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Stream Visual Assessment Protocol Worksheet 
 
OWNERS NAME:  Landowner 1 Tom Scott  DATE:  1/01/14 
EVALUATORS NAME:    Paul, Amy, Maria, Oakley HUC:  10090101 
STREAM NAME:  Tongue River   
REACH LOCATION:  Station  100+00 through 215+00 Cross sections 14,15,16 & 17    Note: Refer 
to Landowner 2 for information on the left bank from station 120+00 to 135+00 Cross section 19-22 
MLRA 58B   DRAINAGE AREA:   GRADIENT:  2% 
REFERENCE SITE:  None 

 
LAND USE WITHIN DRAINAGE AREA (%) 

RESIDENTIAL:   HAYLAND:  PASTURE:   
FOREST:   CRP:   OTHER:   
WEATHER PAST 2-5 DAYS:  
snow, wet. 

Bankfull width  

ACTIVE CHANNEL WIDTH:  20’ 
 
DOMINANT SUBSTRATE: 
 
Note: This reach is located and scored between cross sections 14 and 17 

PARAMETER SCORE PARAMETER SCORE 
Channel Condition:  

pg. 9-16 
 4 9.  Manure or human waste:        

  pg. 28 
 7 

2. Hydrologic alteration: 17&18 
 

 7 10. Pools: 
 pg. 29 &30 

 3 

3. Bank Condition: 19&20 
 

6 11. Barriers to Movement: 
 pg. 31 

 7 

4. Riparian Area Quantity:  pg. 21 
 

 5 12. Fish Habitat Complexity: 
 pg. 32 

 6 

5. Riparian area Quality:  pg. 23 
 

 6 13. Aquatic Invertebrate Habitat pg. 34 
&35 

 6 

6. Canopy Cover: pg. 24&25 
 

 2 14. Aquatic Invertebrate Community   
pg. 36 - 39 

 8 

7. Water Appearance: 
 pg. 26 

 9 15. Riffle Embeddedness pg. 40  8 

8.  Nutrient Enrichment:  
pg. 27 

 7 16. Salinity: N/A 

 
 
OVERALL SCORE (Total divided by number scored):   6.1 
 
EXCELLENT >9.0  
GOOD 7.5 – 8.9  
FAIR 6.1 – 7.4 X 
POOR <6.0  
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SUSPECTED CAUSES OF LOW SVAP OBSERVED SCORES: (Scores less than 5) 
 

· Element 1: Channel Elevation Model stage III. Active lateral movement. 
· Element 4: Riparian Area Quantity. Active bank erosion has removed many of the woody 

elements through this reach which also affects the canopy cover. Fire in 2003 has removed 
much of the older vegetation and caused bank instability. The river lacks enough power to 
move the bed load through this reach due to high width to depth ratio and perhaps by 
removal of flood water for irrigation.  

· Element 5: Riparian Area Quality. The native wetland vegetation has been left high and 
dry by lowered water table.  

· Element 6: The Canopy Cover is lacks the shrub element and overhanging vegetation again 
to the fire of 03.  

· Element 10. Pools this reach however seldom encountered are a primary result of scour 
from remnant woody material washed into the stream resulting from the fire. 

 
 
 
Landowner Concerns: 

1. As a rule the landowner allows the river freedom to adjust unhampered. There is concern about 
erosion both along the bend and about the diversion. Should the river meander into the oxbow 
it could abandon its present location and shorten the stream length beginning a chain reaction 
what could become a new set of adjustments.  

2. The area in and around the Diversion also have landowner concerned due to erosion.   
 
RECOMMENDATIONS: 
 
1. Stabilize eroding stream banks ether by allowing the river to adjust its length or construct 

structures. Create riffle pool complexes with the structures. Landowners may use structures 
downstream as a blueprint for future work on this reach.  

