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Bankfull, 118, 289, 338, 380 
Bank line, 120 
Banks, 283, 326, 346 

self formed, 120 
Bankward fining, 120 
Bar graph, 38 
Bar head, 113, 117, 119-120, 371, 380 
Barrel samplers, 206-208, 331, 367, 372 
Bars, 107-111, 113, 119-121, 326, 333, 340 

alternate bars, 109, 112 
bed-material size, 113-114 
downbar fining, 108, 114, 323, 326 
forced by obstacle, 114 
free-formed, 114, 380 
in braided streams, 112, 114 
in B-type streams, 122 
in mountain streams, 111 
in streams with large sediment supply, 112 
lobe front, 109, 133 
medial bars, 113 
point bars, 109 
representativeness for sampling location, 114 
riffle bars, 109 
sampling on, 380-381 

Bar toe, 114 
Bar types, 111 
Bar unit, 109-111, 113, 115-117, 122 
b-axis 14-17, 21-25, 27-28, 86, 136-137, 168-

169, 179 
and square-hole sieve size, 21 
lengths, 16, 21, 23-24 
measurements of, 28, 30, 164.  See also 

Measurements of particle size 
of the Dmax, 189 
on photographs, 166, 168-169, 178-179, 184 
plane, position of, 168-170, 178, 184  

Beaver dams, 123 
Bedform morphology, 120 
Bedload, 107-108, 119, 123-124, 127, 130-132, 

343 
particle-size distribution of, 373 
blockage of conveyance by LWD, 123-124, 

126 
Bedload sheets, 135-136 
Bedload transport  

prediction of, 141, 188, 343  
rates, 127, 136, 148, 289 
supply-limited and transport limited, 340, 343, 

373, 383 
three-dimensional patterns of, 108 

Bed-material sampling. See Sampling,  
Bed-material size, 107-108, 113, 126 

and sediment supply, 114 
around boulders, 124, 127 
around LWD, 116, 125-126 
chaotic patterns, 126 

coarse, 115 
coarsest parts of the reach, 117 
heterogeneity (heterogeneous). See 

Heterogeneity 
homogeneity (homogeneous). See 

Homogeneity 
in pools, 113, 118, 119 
in riffle-pool reach, 120, 122 
on bar heads, 120 
on bars, 113, 114 
on riffle crests, 113 
on riffle-related features, 117 
on riffles, 108, 116, 118, 120 
patchy, 126, 323. See also Patch, patchiness 
reach-averaged. See Reached-averaged bed- 

material size 
spatial variability. See Spatial variability of 

bed-material size  
vertical stratification, 128-132, 143  
wide size range of, 199 

Bed stability, 136, 362, 372 
Bed-surface plane, 173, 175, 177 
Bed-surface structures, 114, 133-141,154, 156, 

183, 327 
analysis by photo sieving, 181 
and photographic methods, 133 
effects on bed-material sampling, 119 
effects on hydraulic roughness, 142  
effects on particle mobility, 141 

Bias, 243-245 
against fines 

in pebble counts, 224, 229  
in photographic grid counts, 170  
in photo sieving 
in shoveled samples, 199 

against large particles, 338 
in heel-to-toe samples, 154, 156-157 
in small samples, 304 
in volumetric samples, 192, 194 

and percentiles, 311-314 
and sample mass, 313 
and sorting, 311-314 
in areal samples, towards fine sediment 224 
in pebble counts, against fines, 224, 229 
in photo sieving against fine and large 

particles, 178, 181 
in poorly accessible stream locations, 333 
towards large particles, 300-301, 341  

in areal samples, 285 
in small samples, 304 

Biased sample, 298 
Bimodal, 51, 62, 82-84, 108, 275 
Bimodality, 62, 83-85 
Binned data, 71 
Binning, of particle sizes, 42, 328 
Binomial approach (sample size), 261, 264-265 
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Boom trucks, 203 
Bootstrap approach (sample size and sample 

mass), 152-153, 162, 243, 261, 268-277, 
288, 309, 315-320  

and multinomial approach, 277 
and total error, 276-277 
computer program for, 309  
versus one-step approach, 276 

Bootstrap error, 268-275, 315-320 
Bootstrapping. See Bootstrap approach 
Boulder and cobble berms, 135, 362, 380 
Boulder-bed streams, 1 
Boulders, 17-18, 20, 326, 327, 338 

avoided in heel-to-toe samples, 154 
effect on flow and sediment transport, 116, 

124, 127 
effect on local bed-material size, 124, 127 
excluded from sampling, 127, 289, 327 
in cascades, 117 
included in the sample, 127, 289 
in step-pool streams, 123 
in transverse clast dams, 133 
measurements of, 33-34 
selection in pebble counts, 161 
untransportable (immobile), 127, 131, 141, 

326, 327, 342 
Braided stream, 9, 109-110, 122-115, 131, 375 
B-type streams, 4, 9, 122, 325, 326, 333, 334, 

374 
Bulk density, 100-101, 106, 294, 297, 313, 317 

computation of, 104 
effect of particle packing, 100, 104 
for shoveled sediment, 196 
for various sediments, 104 
in dry channels, 101 
in inundated channels, 100 
in situ, 196 
in situ measurements, 100-104 
relation to sediment porosity, 105 
required sample mass, 103 

 
    C 
Calipers, 16, 20, 27-28, 30, 33, 86, 164-165, 329 
Cascades, 6, 8-9, 116-117 
c-axis, 14-17, 24, 33, 86  

estimation in photo sieving , 179 
of the Dmax, 189 

Censored layer, censored gravel, 130-132 
Center of class, 23-24, 47-48, 61, 65, 72 
Central tendency, 62 
Channel. See Stream 
Chi-square, 265 
Clay and flour dough for areal samples, 176-177 
Clusters, clustered 107, 114, 118, 121, 136-138, 

142, 144, 169, 327, 338, 342 
 

Coarse gravel-bed streams, 114 
Coarse mode, 84 
Coarse particles, 108, 117, 131, 137 
Coarsest locations in the streambed, 118 
Cobble beds, 208 
Cobbles, 17, 24, 28, 117, 123, 128, 133 

and sample mass, 299 
measurements of, 32-34 
mobile and immobile, 326 
selection in pebble counts, 161 

Coefficient of variation, 252 
Combination of particle-size distributions from 

different methods of sampling and analysis, 
216, 355   

adjustment of frequency distributions,  237-
238 

flexible combination, 233-236  
rigid combination, 230-233 

Computed adhesive penetration depth, 226-229 
Computer sampling, 364. See also Bootstrap 

approach 
Confidence interval, 264-265 

around all particle-size classes, 265-268 
Confidence level, 243, 247-250, 266-267, 271, 

280, 287, 316, 349, 350 
definition of, 247 

Contents of the pan, 60 
Contingency table, 278 
Conversion of particle-size distributions 216-217, 

278, 342, 354  
computed penetration depth, 226-229 
modified cube model, 224-226 
split plane surface model, 227-229 
voidless cube model, 218-224, 227 

Cookie-cutter sampler, 206-207 
using divers, 207 

Core samples, 132 
Coupled streams, 12 
C-type streams, 111, 120-122, 325, 326, 333, 

345, 374 
Cumulative particle-size frequency distribution, 

23, 27, 31, 38, 40-41, 43-44, 47, 57, 62, 66, 
357-358 

in mm, 38 
in φ-units, 38 
of equivalent Gaussian distribution, 52 
of small samples, 63 
percent finer, 38, 47, 74 
percent coarser, 38, 74 
plotting; curve, 38-39, 41 

 
    D 
D’Agostino test, 54 
Dams, 130-131 
Data sheet, for sieving, 31 
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Debris flows, likelihood of reaching stream, 12 
Degrading stream, 120, 122, 124, 340, 373 
Delineation of geomorphological units, 340-341, 

343, 371 
Delineation of sedimentary units, 326, 336, 340-

341, 345-351, 359, 371, 377, 378 
criteria for, 346 
for subsurface sampling, 373 
moving window technique, 329, 348, 351 
retroactively, 329, 361, 369 
statistical, 329, 348-352, 357 
visual, 345-348 

Deposition, 326  
of coarse sediment, 113, 118, 123-128, 130, 

188. See also Lag deposits 
of fines, 120, 125-126, 133, 138, 140, 191, 

340, 380.  See also Fine sediment 
on riffles, 118 

Deposits, 
of debris flows and landslides, 123, 136-137 
non-stratified, 132 

D50surface /D50subsurface ratio, 131, 191, 373, 379 
D50armor /D50subarmor ratio, 188 
D50surface /Dbedload fines ratio, 373 
D50local /D50 reach-avg. ratio, 379 
Dissipation of flow energy, 118 
Distribution, 57 

central parts, 46 
fine and coarse tails, 40, 44-46, 56, 60-61, 74, 

76, 78 
Distribution parameters, 38, 41, 45, 55-60, 108 

accuracy of, 60 
and near-normality, 57 
arithmetic approaches, 56-59 
central tendency, 62 
comparison between methods, 80-81 
compilation of (Table 2.8), 58 
computerized computation, 61 
frequency distribution method. See Moment 

method 
geometric approaches, 56-60 
graphic approaches, 56-59, 61 
moment method, 56-58, 60-61, 63. See also 

