bar began to disappear and was completely eroded
by 90 hours , as evidenced by tile movement of the -0.4-foot contour inter-
cepts in tile figures.

Between 70 and 94 hours the inner inshore region was eroded , and from
94 to 160 hours this region had a fairly stable slope. After 160 hours
the inner inshore along ranges 1 and 3 steepened (Figs. 26 and 27) and
along ranges 5, 7, and 9 was stable (Figs. 28, 29, and 30).

The movement of the seawardmost contour intercepts for -0.2 and -0.4
foot is compared in Figure 31. The lateral variation in changes of the
inner inshore is exhibited particularly at the 0.4-foot depth . The ero-
sion of the bar began sooner along ranges 1 and 3 than along range 5, and
much later along ranges 7 and 9.

(d) Outer Region (Experiment 70X-l0). During the first 14
hours of testing little significant change occurred in the outer region ,
only sli ght erosion at 0.5- and 0.6-foot depths as a result of formation
of the bar in the inner region. After 14 hours the -0.8-foot contour began
moving seaward as a result of the deposition offshore. After 36 hours the
-0.5-foot contour moved shoreward as tile inner inshore was eroded . From
56 to 94 hours the shorewardmost -0.6-foot contours (see Figs. 26 to 30)
moved shoreward creating the wide outer region. ‘I’here was no significant
lateral variation in the movement of the seaward edge of the outer region
(-0.8-foot contours in Fi g. 31). h owever , a significant lateral variation
occurred in the depth of tile outer region. The movements of the -0.0- and
-0.7-foot contours (Fig. 31) partially indicate the variation--the depth
over this shelf increased from range 1 to range 9. The depths along range
I (F ig. 2 6)  varied between 0.6 and 0.7 foot , along range 3 (Fig. 27) was
generally 0.7 foot and occasionall y 0.6 foot , along range 5 (Fig. 28) was
0.7 to 0.8 foot (twice reached a deptil of 0.6 foot), along range 7 (Fi g.
29) varied between 0.7 and 0.8 foot , and along range 9 (Fig. 30) varied
between 0.7 and 0.9 foot.

(3) Offshore Zone. The offshore zone was essentially a Zone of
deposition. Initiall y , the deposited material formed a steeper slope i n
t i t i s  zone and l a t e r  the  zone prograded seaward as more m a t e r i a l  was
deposited.
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(a)  Ex periment 70X -06. The offshore zone , extending from tile
seaward edge of the inshore zone to the seaward edge of sand , developed
from the initial 0.10 slope to a relatively steep slope as a result of the
deposition of material seaward of tile breaker (see Figs. 10 to 13). The
initial deposition during tile first 5 hours was at depths greater than 1 .1
feet and less than 1.6 feet between stations 11 and 16 as shown by the
seaward movement of tile -1.2- , -1.3- , -1. 4- , and -1. 5-foot contours (Figs.
10 to 13). Between 5 and 22 hours , material was deposited at depths greater
than 0.8 foot. The movement of the contour intercepts between 24 and 100
hours indicates sand was deposited at all depths greater than -0.7-foot
and as sand was deposited at the edge of the insilore zone (0.8-foot depth)
it slid down the steep slope . After 100 hours the -0.8- and -0.9-foot
contours moved little , and the area seaward of -1.1-foot elevation became
even steeper as material was deposited between the -0.9- and -1.1-foot
elevations .

No apparent si gnificant lateral variations occurred in the offshore
zone of the c,-foot tank , as silown in Figure 52 which compares movements
of the -0.9- , -1. 3- , and -2 .0-foot contours.

(h) Lxperiment 70X-l0. During tile first S hours most of the
sediment was deposited at depths greater than -1. 0 foot and less than -1.5
feet (Figs. 13 to 17). -\fter 5 hours the contour intercepts for depths of
-1.0 , t i len -0.~ , aild then -0.8 foot began moving offshore , indicating that
material was being deposited in tIle same area. As more material moved into
this area , a steeper slope developed and the contour intercepts for depths
greater t han  -1 . -I feet moved offshore as material slid down this steep
face.

Movement of the -0.9- , -1.3- , and -2 .0-foot contours along the five
ranges is compared in i - i gure 33. After the first 5 hours , material was
moved offshore at a greater rate along range 1 and and at a slower rate
along range 9. The contour intercept  for - 2 . 0  feet moved f a r the r  o f f shore
along range 9. Along range 1 and range 3 (Figs. 13 and 14) the offshore
was steeper; along range 7 and range 9 (Figs. 16 and 17) the offshore zone
was slightly flatter and extended farther offshore.

3. Sediment—Size Distribution.

‘i’he sand for these experiments was tile same sand used by Savage (1959 ,
1962) and Fairchild (l970a, 1970h). The median diameter of the Rap id Sed i-
ment Analyzer (RSA) method was generally 0.04 millimeter greater than that
determined by the dry sieve method (see Vol. 1 for details of procedures
used in determining grain sizes). Tile data reported are tile RSA values ,
not because these values are more reliable , but rather because all the data
in experiments 70X-06 and 70X-lO were reduced by this method.

ihe  collection of sediment samples was not inc luded in tile experimental
program until near the end of tile 1970 experiments. As a result , no data
Ofl t i le ac tua l initial grain-size distribution exist. Tile RSA median grain
size of tile sediment used , when well mixed at tile beginning of tile 1971
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Figure 32. Comparison of the -0.9- , -1.3- , and -2.0-foot contour
movement s in experiment 70X-06.
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Figure 33. Comparison of the -0.9- , -1.3- , and -2 .0-foot contour
movements in experiment 70X-lO .
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experiments , was 0. 27 millimeter (1.92 ph1 ) (see Vol . 1) .  Some gravel was
removed from the sediment before the 1971 experiments. Therefore , the ini-
tial sediment-size distribution for the 1970 experiments was greater than
0.27 millimeter by an unknown amount .

