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Kootenai River Valley & Stream Types
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Figure I-1a.  Kootenai River topographic depiction of valley and stream types.
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Figure I-1b.  Kootenai River aerial depiction of valley and stream types.
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Figure I-2a.  Kootenai River topographic depiction of valley and stream types.
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Figure I-2b.  Kootenai River aerial depiction of valley and stream types.
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Figure I-3a.  Kootenai River topographic depiction of valley and stream types.
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Figure I-3b.  Kootenai River aerial depiction of valley and stream types.
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Figure I-4a.  Kootenai River topographic depiction of valley and stream types.
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Figure I-4b.  Kootenai River aerial depiction of valley and stream types.
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Figure I-5a.  Kootenai River topographic depiction of valley and stream types.
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Figure I-5b.  Kootenai River aerial depiction of valley and stream types.
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Figure I-6a.  Kootenai River topographic depiction of valley and stream types.
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Figure I-6b.  Kootenai River aerial depiction of valley and stream types.
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Figure I-7a.  Kootenai River topographic depiction of valley and stream types.
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Figure I-7b.  Kootenai River aerial depiction of valley and stream types.
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Valley Types (Rosgen, 1996)

Valley Types

The stability and activity of a stream is dependent on location or valley type.  Table II-1 
summarizes valley types and associated characteristics (Rosgen, 1996, 2006).  

Table II-1.  Valley types used in the geomorphic characterization (Rosgen, 1996, 2006).

Valley Types Summary Description of Valley Types

I Steep, confined, “V” notched canyons, rejuvenated side-slopes

II Moderately steep, gentle-sloping side-slopes often in colluvial valleys

III Alluvial fans and debris cones

IV Gentle gradient canyons, gorges and confined alluvial and bedrock-controlled 
valleys

V Moderately steep, “U” shaped glacial-trough valleys

VI Moderately steep, fault, joint or bedrock (structural) controlled valleys

VII Steep, fluvial dissected, high-drainage density alluvial slopes

VIII Wide, gentle valley slope with well-developed floodplain adjacent to river 
and/or glacial terraces; alluvial valley fills

IX Broad, moderate to gentle slopes, associated with glacial outwash and/or 
eolian sand dunes

X Very broad and gentle valley slope, associated with glacio- and nonglacio-
lacustrine deposits

XI Deltas

The following Valley Type descritpions are extracted from Rosgen (1996, pp. 4-12 to 4-22).  
Note that Figure numbering has been changed from original publication.
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Valley Types (Rosgen, 1996)

Valley Morphology Related to Stream Types

Valley Type I
A Type I valley is V-shaped, confined, and is often structurally controlled and/or associated 
with faults.  Elevational relief is high, valley floor slopes are greater than 2 percent, and 
landforms may be steep, glacial scoured lands, and/or highly dissected fluvial slopes.  Valley 
materials vary from bedrock to residual soils occurring as colluvium, landslide debris, glacial 
tills, and other similar depositional materials.  Stream types commonly observed in Valley 
Type I include types “A” and “G,” which are typically step/pool channels with steeper channel 
slopes exhibiting cascade bed features.  Stream channel erosional processes vary from very low 
and stable to highly erodible, producing debris torrents or avalanches.  Often the “A” stream 
types in certain hydro-physiographic provinces are the starting or conveyance zones for snow 
avalanches.  Examples of Valley Type I are shown in Figure II-1a and illustrated in Figure II-
1b.

Figure II-1a.  Valley Type I, “V” notched canyons, rejuvenated side 
slopes (A and G stream types) (Rosgen, 1996).

Figure II-1b.  Valley Type I, “V” notched canyons, rejuvenated 
side slopes (Rosgen, 1996).
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Valley Types (Rosgen, 1996)

Valley Type II
Valley Type II exhibits moderate relief, relatively stable, moderate side slope gradients, 
and valley floor slopes that are often less than 4 percent with soils developed from parent 
material (residual soils), alluvium, and colluvium.  Cryoplanated uplands dominated by 
colluvial slopes are typical of the land-types that generally comprise Valley Type II in the 
northern Rocky Mountains.  The stream type most commonly found in Valley Type II are 
the “B” types, which are generally stable stream types, with a low sediment supply and bed 
features normally described as “rapids.”  Less common are “G” stream types that are observed 
generally under disequilibrium conditions.  Examples of Valley Type II are shown in Figure II-
2a and the illustration in Figure II-2b.

Figure II-2a.  Valley Type II, moderately steep, gentle sloping side 
slopes often in colluvial valleys (B stream types) (Rosgen, 1996).

Figure II-2b.  Valley Type II, moderately steep, gentle sloping 
side slopes often in colluvial valleys (Rosgen, 1996).
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Valley Types (Rosgen, 1996)

Valley Type III
Valley Type III is primarily depositional in nature with characteristic debris-colluvial or 
alluvial fan landforms, and valley-floor slopes that are moderately steep or greater than 
2 percent.  Stream types normally occurring in Valley type III are the “A,” “B,” “G,” and 
“D” types.  The “B” stream type, which is less common on alluvial or colluvial fans, occurs 
primarily on “non-building” stable fans and where riparian vegetation is well established 
along the drainage-way.  The “G” stream type prevails where there is little established riparian 
vegetation in the presence of high bedload transport on actively “building” fans, similar to the 
multiple distributary channels of the “D” stream type.  Examples of Valley Type III are shown 
in Figure II-3a and the illustration in Figure II-3b.

Figure II-3a.  Valley Type III, alluvial fans and debris cones (A, G, D 
and B stream types (Rosgen, 1996).