Moment method 
number of percentiles needed, 60 
overview, 57 
various approaches, 56 

Distribution types,  
assumed. See Underlying distribution type 
testing for, 42 

Divers, 131, 181, 204, 207 
Double (or multiple) counting, 147-148, 156, 

166, 168, 327, 338, 341. See also Serial 
correlation 

effect on particle-size distribution, 156 
Downbar fining, 108, 114, 323, 326 

Downstream conveyance of sediment, 
blockage by LWD, 123-124, 126 

Downstream fining, 107-108 
Downwelling flows, 132 
Dredge, 215, 216, 383 
Dune-ripple stream, 6, 8 
 
    E 
Eddy, eddies (wake), 137-138 

recirculating eddy, 118 
Ellipsoid, ellipsoidal. See Particle shape. 
Embedded, embeddedness, 139-142, 169, 189-

190 
effect on photographic analysis, 182 

Entrenchment ratio, 7 
Equal mobility transport, 128, 130-131, 188 
Erosion pavement, 124, 128, 130-131. See also  

Lag deposit 
Erosion threshold, 136, 141 
Error (mass-based computation and general). See 

also Precision  
around mean, 309 
around median, 309, 368. See also Two-stage 

approach 
around percentiles, 315-320  

absolute, 305-309, 318-320, 320-322 
central percentiles, 301-304 
computed analytically, 315-320 
estimated from regression function, 304-306 
percent, 305, 307, 320-322 
standard error, 315-320 

conversion between absolute, standard, and 
percent, 272 

effect of large particles, 291, 298 
from bootstrap approach, 315-320 
in distribution tails, 60 
preset acceptable, 242, 315, 323, 326, 331, 

338, 366, 372, 376 
Error (number-based computations and general). 

See also Precision  
around mean, 245-246, 249-258, 276 

absolute, 249-252, 254-255, 257, 272, 276 
comparison of absolute and percent, 251-

252, 258 
comparison of sample-size eqs., 256-258 
limited population size, 254-256 
percent, 250-257 

around median, 261-263, 276, 285. See also 
Two-stage approach 

absolute, 262-263, 272, 276, 285 
around percentiles, 247, 261, 264-277, 284,  

absolute, 152, 271 
central percentiles, 261-263 
computed analytically, 274 
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in symmetrical and skewed distributions, 
272-273 

percent, 152, 157, 264-268 
standard error, 242, 247, 268-275 

conversion between absolute, standard, and 
percent, 272 

from bootstrap approach, 268-275 
in 100- and 400-particle pebble counts, 149, 

152, 157, 250, 266, 271, 276-277, 327- 
328, 334, 338, 347, 352 

in distribution tails, 60 
in percent fines, 283 
in skewed distributions, 272, 276-277 
in symmetrical distributions, 271 
preset acceptable, 242, 246, 248, 250, 258-259, 

285, 323, 326, 338 
Type I and Type II, 278-280, 282 

Error band around entire particle-size 
distribution, 265-268, 277 

Error curves around percentiles, 273-274, 305-
307 

and replicate sampling, 307, 364 
comparisons, 320-322 
trumpet curve, 305-306 
from best-fit regression function, 305-306 
scatter in, 305, 308, 364 

 
    F 
Facies units. See Sedimentary units 
Familiarization with reach or facies units, 326, 

345, 346, 348, 377 
Field, 25, 27-28, 30, 32 
Field book, 166, 240 

rain-proof, 240 
Field computations, 260 

of sample size, 263 
Field forms 240. See also Data records and data 

sheets 
developing, 240 
for pebble counts, 165 

Field notes, 300 
Field sieving and weighing, 33-34, 36, 181 
Field site, 32-34, 177 

number of, 181, 182 
remoteness of, 199, 208 

Field time, 144-146, 170, 181 
for photographic analysis and photo sieving, 

181, 184 
Field work, 240, 241 

experience necessary, 5 
Filled gravel, 129 
Fine particles 

accumulation in poorly accessible areas, 151 
between low and high flow water line, 151 
inclusion or exclusion from sample, 166 
 

in interstitial voids, 229 
partially hidden, 171, 283 
underrepresented in pebble counts, 151, 153 
variability between samples or operators, 151-

152 
Fine sediment in gravel beds, 105, 108, 131, 371 

151, 191, 386 
abundance of, 128, 139 
accumulation of, 277 
around embedded particles, 140 
at the downstream end of the bar, 114 
deposits of, 133, 138, 380 
exclusion from sample, 153 
in backwater, 124, 372, 380 
in bedload, 373 
in bed-surface structures, 133-141 
infiltration of, 130-132, 182, 188 
in pools, 118-119, 323, 340, 372, 373, 380, 

382-383 
in spawning gravel, 203 
in subsurface sediment, 372 
intrusion, 131 
in wake of boulder, 127 
scour of, 124, 128, 130 
storage of, 372 
stream locations indicative of, 380 
supply of, 119, 130, 132, 372,  
tallying in one size class, 154  
veneer of, 330 
washed away during sampling, 13, 199, 203 
wide size range < 0.1 to > 8 mm, 203 

Fisheries biologists, 139 
Fish habitat (studies), 185, 203, 371. See also 

Aquatic habitat 
Flexible combination, 233-236 
Floods, very large, 133, 326, 380 
Flow 

around boulders, 127 
energy, dissipation of, 118 
helical, 113 
high energy, 131, 134 
subcritical, critical, supercritical, 117 
three dimensional pattern, 108, 126 

Flow depth, 110, 113, 117, 184 
Flow hydraulics, 128, 139-140, 326 
Flowlines, 138 
Flow separation zone, 137 
Flow velocity, 113, 117 

fast, 199 
in pools, 118 
on riffle-related features, 117 
on riffles, 117-118 
reversal of, 118 
surface and bottom, 114 

Fluvial transport distance, 16, 24, 51, 83, 88-89 
Form-sphericity diagram, 179 
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Framework subsurface sediment, 188 
Framework-supported gravels, 128, 131, 225 
Fredle index, 76-77 
Free matrix particles, 104-141 
Free particle space, 140-141 
Freeze-core samplers, 198, 204-205, 208, 210-

213 
problems with large particles, 213 

Freeze-core samples, 100, 104 
comparison with other samples, 213 
sample mass, 211 
stratification, 210 

Freeze technique, for areal samples, 173 
Frequency-by-number, 40, 216-217, 219-222, 

237 
Frequency-by-weight, 216-217, 219-222 
Frequency distribution. See Particle-size 

frequency distribution  
Froude number, 117, 135 
 
    G 
Gaussian distribution. See Normal distribution 
Geometric progression, 59 
Geomorphological units, 323, 325, 326, 337, 340, 

341, 344, 371 
comparison of particle sizes between, 340, 343 
delineation of, 326, 336, 340-341 
retroactive delineation of, 329 
sampling on, 341-342 
size of, 331 
small, 341 
sorting on, 373 
spatial variability on, 341 

Geomorphologically stratified sampling, 
surface sampling, 340-345 
volumetric sampling, 371-373 

Glide. See Riffle 
Goodness-of-fit, 45, 47-48 

and computational consistency, 47 
and sieve size, 47 
effect of skewness, 51 
effect of truncation, 51 
for fine or coarse part of distribution, 51 
to lognormal distribution, 47 
to normal (Gaussian) distribution, 45, 47, 51, 

243 
to Rosin distribution, 51 

Grab samples, 372, 373 
comparison between computations, 369 
mass of, 366-369 
number of, 367, 376 
repetitions of, 368 
small and biased, 366 

Gradation coefficient. See Sorting 
 
 

Gradation curve. See Cumulative particle-size 
frequency distribution curve 

Grain-to-grain contact, 136-137 
Gravel, 17, 20, 30-31 
Gravel- and cobble bed streams, 2 
Gravel lobes, 114. See also Lobe fronts 
Gravel mobility, 141 
Gravelometer. See Template 
Gravel pits, 132. See also Sampling pits 
Gravel sheets, 135 
Gravel sheltered in pockets, 141 
Grid-by-number, 154, 168, 171, 178, 197, 217, 

219, 221-225, 227-228, 230, 233, 237, 354 
correspondence with volume-by-weight, 227 

Grid-by-weight, 219 
Grid counts, 145-146, 166, 169-170, 184 

definition of, 145, 166 
photographic. See Photographic grid counts 

Grid sampling, 324, 334, 361, 363, 382 
for each facies unit, 351, 353 
for volumetric riffle samples, 372 
in heterogeneous riffle-pool reach, 338 
reach spanning, 351-353, 362-363, 374 
several, overlaying, 324, 336, 341, 354, 363 

Grid spacing, 327, 338-339, 341, 347-348, 353, 
361, 365. See also Pebble count, sampling 
point spacing 

cell size, 362 
in different geomorphological unit, 341 
in meander bends, 337-338 
in streams of different widths and Dmax, 339 
minimum, 348 
selection of, 362 
small-scale, 380 
tightly spaced, 332, 336-337, 341 
widely-spaced, 333, 334, 337 

