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SUMMARY 

Grab sampling of the effluent sand of the receiving basin sedi

ments associated with the operation were taken respectively on August 17, 

1981 and August 18, 1981 by EPS personnel R. Hallam and K. Ferguson. The 

effluent samples consisted of the underground mine water discharged to 

Leduc River via the mine portal and the mill tailings discharged to the 

"Tide Lake" basin at the headwaters of the Bowser River system. The sec

ond series of samples - from the receiving waters of both drainage sys

tems - consisted of beach sand sediment from eight locations and bedload 

sediment from four. Overall, analyses were variously carried out for 

chemical (total and dissolved metals, total alkalinity and pH), physical 

(total residue, nonfilterable residue), and biological (toxicity bio

assay) parameters. 

Table 1, 2, and 3 refer to the receiving basin monitering. 

Table 1 presents the sampling program; beach sand sediments were taken at 

the following locations: (site 1) the Tide Lake - Bowser River tailings 

outfall, (2) the Leduc River mine portal, (3) the toe of North Leduc 

Glacier, (4)'Bowser River below the confluence with Betty Creek, (5) 

above Frank Mackie Glacier Lake, (6) above Knipple Lake, (7) Bowser Lake 

at the western mud flats, and (8) the toe of Berendon Glacier above the 

tailing outfall. Bedload sediments were obtained at sites corresponding 

to 1, 2, 5, and 6 above. None of the control point (ie. - Berendon 

Glacier and North Leduc Glacier), the Betty Creek, or the Bowser Lake 

sites were sampled for this series. At each station triplicate samples 

represented by ' a ' , V , and 'c' were taken. 

Table 2 lists the total weights and proportionate size fraction 

composition to the appropriate extent for all samples. Practicality and 

accuracy of analyses necessitated the use of the smallest particle sizes 

only; i e , those corresponding to sieve numbers +120, +230 and -230. Bed-

load sediment from Frank Mackie Lake (site 2-5) consisted almost entirely 

(100%) of the most minute fraction. Table 3 summarizes the results for 

total metal analyses; all values are expressed in units of milligrams per 

l i t re (mg/l). 



F i n a l l y , Table 4 summarizes the ef f luent test r esu l t s , which 
include values for pH, NFR, TR, a l k a l i n i t y , bioassay, to ta l metals, and 
d issolved metal parameters. Unless otherwise ind ica ted , a l l resul ts are 
in mg / l . 



EFFLUENTS 

The Tide Lake tailing and Leduc River minewater discharges were 
sampled August 17, 1981. Table 4 "summarizes all results for subsequent 
physical and chemical analyses. 

Both discharges recorded alkaline conditions with the pH for the 

tailings and minewater reporting respectively at 8.4 and 7.8 and total 

alkalinity at 110.0 and 71.7 mg/l. Previous monitering conducted under the 

permit requirements of the 1971-78 Granduc operation produced similar 

findings of consistently alkaline conditions in both effluents. 

Marked differences in quantity and nature of solid content were 

observed between the two effluents. Total residue in the tailing sample 

measured 224900 mg/l, consisting almost entirely of suspended solids with 

the nonfilterable residue at 224600 mg/l. Residues from the mine water 

discharge totalled a comparatively low 742 mg/l, 30% or 248 mg/l of which 

corresponded to the suspended or nonfilterable portion. A bioassay on the 

former proved non-toxic to S. gairdneri. 

Total metal concentrations demonstrated some similarity to the 

residue pattern. Concentrations were generally greater by a factor of 

approximately 102 in the tailing effluent versus the minewater. 

Differences were noted for several species: Cu (22.5 mg/l vs 3.51 mg/l), 

As (10.2 vs 0.0392), Mn (109.0 vs 0.85), Ni (3.82 vs 0.05), Pb (26.7 vs 

0.139), Se (0.57 vs 0.0087), Ti (215.0 vs 1.23), V (9.91 vs 0.07), Zn (41.3 

vs 0.485), Al (2210 vs 14.9), Fe (5660 vs 41.3), Si (1700 vs 31.2), and Mg 

(1450 vs 17.0). Exceptions to the trend were few: Hg ( 0.0005 each), Sb 

0.0775 and 0.028), and Sr (3.63 and 1.35). Total metal levels were direct

ly related to overall solid content, as they corresponded to NFR magnitude 

and usually exceeded the dissolved level by a factor of lO^-lO-*. 