Figure II-3b.  Valley Type III, alluvial fans and debris cones 
(Rosgen, 1996).
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Valley Types (Rosgen, 1996)

Valley Type IV
Valley Type IV consists of the classic meandering, entrenched or deeply incised, and confined 
landforms directly observed as canyons and gorges with gentle elevation relief and valley-
floor gradients often less than 2 percent.  Valley Type IV is generally structurally controlled 
and incised in highly weathered materials.  These stream types are also often associated with 
tectonically “uplifted” valleys.  The “F” stream type is most often found in Valley Type IV; 
however, where the width of the valley floor accommodates both the channel and a floodplain, 
C channels are often observed.  Depending on streamside materials, the sediment supply is 
generally moderate to high.  Examples of Valley Type IV are shown in Figure II-4a and the 
illustration in Figure II-4b.

Figure II-4a.  Valley Type IV, gentle gradient canyons, gorges and 
confined alluvial valleys (F or C stream types) (Rosgen, 1996).

Figure II-4b.  Valley Type IV, gentle gradient canyons, gorges 
and confined alluvial valleys (Rosgen, 1996).
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Valley Types (Rosgen, 1996)

Valley Type V
Valley Type V is the product of a glacial scouring process where the resultant trough is now 
a wide, “u-shaped” valley, with valley-floor slopes generally less than 4 percent.  Soils are 
derived from materials deposited as moraines or more recent alluvium from the Holocene 
period to the present.  Landforms locally include lateral and terminal moraines, alluvial 
terraces, and floodplains.  Deep, coarse deposition of glacial till is common, as are glacio-
fluvial deposits, with the finer size mixture of glacio-lacustrine deposition above structurally 
controlled reaches.  The stream types most often seen in Valley Type V are “C,” “D,” and “G.”  
Examples of Valley Type V are shown in Figure II-5a and the illustration in Figure II-5b.

Figure II-5a.  Valley Type V, moderately steep valley slopes, “U” shaped glacial trough valleys 
(D and C stream types) (Rosgen, 1996).

Figure II-5b.  Valley Type V, moderately steep valley slopes, “U” 
shaped glacial trough valleys (Rosgen, 1996).
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Valley Types (Rosgen, 1996)

Valley Type VI
Valley Type VI, termed a fault-line valley, is structurally controlled and dominated by bedrock 
and/or colluvial slope building processes.  The valley-floor gradients are moderate, often less 
than 4 percent, but can be steep.  Some alluvium occurs amidst the extensive colluvial deposits 
and stream patterns are controlled by the confined, laterally controlled valley.  Sediment 
supply is low.  Stream types are predominantly “B” types with fewer occasions of  “C” and 
“F” types in the wider and flatter valley reaches.  Under steeper gradients, “A” and “G” stream 
types are observed.  Examples of Valley Type VI are shown in Figure II-6a and the illustration 
in Figure II-6b.

Figure II-6a.  Valley Type VI, moderately steep, fault controlled valleys (B, G and C stream 
types) (Rosgen, 1996).

Figure II-6b.  Valley Type VI, moderately steep, fault controlled 
valleys (Rosgen, 1996).
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Valley Types (Rosgen, 1996)

Valley Type VII
Valley Type VII consists of a steep to moderately steep landform, with highly dissected fluvial 
slopes, high drainage density, and a very high sediment supply.  Streams are characteristically 
deeply incised in either colluvium and alluvium or in residual soils.  The residual soils are 
often derived from sedimentary rocks such as marine shale.  Depositional soils associated with 
these highly dissected slopes can often be eolian deposits of sand and/or marine sediments.  
This valley type can be observed over a variety of locations, from the provinces of the Palouse 
Prairie of Idaho, the Great Basin or high deserts of Nevada and Wyoming, the Sand Hills of 
Nebraska, to the Badlands of the Dakotas.  The majority of stream types found in Valley Type 
VII are the “A” and “G” types, which are channels that have moderate to steep gradients, 
are entrenched (deeply incised), confined, and unstable due to the active lateral and vertical 
accretion processes.  Examples of Valley Type VII are shown in Figure II-7a and the illustration 
in Figure II-7b.

Figure II-7a.  Valley Type VII, steep, highly dissected fluvial slopes (A and G stream types) 
(Rosgen, 1996).

Figure II-7b.  Valley Type VII, steep, highly dissected fluvial slopes (Rosgen, 1996).
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Valley Types (Rosgen, 1996)

Valley Type VIII
Valley type VIII is most readily identified by the presence of multiple river terraces positioned 
laterally along broad valleys with gentle, down-valley elevation relief.  Alluvial terraces and 
floodplains are the predominant depositional landforms, which produce a high sediment 
supply.  Glacial terraces can also occur in these valleys but stand much higher above the 
present river than the alluvial (Holocene) terraces.  Soils are developed predominantly over 
alluvium originating from combined riverine and lacustrine depositional processes.  Stream 
types “C” or “E,” which have slightly entrenched, meandering channels that develop a riffle/
pool bed-form, are normally seen in the Type VIII valley.  However, “D,” “F,” and “G” stream 
types can also be found, depending on local stream and riparian conditions.  Examples of 
Valley Type VIII are shown in Figure II-8a and the illustration in Figure II-8b.

Figure II-8a.  Valley Type VIII, wide, gentle valley slope with a well developed floodplain 
adjacent to river terraces (Rosgen, 1996).

Figure II-8b.  Valley Type VIII, wide, gentle valley slope with a well developed floodplain adjacent to river terraces (Rosgen, 1996).
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Valley Types (Rosgen, 1996)

Valley Type IX
Valley Type IX is observed as glacial outwash plains and/or dunes, where soils are derived 
from glacial, alluvial, and/or eolian deposits.  Due to the depositional nature of the developed 
landforms, sediment supply is high, and the commonly occurring “C” and “D” stream types 
are associated with high rates of lateral migration.  Examples of Valley Type IX are shown in 
Figure II-9a and the illustration in Figure II-9b.

