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Whereas the majority of the coarser material is deposited near the 

dump-mound, fine sand and pumice spread over a larger area. 

Moderately sorted, negatively skewed, medium to coarse sand 

shoreward of the dredge spoil and accumulation zone suggest that 

fine sand and pumice from both zones are deposited in the coarse 

sand facies. The fine material is prone to undergo further 

transport and eventually be deposited in the fine sand facies. 

The mixing of the fine sand and pumice from the dredge spoil with 

the natural fine sand facies does not allow tracing the dredge 

spoil over a large area. The fine sand blanket is thought to 

migrate over the coarse sand, predominantly in  an onshore southerly 

direction (skewness data) . Thus, parts of the dredge spoil are 

available for frequent exchange of material between beach, surfzone 

and nearshore zone. 

HEALY (1989, pers.comm.) observed unusually high amounts of pumi ce 

at Mount Maunganui Beach subsequent to dumping operations in 1979. 

This is suggestive that at least some of the pumice is transported 

quickly to the beach. 

The migrating of the fine sand blanket occurs due to the acting 

wave and current conditions. From the current measurements 

undertaken in this study it appears that weak currents in a 

southerly onshore direction dominate under fair weather conditions. 

As the threshold velocities under waves for fine sand are exceeded 

about 30-60% of the time depending on the water depth, suspended­

load transport of fine material in a southerly direction under the 

combined effects of wave and currents may be an important process 

for onshore movement of sediment during fair weather conditions .  

Strong alongshore flow was observed during an easterly storm at 28 

m water depth. These short-term infrequent events induce high total 

boundary shear stresses causing bedload transport with a net 

component. Additional current measurements, in particular of the 

direction along a shore-normal profi le, are necessary to assess the 

effect of storm flow for the sediment budget. The inferred net 

onshore movement of dredge spoil from bathymetry and sediment data 

indicates that frequently occurring weak sediment transport under 

fair weather conditions is important for the sediment budget on a 
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long-term scale. COWELL and NIELSEN (1984) suggest for the New 

South Wales inner shelf that sediment transport under fair weather 

conditions is of higher importance than during storms. 

A process which could enhance the onshore movement of fine material 

shoreward of the dump-mound is Stokesian mass transport. However, 

this process may only be important in the nearshore zone in water 

depth below 7 m and assuming that no stronger adverse downwelling 

currents occur at the same time. 

The occurrence of shells (Strutholaria  papulosa ) ,  observed in water 

depths between 10 and 20 m in the survey area, at New Zealand east 

coast beaches after strong storms supports the onshore movement of 

material during a late phase of a storm event (HEALY , 1989 ; 

pers.comm.) . The observation of shells and pumice at the beach 

suggests that the closure depth of beach-inner shelf sediment 

exchange during a storm can reach the dump-site indicating that 

sediment transport may also occur directly from the dump-mound to 

the beach. This  would be in agreement with observations from the 

New South Wales inner shelf where BOYD (1982) gives a closure depth 

of 25 m for large storm events. 

7. 3 Origin of megaripple ' fingers ' 

The patchy distribution of coarse and 

off Tauranga is interpreted as the 

sand facies underneath the fine 

fine sand on the inner shelf 

local exposure of the coarse 

sand blanket. Wave-formed 

megaripples ,  wh i ch react i n  

occur in the coarse sand. The 

after storm events. In areas 

Island) the ripples are 

bioturbated surface. 

si ze and direct i on t o  storm events , 

fine sand is either flat or rippled 

of high biological activity (Motuotau 

deformed to an irregular rippled 

Fine and coarse sand react as separate units to the hydrodynamics , 

a process suggested by COOK and GORSLINE ' s  (1972 ) observation that 

fine sand is likely to move as a whole unit under lower orbital 

velocities than the coarse sand. This process has not been observed 

for the survey area but the migrating of scour depressions has been 

observed elsewhere (e.g. HUNTER e t  a l., 1988 ) .  
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Different hydrodynamic processes have been suggested for the 

generation of the megaripple patches or fingers observed on various 

shelves around the world but never finally proven by measurements 

in the field. The hypotheses by the different authors are applied 

and evaluated for the Tauranga inner shelf. 

Rip currents (MORANG and McMASTERS, 1980 ; COOK, 1982) of sufficient 

power have not been observed on the northern Bay of Plenty 

coastline. They would also not explain  the location of megaripple 

patches to at least 4 km offshore. 

Standing waves (HUNTER e t  a l . ,  1988) have not measured either and 

are unlikely to cause the irregular distribution of the megaripple 

patches. 

Wave refraction (BLACK and HEALY , 1988) causing a wave convergence 

zone with higher wave orbital velocities and higher erosion of fine 

sediment leads to the generation of a locally limited megaripple 

field. Future wave refraction 

pattern of patches with highly 

studies may show if an irregular 

variable sizes between 20 and 40 m 

water depth, can be explained by local wave energy convergence. 

Downwelling currents transverse 

patches (SWIFT and FREELAND, 1978) 

e t  a l . ,  1984) have been used to 

to the shore-normal oriented 

and parallel to them (CACCHIONE 

explain their formation. Wind-

driven currents with a peak flow of U 1 0 0  = 0. 35 m/s were measured 

during storms in this study. These currents are certainly capable 

to transport fine sand, initially st i rred-up by waves , i n  

suspension over large distances. After the storm, when current and 

wave orbital velocities are weak , the suspended fine sand deposits 

accidentally in an irregular pattern. Thus it is likely that the 

patches form under combi ned wave-current processes during storms . 
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7.4 Environmental consequences of dredge spoil dispersion 

The highest environmental impact 

spoil occurs at the dump-site 

firstly leads to the extinction 

caused by the dumping of dredge 

where burial of benthic organisms 

of life at the dump-ground (KESTER 

e t  a l . ,  1983 ) .  Former dumping off Tauranga caused a zone of reduced 

biological diversity at the dump-sites and in their surroundings 

(Fig.7.2, HEALY e t  a l . ,  1988 ) .  The effects of dumping to the marine 

ecosystem in the case of Tauranga are described in detail in the 

environmental assessment report (HEALY e t  a l . , 1988 ) .  

