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TABLE 1 Specific suspended sediment loads (t/km”/yr) at gauging sites in Canterbury rivers, all
estimated by the sediment rating method. The x/+ values with Hicks’ estimates show
the 95% confidence interval factorial error.

Thompson and
Griffiths  Adams (1979) and Hicks

River (1981) Adams (1980) (unpublished) Others

Clarence at Jollies - 320 142 x/+2.2 -

Waiau at Marble Point 1300 1850 1171 x/+ -

1.45

Hurunui at Mandamus - 1140 507 x/+2.4 -

Waimakariri at SH Br. 1669 1540 989 x/+ 1.7 -

Rakaia at Gorge 1641 3320 1691 x/+ -

1.66
Ashburton at Mt Somers 574 110 136 x/+ 4.4 -
Rangitata at Klondyke - 1750 - 616
(Scarf, in Waugh 1983)
Orari - - - 545
(de Joux 1980)
TABLE 2 Sand percentages in depth-integrated suspended sediment sampled at several

Canterbury rivers during flood flows. NIWA unpublished data.

Flow

(multiple of mean o %
River annual flood) >0.063 mm >0.125 mm
North Branch Ashburton at Bland’s Reach
(load-weighted average from 10 verticals) 1.07 61 50
Waiau at Leslie Hills
(average of 5 verticals) 0.12 38 32
Rakaia at SH1 Bridge
(average of 10 verticals) 1.13 33 8
Rangitata at Arundel 0.92 25 11
(1 vertical)
Rangitata at Arundel 0.46 27 12
(average of 2 verticals)
Hakataramea at HW Bridge 0.84 14 5
(average of 5 verticals)
Hakataramea at HW Bridge 2.2 22 9
(average of 5 verticals)
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TABLE 3 Bedloads in Canterbury rivers (kt/yr). Yields are to coast unless indicated otherwise.
Adams Griffiths and
River (1980) Glasby (1985) Others
Clarence 540 106
Hapuku 86
Kowhai 14
Kahautara 46
Conway 70 17
Waiau 143 113
Hurunui 165 71
Waipara 25 14
Ashley 10 35
Waimakariri 156 179 115 (Griffiths 1979)
Waimakariri at Crosscut 391 401 (Griffiths 1979)
Rakaia 466 144
Ashburton 73 45
Rangitata 281 50
Orari 27 20
Orari at Silverton 64 64 (Cuff 1981)
Opihi 67 71
Opihi u/s Opuha 29 29 (Cuff 1974)
Opuha w/s Opihi 39 43 (Cuff 1974)
Pareora 31 9.5
Waihao 15 9.8
Waitaki 178 34
Lower Waitaki (pre dams) 221-288 (MWD 1982)
Lower Waitaki (post dams) 112-179 (MD 1982)
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TABLE 4 Bedload : suspended load ratios for Canterbury rivers for sites where suspended load
has been estimated from sediment gaugings and bedload has been determined either
erosion ‘rating’, cross-section surveys, or formula.

Suspended load Bedload Bedload:
River (kt/yr) (kt/yr) suspended load
Waitaki at Waitaki Dam 545 50.4 9.2%
(Jowett, in MWD 1982 and 1984) (gravel
only)
Oari at Silverton 283 62.4 22%
(de Joux 1980 and Cuff 1981)
Waimakariri at 3.4 km 5360 115 2.2%
Waimakariri at Crosscut 5360 443 8.3%
(Griffiths 1979)
Waiau at Marble Point 3660 147 4.0
Hurunui at Mandamus 840 139 16.5%
Waimakariri at coast 3790 156 4.1
Waimakariri at Gorge 3790 500 13.2%
Rakaia at Gorge 8560 600 7.0%
Selwyn at Whitecliffs 70 20 28.6%
Rangitata at Gorge 2610 360 13.8%
(Adams 1980)
TABLE 5 Original estimates of the bedloads and suspended loads of rivers feeding the Waitaki coast.
Bedload (kt/yr) Suspended load (kt/yr)
Adams (1980); Adams (1980);
Gibb and Griffiths and Gibb and Adams Griffiths and
River Adams (1982)  Glasby (1986) Other (1982) Glasby (1986) Other
Waitaki 178 34 221-288: pre-dams 1600 1130 685: pre-dams
112-179: post dams 335: post dams
(Jowett, in MWD (Jowett in
1982) MWD 1982)
138: pre-dams
(Hewson 1977)
Waihao 15 9.8 140 327
Pareora 31 9.5 170 317
TOTAL 224 53 1910 1774
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TABLE 6 Estimates of beach sediment (i.e., coarse sand and gravel) budgets for Oamaru-
Timaru coast. Units are 1000 m*/yr. The Gibb and Adams (1982) figures assume a
bulk density of 1.8 t/m’. Figures marked * were computed by closing the budget.