Figure II-9a.  Valley Type IX, broad, moderate to gentle slopes, associated with glacial outwash 
and/or eolian sand dunes (predominately D and some C stream types) (Rosgen, 1996).

Figure II-9b.  Valley Type IX, broad, moderate to gentle slopes, associated with glacial outwash and/or eolian sand dunes 
(Rosgen, 1996).
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Valley Types (Rosgen, 1996)

Valley Type X
Valley Type X is very wide with very gentle elevation relief and is mostly constructed with 
alluvial materials originating from both riverine and lacustrine deposition processes.  Soils 
are primarily alluvium, and while less common, may also be derived from eolian deposition.  
Landforms commonly observed as Valley Type X are coastal plains, broad lacustrine and/or 
alluvial flats, which may exhibit peat bogs and expansive wetlands.  Stream types “C,” “E,” 
and “DA” are the most commonly observed, although in many instances, where streams have 
been “channelized” or the local base level has been changed, “G” and “F” stream types are 
found.  Examples of Valley Type X are shown in Figure II-10a and the illustration in Figure II-
10b.

Figure II-10a.  Valley Type X, very broad and gentle slopes, associated with extensive floodplains 
- Great Plains, semi-desert and desert provinces; coastal plains and tundra (Rosgen, 1996).

Figure II-10b.  Valley Type X, very broad and gentle slopes, associated with extensive floodplains 
- Great Plains, semi-desert and desert provinces; coastal plains and tundra (Rosgen, 1996).
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Valley Types (Rosgen, 1996)

Valley Type XI
Valley type XI is a unique series of landforms consisting of large river deltas and tidal flats 
constructed of fine alluvial materials originating from riverine and estuarine depositional 
processes.  The Type XI valleys or delta areas are often seen as freshwater and saltwater marshes, 
natural levees, and crevasse splays.  There are four morphologically distinct delta areas, initially 
described by Fischer et al. (1969), which produce different stream types or patterns and include:  
the elongated, high-constructive delta (Figure II-11); the lobate, high constructive delta (Figure 
II-12); the wave-dominated, high destructive delta (Figure II-13); and the tide-dominated, high-
constructive delta (Figure II-14).  An additional delta landform is presented here, representative 
of extensive wetlands, peat, and cohesive sediments with multiple, stable channels typical of the 
“DA” (anastomosed) stream type (Figure II-15).
The corresponding stream types found in delta areas are primarily the distributary channels of 
stream type “DA,” or the multiple channel systems of the “D” stream type, along with occasional 
“C” and “E” stream types.  The “DA” stream type is more common to the delta landforms shown 
in Figure II-15, which are the tide-dominated, stable deltas with numerous wetland islands, and 
the base level of the channel system controlled by either lake or sea levels.
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Figure II-11.  Valley Type XI, Deltas - elongated, highly constructive delta with a distributary 
channel system (adapted from Fisher et al., 1969; Rosgen, 1996).
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Valley Types (Rosgen, 1996)
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Figure II-12.  Valley Type XI, Deltas - highly constructive deltas with a lobate configuration and distributary channel 
system (adapted from Fisher et al., 1969; Rosgen, 1996).

Figure II-13.  Valley Type XI, Deltas - highly destructive, wave-dominated delta (adapted from Fisher et al., 1969; Rosgen, 1996).
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Valley Types (Rosgen, 1996)
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Figure II-14.  Valley Type XI, Deltas - highly destructive, tide-dominated delta (adapted from Fisher et al., 1969; Rosgen, 1996).

Figure II-15.  Valley Type XI, Deltas - anastomosed river delta pattern with supporting stable wetlands and channels (adapted 
from Fisher et al., 1969; Rosgen, 1996).
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Stream Classification (Rosgen, 1996)
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Appendix III-3

Stream Classification (Rosgen, 1996)

Stream 
Type General Description

Entrench-
ment 

         Ratio
W/D Ratio Sinuosity Slope Landform / Soils / Features

Aa+ Very steep, deeply entrenched, 
debris transport, torrent streams. <1.4 <12 1.0 to 1.1 >0.10

Very high relief. Erosional, bedrock or 
depositional features; debris flow 
potential. Deeply entrenched streams. 
Vertical steps with deep scour pools; 
waterfalls.

A

Steep, entrenched, cascading, 
step/pool streams. High 
energy/debris transport 
associated with depositional soils. 
Very stable if bedrock- or boulder-
dominated channel.

<1.4 <12 1.0 to 1.2 0.04 to 
  0.10

High relief. Erosional or depositional and 
bedrock forms. Entrenched and confined 
streams with cascading reaches. 
Frequently spaced, deep pools in 
associated step/pool bed morphology.

B

Moderately entrenched, moderate 
gradient, riffle-dominated channel, 
with infrequently spaced pools. 
Very stable plan and profile. 
Stable banks.

1.4 to 2.2 >12 >1.2 0.02 to 
 0.039

Moderate relief, colluvial deposition and/or 
structural. Moderate entrenchment and 
width/depth ratio. Narrow, gently sloping 
valleys. Rapids predominate with scour 
pools.

C
Low gradient, meandering, point 
bar, riffle/pool, alluvial channels 
with broad, well-defined 
floodplains.

>2.2 >12 >1.2 <0.02
Broad valleys with terraces, in association 
with floodplains, alluvial soils. Slightly 
entrenched with well-defined meandering 
channels. Riffle/pool bed morphology.