The environmental impact by the dispersal of the dredge spoil in 

the area around the dump-sites is harder to analyse. HEALY e t  a l . 's 

(1988 ) zone of reduced diversity extends to the northwest ;  a 

direction for which no significant net sediment transport has been 

assessed in this study. The authors note that probably dumping 

short of the dump-sites is responsible for the extension of the 

zone. No reduced diversity was found in the main southerly 

direction of sediment onshore movement indicating that the 

environmental impact by the dispersion is not severe. The 

environmental effect of deposition of fine material in the coarse 

sand facies and the mixing with the natural fine sand facies is 

negligible. Especially in the latter case, the fine sand and pumice 

from the dredge spoil do not cause a change in the physical 

properties of the fine sand facies which determine the basic 

habitat of benthic organisms ( KESTER e t  a l. ,  1983 ) .  By the adding 

of sediment from the dump-sites to the fine sand blanket , the fine 

sand is more likely to spread and cover more of the coarse sand or 

the shell grit zone after HEALY et  a l .  (1988 ; Fig. 7 . 2 )  around 

Motuotau Island which displays a very narrow range of divers ity and 

abundance. If an aerial reduction of this zone which is distributed 

more irregularly around the island than shown in Fig. 7. 2 

(additional sediment samples during this study ) is a serious 

environmental impact, is debatable. 

The burial of li ttle emergent 

display an abundant and diverse 

reefs around Motuotau Island which 

marine life ( HEALY e t  a l . ,  1988 ) 

would be a more serious environmental impact, in particular as 

Motuotau Island is proposed to become a Marine 
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Fig . 7 . 2 :  Map of the sediment bottom " communities "  ( from HEALY e t  

a l . ,  1988 ) 
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Reserve. However, as most of the eroded dredge spoil is deposited 

near the dump-mound . and fine sand and pumice probably distributed 

over a large area, the danger of this happening is minor, in 

parti cular when dumping small volumes of dredge spoil at the more 

offshore dump-site D. Future dumping of large volumes of spoil at 

dump-site D would probably eventually lead to a net accumulation of 

material around submerged rocks around Motuotau Island which may 

reduce the abundance of marine life. It is not possible to quantify 

the amount of future accumulation and monitoring will be necessary 

to evaluate the environmental effects. It is then a political 

question how much accumulation can be accepted from a economical 

and ecological point of view. 

It was found in Chapter 4 that a dump-mound appears to be stable 

after about 7 years thus reducing its dispersi on effects to a 

limited period of time. However, the method of spreading material 

over a larger area, as applied during dumping in 1988, may lead to 

a different dispersion history . Wide-spread material has a larger 

surface where waves and currents will act on thus eroding more 

material. In addition, it will not compact as quickly as material 

disposed at a mound which may also enlarge the amount and period of 

dispersion. 

Thus, from dispersion point of view, building up a mound from 

dredge spoil reduces the effects of dispersion and is a 

preferential solution to the spreading method . However, it has to 

be evaluated by wave refraction studies if dump-mounds cause wave 

focussing at the shoreline thus enhancing erosion of material from 

Mount Maunganui Beach. 

7. 5 Beach nourishment 

At present the Mount Maunganui Beach is not eroding ( Chapter 2 ) . 

Thi s i s  probably due to the weak littoral drift and parts of the 

dredge spoil which has been added to the material available for 

exchange between beach, surfzone and near shore zone (upper 

shoreface ) .  However, the fine sand and pumice of the dredge spoil 

which feed the fine sand blanket, and are eventually transported to 

the beach during fair weather conditions, are not compatible with 
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the natural medium sand of the beach . Therefore the fine sand and 

pumice do not remain  constantly at the beach which is indicated by 

the textural parameters of the beach sand . Thus the current dumping 

of dredge spoil on the inner shelf is not the most effective means 

for beach nourishment. 

Under the possible scenario 

due to the greenhouse effect 

important method to conserve 

of increasing rates of sea-level rise 

beach nourishment may become a very 

beaches (WEGGEL, 1986) . The Mount 

Maunganui tombolo with its low al titude above sea-level and low 

dunes would suffer severely under a higher sea-level and increasing 

number of storms causing erosion predicted to occur with the 

greenhouse effect (DE FREITAS, 1987) . The consequences for the town 

of Mount Maunganui as a large holiday resort  and port with 

relatively high real estate values could be serious . 

The dredging of large volumes of material from dredge-sites i nside 

and outside the harbour in the future provides the opportunity to 

diminish the effects of a possible sea-level rise by dumping the 

dredge spoil  in the nearshore zone and thus directly nourishing 

Mount Maunganui Beach . When monitoring the dispersion of material 

dumped in 2 - 4 m water depth in the nearshore zone outside a tidal 

inlet, North Carolina, U . S. A . ,  SCHWARTZ and MUSIALOWSKI (1977) 

found that the dump-piles were modified to a disposal bar which 

migrated landward through the surfzone, in particular during 

periods with increased wave activity . 

For Tauranga, medium and 

the Ent rance and Cut ter 

natural beach sand and 

coarse sand from maintenance dredging in 

Channe l are most compat i b l e  w i th the 

therefore most effective for beach 

nourishment purposes. Fine sand from further inside the harbour is 

less useful as it will be preferentially winnowed out from the 

beach, transported offshore and incorporated in the fine sand 

facies. 
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7. 6 Conclusions 

In the conclusions, the aims of the study, listed in chapter 1, are 

addressed : 

1
1

• To what extent, at what rates and in which directions does the 

dredge spoil disperse? 

The reduction of the dump-mound at dump-site C is documented by 

echo-sounding charts recorded between 1978 and 1988. An analysis of 

the echo-sounding data shows that the summit of the mound was 

reduced by c. 3 m equivalent to a volume reduction of c. 240 , 000 

m 3 • Apart from erosion, compaction is responsible for the reduction 

in dump-mound volume, in particular during and in the first two to 

three years after the dumping. About two thi rds of the eroded 

material from the dump-mound is deposited in a semi-circle up to 

300 m south of the dump-mound. The rest is distributed over a 

larger area and does not allow to be traced. From 1985 onwards the 

dump-mound is stab le suggesting the development of a compacted lag 

surface on the dump-mound. 

2 .  How does the dredge spoil  change the natural sediment facies 

distribution on the inner shelf? 

The natural sediment facies distribution in the area around the 

dump-sites consists of coarse sand patches with megaripples 

overlain by a mobile featureless to lightly rippled fine sand 

sheet. Fur ther offshore at water depths between 25 and 30 m med i um 

sand with ripples occurs. 