Data from experiment 70X-06 at 150 hours and from experiment 70X-10 at
200 hours are given in Table 11 . The median grain size on the foreshore
was genera l ly  0.35 m i l l i m et e r .  At the toe of tile foreshore (elevation ~
-0.2 foot), the median grain size was 0.38 millimeter or greater. The
median grain size decreased in the offshore direction to 0.22 millimeter
in the offshore zone.

4. Breaker Characteristics.

a. Breaker Position with Time and Depth. Data collection and reduc-
tion procedures for breaker characteristics are discussed in tile Appendix.
A plot of breaker position superimposed on a plot of contour movement along
range 3 for experiment 70X-06 is shown in Fi gure 34. During the initial
32 hours of testing the wave broke at a depth of approximately 0.5 foot
(between stations 3.5 and 5.0). From 32 to 42 hours the breaker position
moved from station 4.0 to 6.5. This shift in breaker position occurred
after tile shelf in the outer region of the inshore zone began to develop.
From 42 to 78 hours the breaker position continued to move offshore as the
seaward edge of the inshore zone moved seaward . From 98 hours until the
end of the test the wave broke at a depth of 0.7 foot .

A similar plot of breaker position superimposed on a plot of contour
movement with time for experiment 70X-10 is shown in Figure 55. During
the first 40 hours the wave broke between stations 4.0 and 5.5, at a depth
of 0.4 to 0.5 foot. tip to 12 hours the wave broke uniformly across the
tank ; after 12 hours the wave broke first along range 1. After 40 ilours
the breaker position gradually moved seaward as the outer edge of tile in-
shore zone moved seaward . The inshore zone formed more gradually in the
10-foot tank and there were no rap~d changes in tile breaker position .
From 40 to 86 hours the wave broke at a depth of 0.6 foot and after 86
hours at a depth of 0.7 foot. However , the important distinction is that
the breaker position did not occur at tile seawardmost position of the
-0.7-foot contour intercept as in the 6-foot tank .

b. Breaker Type with Position, Time, and Depth. tJp to 40 hours the
breaker in experiment 70X-06 was a plung ing-type breaker. Between 40 and
45 hours the breaker type changed from plung ing to spilling and tilen
remained a sp illing-typ e breaker until the end of tile experiment . The
change in breaker type occurred as the breaker position moved offshore to
a depth of 0.6 foot . Similarly, in experiment 70X-l0 , the breaker type
changed from plung ing to spilling as the breaker position moved to a depth
of 0.6 foot .

S. Water Temperature.

Fi gure 36 gives data on daily average water temperature versus t inc
for experiments 70X-06 and 70X-lO . since w a t e r  t empera tu re  was not
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Fi gure 34. Movement of the breaker position in  experiment 70X-Oo .
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Fi gure 3~ . Movement of the breaker position in experiment ‘O \-lO .
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measured before  13 J u l y  1~)70 , 110 data are available from 0 to 38 hours in
experimen t 70X— lO .

111 . PROF 1 LE DEVELOPMENT AND REF LECT1V ITY

R e s u l t s  are a n a l y z e d  b y (a) p r o f i l e  development , in which tile inter-
d ependenc e of the changes in the p r o f i l e  shape , sedime n t - s i ze  d i s t r i bu t i on ,
breaker characteristics , and water temperature is analyzed; and (h) profile
reflectivity, in which cilanges in profile shape and breaker characteristics
are related to tile variability of tile reflection coefficient. Profile
development is discussed first to provide an introduction to profile reflec-
t I k— it y.

1. Profile 1)evelopinent.

a. Exper iment  70X-06. important changes in tile foresliore , inshore ,
and o f f shore  zones , the breaker conditions , and water temperatures are sum-
marized in Table 12. The daily mean water temperature and the shore l ine
p o s i t i o n  are compared in Figure  37.

During the f i r s t  hour , tile foreshore zone developed tile bas ic
shape which was maintained throughout the remainder of the experiment , and
a longshore bar was formed by the plung ing breaker in the inner inshore
reg ion.  Dur ing  tile f i r s t  22 hours tile foreshore re t rea ted  at an average
of 0.06 foot per hour , w h i l e  the water  temperature was near 28 ° Celsius .
Most of t he  eroded material was deposited at depths greater than 1.1 feet
d u r i n g  the f i r s t  5 ilours and greater  than 0.8 foot between 5 and 22 hours .

From 22 to 30 hours  the  foreshore retreated considerabl y f a s t e r  (an
av er age of 0.1-~ foot per hour) coincidental with a temperature drop of
10° Celsius (see Fig. 37). This increased ea-osion created a much wider
inner  reg ion in the inshore  zone afid most of ti le eroded mate r ia l  was
deposi ted between 22 and 26 hours at depths of 0.7 and 0 .8  foot , fo rming
the  f l a t  she l f  in t he  outer  reg ion of t u e  inshore  zone and the  r e l a t i v e l y
steep slope in the  o f f shore  zone.  Af te r  20 hours tile material was deposited
at a depth of 0.8 foot , the seaward edge of tile inshore.