D
Braided channel with longitudinal 
and transverse bars. Very wide 
channel with eroding banks.

n/a >40 n/a <0.04

Broad valleys with alluvium, steeper fans. 
Glacial debris and depositional features. 
Active lateral adjustment with abundance 
of sediment supply. Convergence. 
Divergence of bed features, aggradational 
processes, high bedload and bank 
erosion.

DA

Anastomosing (multiple channels) 
narrow and deep with extensive, 
well-vegetated floodplains and 
associated wetlands. Very gentle 
relief with highly variable 
sinuosities and width/depth ratios. 
Very stable streambanks.

>2.2 Highly 
Variable

Highly 
Variable <0.005

Broad, low-gradient valleys with fine 
alluvium and/or lacustrine soils. 
Anastomosed (multiple channel) geologic 
control creating fine deposition with well-
vegetated bars that are laterally stable 
with broad wetland floodplains. Very low 
bedload, high washload sediment.

E

Low gradient, meandering 
riffle/pool stream with low 
width/depth ratio and little 
deposition. Very efficient and 
stable. High meander width ratio.

>2.2 <12 >1.5 <0.02

Broad valley/meadows. Alluvial materials 
with floodplains. Highly sinuous with 
stable, well-vegetated banks. Riffle/pool 
morphology with very low width/depth 
ratios.

F
Entrenched meandering riffle/pool 
channel on low gradients with 
high width/depth ratio.

<1.4 >12 >1.2 <0.02

Entrenched in highly weathered material. 
Gentle gradients with a high width/depth 
ratio. Meandering, laterally unstable with 
high bank erosion rates. Riffle/pool 
morphology.

G
Entrenched “gully” step/pool and 
low width/depth ratio on moderate 
gradients.

<1.4 <12 >1.2 <0.039

Gullies, step/pool morphology with 
moderate slopes and low width/depth 
ratio. Narrow valleys or deeply incised in 
alluvial or colluvial materials; i.e., fans or 
deltas. Unstable with grade control 
problems and high bank erosion rates.

Table III-1.  General stream type descriptions and delineative criteria for broad-level classification (Rosgen, 1994, 1996).
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Stream Classification (Rosgen, 1996)
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Appendix III-5

Stream Classification (Rosgen, 1996)

Stream 
Type

Sensitivity to 
Disturbancea

Recovery 
Potentialb

Sediment 
Supplyc

Streambank 
Erosion 
Potential

Vegetation 
Controlling 
Influenced

A1 very low excellent very low very low negligible
A2 very low excellent very low very low negligible
A3 very high very poor very high very high negligible
A4 extreme very poor very high very high negligible
A5 extreme very poor very high very high negligible
A6 high poor high high negligible
B1 very low excellent very low very low negligible
B2 very low excellent very low very low negligible
B3 low excellent low low moderate
B4 moderate excellent moderate low moderate
B5 moderate excellent moderate moderate moderate
B6 moderate excellent moderate low moderate
C1 low very good very low low moderate
C2 low very good low low moderate
C3 moderate good moderate moderate very high
C4 very high good high very high very high
C5 very high fair very high very high very high
C6 very high good high high very high
D3 very high poor very high very high moderate
D4 very high poor very high very high moderate
D5 very high poor very high very high moderate
D6 high poor high high moderate

DA4 moderate good very low low very high
DA5 moderate good low low very high
DA6 moderate good very low very low very high
E3 high good low moderate very high
E4 very high good moderate high very high
E5 very high good moderate high very high
E6 very high good low moderate very high
F1 low fair low moderate low
F2 low fair moderate moderate low
F3 moderate poor very high very high moderate
F4 extreme poor very high very high moderate
F5 very high poor very high very high moderate
F6 very high fair high very high moderate
G1 low good low low low
G2 moderate fair moderate moderate low
G3 very high poor very high very high high
G4 extreme very poor very high very high high
G5 extreme very poor very high very high high
G6 very high poor high high high

a

b

c

d

Includes increases in streamflow magnitude and timing and/or sediment increases.
Assumes natural recovery once cause of instabiilty is corrected.
Includes supsended and bedload from channel derived sources and/or from stream adjacent slopes.
Vegetation that influences width/depth ratio-stability.

Table III-3.  Management interpretations of various stream types (Rosgen, 1994, 1996).
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FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-4

FLOWSED/POWERSED:  Sediment Transport Summary
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FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-6

FLOWSED/POWERSED:  Sediment Transport Summary
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Existing Conditions; Bank Erosion      
Total Annual Erosion Yield = 152,500 
Tons/YR
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Appendix IV-7

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-8

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-9

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-10

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-11

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-12

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-13

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-14

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-15

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-16

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-17

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-18

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-19

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-20

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-21

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-22

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-23

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-24

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-25

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-26

FLOWSED/POWERSED:  Sediment Transport Summary
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Appendix IV-27

FLOWSED/POWERSED:  Sediment Transport Summary
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FLOWSED/POWERSED – PREDICTION MODELS FOR SUSPENDED AND 
BEDLOAD TRANSPORT 

 
David L. Rosgen, Hydrologist/Geomorphologist, Wildland Hydrology, 11210 North County Road 19 North, 

Fort Collins, Colorado 80524, wildlandhydrology@wildlandhydrology.com 
 
Abstract:  FLOWSED and POWERSED are sediment transport models based on empirical and analytical methods 
used to predict both suspended load and bedload.  The models predict changes in degradation and/or aggradation 
processes associated with impaired streams.  The FLOWSED model involves the application of dimensionless 
sediment rating curves developed from reference streams that reflect sediment supply associated with a given stream 
type and stability rating. Measured bankfull discharge, as well as bankfull suspended and bedload sediment values 
are used as normalization parameters.  Flow-duration curves from gage station data are also converted to a 
dimensionless form in order to develop localized flow-duration curves at ungaged sites. Measured bankfull values 
from the study stream are used to convert dimensionless to dimensional sediment rating and flow-duration curves.  
Annual sediment yields can then be determined using the predicted sediment rating and flow-duration curves. 
 