The dumping of medium sand from dredge-sites inside and outside 

Tauranga Harbour on the inner shelf causes a zone of medium sand 

around the dump-sites. Sorting and skewness data and pumice 

contents indicate that fine material and pumice eroded from the 

dredge spoil deposit in the coarse sand facies shoreward of dump­

site C. The deposition in the coarse sand is probably only 

temporary. Eventually , fine material from the dredge spoil mixes 

with the fine sand sheet which migrates as a whole over the coarse 

sand thus distributing the fine dredge spoil over a large area . 



3. How do the hydrodynamic 

relate to the dredge spoil 

transport? 
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processes which act on the inner shelf 

dispersion and inner shelf sediment 

Wave and current data for the inner shelf off Tauranga are limited. 

Wave threshold ve locities for fine sand over dump-site C are 

exceeded up to 5 0% of the time. The stirred up sediment would be 

available for transport by weak fair weather current, probably 

occurring in a souther ly onshore direction most of the time. 

Lower wave threshold velocities on the shoreward dump-mound slope 

may be responsib l e  for the downward net transport of coarser 

material from the dump-mound and its deposition in a sma l l  zone 

south of the dump-mound. Wind-driven currents occur duri ng storms. 

Under the combined action of waves and currents high total boundary 

shear stresses with a net component are capable to produce bedload 

transport. Transport of fine sand in suspension during a storm and 

i ts accidental deposition afterwards is a likely explanation for 

the exposure of the coarse-grained ripples underneath the fine sand 

blanket . 

4. What effects are caused by the dumping with respect to the 

marine ecosystem and to beach nourishment? 

Dumping of dredge spoil leads to a zone of reduced diversity over 

and west of former dump-sites (HEALY e t  a l . ,  1988) . To date, the 

environmental impact to the proposed Marine Reserve around Motuotau 

I sland appears to be m i nor. The coarse sand fac i es or she l l gr i t  

zone around the island may be reduced by future dumping because of  

the nourishing of the fine sand sheet from fine material from the 

dredge spoil. The burial of reefs by the effects of dumping is not 

a reason for concern at the present stage. 

Beach nourishment of coarse dredge spoil may occur directly from 

the dump-mound during late storm phases. The fine sand and pumice 

from the dredge spoil which deposit in the nearshore zone and take 

apart in the exchange between beach and nearshore zone are unlikely 

to remain constantly on the beach because of their hydraulic 

properties. 
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7. 7. Recommendations 

7. 7. 1 Recommendations for future research 

i )  Echo-sounding surveys are a good means to monitor the dispersion 

of dredge spoil. Surveys over larger areas around future dumping 

and a control-site not affected by the dumping should provide 

valuable information about sediment transport from dump-sites and 

over natural sea-floor, in particular directly after storms. 

ii ) Compaction tests of dredge spoil provide the opportunity to 

compare the ratio of compaction and erosion duri ng the reduction 

process of the dump-mound. This will help to assess the dispersion 

rates, in particular in the first years after the dumping. 

iii ) Tracer experiments, for instance with titanomagnetite which 

can be then traced by a magnetometer, may show the dispersal 

pattern of material around dump-sites over a certain time period. 

iv ) Direct sediment transport measurements of bedload transport 

with sediment traps and suspended-load transport. 

v )  Shallow coring is necessary to determine the vertical structure 

of the f ine and coarse sand facies. 

vi ) Repeated side-scan sonar survey will show how mobile the 

sediments, in particular the fine sand , are on the inner shelf. 

vii ) Long-term wave and current measurement s are necessary to 

predict sediment movement on the basis of hydrodynamic data. 
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7. 7. 2 Recommendations for future dumping 

The current dump-site D is appropriate for future dumping as long 

as volumes of dredge spoil do not exceed 2 - 3 million m 3 and 

dumping occurs on mounds which 

time (c. 7 years) . Before a 

stabilize after a short period of 

new 

refraction investigations should be 

dump-mound 

undertaken 

is built up, wave 

to prove that wave 

focussing induced by the mound does not cause erosion at the beach. 

During future dumping, the environmental sensitive area around 

Motuotau Island should be monitored by echo-sounding to determine 

if an abnormal accumulation of sediment occurs. The effects of 

dredge spoil dispersion would be diminished when material was 

dumped in water depths beyond 30 m where lower wave orbital 

velocities entrain the sediment. 

In order to nourish the beach, dumping in the nearshore zone is a 

more efficient method than the current dumping on the inner shel f. 
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APPENDIX 

APPENDIX CHAPTER 4 

Programs used for graphic display and volume calculations 

A4 . 1  SAS programs were applied to graphic  d i splay of bathymetric  

changes . 

G3GRID program : three-dimens ional p ictures of sea-floor bathymetry 

of dump-mound ( Fig . 4 . 7 )  

DATA TD78 ; 
INFILE GRID FIRSTOBS = 2 ; 
INPUT Y X 278 Z80 Z83 Z86 ; 
Z78 = -l*Z78 ; 
Z80 = -1*280 ; 
283 = -1*283 ; 
286 = -1*286 ; 

PROC G3GRID DATA=TD78 OUT=GRIDO ; 
GRID Y*X = 278/SPLINE 

AXISl = 0 TO 6 0 0  BY 20  

FILENAME SASQMS ' [ ]  SASQMS . DAT ' ; 
GOPTIONS DEVICE = QMS CHARACTERS NODASH NOFILL ; 

TITLE ' BATHYMETRY 1978 ' ; 

PROC G3D DATA = GRIDO ; 

PLOT Y*X = 278/ROTATE = 45 
TILT = 6 0  
SIDE 
2TICKNUM = 7 
2MIN = -22  
2MAX = - 1 0 ; 

GCONTOUR program : bathymetry map ( Fig . 4 . ) 

DATA TD78 ; 
INFILE GRID FIRSTOBS = 2 ;  
INPUT Y X 278 280 283 286 ; 
*END ; 

FILENAME SASQMS ' [ ] SASQMS . DAT ' ; 
GOPTIONS DEVICE = QMS CHARACTERS NODASH NOFILL ; 

TITLE ' BATHYMETRY 1978 ' ; 