From 30 to 44 hours the shoreline retreat and the stability of the
bar  created a wider  inner reg ion of tile inshore  zone. The breaker  began
nioving seaward , breaking at a deptil of 0.6 foot , and after 40 hours ,
changed from plung ing to spilling.

After 44 f lours  tile pos i t i on  of t h e  fo reshore  s t a b i l i z e d  and tile shelf
in the  outer reg ion of the inshore zone began to widen as sediment w as
eroded at dep ths  of 0 .3  and 0 .6  foot .  ih e  beach had eroded to the  back  of
t i l e  t a n k  at 54 hour s  and sand r ep l e n i sh m e n t  began at t h a t  t inc . A f t e r  54
ilourS t he  bar ill the  i nner reg ion of t i le ins i lo re  zone began to di sappear ,
and t he  b reake r  moved seaward , b r e a k i n g  at a dep th  of 0.7 foot . The o u t e r
reg ion c o n t i n u e d  to e x t e n d  seaward as m a t e r i a l  eroded froni  t i le  b acksho re
Was deposi ted  on tile s teep  o f f s h o r e  s lope . A f t e r  66 ilOu l’ S t i l e  shape ~ f
t i le  i n n e r  i n s h o r e  l)ecanc s t a b l e .
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Fi gure 37. Comparison of dail y mean water temperatures and shoreline
positions in experiment s 70X-0b and 70X-lO .
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After  100 hours the position of the outer edge of the inshore zone
becam e stable and tile material was deposited far ther  offshore in depths
greater than 0.9 foot. After 135 hours the inner region of the inshore
zone was again eroded , creating a steeper slope in this region , wh ile the
temperature dropped below 10° Celsius . The material was deposited at the
outer edge of the inshore zone in depths of 0.6 and 0.7 foot.

The def ini te  decrease in median grain size in the seaward direction
indicates that the finer material was eroded from the nearshore and depos-
ited offshore , as expected .

b. Experiment 70X-l0. Important changes in the prof i le  shape , break er
condition , and water temperature are summarized in Table 13. The dai ly
mean water temperature and the shoreline position are compared in Figure 37.

During the f irst  10 hours tile foreshore retreated at an average rate
of 0.05 foot per hour . As the foreshore retreated , a bar was formed in
the inner inshore reg ion by the plunging breaker and the eroded material
was deposited at depths greater than 0.9 foot .

From 12 to 62 hours tile foreshore retreated at a faster rate (approxi-
mately 0.08 foot per hour) . l’his further widened the inner region as the
position of the -0.5-foot contour remained stationary during the first 50
hours . As the material was deposited offshore , tile seaward edge of the
inshore zone (-0.8-foot depth) moved seaward , creating a flatter outer
region of the inshore zone and a steeper offshore slope .

After 40 hours tile breaker began to move seaward (with the -0.6-foot
contour), and between 62 and 70 hours the breaker type changed from plung-
ing to spilling as the slope in the inshore zone became flatter. After
84 hours the waves broke at a depth of 0.7 foot. From 40 to 94 hours tile
bar in tile inner inshore disappeared as the breaker moved seaward and
chang ed from pl ung ing to spilling.

No apparent lateral var ia t ion occurred in the  development of tile outer
edge of the inshore zone ; i.e., the movement of the -0.8-foot contour
intercept . h owever , the changes within the insilore zone did vary laterally.
Along each profile , as the bar in the inner region disappeared , the sh elf
in the outer region developed (see Fig. 21). The time wilen this change
occurred varied l a t e ra l ly  across the tank , sta rt i n g f i r s t  a lo n g range 1
and later along range 9.

The inner inshore remained s table from 94 to 160 hours while tile beach-
f i l l  mater ia l  was eroded at the average or an above average ra te  and was
deposited in the offshore zone . After 125 hours , more material was depos-
ited on the left side (ranges 5, 7, and 9) than on the ri ght (ranges 1 and
3).

After  160 hours , however , tile beach -fill mater ial was eroded at an
average or below average ra te  w h i l e  the inner in shore  a l o n g  ranges 1 and 3
experienced fu r the r  erosion . If  th e  exper iment  had cont i nu e d  pas t  2 10
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hours , fur ther  erosion of the inner inshore would possibly have continued
across tile tank forming the steep slope just below tile foreshore , s i m i l a r
to experiment OX-0 6 .  A f t e r  160 hours the prof i les  varied considerably
across the tank.  Along range 1 the inner region of tile inshore was very
steep , the shelf at s ta t ion  +8 reached an elevation of -0.5 foot at t imes ,
and the offshore reg ion was very steep , with the toe of the  o f f shore  at
station 23. In contrast , along range 9 , the inner reg ion was f a i r l y  f l a t ,
the shelf elevation at station +8 was only rarely above -0.8 foot , and
the offshore zone was f l a t t e r , wi th  the toe of tile offshore at s ta t ion  25.
The prof i les  along ranges 3 , 5 , and 7 varied progressively between these
two shapes.

The def ini te  decrease in the median grain s ize  in the seaward d i rec t ion
indicates that material  eroded from the upper part of tile p r o f i l e  and depos-
ited offshore was generally finer , as would be expected .

c. Comparison of the Two Experiments. Tile general shape of tile pro-
files and the sequence of events during the development of the profiles
appeared to be similar in the two experiments. Also , neither profile
reached equi l ibr ium.  ilowever , tilere were di f ferences  in the rate of devel-
opment and the profi les  in the wider tank exhibi ted  some si gn i f i can t  lat-
eral variations in shape which did not occur in the narrower tank.