Gibb and Adams Hewson Kirk and Hewson
(1982) (1977) (1978)
Inputs
rivers 122 229 164*
cliff erosion 333 196 196
littoral drift from south 0 0 0
onshore transport 0 1478 0
455 1903 360
Losses
accumulation at Oamaru -1.1 0 0
accumulation at Timaru -60 -60 -60
littoral drift north 0 -940 -176
abrasion -394% 0 0
offshore transport 0 0 -38
gravel extraction 0 -62 -62
-455 -1062 -336
Net 0 +841 +24
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TABLE 7

Summary of littoral sediment budget estimates by various authors for segments of the Canterbury Bight.
Figures are bulk volumes in 1000’s of m*/yr. Refer to text for discussion on values flagged with a

question mark.

Rheinen- Gibb and
Benn (1987) Hicks (1994) Hamil (1995)  Kelk (1974); Kirk Adams (1982)
Washdyke- Smithfield- Orari River- etal. (1977) Kirk (1983) Canterbury
Opihi River Orari River Rakaia River ~ Ashburton Mouth ~ Rakaia Mouth Bight
River bedload 0 0 103 44 80 506
(% of sum of (0%) (0%) (26%) (39%) (51%)
river and cliff
supply)
Cliff/barrier 0 30 257 68 25 494
erosion
Longshore 0 0 30 ? 1007 61 pre 1875
drift in 0 post 1875
Longshore -6 -20 -170 ? 1007 0
drift out
Backshore 0 0 0 -19 -64 or 0 -78
accretion
Abrasion -29 -10 =220 0 -33 (included -983
(m*/m/yr) 2.4) (0.8) 2.8) in offshore (7.2)
losses)
Offshore 0 0 0 -73 -477 0
losses
Storage gains -32 0 0 20 -336 to -272 0
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TABLE 8

a)

Hastie’s (1983) Table 2.1 summarising littoral transport estimates at Timaru.

Accumulation Of Gravel At South Beach

RATE

REFERENCE m3 yr—1 COMMENTS
Blair (1880) 102 000
Clark (1821) 1 76 000 Estimated by a previous engineer
2 58 000 " Estimated by Clark
3 57 000 Estimated by other engineers
Maxwell (1930) 40 000
Tierney (1977) 60 000 Average rate between 1879 and 1967

b) Accumulation Of Sand In Caroline Bay

REFERENCE mliAgi_l COMMENTS

Clark (1821) 1 57 000 Average rate between 1880 and 1920
2 51 000 Average rate between 1918 and 1920

Tierney (1977) 31 000 Average rate between 1879 and 1967

c) Northward Drift Of Fine Sediment On The Seafloor
REFERENCE %ATE— 1 COMMENTS
m° yr

Maxwell (1930) 360 000

Tierney (1977) 144 000 Average minimum littoral drift of
fine seafloor material from 1879
to 1967)

Kirk (1978) 650 000 Bedload transport out to the 11l m
isobath

Gibb & Adams 2 160 000 Suspended load ocut to 30 - 60 m

(1982)

water depth
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TABLE Y Estimates of river suspended loads and bedloads to the North Canterbury coast.
Suspended load Bedload
Area above (mt/yr) (mt/yr)
coast Adams Griffiths and Griffiths and
River (km”) (1980) Glasby (1985) | Adams (1980) Glasby (1985)
Hurunui 2680 3.05 2.36 0.165 0.071
Waiau 3324 6.15 3.78 0.143 0.113
Conway 502 - 0.556 0.070 0.017
Kahautara 180 - } 0.046 }
Kowhai 55 - } 115 0.014 } 0.034
Hapuka 140 - } 0.086 }
Clarence 3309 1.06 3.53 0.54 0.106
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FIGURE 1 The Canterbury coast and rivers.
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FIGURE 2 Sampled and unsampled zones in a stream sampling vertical. While velocity is lowest
in the unsampled zone, sand concentration is highest. From Edwards and Glysson