Guidelines for bed-material sampling, 2, 5 
in mountain streams, 5 
in sand-bedded streams, 2 
no substitute for experience, 5 
problems of, 4 
wide variety of, 5 

Gullies, 9 
 
    H 
Hand-picking subsurface particles, 197 
Hand-picking surface particles in areal samples, 

172 
Hanging scale, 33-34 
Heel-to-toe sampling, 146-149, 152-159, 161-

164 
comparison with sampling frame, 161 
mean percent error, 153 
overrepresentation of mid-sized particles, 156 
total error, 152 
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underrepresentation of fines and cobbles/ 
boulders, 156-157 

Helley-Smith sampling bag, 200-201 
Heterogeneity of bed material, 333, 336, 345, 

360, 363 
degree of, 323, 332, 333, 345, 348, 359, 363, 

377, 378 
definition of, 326, 370 
effect on selected sampling scheme, 336 
example of,   
evaluation of, 359 
reduced by delineation into facies units, 345 
sampling of.  See Sampling patterns in 

heterogeneous reach 
High flow, 113, 117-118, 121, 131 
Histogram, 38, 40, 239 
Homogeneity of bed material, 117, 120, 122, 

323, 360 
degree of, 323, 332, 333, 345, 359 
definition of, 326 
near-homogeneity, 326, 333 
truly homogeneous, 326, 360 
relatively homogeneous, 332, 334, 359, 373 
reach-averaged particle-size, 334 
homogeneous units, 345 
sampling of.  See Sampling patterns in 

homogeneous reach 
Horseshoe vortex scour, 127, 138-139, 142 
Hybrid pipe-freeze-core sampler, 199, 213-215, 

372 
Hybrid sampling, 217, 351, 354, 355  
 
    I 
Imbricated, imbrication 118, 121, 134, 136-137, 

141-142, 144, 169, 343, 372 
Imhoff cone, 204 
Immobile particles and object, 127, 131, 138 
Infiltration of fines, 130-132, 182, 188 
Initial motion, 141, 146 
Intergranular friction angle. See Pivot angles 
Interstitial fines, 333 
Interstitial flow, 131 
Interstitial space index, 141 
Interstitial spaces, 277 
Iterations in sample-size computation, 250-251, 

262, 285-286, 303. See also Two stage 
approach 

ISO (1977, 1992), 290, 293, 299, 301 
 
    J 
Joined sieving, 343, 361, 366, 367, 370 
Judgement in selection of sampling locations, 

375 
Judgement sampling, 355, 375 
 

    K 
Kurtosis, 42, 56-58, 79, 149 

classification of, 78 
comparison between methods, 82 
definition of, 78 
fourth moment, 79, 80 
graphic arithmetic, 78 
graphic geometric, 79 

 
    L 
Laboratory time, 144-146, 181 
Lag deposit of coarse sediment, 117-118, 120, 

123-127, 130-131 
Landscaping cloth, for particle drying, 32 
Landslide deposits, 123 
Landward fining, 108, 114, 122, 323, 326 
Large woody debris. See LWD 
Lateral fining, 108, 122, 334, 378, 379 
Liquid nitrogen, 210, 215 
Lobe front of coarse sediment, 114, 133, 330 
Local hydraulics, 191 
Logarithmic transformation, 41-42, 46, 54, 60, 

65, 72 
Log jams, 107, 124, 130 

duration of, 124 
sequences of, 127 

Lognormal distribution, 17, 42-43, 45-47, 69, 73, 
82, 242, 253, 256, 263 

standard equation for, 46 
Lognormality, 41, 43, 54 
Longitudinal clast ribs, 134, 136 
Longitudinal stream profile, 108, 117 
Low flows, 113, 115, 117-119, 121, 124, 135 
LWD (large woody debris), 108, 116, 123-127, 

326, 327, 334,  
effect on bed-material size, 123, 125 
effect on flow and sediment transport, 116, 

124, 127 
heavy loading of, 126, 345 

 
    M 
Magnetic paint, 172 
Map, mapping,  

of facies units, 337, 346, 348, 378 
sketch map of reach, 326, 341, 348, 357 
textural, 346-347, 378 
using photographs, 142 

Matrix of finer sediment, 136, 139 
Matrix-supported gravel, 128, 225 
Meander bend, 114, 325, 337, 338, 343 
Meandering streams, 109-111, 113, 115, 325, 

343 
meadow meanders, 9 
valley meanders, 9 
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Mean particle size, 41-42, 46, 56-57, 59, 62-65 
arithmetic, 46, 59, 62, 348-350 
comparision of computations, 80-81 
definition of, 62 
first moment, 65 
geometric, 59, 64, 223 
graphic arithmetic, 62, 64 
graphic geometric, 63-64 
in skewed distribution, 63 
visual assessment of, 327 

Measurement of particle size, 20, 27-30, 323 
in pebble counts, 164 
operator error in, 148, 164, 329 
record of, 164 

Measurement of particle volume, 98, 310 
Median particle size, 40, 46, 59-60, 62, 74 

basis for stream classification, 1, 7 
definition of, 40, 62 
in skewed distribution, 62 
visual assessment of, 345 

Mesh-bag scoop, 200-201, 210 
McNeil samplers, 198-200, 203-206, 213 

and percent fines, 204 
comparison with other samplers, 204 
comparison with shoveled samples, 200-201 
diagrams, 205 
dimensions, 204 
representative collection of fines, 200 
sample mass, 204 
sampling suspended bed sediment, 203-204 
truncation of coarse particles, 203 

Micro-channels, sand-filled, 363 
Modality, 62 
Mode, 46, 62, 66, 83 

definition of, 62 
in Rosin distribution, 48 
in skewed distribution, 62 

Modified cube model, 217, 224-226 
Moment method, 56-58, 60-61, 63, 82 

advantage/disadvantage of, 61 
effect of truncation, 61 
exclusion of "pan", 80 
first moment (mean), 65 
fourth moment (kurtosis), 79 
second moment (sorting), 71, 246 
suitability, 61 
third moment (skewness), 77 

Monitoring bed-material size, 148, 188, 335 
for detecting change in  

amount of fines, 128, 132, 203, 277, 340, 
371, 380, 382-383 

channel bed, using photographs, 184 
riffle sediment size, 343 

for watershed effects analysis, 146, 343, 371, 
373 

using visual estimates, 185 

Mountain streams, 12, 111, 114, 131, 143, 150, 
158, 164, 199, 243, 258, 271, 275, 277, 326, 
327, 335, 336, 360, 370, 

volumetric sampling in, 319, 331, 332, 360, 
363, 365 

Moving window technique, 329, 348, 352 
Multinomial approach (sample size), 261, 265-

268, 275, 277, 284, 287 
Multiprobe freeze-core sampler, 199 
 
    N 
Nominal diameter, 16-17, 221, 291 
Non-normal distribution, 44-45 
Non-parametric statistics, 43 
Non-random sample, 148, 156 
Normal distribution, 17-18, 24, 28, 40, 42-48, 51-

52, 57, 59-60, 62, 67, 69, 73, 78, 242, 243, 
248, 253, 264, 272, 273 

as prerequisite for statistical applications, 42 
assumption of. See Underlying distribution 

type 
binned data, 45 
change of curvature, 40  
comparison with best-fit normal distribution, 

45 
Normality, 41-43, 46, 54, 57. See also Normal 

distribution 
approximate, 327 
assessing the degree of, 51-52, 57 
assessment by regression analysis, 45 
D’Agostino test for, 54 
departure from, 42-43, 54 
effect on sample size, 42 
Kolmogorov-Smirnov test for, 54, 270 
near-normality, 51, 54, 376 
not in a strict statistical sense, 42 
null-hypothesis of, 54-55 
resemblence with, 45 
summary statistics of, 51 
testing by regression coefficients, 45 
testing for, 43, 45 
visual assessment of, 43, 52 
wrongly assumed, 42 

Number-based frequency. See Frequency-by-
number 

Number of volumetric samples, 331-332 
effect of heterogeneity and sorting, 370, 373 
for spatially integrative sampling, 359, 363, 

364, 366, 368, 370, 371,  
geometrical and ecological criteria, 363, 365, 

370, 372 
grab sample repetitions, 368 
grab samples, 372, 376 
in large streams, 364 
in small streams, 363 
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individually unbiased subsamples, 376 
on riffles, 372 
per area, 331 
per reach, 363, 364, 373 
retroactive computation of, 370 
subsample repetitions, 364 
subsamples, 364 

Null hypothesis, 51, 54, 281, 348 
 
    O 
Obstacle clast, 137-138 
One-step vs. Multinomial approach, 277 
Operator arbitrariness, 344 
Operator bias, 147, 243, 245, 259, 279, 334 

and sample size, 245 
against cobbles and boulders in pebble counts, 

154-155, 244, 333 
effect of boot size, 154  
in heel-to-toe samples, 157, 161 
reduction by sampling frame, 161 

against small particles in pebble counts, 60, 
149-153, 157, 244, 277, 283, 333  

due to poor streambed accessibility, 151 
in visual particle-size estimates, 185 
towards cobbles and boulders, 147-148, 156 

in areal samples, 172 
towards fines in areal samples, 172 
towards mid-size particles, 244 