2. There is a general lack of woody material in this reach. Consider pine tree revetment, root wade or 
toe wood installations Add structure to channel at strategic locations to create riffle/pool 
complexes. Plant trees and shrubs along bank to shade the waterway. 

3. Define intermediate berm during low water periods and use the meander pattern in place to 
enhance pattern. 

4. Replace push up diversion with a permanent one that allows for fish passage, keeps fish out of the 
irrigation ditch and allows the river to pass the bed load.   
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Stream Visual Assessment Protocol Worksheet 
 
OWNERS NAME:  Landowner 2JLanim Lomax  DATE:  1/01/14 
EVALUATORS NAME:    Paul, Amy, Maria, Oakley HUC:  10090101 
STREAM NAME:  Tongue River   
REACH LOCATION:  Station  125+00 through 150+00 Cross sections 18,19,20 & 22     

MLRA 58B   DRAINAGE AREA:   GRADIENT:  2% 
REFERENCE SITE:  None 

 
LAND USE WITHIN DRAINAGE AREA (%) 

RESIDENTIAL:   HAYLAND:  PASTURE:   
FOREST:   CRP:   OTHER:   
WEATHER PAST 2-5 DAYS:  
snow, wet. 

Bankfull width  

ACTIVE CHANNEL WIDTH:   
 
DOMINANT SUBSTRATE: 
 
Note: This reach is located and scored between cross sections 14 and 17 

PARAMETER SCORE PARAMETER SCORE 
Channel Condition:  

pg. 9-16 
 4 9.  Manure or human waste:        

  pg. 28 
 3 

2. Hydrologic alteration: 17&18 
 

 5 10. Pools: 
 pg. 29 &30 

 9 

3. Bank Condition: 19&20 
 

 4 11. Barriers to Movement: 
 pg. 31 

 10 

4. Riparian Area Quantity:  pg. 21 
 

 6 12. Fish Habitat Complexity: 
 pg. 32 

 9 

5. Riparian area Quality:  pg. 23 
 

 6 13. Aquatic Invertebrate Habitat pg. 34 
&35 

 9 

6. Canopy Cover: pg. 24&25 
 

 4 14. Aquatic Invertebrate Community   
pg. 36 - 39 

 9 

7. Water Appearance: 
 pg. 26 

 8 15. Riffle Embeddedness pg. 40  6 

8.  Nutrient Enrichment:  
pg. 27 

 8 Total 100 

 
 
OVERALL SCORE (Total divided by number scored):   6.7 
 
EXCELLENT >9.0  
GOOD 7.5 – 8.9  
FAIR 6.1 – 7.4 X 
POOR <6.0  
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SUSPECTED CAUSES OF LOW SVAP OBSERVED SCORES: (Scores less than 5) 
 

· Element 1: Channel Elevation Model stage III. Active lateral movement. 
· Element 4: Riparian Area Quantity. Active bank erosion has removed many of the woody 

elements through this reach which also affects the canopy cover. Fire in 2003 has removed 
much of the older vegetation and caused bank instability. The river lacks enough power to 
move the bed load through this reach due to high width to depth ratio and perhaps by 
removal of flood water for irrigation.  

· Element 5: Riparian Area Quality. The native wetland vegetation has been left high and 
dry by lowered water table.  

· Element 6: The Canopy Cover is lacks the shrub element and overhanging vegetation 
again to the fire of 03.  

· Element 10. Pools this reach however seldom encountered are a primary result of scour 
from remnant woody material washed into the stream resulting from the fire. 

 
 
 
Landowner Concerns: 

1. As a rule the landowner allows the river freedom to adjust unhampered. There is concern 
about erosion both along the bend and about the diversion. Should the river meander into the 
oxbow it could abandon its present location and shorten the stream length beginning a chain 
reaction what could become a new set of adjustments.  

2. The area in and around the Diversion also have landowner concerned due to erosion.   
 
RECOMMENDATIONS: 
 
1. Stabilize eroding stream banks ether by allowing the river to adjust its length or construct 

structures. Create riffle pool complexes with the structures. Landowners may use structures 
downstream as a blueprint for future work on this reach.  