Regionalized dimensionless sediment relations can be developed from measured data and tested against the 
dimensionless bedload and suspended sediment relations derived from the Colorado data presented in FLOWSED.  
Predicted sediment rating curves using this model are compared to observed values over a range of independent data 
sets representing small to large rivers in a variety of hydro-physiographic provinces. 
 
The POWERSED model converts sediment rating curves from stream discharge to unit stream power.  Changes in 
channel dimension, pattern, profile and velocity due to stability problems and/or proposed channel design options 
are evaluated in terms of sediment transport potential.  Hydraulic geometry by stage is calculated to convert 
discharge to unit stream power.  This conversion allows the user to predict sediment transport rates at different 
stages and channel response to changes in slope, depth and/or velocity for a given sediment supply.  Sediment 
supply is determined from the dimensionless sediment rating curves stratified by stream type and stability using the 
FLOWSED model.  Predicted annual suspended and bedload sediment yield values from both reference (stable) and 
impaired (unstable) reaches using POWERSED are compared to measured annual sediment yield.  Applications of 
the models are presented for a) stability examinations; b) watershed and/or sediment supply assessments 
(WARSSS); c) fish habitat enhancement structures; d) flood level computations; e) bridge design; f) prediction of 
future reservoir capacity; and g) natural channel design for river restoration. 
 

INTRODUCTION 
 
Field practitioners must be able to accurately predict the sediment capacity of river channels in order to assess 
physical and biological function and stability.  Recent stream restoration and fish enhancement projects have failed 
due to a lack of understanding of sediment transport and the importance of incorporating sediment transport into 
projects.  For example, failure to include sediment transport estimates in calculating bridge hydraulics may result in 
the continued deposition of sediment in many of the bridge cells. Changes in the dimension, pattern, profile, 
materials and roughness of stream channels need to be assessed not only for sediment competency, but also for 
capacity.  As channel boundary conditions and flow regimes change, it is imperative to ensure that the stream can 
transport the sediment made available from its catchment.  Unfortunately, simple and accurate approaches to these 
problems are unavailable due to the inherent complexity and uncertainty of sediment transport prediction.  
 
Using measured hydraulic and sediment data, Lopes et al. (2001) tested 7 bedload equations on 22 streams and 
concluded that the best overall sediment transport equations were developed by Schoklitsh (1962) and Bagnold 
(1980).  Gomez and Church (1989) hypothesized that, when presented with limited hydraulic information, bedload 
is best predicted using equations incorporating the stream power concept.  After testing 410 bedload events in 
gravel-bed rivers, however, Gomez and Church (1989) concluded that out of the 12 equations assessed, none 
performed consistently due to the limitation of the data and the complexity of the sediment phenomena.  The authors 
concluded that sediment transport prediction involves 1) “the need to collect localized bedload and suspended 
sediment rating curve data to establish sediment supply values; and, 2) the need to calibrate sediment transport 
models based on absolute values.”  Without observed sediment values, predicted transport rates will continue to 
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differ significantly from actual transport rates.  It is not uncommon for existing sediment transport models to 
overpredict or underpredict by two or three orders of magnitude, all on the same data sets (Parker, et al., 1982).    
 
Purpose:  Clearly, the need for a more accurate suspended and bedload transport model has not lessened.  Since 
1968, the author has measured suspended and bedload data on a wide range of flows for 160 rivers.  The Rosgen 
data sets, combined with USDA Forest Service Rocky Mountain research data from sites in Colorado and Wyoming, 
were used to develop and test dimensionless relations of both suspended and bedload sediment rating curves by 
stream type/stability categories (Troendle, et al., 2001).  The normalization parameter used to transform the 
sediment rating curves to dimensionless form was bankfull stage values of discharge, suspended and bedload 
sediment.  With one exception, the relations found were power functions.  The equations were tested and found to be 
statistically significantly (p < 0.05) different from one another, based on broad stream type groupings and associated 
“good/fair” versus “poor” stability ratings.  Stream type alone was not significant, since stability ratings are needed 
to establish sediment supply (Rosgen, 2001).  Where changes in stream type infer a stability shift, such as a change 
from an E5 to F5, there is an inferred relationship of not only a change in sediment supply with stream type change, 
but a shift in the sediment rating curve.  The stream types are those described by Rosgen (1994), while the stability 
ratings are those by Pfankuch (1975), modified by Rosgen (2001).  USGS sediment rating curves on Redwood 
Creek, California, were stratified into different sediment rating curves based on the Pfankuch stability ratings 
(USEPA,1980), explaining a range of 5 orders of magnitude in sediment supply for the same discharge.  Bedload 
sediment rating curve data, published by Williams and Rosgen, (1989) were stratified by stream type to reduce the 
variability in the scatter of the data (Rosgen, 1996).  The steeper slope of the sediment rating curves was related to a 
sediment supply condition and to channel processes described by stream type.  Such relations eventually provide 
dimensionless sediment rating curves from measured values that represent the supply function in the sediment 
transport relations.  Much like calibrating a model with measured values, bedload discharge, suspended and bedload 
sediment data are measured in order to convert the empirically derived dimensionless relation equation to a 
dimensional form for a given river reach.  The FLOWSED model utilizes dimensionless sediment rating curves and 
dimensionless flow-duration curves.  Dimensionless flow-duration curves were first presented by Emmett (1975).   
 