Operator error, 20, 28, 148-149, 162, 259, 277, 
283, 304 

and sample size, 259 
effect of multiple operators, 259-260 
in heel-to-toe samples, 152 
in particle-size measurements, 148, 164, 329 
in pebble counts, 148-149, 152 
when using sampling frame, 162-164 

Operator training, 5 
Operator variability, 25, 27 

in areal sampling, 176 
in pebble counts, 151, 154 
in visual particles-size estimates, 185  

Optical particle-size analyzer, 169, 178 
Oven-drying, of particles, 32 
Overbank deposits, 380 
Overbank flow, 135 
 
    P 
Parent population, 245, 248, 250, 252, 259, 261-

262, 264-265, 268, 275, 285-286, 321 
computer generated, 288, 308 
generated from sample, 288 
surrogate for, 304  

Particle area, 284 
Particle availability for sampling, 243, 254-256 
 

Particle axes, 14-16, 20, 28-29, 86, 164. See also 
a-axes, b-axes, and c-axes 

ellipse-approximation, 86, 178-179 
position of, 136 
ratios, 86, 87 

Particle breakdown, 107 
Particle counting  

number of per photograph, 178, 181   
number of per size class, 36, 38 

Particle density, 14, 34, 36-37, 98, 290, 301, 310, 
313, 317 

for different materials, 98 
Particle interlocking, 118, 343, 372 
Particle mass, 367 

measurement of, 98 
Particle mean weight and sieve size, 36-37 
Particle mobility, 138, 141 
Particle number  

per photograph 178, 181 
per size class, 36, 38 

Particle packing, 94-97, 100, 103-104, 133, 136, 
142, 165, 170, 182, 184, 287. See also 
Framework gravels, Matrix gravels, and 
Bed-surface structures 

and compaction, 104 
and effect of particle-size distribution, 104 
void containing, 224 
voidless, 193, 218, 221 

Particle paths for coarse and fine bedload, 114 
Particle position 

effect on embeddedness, 190 
effect on photo sieving, 179 

Particle protrusion, 141 
Particles 

irretrievable, 150, 151, 336 
large and wedged, 13, 122-123, 141, 155, 165, 

333 
partially hidden, 144, 169, 171-172,  

effect on photo sieving, 184 
on photograph, 179, 184 

to be included in a sample, 148, 166 
unisized, 95, 104 
untransportable, 108, 117, 124, 127, 131, 138 

Particle shape, 14-17, 21-25, 28, 36-37, 60, 85-
91, 94, 98 

analysis by photo sieving, 181 
and abrasion, 83, 88, 90 
and particle mobility, 90 
angular, angularity, 16, 27, 85-86, 90-92, 94-

97 
and transport distance, 90 

bladed, bladedness, 86-90, 179 
categories, 91 
classification, 87 
compact, compactness, 36, 87-90, 179 
Corey shape factor, 89, 90 
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diamond-shaped, 30 
disc, 86-87, 89 
dominant shape, 97 
effect of fluvial transport distance, 88-89 
effect on embeddedness, 190 
effect on photographic analysis, 182, 184 
effect on photo sieving, 179 
effect on pivot angle, 93 
effect on suspensibility, 88 
ellipsoidal, 14-17, 23-25, 89-90, 95-97, 189, 

284, 290-291, 310 
elongated, elongatedness, 36, 86-91, 95 
flat, flatness, 20-25, 90-92, 94, 136 
form factor F, 87, 89 
form-factor S, 88 
per sieve class, 24  
platy, platyness, 86-90, 95, 179 
rhombic, rhomboidal, 14-16, 30 
rod, 86 
rounded, roundness, 88-91, 94, 97 

visual chart for, 90-91 
roundness and abrasion, 90 
roundness index, 90 
sample size for identification of, 98 
shape/roundness matrix, 91 
spherical, sphere  16-17, 21, 23-25, 86, 88-91, 

94, 96-97, 104, 221, 284, 290, 291, 310 
sphericity, 86-90.  See Sphericity 
sphericity-form diagram, 87, 97 
variability at a site, 97 
visual field identification, 97 

Particle sieve-diameter, 17 
Particle size, 14, 16-20, 24, 28, 32-33 

analysis, 3, 21, 31-32 
categories, 17 
classes, 14, 16-28, 30, 32-34, 36-37 
conversion between measurements, 28, 30 
Dmax, 289, 290, 327 
dominant large, Ddom, 29, 289, 340, 371 
fraction. See Size class 
gradation, 18, 20 
gradation curves.  See Cumulative particle-size 

frequency distribution 
mean, 14, 17. See Mean particle size 
measurements of, 20, 27-30, 323 

in pebble counts, 164 
operator error, 148, 164, 329  

median, 17. See Median particle size 
metric, in mm, 17 
per sieve class, 24 
ratios, 343 

D50surface /D50subsurface, 131, 191, 373, 379 
D50armor /D50subarmor, 188 
D50surface /Dbedload fines, 373 
D50local /D50reach-avg., 379 

 

Particle-size distribution, conversion between 
sampling methods, 216-217  

computed penetration depth, 226-229 
modified cube model, 224-226 
split plane surface model, 227-229 
voidless cube model, 218-224, 227 

Particle-size frequency distribution, 17-18, 38, 
40-41, 43-48, 51, 56, 61-62, 64, 67, 80, 84 

advantage of plotting, 158 
analysis of, 39 
bimodal, 82-83 
computation of, 38, 370 
example of, 39 
in various stream types, 1 
irregular, 46 
obtained by different methods of sampling and 

analysis, 216-217  
symmetrical, 62 
tail of fines, 42, 48 
wide, 230 
with different sorting coefficients, 69 

Particle-size measurements. See Measurements 
of particle size 

Particle-size parameter. See Distribution 
parameters 

Particle sliding, 136 
Particle specific gravity, 99 
Particle specific weight, 99 
Particle submerged specific weight, 100 
Particle volume, 16, 34, 293 

ellipsoid approximation, 178-179 
estimation from particle shape, 98 
measurement of, 98, 310 

Particle weight, 31, 34 
per size class, 36-37 
weighing in the field, 34, 36, 370 

Patch, patchiness, 108, 120, 126, 323, 330, 336, 
345, 374, 375, 378-379 

Pavement, 124, 130, 131 
Peakedness. See Kurtosis 
Pebble box, 16, 20, 28-30, 86 
Pebble counts, 25, 38, 54, 123, 132, 145-165, 

182, 184, 191, 230, 248, 250, 271, 276-278, 
283, 323, 325, 328, 332-340, 340-345, 345-
358, 378 

and fines, 149-153, 157  
and volumetric sample, 191 
adjustment with areal sample, 237-239 
along transects, 108, 333, 334, 344 

at measuring tape, 147, 151, 155, 158-159, 
333, 334 

in meandering reach, 337-338 
number of to cover the reach, 338-339, 343-

345, 352, 355 
paced, 332-334 
parallel, 333, 334, 341 
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spanning facies units, 352 
tightly / widely spaced, 332, 333, 336-337, 

341 
area needed for, 354 
bias against fines, 224, 229 
data record for, 164-166, 329 
definition of, 144, 146 
combination with areal sample. See also 

Hybrid sampling, 354-355 
flexible, 233-236 
rigid, 230-233 

geomorphologically stratified sampling, 340-
345 

grid spacing. See Grid spacing 
heel-to-toe sampling. See Heel-to-toe sampling 
inherent bias towards coarse particles, 156 
in poorly accessible stream locations, 150, 

151, 283, 332, 333, 336 
in presence of bed surface-structures, 156 
in small cobble-bed streams, 339 
in submerged beds, 150 
methodological differences, 148 
of particles large and wedged, 13, 122, 123, 

141, 155, 165, 333 
on dry beds, 150 
on exposed subsurface, 197-198 
on facies units, 346-347 
operator bias. See Operator bias 
operator error. See Operator error 
particle identification, 146-150, 332, 333 

based on foot placement, 154 
using sampling frame, 161 

particle retrieval, extraction from bed, 122-
123, 133, 149-150, 161, 164, 333, 334, 
336 

error in 100- and 400-particle pebble counts, 
149, 152, 157, 250, 266, 271, 276-277, 
327-328, 334, 338, 347, 352. See also 
Error (number-based computations) 

sample size, 250. See also Sample size 
(number-based) and Sample size - error 
relation 

sampling path, 151, 332    
avoiding cobbles and boulders, 155 
obstructed, 333 
systematic, 333-336 
unplanned, 333-334 

sampling point spacing, 142, 145-148, 156, 
159, 165, 168, 198, 327, 335, 338-339, 
355. See also Grid spacing 

sedimentary stratified sampling (within facies 
units), 345-358 

sources of errors, 148 
spatial aspects of, 327 
spatially integrated sampling, 332-340 
 

spatially segregated sampling, 340-358 
statistical error 148-149, 152, 157, 162-164, 

259, 271, 283 
around small percentiles, 278 
in heel-to-toe samples, 152 
when using the sampling frame 162-164 

subsamples, 341 
time requirement, 145  
unbiased, 157 
within representative area of facies unit, 355 
zigzag sampling, 278, 325, 332, 329, 333-336  