PROC GCONTOUR DATA = TD78 ; 
AXIS!  LENGTH = 1 5  CM ; 
AXIS2 LENGTH = 15  CM ; 
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PLOT Y*X = Z78/LEVELS = 1 2  TO 20  BY 2 
LLEVELS = 2 8 3 4 1 
HAXIS = AXIS!  
VAXIS = AXIS2 
NOAXIS ; 

GCONTOUR program : bathymetry changes ( Fig . 4 . ) 

DATA TD78 ; 
INFILE GRID FIRSTOBS = 2 ;  
INPUT Y X Z78 Z8 0 Z83 Z86 ; 
Z7880  = Z78 - Z80 ; 
Z7883  = Z78 - Z83 ; 
Z7886 = Z78 - Z86 ; 
Z8386  = Z83 - Z86 ; 
Z8086  = Z80 - Z86 ; 
Z8083  = Z80 - Z83 ; 

FILENAME SASQMS ' [ ] SASQMS . DAT ' ; 
GOPTIONS DEVICE = QMS CHARACTERS NODASH NOFILL ; 

T ITLE ' CHANGES IN BATHYMETRY 1978-83 ' ;  

PROC GCONTOUR DATA = TD78 ; 

AXIS!  LENGTH = 1 5  CM ; 
AXIS2 LENGTH = 15  CM ; 

PLOT Y*X = Z8083/LEVELS=-1 . 5  TO 1 . 0  BY 0 . 5  
LLEVELS = 2 8 3 4 5 1 
HAXIS = AXIS!  
VAXIS = AXIS2 
NOAXIS ; 

PLOT Y*X = Z7886/LEVELS=-2 . 4  TO 1 . 6  BY 0 . 8  
LLEVELS = 2 8 3 4 5 1 
HAXIS = AXIS! 
VAXIS = AXIS2 
NOAXIS ; 

GPLOT program : transect p lots ( Fi g . 4 . ) 

DATA TRSECTl ; 
INFILE TRSECTl FIRSTOBS=2 ; 
INPUT DIST BA78 BA8 0 BA8 1 BA83 BA85 BA86 BA87 ; 

BA78 = - l*BA78 ; 
BA80 = - l *BA80 ; 
BA81 = - l *BA8 1 ; 
BA83 = - l*BA8 3 ; 
BA85  = - l *BA8 5 ; 
BA86 = - l *BA8 6 ; 
BA87 = - l *BA8 7 ; 
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FILENAME SASQMS ' [ ] SASQMS . DAT ' ; 
GOPTIONS HPOS=80  VPOS=60  DEVICE=QMS CHARACTERS NODASH NOFILL ; 
TITLEl ' TRANSECT 2 ' ; 
SYMBOL! W=l C=BLACK L=l  I =SMS V=NONE ; 
SYMBOL2 W= l C=BLACK L=2 I =SMS V=NONE ; 
SYMBOL3 W= l C=BLACK L=3 I =SMS V=NONE ; 
SYMBOL4 W= l C=BLACK L=4 I =SMS V=NONE ; 
SYMBOLS W=l C=BLACK L=S  I =SMS V=NONE ; 
SYMBOL6 W= l C=BLACK L=6  I =SMS V=NONE ; 
SYMBOL? W= l C=BLACK L=7  I =SMS V=NONE ; 

DATA ANNO ; 

LENGTH FUNCTION $ 8 ;  
RETAIN XSYS ' 2 '  YSYS ' 2 ' ; 
INPUT FUNCTION $ X Y LINE STYLE $ S IZE POS ITION $ TEXT $ 

CHAR3 0 . ;  
CARDS ; 

LABEL 2 0 0  -21  TRIPLEX 1 . 5  6 SURVEY 27-7-78 
MOVE O -21  . 
DRAW 150  -21  1 . 4 .  
LABEL 2 0 0  -22 TRIPLEX 1 . 5  6 SURVEY 7-1-80  
MOVE O -22  
DRAW 150  -22 2 . 4 .  
LABEL 200  -23  TRIPLEX 1 . 5  6 SURVEY 30-3-81  
MOVE O -23  
DRAW 15 0  -23  3 4 .  
LABEL 200  -24 . TRIPLEX 1 . 5  6 SURVEY 23-12-83  
MOVE O -24 . 
DRAW 15 0  -24 4 . 4 .  
LABEL 5 0  - 1 1  . TRIPLEX 2 . 0  6 C 
LABEL 1 6 0 0  -23 . TRIPLEX 2 . 0  6 D 
j 
RUN ; 

PROC GPLOT DATA=TRSECTl ;  

AXISl  VALUE= ( F=TRIPLEX H= l )  
LABEL= ( F=TRIPLEX H=2 ' D ISTANCE ( M ) ' )  
ORDER= 0 TO 1 6 0 0  BY 2 0 0  
MINOR= ( N= O ) ; 

AXIS2  LABEL= ( F'=TRIPLEX H=2 A=90  ' WATERDEPTH ( M ) ' )  
ORDER = -26  TO - 1 0  BY 1 
MINOR = ( N= O ) ; 

PLOT BA78 * D IST= l 
BA80 * D IST=2 
BA8 1 * D IST=3 
BA83 * DIST=4/0VERLAY 

HAXIS = AXIS1  
VAXIS=AXIS2 
ANNOTATE=ANNO ; 
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A4 . 2  A PASCAL program written with the help of Toni Fenton was used 
for the volume calculations ( Table 4 . 3 ) . 