2. There is a general lack of woody material in this reach. Consider pine tree revetment, root wade 
or toe wood installations Add structure to channel at strategic locations to create riffle/pool 
complexes. Plant trees and shrubs along bank to shade the waterway. 

3. Define intermediate berm during low water periods and use the meander pattern in place to 
enhance pattern. 

4. Replace push up diversion with a permanent one that allows for fish passage, keeps fish out of the 
irrigation ditch and allows the river to pass the bed load.   
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Site Diagram 
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Stream Visual Assessment Protocol Worksheet 
 
OWNERS NAME: Landowner 3 Mike and 
Melissa Butcher 
Father Beavers Group III   

DATE:  1/01/14 

EVALUATORS NAME:    Paul, Maria HUC:  10090101 
STREAM NAME:  Tongue River   
REACH LOCATION:  Station 85+00 through 87+00 Depending on the needs and landowner 
concerns we may include Tom West and the Sorenson’s.  
MLRA 58B   DRAINAGE AREA:   GRADIENT:  2% 
REFERENCE SITE:   

 
LAND USE WITHIN DRAINAGE AREA (%) 

RESIDENTIAL:   HAYLAND:  PASTURE:   
FOREST:   CRP:   OTHER:   
WEATHER PAST 2-5 DAYS:  
snow, wet. 

Bankfull width  

ACTIVE CHANNEL WIDTH:   
 
DOMINANT SUBSTRATE: 
 
Note: No cross section completed here. Need to revisit. 

PARAMETER SCORE PARAMETER SCORE 
Channel Condition:  

pg. 9-16 
 6 9.  Manure or human waste:        

  pg. 28 
 9 

2. Hydrologic alteration: 17&18 
 

 6 10. Pools: 
 pg. 29 &30 

 8 

3. Bank Condition: 19&20 
 

 7 11. Barriers to Movement: 
 pg. 31 

 8 

4. Riparian Area Quantity:  pg. 21 
 

 6 12. Fish Habitat Complexity: 
 pg. 32 

 6 

5. Riparian area Quality:  pg. 23 
 

 6 13. Aquatic Invertebrate Habitat pg. 34 &35  9 

6. Canopy Cover: pg. 24&25 
 

 6 14. Aquatic Invertebrate Community   
pg. 36 - 39 

 9 

7. Water Appearance: 
 pg. 26 

 8 15. Riffle Embeddedness pg. 40  6 

8.  Nutrient Enrichment:  
pg. 27 

 9 Total Points  109 

 
OVERALL SCORE (Total divided by number scored):   7.2 
 
EXCELLENT >9.0  
GOOD 7.5 – 8.9  
FAIR 6.1 – 7.4 X 
POOR <6.0  
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SUSPECTED CAUSES OF LOW SVAP OBSERVED SCORES: (Scores less than 5) 
 

· Element 1: Channel Condition appears to be aggrading. One mid channel bar has formed at 
about 101+00 and is over wide.  

· Element 4: Riparian Area Quantity.  
· The river appears to lack enough power to move the bed load through this reach due to 

high width to depth ratio and perhaps by removal of flood water for irrigation and or 
change is slope.  

· Element 6: The Canopy Cover is lacks the shrub element and overhanging vegetation.  
· Element 10. Deep pools (two to three times mean depth) not found. Most pool are a 

primary result woody material washed into the stream. 
 

 
 
Landowner Concerns: 

 
The area in and around the Diversion also have landowner concerned due to erosion.   

 
RECOMMENDATIONS: 
 

· Consider abandoning small diversion and utilizing  the highline ditch. The elevation 
difference between the irrigated land and the water surface in the ditch could allow for a 
gravity sprinkler conversion from flood. More water efficient and more productive.  