Pebbles, 28, 32-33, 36 
Penetration depth of adhesive. See Adhesive 

penetration depth 
Percent error, 242.  See Error around mean, 

median and percentiles. 
Percentile error. See Error around percentiles 
Percent finer, 38, 47, 74 
Percent fines, 82-83, 108, 146, 148-149, 153, 

278-279, 327 
and error, 283 
comparability of, 204 
in McNeil samplers, 204 
sample size for determining, 277-283 
variability in pebble counts, 151, 153 

Percentage frequency distribution, 38 
Percentiles, 39-41, 48, 57-58, 62-63, 66-67 

analytical computation of, 310-311 
at points of curvature, 59 
at tails of the distribution, 59 
central, 61, 261 
computation of, 40 
example computation, 41 
graphically determined, 39, 41 
linear interpolation, 41 
of normal distribution, 247 
quartiles, 40, 60, 63, 76, 78 
usage for, 146 

Photographic analysis 
areal overviews > 100 m2, 166, 182-184 
close-ups < 0.1 m2, 182, 184 
for small sampling areas, 146, 351 
intermediate scale > 1 m2. See Photographic 

grid counts and Photo sieving 
under water, 181, 184 
variety of spatial scales, 167, 184 

Photographic areal sampling, definition of, 178. 
See Photo sieving 

Photographic grid counts, 166-170, 178 
bias against fines, 170 
deviation from sieve results, 169 
problems of, 169-170 
projection onto a screen with grid lines, 168 
suitability of, 170 

Photographs, 144-146, 167-168, 170, 178, 181- 
182, 184 
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for mapping bed surfaces, 142 
of imbricated surfaces, 142 

Photo sieving, 86, 171, 178-181, 184, 351, 354, 
380 

calibration, 181 
comparison with mechanical sieving, 179, 181 
field time vs. lab time, 181 
flow chart for analysis, 179-180 
for particle-shape analysis, 181 
using divers, 181 

Pilot study, 241, 246, 251, 252, 274, 288, 308, 
325, 326, 360, 363, 365, 367, 373 

Pipe dredge, 383. See also Dredge 
Pipe samplers, 195, 203, 331, 367. See also 

McNeil samplers, 203 
Pivot angle, 93-97, 119 
Plane-bed stream, 6, 8, 117, 122, 275, 325, 326, 

334, 374 
Planimetric particle-size measurements and 

analysis, 166, 169. See also Photo sieving  
Plotting particle-size distribution 

advantage of, 158 
Plywood shield, 210, 365, 367 

to enclose the sampling area, 200, 209, 
Pocket gravel, 141 
Point bar, 111. See also Bar 
Pool, pools, 107-109, 111, 113, 116-123, 325, 

326, 334, 372 
backwater pool, 126 
bed-material size in, 113, 326 
caused by LWD, 116 
dammed pool, 124 
deposition of fines in, 119, 373, 380, 382-383 
forced pool, 326, 334 
location of, 111 
plunge pools, 124, 127, 130 
residual pool volume, 382 
scour in, 117 
scour pool, 124, 126-127, 130 
various kinds of, 116 

Pool-exit-slope, 117 
Pool-riffle-bar triplet, 109, 116 
Pool-riffle stream, 6, 8, 111, 120-122. See also 

Riffle-pool 
Population size 

and sample size, 254-255, 270 
limited, 242-243, 254-257, 269-270 
unlimited, 255 

Pores, 100, 131 
Porosity, 104, 105, 106, 224 
Polymodal 62, 83 
Precision, 241-245, 247-248, 250, 261, 268, 275-

276, 284, 288, 323, 327, 328, 336, 338, 359, 
360, 364, 368, 372, 376. See also Error 

and accuracy, 245 
definition of, 244-245 

for all percentiles, 284, 287 
for set of subsamples, 286, 288, 304 
mean, for given sample size, 286-287 
stringent criteria, 328 
unduly high, 364 

Probability, 43-44 
Probability graph paper, 41, 43, 50, 57. See 

Appendix 
Probability plotting, 41 

and regression analysis, 51 
approximation of probability scale, 43 
of residuals, 51 
visual assessment, 43-44 

Proportional sampling, 343-344 
 
    Q 
Quantiles, 55 
Quartiles, 40, 63, 76, 78 
 
    R 
Random, randomness of 

particle selection, 146 
sample, 146, 151, 155-156 
sampling locations, 324, 333, 360 
within grid cells, 324, 360-363, 366, 372, 374 

Randomization of locations for volumetric 
samples, 324, 361, 362, 363  

Randomized grid patterns, 331 
Rapids. See Riffles 
Reach, 107-108, 113-114, 116-117, 120-121, 

127, 141-142. See also Sampling area 
definition of, 325 
delineation of. See Delineation 
familiarization with, 326, 345, 346, 348 
large, 351, 355, 374 
length of, 325-326, 335,343-345 
long, 323, 343-344, 355 
size of, 338, 365 
small, 332, 338-339, 340-341, 347, 374 

Reach-averaged bed-material size, 114, 323, 325, 
332, 334, 336, 338, 340, 342, 343, 348, 354, 
356, 357-358, 359, 364, 366, 370, 371, 373, 
376, 378 

area-weighted, 347, 348, 351, 354, 356-358, 
377-379 

of subsurface sediment size, 364, 373, 377-379 
Reach-spanning grid system, 351-353, 362-363, 

374 
Recording field results, 240. See also Field book, 

–computations, –forms, and –notes 
Regression analysis, 55, 305-306, 364 
Replicate sampling, 307-310, 363, 368 
Resampling procedure. See Replicate sampling 
Residuals, 43, 51-54 
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Resin cores, 213 
Rigid combination, 230-233 
Riffle crest, 108-109, 113, 117, 325, 326, 382 
Riffle-pool sequence, 9, 108-109, 111, 113, 118-

120, 122, 128, 323, 325, 338, 343, 344, 379 
Riffle-pool morphology, 120-122, 325, 374 
Riffle-pool stream, 275, 378 
Riffles, 9, 107-109, 113, 116-121, 371 

as sampling locations, 120, 342, 343, 371-372 
bed-material size on, 114, 121, 326 
coarser or finer than reach, 342, 371-372 
flow hydraulics and cross-section, 342  
glide, 117, 326, 343 
location of, 111 
pebble counts on, 342-343 
rapids, 9, 116-117, 326, 334, 343 
related features, 116 
response to sediment supply, 340 
runs, 116-117, 120, 122, 326, 334, 343 
structural stability on, 118, 121, 343, 373 
unrepresentativeness for the reach, 343, 372 
volumetric sampling on, 371-372 

Riffle spacing, 118 
Riffle splitter, 32, 35. See also Sample splitting 
Riffle Stability Index, 340 
Riparian areas 

damage to, 203 
Riprap, 94 
Rockfall, 97, 127, 131, 371 
Rosin distribution, 48-51 
Rotary scoop sampler US RBMH-80, 202-203  
Round-hole sieves, 168 
Roughness 

form, 127 
hydraulic, 133, 142 
of bed, 135, 146, 289 

Ruler, 16, 20, 25, 27-28, 30, 33, 36, 86, 164-166, 
168-169, 178, 184, 329 

Runs. See Riffles 
 
    S 
Sample, 25, 27, 30-31 

coarse portion, 32 
computer generated, 288 
large, 32 
largest particle to be included, 123, 127 
partitioning into gravel and sand fraction, 51 
representative, 74 
unsieved portion, 33 
with coarse particles, 34 

Sample combination  
adjustment of frequency distributions, 230, 

237-238 
flexible, 230, 233-236  
rigid, 230-233 

 

Sample conversion  
computed penetration depth, 226-229 
split plane surface model, 227-229 
modified cube model, 224-226 
voidless cube model, 217-224, 227 

Sample mass (volumetric samples), 32-33, 191, 
195-197, 200, 213, 363, 368, 371 

effect of large particles, 291, 298 
effect of sampling scheme on, 359, 360 
for grab samples, 366-368, 373 
for identifying particle shapes, 97 
for measuring embeddedness, 141 
for riffle samples, 372 
for subsamples, 363, 365, 373 

for bias avoidance in, 304, 365, 368-370, 
372, 373, 376 

grab samples, 366-368 
reduction of, 366, 376 

for total sample, 199, 331, 332, 359, 363, 365, 
366, 368, 369-370, 373, 376 

comparison between computations, 369 
ecological criteria, 363, 365, 370, 372 
for homogeneous reach, 360 
in poorly sorted, coarse stream, 360, 365 
large, unfeasible, 359, 370, 372 
manageability of, 370, 376,  
reduction of, 299-301, 365, 366, 370, 373 
sedimentary stratified vs. integrated 

sampling, 375-377 
from barrel samples, 206, 208 
from freeze core, 211 
from hybrid sampler, 215 
from McNeil samplers, 204 
from plywood shield, 210 
from tri-tube samples, 212 
in coarse, poorly sorted mountain stream, 319, 