Further evidence is the relatively consistent pattern for dis

solved metal concentration between the two effluents. Despite the 

discrepancy in NFR readings, dissolved species showed few significant 

differences. Levels were generally within the same range and only two 



species, Al and Fe, were substantially higher in the tailing discharge (1.9 

and 3.85, respectively) versus the minewater (0.067 and 0.118). Both Al 

and Fe relative to other elements are associated at high levels with 

suspended particulate matter, so that in comparison to the the other less 

abundant species correspondingly excessive dissolution volumes for Al and 

Fe would be expected in samples of such elevated NFR content. Exceptions 

to the above were noted for Sr, S i , Mg, and Ca, which existed at slightly 

higher concentrations in the minewater. Originating and flowing from the 

underground mine, the effluent probably undergoes a significant amount of 

interaction with exposed rock of varying compostion, much of which contain 

greater levels of such background elements than would the ore or product 

tailings. Thus the generally equivalent concentrations of dissolved 

species within the tailing sample were probably attributable to the overall 

higher solid content which provided increased opportunity for dissolution. 

Federally-authorized concentration maximums are specified as 

following for any mine or mill effluent: T As (1.0); T Cu (0.6), T Pb 

(0.4), T Ni (1.0), T Zn (1.0), NFR (50.0), and Ra 2 2 6 (30.0 pb/1). The lat

ter was not measured for either effluent; otherwise, all limits were ex

ceeded by the tai l ing, and only NFR and T Cu by the minewater. 

Provincially, WMB Permit 249 regulates the following parameters 

for the tailing discharge: D As (0.1), D Cd (0.05), D Cr (0.1), D Fe 

(0.3), D Pb (0.1), D Ni (0.5), D Zn (0.5), 96 L C 5 0 (100%), and Flow (19700 cmd). 

Permit 5993 specifies limits for the mine discharge: pH (6.5-8.5), D Cu 

(0.1), D Pb (0.1), D Zn (0.5), NFR (75), 96 LC 5 0 (100%), and Flow (6100 cmd). 

Flow was not measured for either effluent and no bioassay was performed on 

the latter. Comparison with Table 4 indicates that pH, Cu, Pb and Zn were 

well within compliance at each site. The minewater exceeded the regulation 

level for NFR, which reported at 248 mg/l, while the tailings demonstrated 

an excessive level of Fe at 3.85 mg/l. 

Overall the Granduc effluents are meeting about 50% of the re

quirements. The most excessive levels are present in the tailing discharge 

and available data indicate reduction in all is probably attainable through 

a decrease in NFR. 



SEDIMENTS 

Table 3 summarizes the results for all eight locations of beach 

sand samples and four locations of bedload samples. Concentration levels 

and patterns can be examined for each site and for each metal throughout 

the system. Table 1 lists the sampling program. As Table 2 indicates, 

triplicates taken from corresponding lcoations show some variance in 

particle size composition and relative concentrations due to the fact 

that ' a ' , *b ' , and 'c ' were not collected at identical positions. 

Although this aspect as well as the non-homogeneous nature of many 

deposit particles resulted in questionable reliability and uniformity of 

results, some general conclusions can be made. 

Significant variations of concentration between various loca

tions are evident for some metals. Marked differences between the mine 

water and tailing discharge sites are present for a few species, most of 

which show higher levels in the mine water sediment versus the tailings 

sediment and show decreases with distance from discharge locations. 

Other metals show slightly greater concentrations at the tailings or re

ceiving sites, and many display overall equivalent levels throughout the 

system. The two sediment sources showed similar concentration ranges for 

the same metals when taken from corresponding sample points. 



BEACH SANDS 

Many metals show concentration differences between various lo

cations. Significantly higher levels in the mine portal sands versus the 

tailing outlet sands are evident for: Cd (approximate overall means of 

4.3 versus 1.3, respectively), Cu (2800 vs 790.0), Mo (10.0 vs 3.0), and 

Zn (950.0 vs 430.0). Less marked discrepancies were found for Ca, Cr, 

Ni and Pb. Relatively consistent values were seen for Be, Mn, V, Mg, Na, 

P, Al and Fe. Those species which showed slightly lower levels in the 

mine portal samples were Ba (250.0 vs 310.0), Sn (48.0 vs 72.0), and Ti 

(3100 vs 3800). 