(1) Shoreline Recession Rate and Foreshore Silape. The shoreline
in experiment 70X-l0 , a f te r  the i n i t i a l  development dur ing  the f i r s t  12
hours , retreated at an average rate of 0.08 foot per hour for the next SO
ilours . In experiment 70X-06, the shoreline retreated at a rate of 0.06
foot per hour for the first 22 hours and then increased to an average rate
of 0.14 foot per hour for tile next 28 hours.  During tile period when the
shoreline was stabilized by filling backshore , the erosion rate in experi-
ment 70X-06 was 3.53 pounds per hour per foot (5.25 kilograms per hour per
meter) of the beach and in experiment 70X.-10 was 3.00 pounds per hour per
foot (4.46 kilograms per hour per meter )  of tile beach , or nea r ly  the  same.
There were no apparent differences in foreshore shape .

(2) Inshore Zone. A bar developed in both tanks  a lmost  immedi-
a tely at station 4 as a result of the p lunging  breaker and the posi t ion
of the bar remained f a i r l y  stable u n t i l  tile bar disappeared. The erosion
of the bar in the inner region created the  wide , f l a t  outer  reg io n of t he
inshore. There are two si gn i f i can t  d i f fe rences  between tile two t a l lk s  in
th i s  change.  In the 6-foot tank th is  change (from the t i m e  the  -0 .4- foot
contour began moving shoreward u n t i l  the -0 .5-foot  contour  stopped moving
shoreward ) occurred in about 20 hours wi th  no la te ra l  v a r i a t i o n .  In t he
10-foot tank th i s  change occurred over a 40-hour period , w i t h  considerable
lateral var ia t ion  in time of change . The erosion of the bar  began and
ended sooner along ranges 1 , 3 , and 5 than a long  ranges 7 and 9 .

The movement of the seawardmost -0 .8-foot contour  is indi cative of
the deposit ion of mate r ia l  of fshore  and seaward development  of t h e  inshore
zone . In the 6-foot tank tile -0 .8- foot  contour noved seaward at 22 hours
along a l l  three  ranges;  in tile 10-foot t a n k  t h i s  change  occurred at 16
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hours a long r an ges 1 an d 3, at 18 h our s a l on g range 5 e and at 20 ilourS
a long  r anges 7 and 9 . Near the end of the  exper iments  tile -0 .8- foot con-
tou r  was nea r ly  h o r i z o n t a l  i n d i c a t i n g  poss ible  e q u i l i b r i u m  in t ile 6-foot
tank  and was s loping  downw ard in the 10-foot tank indicating continued
depos i t ion  at t h i s  depth.

After tile outer region had developed into a wide , flat shelf after 76
hours in the 6-foot tank and after 94 hours in the 10-foot tank , the depth
over the shelf varied laterally. In the 6-foot tank the depth increased
from 0.5 to 0.7 foot from range 1 to 5; in the 10-foot tank the depth
increased from 0.3 foot along range 1 to 0.9 foot along range 9.

Near the end of each experiment tile inner region was f u r t h e r  eroded
fo rmi ng a steeper slope just below tile foreshiore. In tile 6-foot tank this
erosion (movement of tile -0.5-foot contour) occurred after 135 hours and
with little lateral variation; in the 10-foot tank this erosion began at
160 hours along range I and 170 hours along range 3. Similar erosion may
have begun along the other Lh0ee ranges during the last S hours of testing
as shown by the movement of the 0.2-foot contour along range 5, the -0.2-
and -0.3-foot contours along rar1ge 7, and the -0.2- , -0.3-- , and -0.4-foot
contours along range 9 (see Fi gs. 13 to 17).

(3) Offshore Zone. No significant difference was observed between
the 6- and 10-foot tanks in the way the offshore developed initially, and
only  minor  d i f f e rences  in the ra te  of depos i t ion .  Tile major  d i f f e rence
between the two tanks was tile deposit ion af ter  100 hours. In the 6-foot
tank , material was deposited at depths of 1.0 foot and greater and tile
shoreward boundary ( -0 .8- foot  contour) of the offshore  zone was s ta t ionary ;
in the 10-foot tank , mater ia l  w as s t i l l  bei n g deposited at depths of 0.8
foot and greater as indicated by the  seaward movement of the  — 0 . 8 - f o o t
contour.

ihe 6-foot tank had little lateral variation in the  o f f shore  zone , hut
the 10-foot tank had significant lateral variation in rates of deposition
offshore  and some lateral variation in the slope of t h i s  zone.  Along  range
1 the  offshore was very steep and the -2 .1- foot contour moved only 1.5 feet
i n the 210 hours . Along range 9 t u e  s lope was not as great and the - 2 . 1-
foot contour moved 4 feet (1 .22  meters)  in the 210 hours.

2 . P r o f i l e  R e f l e c t i v i t y.

The basic profile shapes which evolved during t i le  p r o f i l e  development
are shown in Figure 9. Ear ly  p r o fi l e s  (broken l i n e  i n Fi g. 9) had a
steep foreshore , a short inshore w i t h  a lo ngsh or e bar formed by the  plung-
ing breaker , and a gently sloping offshore zone . Later profiles (dashline
in Fi g. 9) also had a steep foresilore , hut tile inshore  zone widened to a
long , f l a t  she l f  wh ich  t e rmina t ed  in a r e l a t i v e l y  st eep of f shore z one .