· Define the Correct pattern for this reach in terms of width to depth ratio. 
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Stream Visual Assessment Protocol Worksheet 
 
OWNERS NAME: Landowner 4  I DATE:  1/01/14 
EVALUATORS NAME:    Paul, Amy, Maria HUC:  10090101 
STREAM NAME:  Tongue River   
REACH LOCATION:  Station  102+00 through 103+00  

MLRA 58B   DRAINAGE AREA:   GRADIENT:  2% 
REFERENCE SITE:  None 

 
LAND USE WITHIN DRAINAGE AREA (%) 

RESIDENTIAL:   HAYLAND:  PASTURE:   
FOREST:   CRP:   OTHER:   
WEATHER PAST 2-5 DAYS:  
snow, wet. 

Bankfull width  

ACTIVE CHANNEL WIDTH:  20’ 
 
DOMINANT SUBSTRATE: 
 
Note: This reach is located and scored between cross sections 14 and 17 

PARAMETER SCORE PARAMETER SCORE 
Channel Condition:  

pg. 9-16 
 4 9.  Manure or human waste:        

  pg. 28 
 3 

2. Hydrologic alteration: 17&18 
 

 7 10. Pools: 
 pg. 29 &30 

 4 

3. Bank Condition: 19&20 
 

 6 11. Barriers to Movement: 
 pg. 31 

 7 

4. Riparian Area Quantity:  pg. 21 
 

 4 12. Fish Habitat Complexity: 
 pg. 32 

 4 

5. Riparian area Quality:  pg. 23 
 

 4 13. Aquatic Invertebrate Habitat pg. 34 &35  9 

6. Canopy Cover: pg. 24&25 
 

 6 14. Aquatic Invertebrate Community   
pg. 36 - 39 

 9 

7. Water Appearance: 
 pg. 26 

 8 15. Riffle Embeddedness pg. 40  6 

8.  Nutrient Enrichment:  
pg. 27 

 9 16. Salinity: N/A 

 
 
OVERALL SCORE (Total divided by number scored):   6.0 
 
EXCELLENT >9.0  
GOOD 7.5 – 8.9  
FAIR 6.1 – 7.4 X 
POOR <6.0  
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SUSPECTED CAUSES OF LOW SVAP OBSERVED SCORES: (Scores less than 5) 
 

· Element 1: Channel Condition Evolution Model stage III. Active lateral movement. 
· Element 4: Riparian Area Quantity. Active bank erosion and land use changes has removed 

many of the woody elements through this reach which also affects the canopy cover. 
· Element 5: Riparian Area Quality has converted riparian woody vegetation with lawn 

species. The river lacks enough power to move the bed load through this reach due to high 
width to depth ratio and perhaps by removal of flood water for irrigation and or change is 
slope.  

· Element 6: The Canopy Cover is lacks the shrub element and overhanging vegetation.  
· Element 10. Pools are few and relatively. 

 
 
Landowner Concerns: 

1. The view is an important consideration here.  
 
RECOMMENDATIONS: 
 
1. Replace erosion resistant vegetation with structures ether wood, rock, or herbatious low growing 

buffer.    
2. Consider pine tree revetment, root wade or toe wood installations. 
3. Define the Correct pattern for this reach in terms of width to depth ration. 
4. Protect property from overland flow from uplands with dike.  
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Stream Visual Assessment Protocol Worksheet 
 
OWNERS NAME:  Dayton Town Group 1  DATE:   
EVALUATORS NAME:    Paul, Amy, Maria, Carrie HUC:  10090101 
STREAM NAME:  Tongue River   
REACH LOCATION:  Station 230+00 through 245+00 Cross sections 1, 2,3,4,5 & 6 This equals 
about twice the recommended length adjust accordingly. 
MLRA 58B   DRAINAGE AREA:   GRADIENT:   
REFERENCE SITE:   
Note: The Assessment Reach should equal 12 times Bankfull width minimum. 