Program Volcalc ( infile ,  outfile ) ; 

VAR 
i nf ile ,  outf ile :  TEXT ; 
b : Char ; 
Bedl : ARRAY [ 0  . .  12 , 0  . .  12 ] of Real ; 
2 78 ,  280 , 283 , 286 , Y ,  X ,  2 ,  27880 , 
aggrade , degrade , Volchange , changes , totvol Real ; 
I , J  : Integer ; 

Procedure INPUT_DATA ; 
Beg in  

OPEN ( inf ile , ' Gr id . dat ' , History : = old ) ; 
RESET ( inf ile ) ; 
OPEN ( outf ile ,  ' Changes . Oat ' ,  Hi story : = new ) ;  
REWRITE ( outf ile ) ; 
readln ( i nfile , b ) ; 
I : =O ;  J : = O ;  

Whi le ( J  < 13 ) DO 
Beg in  
Readln ( inf ile ,  Y ,  X ,  278 , 280 , 283 , 286 ) ;  
2 7880 : =278-286 ; 
Bedl [ I , J ] : = 27880 ; 
I : =I+l ; 
If I= 13 then 
begin  

I : = O ;  J : =J+l ; 
end ; 

END ; 
END ; 

Procedure Calculate ; 
Beg in  

For I : = 0 to 1 1  DO 
For J : = 0 to 1 1  DO 
Begin  

Changes : = ( Bedl [ I , J ]  + Bedl [ I+l , J ] + Bedl [ I , J+l ] + 
Bedl [ I+l , J+l ] ) /4 ;  

volchange : = changes * 2500 ; 
Totvol : =Totvol + VolChange ; 
Writeln ( outfile ,  VolChange : 8 : 2 ) ; 
IF volchange > = 0 then Aggrade : = Aggrade + volchange ; 
IF volchange < 0 then Degrade : = Degrade + volchange ; 

End ; 
End ; 

Begin  
INPUT_DATA ; 
Calculate ; 
writeln ( outfile ,  ' Total Aggradation ' , aggrade : 12 : 2 ) ; 
writeln ( outfile , ' Total Degadation ' ,  degrade : 12 : 2 ) ; 
writeln ( outf ile ,  ' Total volume change ' ,  Totvol : 12 : 2 ) ; 
End . 
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APPENDIX CHAPTER 5 

A5. 1 Definition of textural parameter 

Sundud size cluses of sediment 

L imi t i ng  Part ic le Diameter 
(mm ) ( cp uni ts ) S ize C loss 

2 0 48 -- - I I 

1 0 24 -- - 1 0 

5 1 2 -- - 9 

2 5 6 -. - - 8 

1 2 8 -- - 7 

64 -- - 6 

32 -- - 5 

1 6 -- - 4 

8 -- - 3 

4 -- - 2 

2 -- - 1 

1 -- 0 

•,<z -- +: 
1/4 -- + 2 

l/9 -- + 3 

1/1 5 -- + 4 

1/32 -- + 5 

l/54 -- + 6 
1t1 2e -- + 7 
11255 -- + 8 
115 1 2  -- + 9 

(Micronsµ 
- 500  

- 250 

- 1 25 
- 62 
- 3 1 
- 1 6  
- e 
- 4 

- 2 

V. Lorge 

Lorge 

Medium 

Sma l l  

Lorge 

Sma l l  

V. Coarse 

Coarse 

Medium 

Fine 

V. Fine 

V. Coorse 

Coarse 

Medium 

Fin� 

V. Fine 

V. Coorse 

Coarse 

Medium 

Fine 

V. Fine 

Boulders 0:-- I m  
:0 

l> 

Cobbles < 
ITI 1-- 10 1 

r 

Pebbles � 

S a n d  

� 

� 
S i  I t  

C � 
� 

0 ... 
C l o y  

Sorting and slr.rwne55 values for graphically 
obtained statistics expr�ssec! as verbal descriptive summaries 
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A5. 2 List of textural data of analysed sediment samples 

No. M 2 sort. skew. 
Sediment sampling program (May 1988 ) 
Harbour sediments 

Hl 68. 5% fine sand ; 3 1 .  5% mud 
H2 1 .  73 0. 66 -0. 14 
H3 2. 41 0. 99 0. 50 
H4 1. 56 0 . 57 0. 07 
HS 2. 10 0. 60 -0. 16 
H6 8 1% fine sand ; 19% mud 

Offshore sediments 

08 1. 55 0. 49 0 . 14 
09 1. 72 0. 42 0. 24 
010 1. 74 0. 46 0. 22 
011 0. 54 0. 61 0. 34 
012 2. 27 0. 56 0. 20 
013 2. 37 0. 66 0. 07 
014 0. 93 0. 41 0. 22 
015 2. 28 0. 54 0. 08 
016 2. 20 0. 61 -0. 28 
017 0. 71 0. 74 -0. 20 
018 2. 39 0. 50 0. 02 
0 19 2. 20 1. 14 -0. 59 
020 1. 99 0 . 55 0. 09 
021 1. 20 0. 53 0. 19 
022 2. 37 0. 60 -0. 01 
023 -0. 44 0. 60 -0. 02 
024 2. 37 0. 55 -0. 07 
025 2. 15 0. 45 -0. 06 
026 2. 19 0. 48 0. 01 
027 -0. 58 0. 77 0. 3 1  
028 -0. 12 0. 70 -0. 17 
029 2. 45 0 . 45 -0. 03  
030 2 . 07 0. 52 -0. 06 
031 2. 42 0. 51 -0. 02 
032 1. 11 0. 54 0. 15 
033 1. 54 0. 59 0. 08 
034 1. 53 0. 61 0. 15  
035 2. 41 0. 61 0. 0 
036 2. 45 0. 60 -0. 03 
037 2. 23 0. 59 0. 06 
038 1. 60 0. 47 0. 30 
039 2. 14 0. 54 0. 01 
040 1. 91 0. 52 0. 17 
041 2. 43 0. 73 -0. 19 
042 2. 57 0. 67 -0. 04 
043 2. 19 0. 59 0. 01 
044 0. 85 0. 51 0. 24 
045 0. 82 0. 56 0. 29 
046 0. 46 0. 83 0. 25 
046b 2. 32 0. 59 -0. 27 
047 2. 23 0 . 63 -0. 13 
048 2. 18 0. 70 -0. 32 
049 0. 87 0. 63 0. 21 
050 0. 38 0. 58 -0. 07 
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051 0. 48 0 . 78 -0. 18 
052 1. 52 0. 69 0. 0 
053 1. 09 0. 52 0. 3 0  
054 2. 17 0. 72 0. 03  
055 1. 58 0. 55 0. 23 
056 1. 32 0. 53 0. 24 
057 1. 57 1. 23 -0. 42 
058 1. 81 0. 64 0. 08 
059 1. 38 0. 52 0. 10 
060 1. 37 0. 42 0. 25 
061 2. 44 0. 50 -0. 03  
062 0. 07 0. 68 -0. 03  
063 1. 66 0. 52 0. 23 
064 2. 30  0. 74 -0. 24 
065 0. 40 0. 61 0. 16 
066  0. 72 0. 66 0. 13 
067 2. 12 0. 55 -0. 11 
068 1. 92 0. 50 0. 08 
069 1. 91 0. 44 0. 07 
070 2. 36 0. 68 0. 16 muddy 
071 2. 35 0. 58 -0. 09 
072 2. 48 0. 48 -0. 0 1  
073 2. 25 0. 62 - 0. 05 
074 2. 36  0. 51 - 0. 06 
075 0. 20 0. 72 -0 . 11 
076 0. 43 0 . 45 0. 22 
078 2. 56 0. 47 -0. 10 
078 2. 50 0. 47 0. 0 2nd sample 
079 2. 32 1. 10 -0. 40 
080 2. 03  0. 41 0. 17 
081 1. 92 0. 48 0. 03 
082 1. 15 0. 76 -0. 19 
083 2. 14 1. 03 -0. 32  
084 1. 43 0. 42 0. 21 
085 1. 77 0. 45 0. 19 
086 1. 3 1  0. 5 0  0. 18 
087 1. 26 0. 58 0. 37 
088 2. 56  0. 47 0. 09 
089 2. 17 0. 44 0. 14 
090 0. 66 0. 73 -0.14 
091 2. 18 0. 48 0. 04 
092 1. 15 0. 35 0. 18 
094 2. 16 0.44 0. 10 
095 2. 24 0. 52 -0. 09 
096 1. 80 0. 62 0. 22 
096 1. 46 0. 73 -0. 04 2nd sample 
097 1. 72 0. 58 0. 10 
098 2. 24 0. 59 -0. 14 
099 -1. 04 0. 85 0. 16 