One criticism of dimensionless ratio sediment rating curves offered by Kuhnle and Simon (2000) is that they will 
collapse into the same curve when the sediment rating curves of two rivers of different types are converted to a 
dimensionless form.  This would be true if the stability/stream type/sediment supply relations were similar; however, 
tests of significance of “poor” versus “good/fair” stability were significantly different when made dimensionless 
(Troendle, et al., 2001).  To demonstrate this point, USGS sediment rating curve data from Western Tennessee 
(Simon, 1986) from the Hatchie river (E5 stream type) and the South Fork of the Forked Deer river (F5 stream 
type), shown in Figure 1, indicate that for similar flows the South Fork of the Forked Deer river has 3 orders of 
magnitude higher sediment supply compared to the Hatchie river.  When these relations were transformed to a 
dimensionless form, the curves did not collapse into one curve as asserted by Kuhnle and Simon (2000), but rather 
remained separate, as seen in Figure 1.  If the curves had collapsed into the same relation, this would indicate a lack 
of  statistically significant difference.  In such a case, one dimensionless power function of discharge would then fit 
both streams. 
 
The POWERSED model uses the output from FLOWSED, but simulates changes in stream power to predict 
transport relations due to stream channel dimension, pattern and profile changes.  Thus, the combination of simple 
power functions from empirical and analytical relations of hydraulic geometry/stream power by stage are combined 
to provide a model that produces reasonable numbers.  The empirical and analytical models and their validation over 
a wide range of geographic regions are presented below.  
 

MODEL DESCRIPTION 
 
FLOWSED:  The framework for this model involves selecting streams of various types and stability ratings that 
have measured suspended and bedload sediment rating curves available.  The streams selected should represent a 
“reference” condition for streams of various morphology and stability within a region.  The sediment rating curves 
are then transformed to a dimensionless form over the entire range of flows using the bankfull stage values as the 
normalization parameter.  Variations in the form of the relation describing the exponent and coefficient values 
depend on the nature of the streams in the region.  Rivers of similar type and stability are grouped as in Troendle et 
al. (2001).  Thus, the derived empirical relations can be extrapolated to similar rivers elsewhere.  For the 
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development of dimensionless suspended sediment and bedload sediment rating curves, data from C4 stream types 
(gravel-bed, meandering, streams with floodplains, point bars, width/depth ratios >12, on slopes less than 0.02) 
(Rosgen, 1994) were selected to represent “good/fair” stability in the Pagosa Springs region of Southwestern 
Colorado. Two equations were established, one for suspended sediment and another for bedload sediment (Figure 
2).  Separate equations were developed for “poor” stability ratings for a region. 
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Figure 1  Left graph: Suspended sediment rating curves from West Tennessee for the South Fork forked Deer (F5 
stream type) and Hatchie Rivers (E5 stream type). Data is from the USGS in English units as published by Simon, 
1989. Right graph: Dimensionless ratio suspended sediment rating curves; separation of curves from one another. 
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Figure 2  Left graph: Dimensionless ratio suspended sediment rating curves for “good/fair” stability categories. 
Right graph:  Dimensionless bedload rating curves for “good/fair” stability categories. Both curves using data from 

Wolf Creek, the West Fork of the San Juan river and Fall Creek, Pagosa Springs, Colorado (1997 – 2001). 
 
Flow-duration curves from USGS gage sites are also converted to dimensionless flow-duration curves using 
bankfull discharge as the normalization parameter.  Since bankfull is a momentary maximum value, it must be 
converted to a “mean daily bankfull” value.  USGS data is used to obtain the mean daily discharge on the day that 
the bankfull stage occurs.  A ratio of mean daily discharge to the momentary maximum value is developed to 
establish the “mean daily bankfull” value.  This value is used to normalize the flow-duration curve data.  The use of 
dimensional flow-duration curves representing a hydro-physiographic province are used to obtain flow-duration 
curve data at ungaged sites once bankfull discharge is determined.  Bankfull discharge is obtained from field 
investigations, measurement or extrapolation from regional curves for a hydro-physiographic region.  The 
combination of sediment rating curves for both suspended and bedload sediment and flow-duration curves allows 
the calculation of total annual sediment yield.  To convert the dimensionless sediment rating curve to dimensional 
values, measured suspended and bedload sediment must be obtained for the stream being studied.   Regional 
bankfull sediment values such as those for suspended sediment (Simon, et al., 2004) could be used in the absence of 
locally measured values, but would require validation.  Since direct measurements are necessary to calibrate 
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sediment models, then these same data can be used to convert a dimensionless relation in order to predict a sediment 
rating curve if the data collected is at or near the bankfull stage. 
 
POWERSED: This model uses sediment supply data from the dimensionless suspended and bedload rating curves 
and dimensionless flow-duration cures in FLOWSED, but converts the full range of stream discharge into stream 
power. Stream power (ω) is defined as  

                                                                                     (ω) =  γQS     (1) 
where, γ is the specific weight of the fluid, Q is stream discharge, and S is the water surface slope. Stream power is 
calculated for each stage from hydraulic geometry relations. The hydraulic geometry relations are predicted using 
various resistance equations and roughness coefficients for a wide range of flows.  Thus, changes in slope, hydraulic 
radius (depth), and velocity by stage are reflected in an altered stream power and a corresponding altered sediment 
transport rate.  The sediment consequences and resulting channel stability of over-widened streams, multiple cell 
bridges, and/or structures that alter the slope, depth and/or velocity of flow can be determined.  The suspended 
sediment data for POWERSED is further separated into the sand portion of the suspended sediment sample and the 
wash load since the sand portion is more controlled by energy than the wash load. Washload is defined as a portion 
of the suspended load at sediment sizes less than .062mm, the remaining concentration represents the suspended 
sand material load.  Ratios of suspended sand concentrations versus total suspended sediment concentrations are 
used in the analysis.  
 