331, 360, 365 
Sample mass equations 

analytical, 365  
based on normal distribution, 308-320 
for specified percentile error, 315-320 

empirical, 288, 289-298, 299, 365  
0.1, 1, 5, and 10% criteria (constant CV), 

293-294, 315, 320, 360, 365, 366 
American, 296 
as function of Dmax, 196, 289-299 
based on error due to largest particle, 291 
based on sample volume, 294-295 
Canadian, 297 
field criterion (5 Dmax particles), 295 
for low, normal, and high precision, 293 
German (DVWK), 297 
Swiss, 297 

Sample mass - error relation, 288, 301, 311, 316, 
331, 360. See also Error curves, 376 
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and assumed distribution type, 288-289, 293, 
304, 309 

and standard deviation, 316-320, 372 
and study objective, 372 
bootstrap approach, 315-320 
for bias avoidance, 311-314, 331, 369, 370, 

372-373, 376 
for error around mean, 309 
for error around median, 309, 376 
for percentile error, 372 

absolute, 305-309, 318-320, 320-322, 365 
central percentiles, 301-304 
estimation from regression function, 304-

306 
percent, 305, 307, 320-322 
standard error, 315-320, 365 

Sample depth in volumetric samples, 192-194, 
197 

thickness of strata, 132 
Sample size (for areal samples), 242, 283 

geometrical consideration, 284 
multinomial approach, 287 
two stage sampling, 285-287, 

Sample size (number based), 241-243, 245, 247-
249, 253, 255-256, 271, 275-276, 278, 282, 
347 

and confidence levels, 248 
and cost and benefits of field work, 241 
and error. See Error (number-based 

computation) 
computation in the field, 260, 263 
computation of, 249, 283 
effect of limited population size, 243, 254-256 
effect of multiple operators, 259 
effect of preset acceptable error, 259 
effect of sorting, 258 
effects of bed-material characteristics, 241, 

258-259 
effects of spatial variability, 328 
estimating from pilot study, 326 
factors affecting, 242 
for characterizing a population, 275 
for detecting change in percent fines, 278-283 
for low percentiles, 277, 328 
geometric approximation, 287 
in skewed distributions, 276 
of subsamples, 262 

Sample-size computation, iteratively, 250-251, 
262, 285-286, 303 

Sample-size equations (number-based), 245, 261, 
272, 276 

comparison of, 256-257 
for areal samples, 283-284 
for error around mean, 249-258  

absolute 249-252 
limited population size, 254-256 

percent, 252-254 
for error around median, 261-263, 272, 285. 

See also Two-stage approach 
for error around percentiles, 261, 264-275, 

284. See also Binomial, Multinomial, and 
Bootstrap approach  

absolute, 271 
central percentiles, 261-263, 
percent, 264-268 

not applicable for heterogeneous reach, 341 
Sample size – error relation, 242-243, 247, 250, 

256, 258, 269, 275, 327, 341 
and assumed underlying distribution type, 242-

243, 249, 264-265, 268, 271-274 
and sorting (standard deviation), 276 
around any percentile, 285 
around mean and median, 276 
binomial approach, 265-266 
computation in the field, 260 
for heterogenous reaches, 341 
from bootstrap approach, 270, 274 

Sample-size statistics, 243, 277. See also Error 
and Precision 

Sample splitting, 31-35 
in the field, 33, 370 

Sample storage 31 
Sample volume, 32-33, 195-197 

fixed and small, 199 
manageable, 323 
relative, 310-320 

Sampling area, 347, 348. See also Reach  
disturbance by sampling, 158, 299, 323, 331, 

365  
for areal samples, 197, 283-286 
for pebble counts, 145, 328 
for volumetric samples, 195, 198  
large, 355, 363, 364. See also Streams, large 
small, 242, 249, 323, 332, 338, 342, 354 

Sampling bed material, 141 
challenge of, 3 
coarsest clasts only, 371 
finest only, in pools, 372, 380, 382-383 
in entire reach, 150 
in fast and deep flow, 13 
in gravel- and cobble-bed streams, 2, 4 
in heterogeneous reach. See Sampling patterns 
in homogeneous reach. See Sampling patterns 
in mountain streams, 4, 370. See Mountain 

streams 
in plane-bed streams, 122 
in presence of bed-surface structures, 133, 142 
in presence of structural features, 119 
in reaches with much LWD, 126, 127, 345 
in step-pool streams, 123 
in turbid water, 13 
in various stream types, 2 
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in vertically stratified sediment, 132 
in vicinity of boulders, 127 
locations of. See Sampling locations 
methodological differences, 4 
non-destructive, 143, 170, 171, 184  
on bar heads, 371, 380-381 
on bars, 114 
on riffles only, 120, 342, 372 
purpose of, 2 
to demonstrate downstream fining, 108 
with no replications, 304 
with replications, 307-310, 363, 368 

Sampling bias, 243, 245 
Sampling effort, 336, 341, 359, 360, 364, 370 
Sampling equipment and procedures 

and coarseness of the bed, 331 
combination of, 351, 354. See also Hybrid 

sampling 
effect of natural and man-made factors, 143 
for volumetric samples, 195, 198-216, 367 

Sampling errors. See Error(s) and Precision 
Sampling frame, 153, 158-166, 198, 259, 276, 

283  
comparison with heel-to-toe samples, 161 
construction of, 158 
operator error, 162 
reduction of operator error, 161, 163-164 
usage of, 159 

Sampling grid. See Grid sampling 
Sampling locations, 108, 114, 331, 366, 368. See 

also Sedimentary and Geomorphological 
units, and Pebble counts 

accessibility, 332 
at locations representative of reach-avg. D50 or 

D50 sub  
at representative locations within each or 

almost every facies unit, 351, 355, 374, 
375 

effect of heterogeneity and sorting, 370 
extending over bankfull width, 338 
for stream competence analysis, 380 
for reach-avg. subsurface sediment and D50sub, 

374, 377, 379 
inaccessible, 13, 151, 336, 283 
indicative of fine sediment, 380 
in high- or low-flow bed, 120, 151, 166, 338. 

See also Stream width  
number of, 331-332. See Number of 

volumetric samples 
patterns of. See Sampling patterns 
representative selection of, 2, 355, 359, 374, 

375, 377-379  
retroactive computation of, 370 
where local D50 ≅  reach-averaged D50, 374 
within grid cells, 324, 362, 363, 372, 374 

 

Sampling method 
selection of, 3, 4, 145 
"standard", 4 
suitability, 145 

Sampling patterns. See also Sampling locations 
in heterogeneous reach, 242-243, 245, 304, 

323, 325-326, 328, 332-333, 336, 340-
341, 347, 373, 377. See also Sedimentary 
segregated and Geomorphologically 
segregated sampling 

in homogeneous reach, 241, 254, 261, 275, 
284, 304, 323, 325-326, 328, 330, 332-
334, 341, 344-345, 359, 360, 373. See 
also Sedimentary integrated and Geo-
morphologically integrated sampling 

overlapping, shifted grids, 324, 336, 341-342, 
360, 363 

random, 324, 333, 360-361 
randomization of, 331, 362 
random locations within cells, 324, 360-363, 

366, 372, 374 
spatially focused sampling. See Spatially 

focused sampling 
systematic grid, 324, 333, 334, 336, 338, 341, 

348-349, 351, 366, 372, 374 
facies-spanning, 351, 353 
pebble count combined with areal sampling 

(hybrid sampling), 351, 354, 355 
reach-spanning, 351, 352, 360, 362-363, 

374 
Sampling patterns for pebble counts. See pebble 

counts 
Sampling pit, 189, 191, 195, 197-198, 208 
Sampling point spacing. See Pebble counts and 

Grid spacing 
Sampling protocol, 151 
Sampling reach. See Reach 
Sampling results, 

comparability of, 145 
effects of sampling schemes, 323 

Sampling schemes, 323, 324, 335, 345, 374. See 
also Sampling patterns 

and degree of spatial variability, 333, 360 
and sample mass, effort and precision, 359, 

360 
based on surface facies, 331 
errors in, 148 
for subsurface sediment, 331 
for volumetric samples, 331 
geomorphologically stratified (segregated) 

pebble counts, 340-345 
volumetric samples, 371-373 

overview, 324 
sedimentary integrated, 333, 336, 345 
sedimentary stratified (segregated), 373-379 

pebble counts, 336, 345-358 
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sampling patterns for, 351-355, 374-377. 
See Sampling patterns 

volumetric samples, 373-379 
selection of, 3, 332, 333, 336, 358-359 
spatially focused, 323, 379 
spatially integrated, 323, 324, 331, 336, 358-

371 
pebble counts, 332-340 
volumetric samples, 358-371 

spatially segregated, 245, 323-325, 331, 336-
338, 371-379 

pebble counts, 340-358 
volumetric samples, 358-359, 371-379 

unsuitable, 333 
Sampling suspendable bed material, 203-204, 

208 
Sand, 17-21, 24, 30-33, 36, 132, 134, 336, 362, 

375 
Sand-bed streams, 1, 2 
Scour, 107, 116-118, 121, 123-124, 126-128, 

130, 141, 326 
around boulders or LWD, 127 
around bridge piers, 138 
in horse-shoe vortex, 127, 138-139, 124 
in pools, 117, 124 
of fines, 124, 128, 130 
on riffle, 118-119 