LAND USE WITHIN DRAINAGE AREA (%) 
RESIDENTIAL:   HAYLAND:  PASTURE:   
FOREST:   CRP:   OTHER:   
WEATHER PAST 2-5 DAYS:  
snow, wet. 

  

ACTIVE CHANNEL WIDTH:   
Bank Full Width measured at X section 1= 76 ft.  Regional curve =  
DOMINANT SUBSTRATE:  
 
 

PARAMETER SCORE PARAMETER SCORE 
Channel Condition: 
 CEM stage II or III  pg. 9-16 

 6 9.  Manure or human waste:        
  pg. 28 

 9 

2. Hydrologic alteration: 17&18 
 

 8 10. Pools: 
 pg. 29 &30 

 5 

3. Bank Condition: 19&20 
 

 6 11. Barriers to Movement: 
 pg. 31 

 8 

4. Riparian Area Quantity:  pg. 21 
 

 2 12. Fish Habitat Complexity: 
 pg. 32 

 6 

5. Riparian area Quality:  pg. 23 
 

 5 13. Aquatic Invertebrate Habitat pg. 34 &35  6 

6. Canopy Cover: pg. 24&25 
 

 4 14. Aquatic Invertebrate Community   
pg. 36 - 39 

 8 

7. Water Appearance: 
 pg. 26 

 9 15. Riffle Embeddedness pg. 40  8 

8.  Nutrient Enrichment:  
pg. 27 

 8 16. Salinity: N/A 

 
 
OVERALL SCORE (Total divided by number scored):   6.5 
 
EXCELLENT >9.0  
GOOD 7.5 – 8.9  
FAIR 6.1 – 7.4 X 
POOR <6.0  
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SUSPECTED CAUSES OF LOW SVAP OBSERVED SCORES: Scores less than 5 
· Element 1: The Channel is trying to adjust its width. The top of bars are below the active 

flood plain. 
· Element 3: Bank erosion high to very high. Stabilization structures covering 1/3 of reach. 

A Transverse bar is forming at X section 6. 
· Element 4: Riparian Area Quantity. The River in incised through this reach which limits 

the width of the riparian area. Vegetation gapes are about 50% of the total length. 
· Element 5: Riparian Area Quality. The native wetland vegetation has been replaced in 

many areas of this reach with sod forming grasses for lawns. Invasive species like Russian 
olive and Reed Canary grass have replaced them. Over half the outside meanders aren’t 
adequately buffered.  

· Element 6: The Canopy Cover is lacks the shrub element and overhanging vegetation. 
 

 
 
Town Group I: 

· Don Russell 
· Marcyes Schmaus 
· Jason Schmaus 
· Glen Sheeley 
· Mark Groshart 
· John Maronick 
· Joe Ann Schoen 
· David Lemons 
· Susan Bonnet 
· Redo Inc. 
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Stream Visual Assessment Protocol Worksheet 
 
OWNERS NAME:  Dayton Town Group II  DATE:  1/14 
EVALUATORS NAME:    Paul, Amy, Maria, Carrie HUC:  10090101 
STREAM NAME:  Tongue River   
REACH LOCATION:  Station 235+00 through 250+00 Cross sections 7, 8 & 9 The reach is 1500 
ft. long which is about the length needed for assessment. .  
MLRA 58B   DRAINAGE AREA:   GRADIENT:  2% 
REFERENCE SITE:  None 

 
LAND USE WITHIN DRAINAGE AREA (%) 

RESIDENTIAL:   HAYLAND:  PASTURE:   
FOREST:   CRP:   OTHER:   
WEATHER PAST 2-5 DAYS:  
snow, wet. 

Bankfull width: measured at Cross 
Section 8 = 85 ft. 