Chesnut t  and C a l v i n  (1974) d i s c u s s e d  tile processes WiliCil reflect wave
energy from tile movable  bed in tilese experiments. The processes i n c l u d e
the  conversion of p o t e n t i a l  energy stored in runup on tile foreshore in to
a s e a w a r d - t r a v e l i n g  wave , the  seaward r a d i a t i o n  of energy from a p l u n g i n g
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breaker , and r e f l e c t i o n  of the incident wave from the movable  bed , partic-
u l a r l y  where tile depth over the movable bed changes significantly. Depth
changes are significant if tile depth difference is an appreciable fraction
of the average depth over a horizontal distance less than a wavelength.
For conditions of these experiments , tile wavelength is 14.3 feet (4.36
meters) in the section seaward of the movable bed , and approximately 9 feet
(2.74 meters) over the inshore zone.

a. R e f l e c t i o n  from t i le  Foreshore.  The foreshore zone developed a
relativel y stable slope within tile first hour of testing, well before the
Otiler elements of the movable-bed profile had become prominent . The devel-
oped foreshore had an average slope of 0.19 in experiment 70X-06 and 0.20
in experiment 70X-l0 which is considerably steeper than tile initial 0.10
slope of the movable bed . The initial high values of K;,- are probably
the result of reflection from the foreshore of waves which dissi pated
relativel y little energy until almost at the foreshore. Reflection from
tile foreshore is a function of the height of the wave reaching the fore-
shore , and tins height would diminish as the inshore and offshore segments
of tile profile (Fig. 9) became prominent .

b. Reflection as a Result of icave Breaking . On the concrete slab t he
wave broke as a plung ing breaker and on the movabh.-bed profile tile wave
was initially a less well-developed plunger and evolved to a spilling
breaker . ‘Ihe concrete slab had the same slope (0.10) as the initial slope
of the movable bed. Because the total reflection was si gn i f i c a nt l y less
on the concrete slab (K:~ = 0.05) where the plunger is assumed to contribut e
relativel y more to the total reflection , it is likel y that reflection from
the  movable  bed by b reak ing  was never very important , and became less impor-
ta nt , as the break er typ e changed to sp illing .

c. Ef fect of Inshore and Offshore .  As the experiment proceeded , t i le
inshore widened and flattened and theThffsilore steepened. .-\t f i r s t , t he
widening of the  inshore dominated ; the lowering of tile reflection after
the high initial values (Figs. 2 and 3) is attributed to the greater energy
dissipation in tile inshov~ . The later steepening of the offshore correlates
well w i t h  the trend towaid hi gher KR later ill the experiments (conlpare tile
offshore contour positions in Fi gs. 11 and 15 w i t h  the  appropr i a t e  ref lec-
t ion  curve in Fi gs.  2 and 3) .

icith the development of the two reflecting zones (foreshore and off-
shore) separated by a relatively flat inshore zone , the measured reflected
wave was composed of two waves (one from the offshore , the other from the
foreshore). A change in phase or amplitude of either reflected wave would
change the phase and ampl i tude of the measured wave.  Par t  of the  long- te rm
KR variability can be attributed to the change in phase difference between
these two reflected waves as the foreshore retreated landward and the off-
shore built seaward .

Chesnutt and Galvin (1974) pointed out an apparen t  correlation between
the movement of the -0.7-foot contour and the  v a r i a b i l i t y  of tile reflection
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coeff icient, and suggested that the reflection is very sensitive to small
changes in the dep th near the seaward edge of the inshore zone. These
depth changes would cause variability in the reflection of the inc ident
wave from the offshore slope and variability in the amount of energy trap-
ped on the inshore shelf.

The position of the -0.7-foot contour and the reflection coefficient
versus time for the two experiments are compared in Figures 38 and 39.
The seaward movement of the -0.7-foot contour is an indication of the
development of the steep offshore slope . Both figures show the general
increase in the reflection coefficient as the -0.7-foot contour moved sea-
ward. In Figure 38 (experiment 70X-.06), the same kind of fluctuations
(but not as great) in the contour position and reflection coefficient
appear as pointed out by Chesnutt and Galvin (1974). The large fluctua-
tions in the reflection coefficient near the end of experiment 70X-lO
(Pi g. 39) are not matched by large movements in the -0.7-foot contour.
However, some lateral variation in the shape of the inshore and offshore
zones occurred in the 10-foot tank (Fig. 40) which would cause lateral
variations in reflection , and might have confused the reflection measure-
ments in the center of that tank .

IV. DISCUSSION OF RESULTS

1. Wav e He ight Variability.

Three probable causes of wave height variability in the two experiments
are: (a) Wave refl ect ion from the chang ing prof ile, (b) re-reflection
from the wave generator , and Cc) secondary waves. Preliminary experiments
had indicated that wave reflection from the movable-bed profile was the
major cause of wave height variability and these experiments were conducted
primarily to quantify the amount of variability due to reflection .

a. Wave Reflection from the Profile. The KR varied from 0.08 to
0.20 in experiment 70X—06 and from 0.04 to 0.19 in experiment 70X-10. The
KR values during the development of the foreshore were relatively high ,
then decreased as the remainder of the profile began to adjust. Later,
after the profile had developed a relatively steep offshore slope , the KR
increased and the variation in KR increased . The variations appear to
hav e been caused by changes in the shape of the second reflecting surface
and by the gradual separation of the two reflecting surfaces as the off-
shore slope prograded seaward (Chesnutt and Galv in , 1974).