(1988).
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FIGURE 3

The different approaches used by Thomson and Adams (1979) and Adams (1980),

Griffiths (1981), and Hicks (unpublished) to fit suspended sediment ratings.
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Probability-of-occurrence of flow and proportion of total bedload carried by equal
flow increments, Rakaia at Gorge. Thick solid line plots actual flow distribution.
Thin black line plots model of flow distribution used by Adams (1980) for bedload
calculations (i.e., equation 13). Broken line plots distribution of bedload using
Adams’ flow distribution and bedload models (i.e., equations 12 and 13). q is the

flow divided by the mean flow.
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FIGURE 6a Commonly used beach sediment budget model.
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FIGURE 6b  Sediment budget formulation when the beach is divided into “dry” and “wet” parts,
e.g. landward and seaward of the MSL line.
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FIGURE 7 Definition diagram for sediment budget used in 1-line numerical shoreline evolution
models.
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FIGURE 8

Hewson’s (1977) beach sediment budget for the Oamaru-Timaru coast (Hewson’s
Fig. 37). Note the convergence of net longshore transport at the boundary of cells I

and 1.
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Fiqure 2 Data used to compute the sediment budget.
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FIGURE 9 Kirk and Hewson’s (1978) beach sediment budget components (their Fig. 2). Note

the incorrect value for 8 at cell IV. The correct value, from Hewson (1977), should
be 1.42.
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Volume of foreshore accumulation at South Beach, Timaru, 1878-1980. From Neale

(1987, Fig. 5.7).
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FIGURE 11  Benn’s (1987, Fig. 4.8) beach sediment budget over the period 1977-87 for the shore
at the southern end of the Canterbury Bight, between Smithfield and the Opihi River.

- 3
The units are m".
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FIGURE 12  Hicks’ (1994) budget for the Washdyke- Opihi River shoreline.
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FIGURE 13  Reinen-Hamill’s (1995, Fig. 4.3) average annual beach sediment budget for the
central Canterbury Bight shore, between the Orari and Rakaia Rivers.
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Figure B.17 - Schematic approximate annual sediment budgel for southern Pegasus Bay for a lonq-term
stable shore. The state of the budget will vary from year to year in sympathy with
erosion and accretion sequences and with the state of net longshore drift. Dark arrows
are gains, light arrows are losses.

FIGURE 14  Kirk’s (1979, Fig. B.17) beach sediment budget for southern Pegasus Bay.
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Tigure 6.3 A sediment budget model for Pegasus Bay incorporating potential longshore
transport (Q), onshore/offshore exchange (B) and river inputs (R). All units are (m?.yr)

Table 6.3 Ner budget for the cells defined in Figure 6.2 and Pegasus Bay

inclitding net potential longshore transport (0,), onshore/offshore exchange (B,)

FIGURE 15

and river input (R).

5Longshore (Qn) Onshore (Bﬁ) i River (R} Tf)tai

P (mlyrh) E (md.yrh) [ (mdych (m3.yrh)

South Brighton Spic Cell T |+ 57000 | [ +256000 | [ 236.000 | 549.000
Cheistchurch Ciry  Cell I 1] 87.000 L) +26000 | 350000 | 463000
Bottle Lake Region Cell Il 4}?‘5 38,000 ’-j ] -136,000 AY 1 699,000 féétOOO
Brookiands Spit  CellTv | L 29000 | L-1s6000 | [ 933000 | 796.000
Mid Pegasus Bay  CellV | 1572000 | +#320000 | 344000 | 2.236.000
Leithfield Region  Call VI -99.000 | 4420000 | 228000 | 747,000 |
Amberley Rezion  Ceil VI 55000 | +240000 | 36000 | 331.000 |
Waipara Region  Cell VIIL | 49,000 | -102000 |  180.000 | 127,000
Total 1,650,000 1 £821,000 | 3.003.000 j 5.562.000

Duns’ (1995) sediment budget for Pegasus Bay. The upper figure (Duns’ Fig. 6.3)
includes gross and net sand transfers within sub-cells. The lower table (Duns’ Table
6.3) summarises the net transfers in each sub-cell and overall.
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