 

ACTIVE CHANNEL WIDTH:  
 
DOMINANT SUBSTRATE: Cobble 
 
 

PARAMETER SCORE PARAMETER SCORE 
Channel Condition:  

pg. 9-16 
 6 9.  Manure or human waste:        

  pg. 28 
 9 

2. Hydrologic alteration: 17&18 
 

 8 10. Pools: 
 pg. 29 &30 

 8 

3. Bank Condition: 19&20 
 

 8 11. Barriers to Movement: 
 pg. 31 

 10 

4. Riparian Area Quantity:  pg. 21 
 

 2 12. Fish Habitat Complexity: 
 pg. 32 

 6 

5. Riparian area Quality:  pg. 23 
 

 5 13. Aquatic Invertebrate Habitat pg. 34 &35  6 

6. Canopy Cover: pg. 24&25 
 

 4 14. Aquatic Invertebrate Community   
pg. 36 - 39 

 8 

7. Water Appearance: 
 pg. 26 

 9 15. Riffle Embeddedness pg. 40  6 

8.  Nutrient Enrichment:  
pg. 27 

 9 16. Salinity: N/A 

 
 
OVERALL SCORE (Total divided by number scored):   7.0 
 
EXCELLENT >9.0  
GOOD 7.5 – 8.9  
FAIR 6.1 – 7.4 X 
POOR <6.0  
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SUSPECTED CAUSES OF LOW SVAP OBSERVED SCORES: Scores less than 5 
 

· Element 4: Riparian Area Quantity. The River in incised through this reach:  600 linear 
ft. x 180 ft. for the lower reach on the right side. The upper half of the right side has 
gapes in native vegetation which is mostly replaced by lawns. The left side is native but 
its width is reduced by the Tongue River road.  

· Element 5: Riparian Area Quality. The native wetland vegetation has been replaced in 
many areas of this reach with sod forming grasses for lawns. 

· Element 6: The Canopy Cover is lacks the shrub element and overhanging vegetation. 
 

 
Landowner Concerns: 

1. Maintaining a view is preventing establishment of a riparian buffer. 
2. Storm sewer flows directly into river from the south. 

 
RECOMMENDATIONS: 
 
1. Work that was completed by Steady Stream Hydrology has provided pools and other fish 

components as well as breaking up the rivers Embeddedness. Landowners need to maintain these 
structures and perhaps use them as a blueprint for future work.  

2. Develop passive, herbaceous buffer for low growing vegetation that provides stability while 
maintaining the visual needs of the landowners. Use rock structures and other non-passive 
measures where needed to provide stability.  

3. There is a general lack of woody material in this reach. Consider pine tree revetment, root wade 
installations or toe wood installations which add structure to channel at strategic locations to 
create riffle/pool complexes. 

4. Define intermediate berm during low water periods and use the meander pattern in place to 
enhance that observed pattern. Need to incorporate woody vegetation in this effort. 

5. Plant shrubs along bank to provide shade to waterway.  
6. Install practices to reduce urban input of sediment and nutrients to stream.  
 
 
 
Town Group II: 
 
Eric Lofgren Right bank  
Craig and Tara Reichert 
Jolene Forbs 
Ron Iames (not contacted) 
Mike and Vicki McMeans Left bank  
 

B-17



Site Diagram 
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Stream Visual Assessment Protocol Worksheet 
 
OWNERS NAME: Landowner 5   DATE:  1/01/14 
EVALUATORS NAME:    Paul, Amy, Maria, Carrie HUC:  10090101 
STREAM NAME:  Tongue River   
REACH LOCATION:  Station  215+00 through 235+00 Cross sections 9,10,11 & 13 Note: Refer 
to town group II for information on the left bank from station 235+00 to 250+00 Cross section 7 & 8 
MLRA 58B   DRAINAGE AREA:   GRADIENT:  2% 
REFERENCE SITE:  None 

 
LAND USE WITHIN DRAINAGE AREA (%) 

RESIDENTIAL:   HAYLAND:  PASTURE:   
FOREST:   CRP:   OTHER:   
WEATHER PAST 2-5 DAYS:  
snow, wet. 