In general, metals existed to varying degrees at greater con

centration in proximity to the tailings discharge; decreases were observed 

upstream of the effluent sites and with distance downstream. Overall, 

most values for most sites downstream of site 5 (Frank Mackie Glacier 

Lake) were within similar concentration ranges and resembled those found 

at 'control' site 8 (Berendon Glacier). Species showing constant levels 

or greater concentrations within the receiving system were probably not 

associated with the ore body and/or affected by mine-related activity to 

a significant degree. Fluctuations or increases at control (upstream) or 

downstream locations are likely attributable to differences in host rock 

composition and therefore weathering input, or the influence of glacial 

scouring and inflow sources such as Betty, Todd, and Scott creeks. 

Copper was characterized by the overall largest variations. The 

approximate mean concentrations were: site 2 (mine portal) - 2800 mg/l; 

site 1 (tailings outlet) - 7900; site 5 (Frank Mackie Lake) - 700.0; site 

6 (Knipple Lake) - 127; site 3 (North Leduc Glacier) - 132.0; and site 7 

(Bowser Mud Flats) - 61.0. Cu was the only species showing this magni

tude of fluctuation and differences in particle size - metal concentration 

relationship between effluent site sands and receiving site sands. 

A less marked concentration pattern was seen for many elements; 

Cd, Zn, Fe, Mn, Pb, Ca and Mg. Very slight trends were evident for Cr, 



Mo, Ni, Sn, and T i . All other metals showed essentially insignificant 

variation, existing at equivalent level throughout the system, (eg. Na), 

or fluctuated in a more random fashion suggestive of creek inflow 

effects. For example, Ba and Sr were unexpectably high at the 

downstream mud flat site as well as the Betty Creek site. Other metals 

were unexpectedly low below the tailings outlet; these were Cr, Ni, Pb, 

Zn, Na and to some extent, Mg and Fe. It appeared that relatively high 

readings are contributed to as much through natural background 

concentrations and processes such as stream flow and glacial scouring as 

by mine and mill-related influence on deposition. 

Particle size and metal concentration were related. 

Generally, decreasing particle size was associated with increasing metal 

content. This was true for most sites and elements. The major exception 

was copper, which showed significant decreases of concentration with 

decreased particle size at the two effluent locations while the reverse, 

'normal' pattern was evident for copper in addition to other species at 

receiving water stations. Inconsistent patterns of Cu deposition at the 

head of the Bowser system (ie. - Frank Mackie Lake) suggested an 

intermediate-situation. 

Additional general or isolated departures from the normal were 

shown by a few metals. Primarily, molybdenum displayed only small 

changes or equivalent levels of concentration regardless of particle 

size, particle nature, sample site location, or sample site nature. 

Nickel and zinc both had a consistent pattern only with the effluent, 

Betty Creek, and Berendon Glacier station sands. Fluctuations 

inconsistent with the pattern were evident at the other locations. 

Magnesium showed fluctuations and reversed patterns for the two control 

sites - North Leduc and Berendon Glaciers. Aluminum existed at an 

overall constant level throughout the sampling and particle size ranges 

with the exception of the effluent sands, which showed slight 



differences between particles of different size. Cadmium followed the 

pattern in the effluent samples but showed some degree of fluctuation at 

other sites. All other metal species showed increased concentration 

level with decreased particle size for all sites with only a few minor 

discrepancies. 



BEDLOADS 

Concentration magnitudes are similar to those of the beach sand 

samples of corresponding location and all species show similar overall 

concentration ranges for the two-sediment types. Significantly higher 

levels in the mine portal bedloads versus the tailing outlet bedloads 

were observed for Cd (5.5 vs 1.6), Cu (2690 vs 1030), Mo (23.0 vs 5.0) 

and Zn (1040 vs 537.0). Similar but less marked fluctuations were evi

dent for Ca, Cr, Ni, P, Mg and Sr. Overall equivalent concentrations 

were suggested by A l , Mn, Si , Na, and Sn. Species showing much lower 

levels at the mine portal versus the tailing outlet were Pb (270.0 vs 

330.0), Sn (48.0 vs 72.0), V (120.0 vs 151.0), Ti (3100 vs 4100), Si 

(3200 vs 4200), Na (210.0 vs 262.0), Fe (75000 vs 101,500). 

Generally, metals showed lowest concentrations at site 2-6, 

Knipple Lake. Frank Mackie Lake bedloads were characterized in many 

cases by concentrations that were equivalent to or greater than those 

found at one or both of the effluent sites. Those species which also 

decreased significantly to the downstream Knipple Lake location were Ba, 

Be, Cr, Sn, Ti and Ca. 