Aanderaa sites 
Al 2. 28 0. 72 -0. 02 
A2 0. 63 0. 66 0. 12 
A3 2. 26 0. 59 -0. 15 



SCUBA survey 
Slc - 0 . 2 1 1 . 0 0 
Slt - 0 . 43 1 . 22 
S2 1 . 83 0 . 6 3 
S3 2 .  72 0 .  92 
S4 0 . 27 0 . 45 
S5 1 .  71  0 .  68 
S6 0 . 65 0 . 70 
S7 1 . 43 0 . 64 
S8 1 .  0 7  0 . 6 2 

Beach samples 
Bld 1 . 62 0 . 57 
Blbe 1 . 40 0 . 85 
Blbo 1 .  99 0 . 42 
B2be 1 .  94 0 . 41 
B2bo 1 . 6 3 0 . 54 
B3be 1 .  99 0 . 40 
B3bo 1 . 80 0 . 59 
Bebe 1 . 32 0 . 48 
Bebo 1 . 44 0 . 6 1 

0 . 0  crest 
0 . 21 trough 
0 . 06 

-0 . 3 0 muddy 
0 . 16 
0 . 04 
0 . 31 
0 . 27 
0 . 39 

0 . 06 dune 
- 0 . 1 7 berm 
- 0 . 22 bottom 

0 . 04 
0 . 06 

- 0 . 08 
0 . 18 

16 0 

0 . 1 6 control-s ite 
0 . 46 

A5 . 2  SAS program for digitized map with numbers ( Fig . 5 . 20 )  
The coordinates of the samples are given in the program . 

DATA A ;  
INFILE TAUMAP FIRSTOBS= 4 OBS=418 ; 
INPUT AX AY ; 
DATA B ;  
INFILE TAUMAP FIRSTOBS= 420 OBS=56 0 ; 
INPUT BX BY ; 
DATA C ;  
INFILE TAUMAP FIRSTOBS= 569 OBS=597 ; 
INPUT ex CY ; 
DATA D ;  
INFILE TAUMAP FIRSTOBS= 6 08 OBS=634 ; 
INPUT DX DY ; 
DATA E ;  
INFILE TAUMAP FIRSTOBS= 636  OBS=665 ; 
INPUT EX EY ; 
DATA F ;  
INFILE TAUMAP FIRSTOBS= 766  OBS=786 ; 
INPUT FX FY ; 
DATA H ;  
INFILE TAUMAP FIRSTOBS= 6 6 7  OBS=688 ; 
INPUT HX HY ; 
DATA I ;  
INFILE TAUMAP FIRSTOBS= 690 08S=705 ; 
INPUT IX IY ; 
DATA J ;  
INFILE TAUMAP FIRSTOBS= 707  OBS=717 ; 
INPUT JX JY ; 
DATA K ;  
INFILE TAUMAP FIRSTOBS= 719 OBS=728 ; 
INPUT KX KY ; 
DATA L ;  
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INFILE TAUMAP FIRSTOBS= 730  OBS=739 ; 
INPUT LX LY ; 
DATA M ;  
INFILE TAUMAP FIRSTOBS= 741 OBS=749 ; 
INPUT MX MY ; 
DATA N ;  
INFILE TAUMAP FIRSTOBS= 751  OBS=764 ; 
INPUT NX NY ; 
DATA 0 ;  
INFILE TAUMAP FIRSTOBS= 915  OBS=986 ; 
INPUT OX OY ; 
DATA P ;  
INFILE TAUMAP FIRSTOBS= 988 OBS=1020 ; 
INPUT PX PY ; 
DATA Q ;  
INFILE TAUMAP FIRSTOBS= 1022  OBS=1049 ; 
INPUT QX QY ; 
DATA R ;  
INFILE TAUMAP FIRSTOBS= 1 0 5 1  OBS= 1133 ; 
INPUT RX RY ; 
DATA S ;  
INFILE TAUMAP FIRSTOBS= 1 135  OBS=1205 ; 
INPUT SX SY ; 
DATA T ;  
INFILE TAUMAP FIRSTOBS= 1207  OBS=1270 ; 
INPUT TX TY ; 
DATA U ;  
INFILE TAUMAP FIRSTOBS= 599  OBS=6 06 ; 
INPUT UX UY ; 
DATA MAP ; 

MERGE A B C  D E F  H I  J K L  M N  O P  Q R  S T U 

FILENAME SASQMS ' ( ] SASQMS . DAT ' ; 
GOPTIONS HPOS=120  VPOS=80  DEVICE=QMS CHARACTERS NODASH NOFILL ; 
TITLE! ' MEAN GRAIN-SIZES [ PHI ] ' ;  
SYMBOL! W= l C=BLACK I =JO IN L=l  V=NONE ; 
SYMBOL2 W= l C=BLACK I =NONE L=l  V=+ ; 