b. Re-reflection from the Generator. The reflected wave advanced to
the generator and was ref lected. As the he ight of the reflected wave
var ied , tile height of the re-reflected wave varied ; as the pha se d i f fe rence
between the reflected wave and the generator motion varied with changes
in the profile , the height and phase of the re-reflected wave varied . The
height of the wave incident to the profile , which was tile average of wave
heights along the full tank length and was composed of the generated wave
and the re-reflected wave , varied from 0.32 to 0.38 foot in  experiment
70X-06 and from 0.3-i to 0.39 foot in experiment 70X-lO . Part of that
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Fi gure 38. Comparison of reflection coefficient and the -0.7-foot
contour position in experiment 70X-O6 .
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variation (0.01 foot or 0.3 centimeter in experiment 70X-06; 0.03 foot or
0.9 centimeter in experiment 70X-10) could be attributed to measurement
errors or to variation in tile generated wave. The remainder of the vari-
at ion is likely due to re-reflection.

c. Secondary Waves. Along the length of the tank , between the gen-
erator and the toe of the profile , wave heights varied as the result of
secondary waves. Calvin (1972) and Huisbergen (1974) described secondary
waves (called solitons by Calvin) and their effects. Secondary waves can
be observed on the records , but a detailed analysis of wave shape was not
conducted as part of this study .

2. Profile Equilibrium.

In conducting experiments which presume the existence of an “equilib-
rium” profile , an approximation of that equilibrium profile should be
used to start the experiment (see Savage , 1959; Fairchild , l970a ) .  These
experiment s were extended over long periods (hours) in hopes of defining
the equilibrium profile for the given wave and sediment conditions . The
contour position lines or the CONPLT plots in the offshore zone in experi-
ment 70X-06 were approaching horizontal (or equilibrium), but the continued
erosion from the backshore indicated that equilibrium had not been reached .
Experiment 70X-lO showed no evidence that the profile was close to equilib-
rium. These results suggest that equilibrium profiles are not easily
determined (Chesnutt and Calvin , 1974; Chesnutt , 1975).

3. Other Laboratory Effects.

ihe differences in test conditions (tank width , initial test length ,
and uncontro].led water temperature) provide possible explanations for the
differences in profile shape discussed in Section III , lc , but also pre-
vent a rigorous proof of the effect of any one of these differences as
definite causes. Chesnutt (1975) discussed tile effects of initial test
length and water temperature .

a. Tank Width. Since latera l variations in profile shape occur on
natural beaches , tile occurrence of latera l variations in tile two tanks is
an expected difference. The profile in experiment 70X-06 can be considered
a typical two-dimensional profile for the particular wave conditions , but
the variations in profile shape in experiment 70X-lO indicate that the
distance between the tank walls had an effect on tile profile shape. The
lateral variations in the 10-foot tank indicate greater three-dimensional
movement of sediment ; therefore , a longer time is required to move tile
sediment  offshore , accounting for at least part of tile difference in rate
of change .

h. Initial Test Length. Changes in the distance from the wave gen-
erator to tile profile can cause a variation in tile velocity field under
the waves at the toe of til e profile , and therefore affect the rz.:e of
profi I ~ change in at least two ways . iiul shergen (1 97.1) has shown that the
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relative position of secondary waves to the primary wave causes a variable
asymmetry in the velocity field under waves and resulting variation in the
shape of the profile and rate of profile change. The critical distance
in cases of secondary wave occurrence is the overtake distance , the dis-
tance from the generator to the point where the secondary crest of the
first wave has been overtaken by the primary crest of the second wave.
The over ake length for this wave condition in the 2.33-foot (0.71 meter)
water depth was about 26 feet (7.92 meters) and the difference in initial
test lengths was 39.3 feet (12.0 meters). Therefore , secondary waves
could account for the difference in rate of profile change.

Tile second way in which the initial test length can be important is
in the difference (between the two experiments) of the phase difference
between the re-reflected waves and the generated waves. The difference in
initial test lengths was 39.3 feet or 2.7 wavelengths. The average inci-
dent wave height for the first 20 hours in experiment 70X-06 was 0.35 foot
(10.7 centimeters) and in experiment 70X-lO was . 0.37 foot (11.3 centimeters).
However , the lower incident wave height is associated with the greater
initial erosion rate. Thus , it is not apparent how the re-reflection
affected the beach.

c. Water Temperature. The water temperature varied from 30° to 7°
Celsius for the experiments which began in May and August and continued
into early December . The dynamic viscosity varied from 1.7 ~ l0~~ to
3.0 x ~~~ pounds-second per square foot (0.798 x 10-2 to 1.430 x 10-2
grams-second per square centimeter) (Daily and i-Iarleman , 19&6). Quantifi-
cation of temperature effects is not possible here because of the unquariti-
fied effects of the different tank dimensions and the lack of temperature
data for the first 40 hours of experiment 70X-lO . However , two points
can be made. At 22 hours in experiment 70X-06, the water temperature
dropped from 28° to 18° Celsius and the rate of shoreline recession in-
creased from 0.06 to 0.14 foot per hour (Fig. 37). This supports the
hypothesis that colder , more viscous water increases the sediment trails-
port capacity of waves (Fairchild , 1959). The gradua l increase in viscosity
may have prevented tile profile from reaching equilibrium by continuing to
increase the sediment-carrying capacity of tile water .