Copper again showed the greatest degree of variation. The ap

proximate mean concentrations were: site 2-2 (mine portal) - 2690 mg/l; 

site 2-1 (tailings outlet) - 1030; site 2-5 (Frank Mackie Lake) - 280.0; 

and 2-6 (Knipple Lake) - 300.0. Other species showed fluctuations 

similar to those in the beach sands from corresponding locations. The 

major departures were seen with Si , Sr, and Na, all of which exhibited 

maximum levels in the downstream receiving samples. 

Bedload sediment also showed the decreasing particle size -

increasing concentration relationship for all sites. Copper again demon-

stated the opposite pattern for both effluent site samples and a subse

quent reversal at the two downstream locations. This behaviour indicates 

that copper deposits are remaining largely within the head-water regions 

of the Bowser system and any that is carried downstream must be 



physically broken down and incorporated along with the natural background 

sediments at corresponding levels. 

A few exceptions to the general pattern were observed. Barium 

showed a slight tendency toward decreased particle size - decreased con

centration at site 2-5; Frank Mackie Lake. Be varied in pattern at 2-5; 

Cd reversed to decreased size - decreased concentration at 2-5 and was 

varied and low at 2-6, Knipple Lake. Mn existed at equivalent levels 

over all particle sizes at Frank Mackie. Mo was generally varied with 

relatively equivalent levels at Frank Mackie; equivalent and low levels 

at Knipple. Nickel showed reversal to decreased size - decreased concen

tration at both receiving sites; Zn reversed at Frank Mackie and varied 

at Knipple. Finally, Pb varied somewhat at Frank Mackie while Mg and P 

also showed slight but few variations. 

Overall concentration levels and deposition patterns are simi

lar for both sediments. Both show general trends with respect to parti

cle size and metal content and similar exceptions to the norm. 

Copper shows an opposite pattern to the normal for all effluent 

samples and turnover to the general receiving system trend at the earli

est downstream spot, Frank Mackie Lake. The indication is that Cu is 

remaining in proximity to the discharge site and any downstream transport 

is accompanied by physical degradation and incorporation along with the 

usual background sediments at levels and in patterns which are indist

inguishable from those already present via natural processes. For many 

elements, equivalent or high levels relative to effluent site results are 

observed at downstream or control locations, suggesting that levels dis

charged from mine-related outlets are negligible relative to those nat

urally present. With the possible exception of Ca, all metals present in 

the Bowser mud flats are at equivalent or greater concentration than at 

Berendon Glacier, therefore a small amount of deposition may be occurring 

downstream. However, other factors are probably affecting metal levels; 

findings for Cu and other species suggest both that any deposition down

stream is on a small scale and that the inflow of Todd and Scott Creeks 



as well as sources each as glacial action are significant contributors to 

the system. Granduc-related deposits do not appear to be a problem at 

this time in the Bowser River system. 



EPS: R. Hallam 
K. Ferguson 

TABLE 4: GRANDUC EFFLUENTS: AUGUST 17, 1981 (810817) 

EFFLUENT 
PARAMETER GRANDUC LEDUC 

TAILINGS MINEWATER 

PH (rel U) 8.4 7.8 
NFR (mg/l) 224600 248 
TR (mg/l) 224900 742 
T. Alkalinity (mg/l) 111.0 71.7 
Bioassay (%) 0.0 (N.T.) — 

T. As (mg/l) 10.2 0.0392 
Ba 27.7 0.227 
Be 0.0525 •'< 0.001 
Cd < 0.1 < 0.004 
Co II 

— — 

Cr II 4.41 0.0409 
Cu 22.5 3.51 
Hg < 0.0005 < 0.0005 
Mn •I 109.0 0.85 
Mo 0.375 0.088 
Ni •I 3.82 0.05 
P II 81.6 0.79 
Pb II 26.7 0.139 
Sb n < 0.0775 0.0268 
Se II 0.57 0.00879 
Sn II < 0.775 < 0.005 
Sr II 3.63 1.35 
Ti II 215.0 1.23 
V II 9.91 0.07 
Zn II 41.3 0.485 
Al II 2210 14.9 
Fe 5660 41.3 
Si II 1700 31.2 
Mg 1450 17.0 
Na 25.2 5.48 
Ca 1520 101.0 

Continued... 