DATA ANNO ; 
LENGTH FUNCTION $8 ; 
RETAIN XSYS ' 2 ' YSYS ' 2 ' ; 
INPUT FUNCTION $ X Y LINE STYLE $ S IZE TEXT $ CHAR30 .  
CARDS ; 

<Coordinates >  
LABEL 2 7 6 6 1 5  715430 
LABEL 2 77042 716 084 
LABEL 2 75648 715360  
LABEL 276362  716901  
LABEL 276090  716386  
LABEL 275799  715906  
LABEL 2 75495 715372 
LABEL 275198  714840 
LABEL 2 74912  714307  
LABEL 275825  714695 
LABEL 276470  714570 
LABEL 2 77690  7 1 6720  
LABEL 277050  7 1 6743 
LABEL 276368  716956  
LABEL 275514 714164 
LABEL 275892 71356 7 

<Samp le number > 
TRIPLEX 1 8 
TRIPLEX 1 9 
TRIPLEX 1 1 0  
TRIPLEX 1 1 1  
TRIPLEX 1 1 2  
TRIPLEX 1 13  
TRIPLEX 1 14 
TRIPLEX 1 15  
TRIPLEX 1 16  
TRIPLEX 1 17  
TRIPLEX 1 18  
TRIPLEX 1 19  
TRIPLEX 1 20  
TRIPLEX 1 2 1  
TRIPLEX 1 25  
TRIPLEX 1 26 
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LABEL 276147 714079 TRIPLEX 1 27  
LABEL 276534 714644 TRIPLEX 1 28 
LABEL 276114 715195 TRIPLEX 1 32 
LABEL 276423 715721  TRIPLEX 1 33  
LABEL 276 709 716240 TRIPLEX 1 34 
LABEL 277378 716 192 TRIPLEX 1 35 
LABEL 277314 717290 TRIPLEX 1 36 
LABEL 2 77050 715630  TRIPLEX 1 3 7  
LABEL 276762 715120 TRIPLEX 1 38 
LABEL 276267  716 659 TRIPLEX 1 42 
LABEL 275924 716 117 TRIPLEX 1 43 
LABEL 275638 715644 TRIPLEX 1 44 
LABEL 275351 715105 TRIPLEX 1 45 
LABEL 275061  714550 TRIPLEX 1 46a 
LABEL 2 7506 1 7146 0 0  TRIPLEX 1 46b 
LABEL 275400 714555 TRIPLEX 1 47 
LABEL 275549 714850 TRIPLEX 1 48 
LABEL 275705 715097 TRIPLEX 1 49 
LABEL 275831 715350  TRIPLEX 1 5 0  
LABEL 275975 715 6 11 TRIPLEX 1 51  
LABEL 2 76 118 715856  TRIPLEX 1 52 
LABEL 276284 716 148 TRIPLEX 1 53  
LABEL 276445 716346 TRIPLEX 1 54 
LABEL 276555 716691 TRIPLEX 1 55 
LABEL 2 76849 717191 TRIPLEX 1 56  
LABEL 2 76848 716465 TRIPLEX 1 57  
LABEL 2 76555 715952  TRIPLEX 1 58 
LABEL 2 76255 715455 TRIPLEX 1 59 
LABEL 275949 714944 TRIPLEX 1 6 0  
LABEL 27566 0  714420 TRIPLEX 1 6 1  
LABEL 276233 714764 TRIPLEX 1 6 2  
LABEL 276283 714987 TRIPLEX 1 6 3  
LABEL 276401 715 115 TRIPLEX 1 64  
LABEL 276470 715307  TRIPLEX 1 65 
LABEL 276664  715655 TRIPLEX 1 6 6  
LABEL 276781  715837 TRIPLEX 1 6 7  
LABEL 276879 716 013 TRIPLEX 1 6 8  
LABEL 2 76969 716 16 1  TRIPLEX 1 69 
LABEL 277099 716351 TRIPLEX 1 70  
LABEL 277290 716691  TRIPLEX 1 7 1  
LABEL 2 75986 713828 TRIPLEX 1 72  
LABEL 276672 714849 TRIPLEX 1 73 
LABEL 276305 714333 TRIPLEX 1 74 
LABEL 276972 714580 TRIPLEX 1 75 
LABEL 276645 714320  TRIPLEX 1 76 
LABEL 276496 713712 TRIPLEX 1 78 
LABEL 276 185 713545 TRIPLEX 1 79 
LABEL 276949 715450  TRIPLEX 1 8 0  
LABEL 277229 715940 TRIPLEX 1 81 
LABEL 276940 71486 0 TRIPLEX 1 82 
LABEL 277128 715 140 TRIPLEX 1 83 
LABEL 277279 715402 TRIPLEX 1 84 
LABEL 277405 715647 TRIPLEX 1 85 
LABEL 277553 7 15921 TRIPLEX 1 86 
LABEL 2 77848 7 16479 TRIPLEX 1 87 
LABEL 276 793 713 6 15 TRIPLEX 1 88 
LABEL 277339 7146 13 TRIPLEX 1 90 
LABEL 2 776 72 7 15 165 TRIPLEX 1 91 
LABEL 2 76575 713080 TRIPLEX 1 94 
LABEL 277976 715730  TRIPLEX 1 92 



LABEL 274640 714481 
LABEL 2 74925 715013 
LABEL 275228 715515 
LABEL 275537  716 047 
LABEL 275950 716645 
LABEL 275000  714150  
LABEL 275450  71350 0  
LABEL 2 7 6 0 0 0  712900 
LABEL 277115 716400 
LABEL 27646 0  715362  
LABEL 276258 714553 
MOVE 2 77500  7126 0 0  
DRAW 277500  712550 1 
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TRIPLEX 1 95 
TRIPLEX 1 96 
TRIPLEX 1 97 
TRIPLEX 1 98 
TRIPLEX 1 99 
TRIPLEX 1 Bl 
TRIPLEX 1 82 
TRIPLEX 1 83 
TRIPLEX 1 AAl 
TRIPLEX 1 AA2 
TRIPLEX 1 AA3 

DRAW 278000  712550 1 . .  . 
DRAW 278000  712 6 0 0  1 . .  . 
LABEL 277750  712620  . TRIPLEX 1 500  m 
; 
RUN ; 