Sedimentary stratified (segregated) sampling. See 
Sampling schemes 

Sedimentary (facies) units, 126, 145, 185-186, 
303, 323, 324, 326, 328-330, 332, 345, 348, 
352, 359, 371, 372, 374 

definition of, 330, 345 
delineation of. See Delineation 
familiarization with, 348 
few per reach, 374, 378 
identification of, 127 
large, 355-356, 373, 375, 378 
many small ones, 359 
map of, 346, 347, 378 
multiple occurrences of, 374-375 
particle-size distribution on, 378 
representative sampling of, 332 
size of, 331, 345, 347, 559  
small, and fine sediment, 347, 360-361 
sorting on, 355, 373 
visually distinguishable, 378 

Sediment entrainment 
delay of, 118 

Sediment strata (layers), 132, 189, 329 
Sediment stratigraphy, 211 
Sediment supply, 107, 112, 116, 122, 128, 131 

and transport capacity, 119 
cut off from, 124, 130 
effect on bed-material size, 114 
from debris flow, 12, 97 

from fluvial sources only, 12 
from non-fluvial sources, 12, 108 
from rockfall, 97, 127 
from rock source, 51 
from tributary, 107 
high, 133, 135, 188, 336, 373 

of coarse sediment, 135 
of sand and silt, 119 

low, 111, 114, 124, 136, 336, 355, 379 
of fine sediment, 151, 191, 372, 386 
of non-transportable large clasts, 108, 289 

Sediment transport analysis, 188, 373 
Sediment volume, 106 
Serial correlation, 123, 142, 147-148, 156, 166, 

168, 327, 335, 338, 341 
Settling velocity 

effect of particle shape, 89 
Shear stress, 117 

excess, 124 
reversal of, 118 
zones of highest, 113 

Shovels, 195, 198-199, 204 
Shovel samples 

comparison with McNeil sampler, 200-201 
on dry beds, 195 
under water, 199 

Sieve, 14, 16-17, 20-25, 27, 30-31, 33 
analysis. See Sieving.  
box, 33-34 
class, 16-17, 21, 24-25, 28, 33-34, 36 
curve. See Cumulative particle-size frequency 

distribution curve 
diameter, 17, 25, 33 
round-hole sieve, 20, 23-25, 28 
set, 16, 25, 32-33 
size, passing, 17, 23-25, 27, 31, 49 
size, retaining, 17, 23-24, 36, 37, 49  
square-hole sieve, 20-25, 28, 30, 37 

Sieving, 20-27, 30-35 
contents of the pan, 43 
in the field, 32-34 
in the lab, 30 
manually, 30 
ROTAP, 30 
subsamples, 30-33 

jointly, 343, 361, 366, 367, 370 
Significance level, 54-55 
Silt, 18, 132 
Single-thread streams, 122 
Single-tube freeze-cores, 199, 213 
Single-tube freeze-core sampler, 210-211 
Sinuosity, 7 
Sketch map of reach, 326, 341, 348 
Skewness, 38, 41-42, 56-58, 61, 75, 149 

and departure from normality, 73 
and sample size, 263, 272-275 
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classification of, 75 
comparison between methods, 82 
computation of, 74 
definition of, 73 
graphic arithmetic, 74, 78 
graphic geometric (Fredle index), 76 
in mountain gravel-bed rivers, 73 
in Rosin distribution, 48 
moment method (third moment), 77-78 
negative, 73-74 
numerical values of, 75 
positive, 73-74 
quartile, 76 
range of percentiles used, 74-75 
sensitivity of data range, 74  
towards tail of fines, 128, 270-272, 276-277, 

307, 320-322, 327, 328  
Sorting, 38, 41-42, 46-47, 56-58, 61, 73-74, 96, 

149, 157, 162, 185, 242-243, 246, 257-260, 
271, 310, 333, 364, 373 

and standard deviation, 67 
chart for visual estimation, 67-68 
classification of, 68 
coefficient. See Sorting  
comparison between methods, 80, 82 
for Rosin distribution, 49 
gradation coefficient, 70-71 
graphic arithmetic, 67, 73 
graphic geometric, 69-72 
in skewed distributions, 67 
longitudinal, 123, 136 
moderately-well sorted gravel bed, 149 
moment method (second moment), 71-73 
number of percentiles used, 67 
of different facies, 126 
poorly sorted gravel, 147, 149, 214, 244-245, 

250, 253, 258, 276, 291, 311, 314, 315, 
327, 333, 334, 346, 365, 370  

values in gravel-bed rivers, 68  
well sorted sediment, 134, 188, 241, 252, 332, 

365 
Spacing between sampling points or grid points. 

See Pebble counts and Grid spacing 
Spatially focused sampling, 323, 377, 379 

in pools, 372, 380, 382-383 
on a few (representative) locations only, 375, 

377 
on bar heads, 371, 380-381 

Spatial sampling schemes. See Sampling schemes 
Spatial scale of sampling project, 323, 325 
Spatial variability of bed-material size, 114, 171, 

326, 329, 332-334, 340, 341   
and LWD, 126 
and sampling patterns, 332 
complex, 332 
 

covered by sampling, 332, 367 
degree of, 326, 330, 333, 345, 359, 363 
downbar fining, 108, 114, 323, 326  
downstream fining, 107 
ignored, 340 
inferences of, 330, 359 
insight in, 340 
landward fining, 108, 114, 122, 323, 326  
lateral, 108, 122, 334, 378, 379  
longitudinal, 334, 378, 379 
moderate, 332, 344 
no information on, 334, 370 
none, 326, 345 
of fines, 60 
of subsurface sediment, 330-331, 372 
on bars. See Downbar and Landward fining, 

and Bar heads 
on geomorphological unit, 107, 114-115, 120 
on riffles, 108, 120, 342, 372 
patchy, patchiness, 108, 120, 126, 323, 330, 

336, 345, 374, 375, 378-379 
patterns of, 107 
pronounced, 336 
within reach, 108, 120, 363 
within sedimentary (facies) units, 331 

Spawning 
gravel, 178, 198, 203. See also Aquatic habitat 
success and fines, 82 

Sphericity, 86-90 
and fluvial transport distance, 88-90 
effective settling, 89-90 
effect of geological parent material, 88-89 
effect of sediment source, 97 
effect on suspensibility, 90 
effect on transportability, 88-90, 92 
sphericity-form diagram, 87, 97 

Split plane surface model, 227-229 
Splitting apparatus, 34. See also Sample splitting  
Spreadsheet, 19, 31, 38, 41, 43-44, 57, 61, 260, 

261, 263 
Square-hole sieves, 164, 168, 179 
Standard descriptive statistical parameters, 42 
Standard deviation, 38, 40-41, 46, 55-56, 59, 66-

67, 69, 72-73, 80, 82, 242-243, 245-246, 
248, 252, 257, 259-261, 268, 270-271, 285-
286, 327 

between or of subsamples, 262, 263, 302, 364 
comparison between original and log-trans-

formed data, 72 
computation of, 66 
definition of, 66 
graphic geometric, 253 
logarithmic geometric, 250, 251 
of population, 245 

Standard error, 242, 247, 268-275, 316. See also 
Error around percentiles 
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Standing waves, 134 
Statistical bias, 243, 245 
Statistical error.  See Pebble counts  
Step-pool stream, 6, 8, 9, 123-124, 325, 326 
Stilling well. See also Plywood shield 

to enclose sampling area, 200 
to prevent loss of fines in shoveled samples, 

199 
Stone cells, 136 
Stoss deposit, 137-138 
Straight streams, 108-110, 113, 115 
Streambed 

disturbance by sampling, 158, 299, 323, 331, 
365, 376  

heterogeneity. See Heterogeneity of bed 
material 

homogeneity. See Homogeneity of bed 
material 

monitoring. See Monitoring 
Stream blockage, 124, 126. See also log jams 

effect on stream morphology, 124 
Stream classifications, 6 

applicability of, 9 
based on median particle size, 1, 7 
difference between Rosgen and Montgomery-

Buffington, 9 
educational aspect of, 6 
Montgomery and Buffington (1993, 1977, 

1998), 6-8, 11 
Rosgen (1994, 1996), 1, 6-7, 9-11 

Stream competence, 107, 118, 130, 141, 380-381 
Stream gradient, 1, 7, 107, 112, 116-118, 122  

local, 117, 343 
steep, 1, 133-134, 343 
in Montgomery-Buffington and Rosgen 

classification, 11 
Stream morphology, 1, 6, 9, 108, 116, 122-124, 

323, 325, 338 
and spatial variability of bed-material size, 114 
around boulders and LWD, 116, 124 
of riffles, pools, and bars 
studies, 146 
units, 108, 116 

Stream morphometry, 7, 9 
Streams 

aggrading, 120, 122, 191, 229, 340, 345, 373, 
378 

degrading, 120, 122, 124, 340, 373 
large, 326, 355, 364, 370, 375 

Stream type, 325, 341 
anastomosing, 9 
A-type streams, 4, 9, 122, 123, 325, 326 
boulder-bed, 1 
B-type streams, 4, 9, 122, 325, 326, 333, 334, 