Bankfull width  

ACTIVE CHANNEL WIDTH:  
 
DOMINANT SUBSTRATE: Cobble 
 
 

PARAMETER SCORE PARAMETER SCORE 
Channel Condition: pg. 9-16 
 

 4 9.  Manure or human waste:       
  pg. 28 

 9 

2. Hydrologic alteration: 17&18 
 

 9 10. Pools: 
 pg. 29 &30 

 6 

3. Bank Condition: 19&20 
 

5 11. Barriers to Movement: 
 pg. 31 

 7 

4. Riparian Area Quantity:  pg. 21 
 

 4 12. Fish Habitat Complexity: 
 pg. 32 use a length of 300 to 400 ft. length 

 5 

5. Riparian area Quality:  pg. 23 
 

 4 13. Aquatic Invertebrate Habitat pg. 34 &35  6 

6. Canopy Cover: pg. 24&25 
 

 2 14. Aquatic Invertebrate Community   
pg. 36 - 39 

 8 

7. Water Appearance: 
 pg. 26 

7 15. Riffle Embeddedness pg. 40  8 

8.  Nutrient Enrichment:  
pg. 27 

 8 Total Score   

 
 
OVERALL SCORE (Total divided by number scored):   6.4 
 
EXCELLENT >9.0  
GOOD 7.5 – 8.9  
FAIR 6.1 – 7.4 X 
POOR <6.0  

B-19



 
 
SUSPECTED CAUSES OF LOW SVAP OBSERVED SCORES: Scores less than 5 
 

· Element 1: Channel Condition: Head cut moving upstream between cross sections 15 and 
16 near county road. It looks to be in channel evolution stage II or III. Annual plants 
growing on point bars. Extensive riprap along both sides from 220+00 to 225+00. One 
willow holding bank together and providing a deep pool. 

· Element 4: Riparian Area Quantity. Active bank erosion has removed many of the woody 
elements through this reach which also affects the canopy cover. The lack of woody 
vegetation could be a result of fire in 2003.   

· Element 5: Riparian Area Quality. The native wetland vegetation has been left high and 
dry by river down cutting through the head cut. Weeds growing on point bars.   

· Element 6: The Canopy Cover is less than 20% for the entire reach again due to fire. It also 
lacks the shrub element; there is little or no overhanging vegetation in much of this reach.  

 
 
Landowner Concerns: 

· The County has placed rock rip rap along the road at station 219+00. Some form of 
stabilization needs to take place through the rest of this section ether allow the river to carve its 
own meander length restoring the best pattern or place structures in place to reduce the slope. 
Some engineering was completed here but due to ownership conflicts the construction phase 
was never completed. 

 
RECOMMENDATIONS: 
 

· Landowners may use structures downstream as a blueprint for future work on this reach.  
· There is a general lack of woody material in this reach. Consider pine tree revetment, root 

wade installations or toe wood installations which add structure to channel at strategic 
locations to create riffle/pool complexes. 

· Define intermediate berm during low water periods and use the meander pattern in place to 
enhance pattern. 

· Plant shrubs along bank to provide shade to waterway.  
 
 
 
Mike and Vicki McMeans 
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Site Diagram 
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Appendix C 

Detailed historic channel maps 
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Appendix E 

Compiled sediment sampling results 
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Appendix F 

Compiled cross section information 
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Worksheet 3-2.  Flow regime variables that influence channel characteristics, sediment regime and 
biological interpretations.

Stream: Location:
Observers: Date:

General Category
E

S

I 

P

Specific Category
1

2

3

4

5

6

7

8

9

Tongue River Reach 4, XS 11
Starkey, Mikus, Burke

FLOW  REGIME

11/7/2013

Seasonal variation in streamflow dominated primarily by snowmelt runoff.  

Seasonal variation in streamflow dominated primarily by stormflow runoff.  