 
 

Figure 3  Flow chart for FLOWSED/POWERSED models when impaired and reference streams have the same 
discharge. 

 
A flow chart depicting both models is shown in Figure 3.  The user has an option to either route the same sediment 
supply through the impacted reach from the upstream reach or to measure sediment and flow at bankfull stage and 
re-enter the model to adjust sediment supply for the downstream reach.  This option allows the user to insert locally 
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derived power function equations that best represent the altered stream. These models have been successfully used 
for river assessment, fish habitat structure evaluations and river restoration designs since 2001.  The models are 
presently installed in a software program in RIVERMorphTM to assist users with rapid, multiple applications.   
 

 
RESULTS AND DISCUSSION 

 
Validation of both the FLOWSED and POWERSED models has been conducted using measured suspended and 
bedload data for a wide range of river sizes over diverse geographical areas.  One measured data point representing 
discharge, suspended sediment and bedload sediment, all collected at the bankfull stage, was used to predict a 
sediment rating curve for each location.  These rivers represented independent data sets, as none of the empirical 
dimensionless sediment rating curves tested were used to develop the relations.  For validation, US Geological 
Survey data was obtained for measured bedload and suspended sediment in Alaska, Tennessee, Arkansas, 
Wyoming, Nevada, North Carolina and other states (Figure 4).   
 
The reference dimensionless sediment rating curves for suspended and bedload sediment used for these predictions 
were the power function relations shown in Figure 2, from the Pagosa data. The comparison shows very good 
agreement between the predicted sediment rating curve and the measured values over a wide range of flows (Figure 
4). The predicted sediment rating curves were derived from only one data point each representing the bankfull 
discharge, suspended sediment and bedload sediment values as depicted (dashed line) on each relation in Figure 4. 
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Maggie Creek, NV, F4 Stream Type
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Maggie Creek, NV, F4 Stream Type
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East Fork River, WY, C4 Stream Type
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East Fork River, WY, C4 Stream Type
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South Fork of Forked Deer River, TN 
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West Fork of White River, AR, C4 Stream Type
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Figure 4 Predicted suspended and bedload sediment rating curves compared to observed data for a wide range of 
river sizes and geographical areas, using the FLOWSED model. 
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Field validation of the POWERSED model was recently conducted on Weminuche Creek in Southwestern Colorado. 
Annual suspended sediment and bedload sediment yield were measured at two locations on the same river for the 
same flows, but not the same stability.  Bedload and suspended sediment, streamflow and hydraulic geometry data 
were collected concurrently on both reaches over a wide range of flows during snowmelt runoff.  The upper reach 
was a C4 stream type with a width of 9.8 meters, width/depth ratio of 11, slope of 0.0047 and a D50 of 33 mm.  The 
lower reach, 0.8 km downstream was a D4 (braided) stream type but of the same flow with a width of 72 meters, 
width/depth ratio of 412, slope of 0.0026 and a D50 of 22mm.  The braided reach instability was caused by spraying 
willows and heavy grazing pressure, which caused excessive streambank erosion and channel aggradation.  The 
braided channel sediment data included measuring 30 cells of individual verticals of suspended sediment and 
bedload data for a wide range of flows up to two times bankfull stage.  Particle size analysis of each vertical was 
also collected and analyzed.  The hydraulic geometry was also measured at each vertical including velocity, width, 
depth, and slope; used to calculate both discharge and stream power.  This data was collected over the entire 
snowmelt runoff period in 2005 to calculate a transport rate for a range of flows on the braided channel by 
individual cell as well as for the total annual suspended, suspended sand and bedload transport.  The same data was 
collected at the bridge site on the C4 stream type.  Continuous streamflow data was also collected during the runoff 
season.  A 152mm (6 inch) Helley Smith bedload sampler and a DH-48 depth-integrated suspended sediment 
sampler were used at both sites following standard field and lab analysis techniques.  Due to an unusually heavy 
snowpack, stream flows reached twice the bankfull stage for Weminuche Creek in 2005.   
 
Prediction of the measured suspended (sand) sediment and bedload rating curves for Weminuche Creek are shown 
in Figure 5.  The prediction should be reasonable, as the reference dimensionless sediment rating curves were 
obtained from Southwestern Colorado, although not from Weminuche Creek.  The next prediction represented 
annual sediment yield for both stream reaches.  The same sediment supply function from the upstream C4 stream 
type was used for the downstream reach to determine how well the downstream reach could accommodate the 
sediment made available.  In the case of the D4 stream type there was a major change in width, depth and velocity 
for the same discharge, thus a shift in stream power was predicted. The relation between stream discharge and 
stream power for the C4 and D4 stream type are depicted in Figure 6.   
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The relationship between measured suspended sediment and bedload measurements versus stream power are shown 
in Figure 7 for each stream type.  The D4 stream type stream power data reflects only reach averaged conditions 
rather than individual cells.  The first POWERSED run using RIVERMorphTM on the braided reach did not separate 
the reach into cells across the section, but used reach averaged hydraulic geometry by stages to predict sediment 
transport.  The resultant prediction was very low, (87 tons/year for bedload, 390 tons/year suspended sediment and a 
total of 477 tons/year, compared to an upstream supply on a C4 stream type of 2,557 tons/year of bedload, 1,852 
suspended sediment tons/year, with a total of 4,452 tons/year).  The next run, however on the braided reach was 
subsequently divided into three cells to develop hydraulic geometry and sediment transport separately.  
 