PROC GPLOT DATA = MAP ; 
AXIS! ORDER = 2 74400 TO 278400  BY 4000  

LENGTH = 12 CM 
LABEL = NONE 
MINOR = NONE 
OFFSET = ( 0 )  
VALUE = ( F=TRIPLEX H= l ) ; 

AXIS2 ORDER = 712500  TO 717500  BY 5000  
LENGTH = 15 CM 
LABEL = NONE 
MINOR = NONE 
OFFSET = ( 0 )  
VALUE = ( F=TRIPLEX H= l ) ; 

PLOT AY * AX=l 
BY * BX= l 
CY * CX=l  
DY * DX=l  
EY * EX= l  
FY * FX=l  
JY  * JX= l 
KY * KX=l  
LY * LX=l  
MY * MX= l  
NY * NX=l 
UY * UX= l/OVERLAY 

FRAME 
VAXIS = AXIS2 
HAXIS = AXISl 
ANNOTAT = ANNO ; 

Coordinates of SCUBA and ROV survey : 

LABEL 276000  716800 
LABEL 278000  715200  
LABEL 2 77100 714500  
LABEL 276 6 0 0  714450 
LABEL 275 750 71575 0  
LABEL 2776 00  715600  
LABEL 276 700  715450  
LABEL 275800 715300  
LABEL 276350  714653 

TRIPLEX 1 Sl 
TRIPLEX 1 S2 
TRIPLEX 1 S3 
TRIPLEX 1 S4 
TRIPLEX 1 S5 
TRIPLEX 1 S6 
TRIPLEX 1 S7 
TRIPLEX 1 S8 
TRIPLEX 1 Rl 



LABEL 277100  71468 0  
LABEL 276 147 714079 
LABEL 2 76 0 0 0  713200  

APPEND IX CHAPTER 6 

A6 . 1  Current p l ots 

DATA CURRENT ; 
INFILE CU ; 
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TRIPLEX 1 R2 
TRIPLEX 1 R3 
TRIPLEX 1 R4 

INPUT TIME CURR_DIR CURR_SPD ; 

DATA WIND ; 
INFILE WIND ; 
INPUT TIME WIND_DIR WIND_SPD ; 

DATA JOINT ; 
MERGE CURRENT WIND ; 

BY TIME ; 

F ILENAME SASQMS ' [ ] SASQMS . DAT ' ; 
GOPTIONS HPOS=80  VPOS= 6 0  DEVICE=QMS CHARACTERS NODASH NOFILL ; 
T ITLEl ' WIND AND CURRENT DIRECTION VS TIME ' ; 
SYMBOLl W=l C=BLACK L=l  I =SM5 V=NONE ; 
SYMBOL2 W=l C=BLACK L=2 I =SM20 V=NONE ; 
SYMBOL3 W=l C=BLACK I =JO IN V=NONE ; 

DATA ANNO ; 

LENGTH FUNCTION $8 ; 
RETAIN FUNCTION XSYS ' 2 '  YSYS 1 2 1

; 

INPUT FUNCTION $ X Y LINE STYLE $ S IZE POSITION $ TEXT $ CHAR3 0 . ; 
CARDS ; 

LABEL 1 0 0 0  45 . TRIPLEX 1 . 5  6 Current di rect i on 
MOVE - 1 0 0  44 . . . . .  
DRAW 9 0 0  44 1 . .  4 .  
LABEL 1 000  22  . TRIPLEX 1 . 5  6 Wi nd d i rect i on 
MOVE - 1 0 0  2 1  . . . . .  
DRAW 9 0 0  2 1  2 . .  4 .  
' 
RUN ; 

PROC GPLOT DATA=JOINT ; 

AXISl  VALUE= ( F=TRIPLEX H=l . 5  1 8 '  1 9 1 ' 1 0 '  ' 1 1 '  ' 1 2 ' ' 1 3 '  ' 14 '  ' 1 5 '  
' 16 '  1 1 7 1 
1 18  1 I 19  I I 2 0  I 1 21 1 1 22  I 1 23 1 I 24 I 1 25 1 ) 

LABEL= ( F=TRIPLEX H=2 ' TIME ( Day/July/ 1988 ) ' )  
ORDER= -765  TO 23715  BY 1440 
MINOR= ( N=O ) ; 

AXIS2 LABEL= ( F=TRIPLEX H=2 A=9 0  ' D IRECTION ' )  
ORDER = 0 TO 3 6 0  BY 45 ; 
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PLOT CURR_DIR * TIME= l 
WIND_DIR * TIME=2/0VERLAY 

FRAME 
VAXIS = AXIS2 
HAXIS = AXIS1 
ANNOTATE = ANNO ; 

A6. 2 Iterative procedure to calculate u • e w  after GRANT and MADSEN 
(1979) . 

Data input see example (1) Chapter 6. 

The friction velocity u • e w  is given by 

where f e w  is the wave-current friction factor for codirectional 
flow obtained from Fig. A6. 1, V 2 expresses the angle between waves 
and currents (a=45 ° for this case) from Fig. A6. 2. The u 3 /u 0 ratio 
has to be assumed at first instance ; GM79 suggest a value < 0. 25 
for shelf conditions. Thus f e w

= 0. 028, V 2 = 0. 25 and U • e w  = 4. 1 
cm/s. 

In order to check u • e w • the "apparent" bed roughness k b e  which is 
the physical bed roughness plus the roughness produced by waves is 
obtained from Fig. A6. 3 with 120 cm and put in 

which gives for z = 100 cm, U = 33 cm/s which is reasonably close 
to U 1 0 0  (35 cm/s) . 

A problem is the inaccuracy 
roughness changes during a storm 
bedforms observed in the after 
stage at the end of the storm ; 
be bigger thus causing higher z 0 

when z 0 as the physical bottom 
due to the wave height. Thus the 

storm survey may only represent a 
bedforms during the storm may well 
values . 

. 6 

.4 

.2 

.06 

.04 
�-.:...-- .02 

2 

.008 

.004 

=-=---. ..-c::: . �8 

0 0.2 0.4 0.6 0.8 1 .0 1 .2 1 .4 1 .6 

J 00 J 1 J Ob l  

.0004 

.0002 

Fig.A6. 1: Wave-current fricti on factor fo codirectional flow and 
transdirectional flow ( angle < 60 ° solid lines ; > 60 ° interpolate) . 
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