TABLE 4: 6RANDUC EFFLUENTS: AUGUST 17, 1981 (810817) 
(Continued) 

EFFLUENT 
PARAMETER GRANDUC 

TAILINGS 
LEDUC 

MINEWATER 

D. As (mg/i) 0.0375 0.0111 
Ba H 0.0692 0.0387 
Be < 0.001 < 0.001 
Cd it < 0.004 < 0.004 
Co II < 0.0075 < 0.0075 
Cr II < 0.0075 < 0.0075 
Cu II 0.0071 < 0.005 
Hg II < 0.0005 < 0.0005 
Mn 0.0796 0.0581 
Mo < 0.031 0.072 
Ni < 0.04 < 0.04 
P II < 0.15 < 0.15 
Pb II < 0.04 < 0.04 
Sb 0.00574 0.00106 
Se 0.00597 0.00838 
Sn II < 0.005 < 0.005 
Sr II 0.28 1.24 
Ti II 0.174 0.03 
V < 0.02 < 0.02 
Zn 0.0625 0.0156 
Al n 1.9 0.067 
Fe 3.85 0.118 
Si II 6.05 31.2 
Mg II 1.29 6.82 
Na II 10.1 5.08 
Ca II 18.6 82.3 



TABLE 1: SAMPLING PROGRAM 

Sample Date: 81/08/18 

Agency: E.P.S 

Personnel: R. Hallam, K. Ferguson 

Type: Sediment 

STATION SAMPLE 

LOCATION 

SAMPLE SUBSAMPLE SEDIMENT EPS LAB SAMPLE 

NUM3ER NUMBER TYPE NO. STORAGE 

Canada Wide Mines 

Bowser River 

Mill tailings la 

lb 

lc 

1,2,3 

4,5,6 

7,8,9 

Beach sand 810716 Plastic bags 

Canada Wide Mines Mine water 

Leduc River 

2a 

2b 

2c 

10,11,12 

13,14,15 

16,17,18 

Beach sand 810716 Plastic bags 

Leduc River Toe of North 

Leduc Glacier 

3a 

3b 

3c 

26,27,28 

34,35,36 

44,45,46 

Beach sand 810716 Plastic bags 

Bowser River Below Betty 

Creek 
4a 

4b 

4c 

53̂ 54̂ 55 

60,61,62 

68,69,70 

Beach sand 810716 Plastic bags 

Bowser River Above Frank 5a 74,75,76 

Mackie Glacier 5b 83,84,85 

Lake (1st Lake) 5c 91,92,93 

Beach sand 810716 Plastic bags 

Continued.... 



TABLE 1: SAMPLING PROGRAM (Continued) 

STATION SAMPLE SAMPLE SUBSAMPLE SEDIMENT EPS LAB SAMPLE . 
LOCATION NUMBER NUM3ER TYPE NO. STORAGE i 

Bowser River Above Knipple 6a 97,98,99 Beach sand 810716 Plastic bags 
Glacier Lake 6b 106,107.108 

(3rd Lake) 6c 115,116,117 

Bowser River Bowser Lake mud 7a 124,125,126 Beach sand 810716 Plastic bags 
flats at west 7b 132,133,134 
end 7c 138,139,140 

Bowser River Toe Berendon 8a 142,143,144 Beach sand 810716 Plastic bags 
Glacier above 8b 146,147,148 

Tails 8c 150,151,152 

Canada Wide Mines Mill tailings 2 la 1,2,3 Bedload 810717 Jam jars 
Bowser River 2 lb 4,5,6 

2 lc 7,8,9 

Canada Wide Mines Mine water 2 2a 10,11,12 Bedload 810717 Jam jars 1 
Leduc River 2 2b 13,14,15 

2 2c 16,17,18 

Bowser River Above Frank 2 5a 19 Bedload 810717 Jam jars 
Mackie Glacier 2 5b 20 

Lake (1st Lake) 2 5c 21,22 

Bowser River Above Knipple 2 6a 23,24,25 Bedload 810717 Jam jars i 
Glacier Lake 2 6b 26,27,28 
(3rd Lake) 