374  
 

braided (D-type), 9, 109-110, 112-115, 131, 
375 

cascades, 9, 116-117 
classification by Montgomery and Buffington, 

(1993, 1997, 1998), 6-8, 11, 325 
classification by Rosgen (1994, 1996), 1, 6-7, 

9-11, 325 
C-type streams, 4, 9, 111, 120-122, 325, 326, 

333, 345, 374 
common in Pacific Northwest, 9 
coupled stream, 12 
distinction by sediment source, 12 
gravel- and cobble-bed, 1, 2 
gullies, 9 
meandering, 109-111, 113, 115 
mountain streams, 12. See Mountain streams 
plane-bed, 6, 8, 117, 122, 275, 325, 326, 334 
pool-riffle, 6, 8, 111, 120-122.  See also Riffle-

pool 
relict/non-fluvial, 12 
sand-bed, 1, 2 
self-formed, 12 
single-thread streams, 112 
step-pool, 6, 8, 9, 123-124 
straight, 108-110, 113, 115 
uncoupled stream, 12 
wadable and unwadable, 13 

Stream width, 117-118, 151, 161, 185, 325, 336, 
338  

Student’s t, 247-248, 251, 257-258, 286, 302, 
350 

Study methods, 2, 4 
selection of, 3-4 

Study objective, 2-4, 120, 150, 371, 372, 374 
Subarmor sediment, 188, 199, 201, 330, 359, 

373. See also Subsurface sediment 
definition of, 191 
diagram, 143 
sample depth, 192 
sampling of, 191, 210 

Subsamples, 261, 286 
area for, 348 
area represented by, 361 
combination of several, 199 
difference between, 363 
grab samples. See Grab samples 
joint analysis of, 361, 366 
for armor layer sampling, 330 
for sieving, 30-33 
mass for bias avoidance, 304, 365, 368, 369, 

370, 372, 373, 376 
reduction of mass, 366, 376 
number of, 248, 261-263, 284-285, 288, 301-

305, 364, 370, 372, 373, 376 
Subsurface particles, hand-picking, 197 
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Subsurface sediment, 128, 130-131, 188, 199, 
359, 364, 371-373, 383 

and bedload particle size, 373 
definition of, 191 
diagram, 143 
example particle-size distribution, 39 
in facies units, 331, 379  
fining of, 128, 130 
reach-averaged D50 size, 364, 373, 377-379 
relation to surface sediment size, 330, 359 
sample depth, 192 
sampling of, 191, 377-379 
size, controlled by, 191 

Summary statistics, in normal distribution, 51 
Surface coarsening, 128, 130-131, 191  
Surface fines, 277 

sampling of, 278 
veneer of, 191 

Surface fining, 132 
Surface particles, 128-129 

distinction from subsurface particles, 172 
marking with spray paint, 172 
problem of identification, 144  
removal of, 197 

Surface sampling. See also Pebble counts and 
Areal sampling 

definition of, 144 
differences between methods, 145 
in small sampling areas, 146 

Surface sediment, 188, 199, 330 
definition of, 144 
diagram, 143 
relation to subsurface sediment size, 330, 359 
removal of, 191 

Surveying sedimentary units, 346, 359, 378 
Suspended sediment concentration, 132 
Systematic sampling along measuring tape, 147, 

151, 155, 158-159 
 
    T 
Tape recorder, voice activated, 164 
Tarps, 32-34 
Template, for gravel measurements, 16, 20, 25- 

28, 30, 32-33, 148, 161, 164-165, 328 
Ternary (triaxial diagram), 186-187, 347 
Textural map, 346-348, 378 
Thalweg, 108, 113-114, 120-121 

stream length, 335-336 
Thin-section analysis 

for areal resin samples, 173, 176 
for resin cores, 213 

Total error (statistical and operator), 152, 162, 
271, 277 

Traction carpets, 136-137 
Transportability, 90 
 

Transport capacity, 107, 113, 119, 122, 131 
Transport competence, 107, 118, 130, 141, 380-

381 
Transport controlled (limited), 51, 340, 343, 373, 

383 
Transport distance, 16, 24, 51, 88-89  
Transverse clast dams, 133-134 
Transverse ribs, 117, 134-135, 327, 362 
Triaxial (triangular) diagram (ternary), 186-187, 

347 
Tri-tube freeze-core sampler, 212-213 
Truncation of sample, 61  

and comparison of samples, 61 
and surface fines, 82 
at coarse end, 60, 82, 204, 366-367, 373 

and readjustment, 299-300 
at fine end, 60, 80, 153 
effect on distribution curve, 60 
effect on Fredle index, 77 
effect on moment method, 61 
effect on second moment, 80 
effects on sorting, 46 
effects on summary statistics, 61 
of distribution tails, 45 

Turbulence, 118 
Two-stage sampling approach, 149, 171, 261, 

263, 275, 284-286, 288, 301-307, 309, 328, 
331, 341, 360, 361, 363, 367-368, 372 

and φ-units, 263, 287, 301 
computerized, 304-307 
for heterogeneous reaches, 336 
with resampling, 307, 309 

 
    U 
Underlying distribution type, 242-243, 271-274 

assumption of (normal distribution), 45, 249, 
264-265, 288-289, 309, 311, 318, 328, 
360, 365, 368, 369, 373, 376 

no assumption, 264-265, 268, 288, 293, 304, 
360, 365, 368 

Underwater storage box for shoveled samples, 
199 

Unimodal, 62, 83-84, 243 
Unstratified bulk sediment, 188, 336, 359, 371-

373 
Untransportable objects or clasts, 117, 127, 131, 

289 
 
    V 
V*, 380, 382-383 
Vehicle access, 32-33 
Velocity reversal, 118 
Visual chart for 

degree of sorting, 67-68 
particle roundness, 90 
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particle size-categories (ternary), 93 
shape/roundness matrix, 91 

Visual delineation of sedimentary (facies) units, 
185, 329, 345-348 

Visual estimates 
of bed-surface parameters, 327 
of particle sizes, 142, 184-185, 345-348 

Visual field identification of particle shape, 97 
Visual image of bed stratigraphy, 213 
Visualization of sampling process, 240 
Voidless cube model, 218-224, 227 
Void ratio, 100, 105-106 
Voids, 128, 132, 227, 287 

filled with fines, 130 
neglecting presence of, 227 

Void volume, 106 
Volume-by-number, 219 
Volume-by-weight, 171, 197, 217, 219, 221, 223-

230 
Volumetric samples, 132, 323, 325, 329, 359 

areal extent of, 365 
at random locations within systematic grid 

cells, 360 
at several overlaying grid systems, 360 
at systematic grid points, 360 
definition of, 188 
depth of, 192-194, 197 
grab samples, 366 
in dry beds, 195 
of subsurface, 277 

Volumetric sampling, 288-320, 325, 329, 380 
armor layer, 330. See Armor layer 
equipment and procedures, 195, 198-216, 367 
geometrical and ecological criteria, 363 
geomorphologically stratified, 371-373 
in homogeneous reaches, 359-360 
in large streams, 364 
in mountain streams, 370 
number of samples or sampling points, 359, 

363, 364, 366, 368,  370-373, 376 
reduction of, 366 
retroactive computation of, 370 

number of subsample replications, 363, 372 
on riffles, 372 
problems of, 199 
sample mass. See sample mass 
sedimentary stratified, 373-379 
spatial aspects of, 329 
spatially integrated, 358-371 
spatially segregated, 371-379 
under water, 198-199, 202, 207 

 
    W 
Wading, wadable, wadability, 13, 25, 146, 147, 

151, 181, 202, 203, 207, 215, 332, 333, 334 
 

Wake deposit, 137-139, 142, 156, 340, 380 
Weight-based frequency. See Frequency-by-

weight 
Weight per size class, 38 
Wentworth scale, 17-18 
Wet-sieving, 173, 177 
Width-depth ratio, 7 
 
    Z 
Zigzag paths for pebble counts. See Pebble 
counts 
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ROCKY  MOUNTAIN  RESEARCH  STATION
RMRS

The Rocky Mountain Research Station develops scientific informa-
tion and technology to improve management, protection, and use of
the forests and rangelands. Research is designed to meet the needs
of National Forest managers, Federal and State agencies, public and
private organizations, academic institutions, industry, and individuals.

Studies accelerate solutions to problems involving ecosystems,
range, forests, water, recreation, fire, resource inventory, land recla-
mation, community sustainability, forest engineering technology,
multiple use economics, wildlife and fish habitat, and forest insects
and diseases. Studies are conducted cooperatively, and applications
may be found worldwide.

Research Locations

Flagstaff, Arizona Reno, Nevada
Fort Collins, Colorado* Albuquerque, New Mexico
Boise, Idaho Rapid City, South Dakota
Moscow, Idaho Logan, Utah
Bozeman, Montana Ogden, Utah
Missoula, Montana Provo, Utah
Lincoln, Nebraska Laramie, Wyoming

*Station Headquarters, Natural Resources Research Center,
2150 Centre Avenue, Building A, Fort Collins, CO 80526