V. CONCLUSIONS AND RECOMMENI)ATIONS

1. Conclusions.

(a) In two experiments with a water depth of 2.33 feet , a wave period
of 1.90 seconds , and a generator stroke of 0.39 foot , tile nominal incident
wave hei gilt was 0.36 foot. Reflection measurements in the control tanks
with a fixed-bed profile varied from 0.03 to 0.07 , indicating that t i l e
wave generators were operating un i formly and that the measurement error
in determining the reflection cc’r .fficient , Kg. , was ‘0. 02 (Table 6).

(h) K1.- varied from 0.08 to 0 . 2 0  i n  e x p er i m en t  7 0 X — W ~ and  f r om 0 . 0 1
to 0. 19 in experiment 7 { ) X —  10 . The varia tion in K . co rr e l a t e s  w i t h  ~~~
file changes . K: . more t h a n  d o u b l e d  i n  t h e  f i  I : ; 1  f e w  mi nu t e s of wave

83 

~~~~~~~~~ —---—~~~~~~~- — - .~~~~— - =



________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
--—-- - -- ---- --- --- -.--—.---

~~~~~~~~~~~~~~
--- ---—---

.. - .

act ion on the  movable  bed due to development of the steeper foreshore .
Ih e  r e f l ec t ion  decreased as the  inshore widened .  Late r increases in K ,.
occur r ed when the  o f f shore  steepened (Fi gs. 2 , 3 , 38 , and 39 ) .

(c) P ro f i l e s  in the two experiments developed in the sane sequence ,
but did  not reach equilibrium (Figs. 10 to 17).

(d) Within tile first hour of testing the foreshore developed a shape
which  was in dynamic e q u i l i b r i u m . Dur ing  the time before the sho r e l i n e
stabilization , the position of the foreshore retreated at average rates
w h i c h  var ied  from 0.06 to 0.14 foot per hour (Figs. 10 to 19 ; Table 8) .

(e) Changes in the  sed imen t - s i ze  d i s t r i b u t ion a long the  p r o f i l e  appear
to be measurable , even in the laboratory w i t h  the  use of f i ne  sand (Table
11).

( f )  Late ral va r i a t ions  in tile development and the shape of t ile in-
shore zone in the 10-foot tank did not occur in the narrower  tank , indica-

F ting that the tank width may have affected the p r o f i l e  development  (Figs.
10 to 17 and 40).

(g) E)ifferences in the rate of shoreline erosion and profile develop-
ment may have been caused by the difference in in i t i a l  test length , which
a f f e c t s  secondary waves and r e - r e f l e c t i o n  from the wave generator (Fig. 21).

(II) The increase in t u e  rate of shore l ine  recession at 22 hours ill

c..~criment 7OX-06 occurred coincidentally with a 10°-Celsius drop in water
temperature. This supports tile h ypothes i s  t h a t  co lder , more v i s c o u s  w a t e r
will transport more sediment (Fig. 37).

2 .  Recommenda t ions .

(a) Beca use of vary i ng r e f l e c t i v i t y  of t he  p r o f i l e s , i n c i d e n t  w a v e
measurement s to characterize a three-dimensional coastal eng ineering
expe r iment  should be based on cal ibrat ion of tile wave gene ra to r  ra ther
tilan isolated wave measurements during tile experiment.

(h) Experimenters should i)e caut ions in d e f i n i n g  equ i 1 ib r i u n i  p r o f i l e
conditions.

(c) When conducting movable—bed experiments , t~.ater t emperature should
he kept near constant.
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APPENDIX

EXPERIMENTAL PROCEDURES FOR 7QX-Q6 AND 70X-lQ

This appendix documents those aspects of tile experimental procedures
which were unique to experiments 70X-06 and 70X-10. The procedures common
to all experiments are documented in Volume I (Stafford and Chesnutt ,
(19 77) .

1. Data Collection.

u . Regular Data.

(1) Wave Height Variability . Except for the initial 10-minute
run of each experiment , two wave envelopes during each run were recorded
with wave gages moving along the center of each tank betw’een stations
+15 and +90 in experiment 70X-06 and +15 and ÷55 in experiment 70X-10 with
the instrument carriage moving at a near-constant speed of 10 feet per
minute. Wave records 002 through 006 from experiment 70X-06 contain onl y
the envelopes from station +15 to +90, because the runs were too short to
permit recording of two envelopes.

(2) Beach Nourishment. These two experiments were unique in that
after 54 hours in the 6-foot tank and 62 hours in the 10-foot tank , the
beach had eroded to the back of the tank. From then until the end of each
experiment , sand was periodically added to the hackshore to maintain an
adequate supply. The following procedure was used throughout experiment
70X-06 and after 125 hours in experiment 70X-10 , to determine the wei ght
and volume of sand added . (Between 62 and 125 hours in experiment 70X-l0 ,
only the weight of the sand was determined.)

(a) A 1-pound coffee can , in good condition , with a known
weight , diameter , and height was used .

(b) The can was filled , tapped in a “standard manner”, and
the top leveled.

(c) The weight of the full can was recorded to the nearest
ounce.

(d) The sand was dumped into a larger bucket for temporary
stockpile until the backshore was rebuilt.

From 54 to 92 hours in experiment 70X-06 and from 62 to 100 hours in
experiment 70X-lO , the sand was added only between runs and the backshore
was rebuilt to provide a uniform fill 0.5 foot wide with a vertical face
across the width of the tanks with a top elevation of 0.67 foot . After
92 hours in experiment 70X-06 and 100 hours in experiment 70X-10, sand was
added to the backshore as needed during the runs , in addition to rebuild-
ing the 0.5-foot-wide fill between runs.