TABLE 2: SIEVE RESULTS 

SAMPLE SAMPLE TOTAL SAMPLE SUBSAMPLE SIEVE % SAMPLE 
NO. TYPE WEIGHT (g) NO. NO. . RETAINED 

la Beach sand 306.7 1 +120 0.8 
2 +230 5.2 
3^ -230 94.0 

lb Beach sand 217.5 4 +120 1.2 
5 +230 6.3 

; 6 -230 92.5 

lc Beach sand 321.1 7 +120 3.0 
8 +230 8.4 
9 -230 88.6 

2a Beach sand 129.7 10 +120 4.5 
11 +230 22.3 
12 -230 73.2 

2b Beach'sand 230.7 13 +120 4.5 
14 +230 31.3 
15 _230 59_7 

2c Beach sand 126.5 16 +120 19.5 
17 +230 80.5 
18 -230 45.9 

3a Beach sand 229.4 26 +120 21.9 
27 +230 12.4 
28 _230 9 _ 

3b Beach sand 294.6 34 +120 13.1 
35 +230 26.4 
36 -230 48.2 

3c Beach sand 275.2 44 +120 17.6 
45 +230 8.0 
46 -230 3.5 



TABLE 2: SIEVE RESULTS (Continued) 

SAMPLE SAMPLE TOTAL SAMPLE SUBSAMPLE SIEVE % SAMPLE 
NO. TYPE WEIGHT (g) NO. NO. RETAINED 

4a Beach sand 359.9 53 +120 50.1 
54 +230 21.4 
55 -230 9.5 

4b Beach sand 340.5 60 +120 8.0 
61 +230 3.0 
62 -230 0.5 

4c Beach sand 399.4 68 +120 18.0 
69 +230 5.6 
70 -230 0.8 

5a Beach sand 312.7 74 +120 8.1 
75 +230 15.5 
76 -230 92.0 

5b Beach-sand 410.2 83 +120 47.7 
84 +230 16.0 
85 -230 13.7 

5c Beach sand 349.3 91 +120 47.4 
92 +230 16.9 
93 -230 12.9 

6a Beach sand 238.3 97 +120 3.0 
98 +230 2.6 
99 -230 87.2 

6b Beach sand 223.0 106 +120 1.4 
107 +230 2.7 
108 -230 71.5 

6c Beach sand 245.8 115 +120 1.4 
116 +230 2.0 
117 -230 87.5 



TABLE 2: SIEVE RESULTS (Continued) 

SAMPLE SAMPLE TOTAL SAMPLE SUBSAMPLE SIEVE % SAMPLE 
NO. TYPE WEIGHT (g) NO. Nth RETAINED 

7a Beach sand 188.3 124 +120 10.8 
125 +230 11.7 
126 -230 27.7 

7b Beach sand 410.3 132 +120 11.9 
133 +230 1.2 
134 -230 0.8 

7c Beach sand 316.3 138 +120 30.4 
139 +230 28.5 
140 -230 38.8 

8a Beach sand 325.2 142 +120 31.0 
143 +230 32.0 
144 -230 33.9 

8b Beach sand 407.1 146 +120 32.2 
147 +230 40.5 
148 -230 25.1 

8c Beach sand 290.2 150 +120 25.8 
151 +230 26.6 
152 -230 44.1 

2 la Bedload 227.4 1 +120 16.4 
2 +230 16.8 
3 -230 64.7 

2 lb Bedload 236.4 4 +120 17.4 
5 +230 20.5 
6 -230 60.6 

2 l c Bedload 255.6 7 +120 16.6 
8 +230 23.6 
9 -230 57.5 



TABLE 2: SIEVE RESULTS (Continued) 

SAMPLE SAMPLE TOTAL SAMPLE SUBSAMPLE SIEVE % SAMPLE 
NO. TYPE WEIGHT (g) NO. NO. RETAINED 

2 2a Bedload 146.9 10 +120 5.5 
11 +230 20.3 

_ _ _ _ _ _ _ _ _ _ _ 12 -230 73.5 

2 2b Bedload 207.9 13 +120 7.2 
14 +230 15.8 
15 -230 76.6 

2 2c Bedload 133.1 16 +120 
17 +230 
18 -230 

2 5a Bedload 25.8 

19 

2 5b Bedload 374.0 

20 2230 100.0 

2 5c Bedload 345.9 
21 +230 L1.0 
22 2230 100.0 

2 6a Bedload 29.9 23 +120 20.4 
24 +230 2.7 
25 2230 4_5__ 

2 6b Bedload 6.2 26 +120 12.9 
27 +230 3.2 
28 -230 6.5 

1.6 
20.1 
78.3 

-230 100.0 
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