The excellent results for both stream reaches of predicted versus measured values are shown in Table 1.  The 
predicted total sediment yield for the C4 stream type was a 3.1% underestimate.  The predicted annual sediment 
yield for the D4 stream type was 6.0% below the measured values.  Predicted bedload was very close to that 

Figure 5 Left graph: Predicted suspended sand sediment rating curve 
compared to observed data. Right graph: Predicted bedload sediment 
rating curve compared to observed data using FLOWSED, C4 stream 
type, Weminuche Creek, Colorado, 2005.

Figure 6 Relationship of stream 
discharge versus stream power for 
the C4 and D4 reaches of 
Weminuche Creek, Colorado, 2005.
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produced for the C4 and the D4 stream type, as shown in Table 1.  These results are very encouraging, as they 
suggest the field practitioner’s ability to rapidly and accurately predict both sand-sized suspended and bedload 
transport rates and annual yields. The sand portion of the suspended sediment induced deposition on the stream bed 
when changing from a C4 stream type (1,895 tons/year measured versus 2,153 tons/year predicted), to a braided D4 
stream type (878 tons/year measured versus 949 tons/year predicted) represents a reduction in sand size suspended 

                          
 

Figure 7 Left graph: Relationship of measured bedload sediment to stream power for C4 and D4 stream type. 
Right graph: Relationship of measured suspended sand sediment versus stream power – both relationships from 

Weminuche Creek, Colorado (2005). 
 
sediment transport of 916 tons/year measured versus 1,275 tons/year predicted. The reduction in bedload transport 
when changing from a C4 stream type (2,557 tons/year measured versus 2,160 tons/year predicted), to a braided D4 
stream type (636 tons/year measured versus 612 tons/year predicted) is 1,921 tons/year for the measured value and 
1,548 tons per year for the predicted value. This excess deposition is the result of a reduction in stream power due to 
the consequence of an increased width to depth ratio (11 for the C4 stream type compared to 412 for the D4 stream 
type). The change in stream power for the braided D4 stream type was largely due to the reduction of mean depth 
and velocity. The hydraulic geometry by stage prediction of the POWERSED model closely approximates the 
measured values. In other words, the combined FLOWSED/POWERSED models not only predict the annual 
suspended sand and bedload yield, but they also accurately predict the channel consequence of aggradation rate 
(Table1). 
 
A similar prediction was accomplished on the North Prong of the South Fork of the Mitchell River (12.6 km2) near 
Jonesville, North Carolina from work initiated in 2004.  The upstream stable reference reach cross-section was used 
to predict the suspended and bedload sediment using the Pagosa data (Figure 2).  A very close agreement between 
the predicted and measured suspended and bedload data was observed.  The downstream, impacted reach had a 
width/depth ratio of 24-29 compared to a width/depth ratio of 12 for the upstream reference.  The POWERSED 
model indicated that approximately 40% of the total annual sediment yield would be deposited, including sand-sized 
particles.  Twelve permanently monumented cross-sections were resurveyed one year later, all of which showed 
aggradation ranging from 0.06m to 0.18m and a shift to a higher percentage of sand.  Interestingly, the competence 
of the river was maintained, as a 95-mm particle was predicted to be entrained and 100-mm particles were entrained 
in the bed, scouring down to 0.12m.  The bed subsequently aggraded over the scour chains, depositing excess fine 
gravel and sand on the recession limb of the hydrograph over the previously installed scour chains.  This study and 
model validation indicated that a stream may have adequate sediment competence, but lack the sediment capacity to 
maintain stability.  The model was successful in that it predicted an aggradation process that matched field 
observations. 
 

CONCLUSIONS 
 

The close agreement between predicted versus observed data of both suspended and bedload sediment rating curves 
is very encouraging.  Study results indicate that 1) a reference dimensionless sediment rating curve is appropriate to 
represent sediment supply in the region being studied; 2) a dimensionless flow-duration curve represents the hydro-
physiographic province of the study site; and 3) near bankfull values are obtained in the field to transform the 
dimensionless relations to dimensional values.  Researchers/practitioners could establish a range of dimensionless 
sediment rating curves for a given region and bankfull suspended and bedload sediment data by drainage area.  
Continued field measurements and comparisons of model prediction-to-observed values are recommended over a 
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wide range of regions.  The initial development and testing of FLOWSED/POWERSED shows promise in 
predicting river behavior for stability assessment, fish habitat enhancements, bridge design, reservoir studies and 
river restoration applications.   
 
Table 1 Comparison of predicted suspended (sand), bedload and total sediment loads to measured values for the C4 

and D4 stream types on Weminuche Creek, Colorado, 2005. 
 

STREAM LOCATION PREDICTED VALUES 
(TONS/YEAR) 

MEASURED VALUES 
(TONS/YEAR) 

DIFFERENCE 
(%) 

C4 Stream Type     
Bedload 2,160 2,557  
Suspended load (sand only)  2,153 1,895  
C4 Stream Type Total 
Sediment Load 4,313 4,452 3.1% under 

 
STREAM LOCATION PREDICTED VALUES 

(TONS/YEAR) 
MEASURED VALUES 

(TONS/YEAR) 
DIFFERENCE 

(%) 
D4 Stream Type Cell 6.1    
Bedload 547 530  
Suspended load (sand only)  788 806  
Total 1,335 1,336  
D4 Stream Type Cell 6.2    
Bedload 65 104  
Suspended load (sand only)  83 141  
Total 148 245  
D4 Stream Type Cell 6.3    
Bedload 0 2  
Suspended load (sand only)  7 2  
Total 7 4  
D4 Stream Type Total    
Bedload 612 636  
Suspended load (sand only)  878 949  
D4 Stream Type Total 
Sediment Load 1,490 1,585 6.0% under 
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