Determining the weight and volume of the filled cans of sand does not
provide actual weight or actua l volume . Without measurements of the mois-
ture content [bulk densities probably ranged from 114 to 125 pounds per
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c u b i c  foot (persona l cOnunull i cat  iOll , C . W .  Cal  lendar , CLR C , .1 May 1977)
t h e  data  on sand a d d i t i o n  a re  of no q u a n t i t a t i v e  v a l u e . Eoscvc r , th~
wei ght when c a l c u l a t e d  fo r  10—hour inter va ls and compared w i th the a~ c~ t~ ’e

for the experiments provides qualitative inforniat ion on per iods  of si gi
i c an t ly  g r ea t e r  or lesser  eros ion .

(3) Breakers.  ‘the p r i m a r y  source of b r e a k e r  da ta  wa s  tile stud~
of the 35—nil limeter slides. ‘Fable 3 shows the  t i m e s  d u r i n g  run s  when
s l i d e s  were t a k e n  of b r e a k e r s .  A f t e r  100 i loUrs in exper iment  70X- 10  .iij id
115 hours in  expe r imen t  70X -06 , the  p r a c t i c e  of t a k i n g  a s l i d e  of t i l e
br e a k e r  j u s t  before tile end of the run was d i s c o n t i n u e d . K n o w i n g  t i le  sta-
t i o n  of landmarks on the tank wa ll , t h e  s l i d e s  p r o v i d e d  s u f f i ci e n t  da ta  to
de te rmine  the p o s i t i o n  and type of breakers  th roug hout t he  two e x p e r i m e n t s .

(4 )  W ate r  ‘l’empera tu re  . A f t e r  38 hours  in e x p e r i m e n t  - 7 0 X — 1 0  and
th roug hout e x p e r i m e n t  7 0 X — 0 6 , w a t e r  samples  were co l l ec t ed  at t u e  b o t t o m
and at t h e  w~ite r su r face  near t i l e  toe of the  p r o f i l e  in t i le  e a r l y  morning
and l a t e  a f te rnoon of each test  d a y .

. Sp e c i a l  [) at a  . Three types of s p e c i a l  da ta  were col I cot ed , and
t a b l e  2 i n d i c a t e s  the  t imes  at w h i c h  each type was c o l le c t e d .

1, 1) P r o f i l e  Surveys.  Af t e r  100 hours in both tests , profiles
were surveyed along ranges 0.5 foot apart at 0.5-foot i n t e r v a ls  f rom
s t a t i o n  -6 .5  to +12 .0 .  At 200 hours in the  10-foot tank , and at 150 and
175 hours in the 6-foot tank , the seaward l i m i t  of t i le survey was extended
to 19 f ee t .  These seaward dis tances  were chosen to provide dense surveys
over t h e  most a c t i v e  par t  of tile p r o f i l e .

(2)  Sand Samples.  In e x p e r i m e n t  70X- 10 , sand samples  were  col-
lec ted  at 200 hours , 10 hours b e f o r e  the  t e rm i n a t i o n , a long  p r o f i l e s  at
ranges 1 , 3 , 5 , 7 , and 9 at 1-foot intervals from station -n to 0, at
5-foot  i n t e r v a l s  from s t a t i o n  0 to +25 , and at other prominent features
a l o n g  eacil p r o f i l e .  In e x p e r i m e n t  70 X- Oo , sand samples  were c o l l e c t e d  a t
150 hours , near the end of tile exper iment , a long  p r o f i l e s  at r anges  I . 5 ,
and 5 at intervals w h i c h  v a r i e d  f rom 2 to 3 fee t f rom s t a t i o n  -6 to •~~~~ - .

2. Data Reduct io n.

a. Wave heig ht \-a ri aL i l ity . All wave he ig ht data collected 1 1 1  t h e s e
two e x p e r im e n t s  were  reduced by t i l e  ina nua 1 method. T w e n t y  percent of t h e
wave records  w e r e  a l S o  reduced by tile a u t o m a te d  met hod .

b . Sediment — S i z e  i ) i s t r i h u t  ion I)ata. All samples were analyz ed i i i

t i l e  (:ERC Petrology Laboratory u s in g  t h e  RS,\ . App rox i mat ci> ’ S p er c en t  of
t h e  samp I es were also aiia 1 y:ed by ~~~~ cot personnel i s  i i g  t lie d ry  s eve
Ot t hod as a ( (Um l i t  V co nt  rol  mea s u r e .

c . br e a k e r  i ) a t  a . R rt’:i kei ’ t vpe and pos t ion were det  cr 111 i Iled f rom t he
s l i d e s .  U s i n g  kn ow - n p o s i t  i ons  on t h e  t a n k  w a l Is as relercn ._ c s , t h e  s t a —
t ion of’ t b  br eak  i n g  p o i n t  w a s  est i m a t e d .  Br e a b er  p o s i t  i o n  \‘ t - I S US t inc
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was plotted, superposed on the contour movement plots and the breaker depth
was then determined. Comparison of the contour and breaker position move-
ment plots front these two experiments with similar plots from experiments
71X-06 and 71X-10 where the breaker position was determined and recorded
during each run, indicates that the estimates from the slides were prob-
ably within 1 foot of the actual position.
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