Ephemeral stream channels:  Flows only in response to precipitation
Subterranean stream channel:  Flows parallel to and near the surface for various seasons - a sub-
surface flow that follows the stream bed.  

List ALL COMBINATIONS that 
APPLY……..……. P7 P1

Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.  

Streamflow regulated by glacial melt.  

Intermittent stream channel:  Surface water flows discontinuously along its length.  Often 
associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where 
losing/gaining reaches create flows that disappear then reappear farther downstream.
Perennial stream channels:  Surface water persists yearlong.

Rain-on-snow generated runoff.

Ice flows/ice torrents from ice dam breaches.  

Alternating flow/backwater due to tidal influence.  

Regulated streamflow due to diversions, dam release, dewatering, etc.  
Altered due to development, such as urban streams, cut-over watersheds or vegetation 
conversions (forested to grassland) that change flow response to precipitation events.  
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Worksheet 3-3.  Stream order and stream size categories for stratification by stream type.

Stream:
Location:
Observers:
Date:

S6

meters feet
S-1 0.305 <1
S-2 0.3 – 1.5 1 – 5
S-3 1.5 – 4.6 5 – 15
S-4 4.6 – 9 15 – 30
S-5 9 – 15 30 – 50
S-6 15 – 22.8 50 – 75
S-7 22.8 – 30.5 75 – 100
S-8 30.5 – 46 100 – 150
S-9 46 – 76 150 – 250

S-10 76 – 107 250 – 350
S-11 107 – 150 350 – 500
S-12 150 – 305 500 – 1000
S-13 >305 >1000

Stream Order
Add categories in parenthesis for specific stream order of 
reach.  For example a third order stream with a bankfull width 
of 6.1 meters (20 feet) would be indexed as: S-4(3). 

Stream Size Category and Order  

Tongue
Reach 4, XS 11

Starkey, Mikus, Burke
11/7/2013

Stream Size and Order

Category
STREAM SIZE:  Bankfull 

width
Check () 

appropriate 
category
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Worksheet 3-4.  Meander pattern relations used for interpretations for river stability.

Reach:
Date:

Various Meander Pattern variables modified from Galay et al. (1973)

List ALL CATEGORIES that APPLY   M3

Meander Patterns

Reach 4, XS11
11/7/2013Observers:

Stream: Tongue
Starkey, Mikus, Burke

M1             REGULAR MEANDERS

M2            TORTUOUS  MEANDERS

M3            IRREGULAR  MEANDERS

M4           TRUNCATED  MEANDERS

M5    UNCONFINED MEANDER SCROLLS

M6     CONFINED MEANDER SCROLLS

M7        DISTORTED MEANDER LOOPS

M8   IRREGULAR MEANDERS with oxbows and 

Copyright © 2008 Wildland Hydrology River Stability Field Guide page 3-16
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Worksheet 3-5.  Depositional patterns used for stabiilty assessment interpretations.

Reach:
Date:

Depositional Patterns

Reach 4, XS11
11/7/2013Observers:

Stream: Tongue
Starkey, Mikus, Burke

Various Depositional Features modified from Galay et al. (1973)

List ALL CATEGORIES that APPLY   B1 B2
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Worksheet 3-6.  Various categories of in-channel debris, dams and channel blockages 
used to evaluate channel stability.

Location:
Date:

Check () 
all that 
apply

D1

D2

D3

D4

D5

D6

D7

D8

D9

D10

Materials that upon placement into the active channel or flood-
prone area may cause adjustments in channel dimensions or 
conditions due to influences on the existing flow regime.  

Numerous abandoned dams, many of which have filled with sediment and/or 
breached, initiating a series of channel adjustments, such as bank erosion, 
lateral migration, avulsion, aggradation and degradation.  
Structures, facilities or materials related to land uses or development located 
within the flood-prone area, such as diversions or low-head dams, controlled 
by-pass channels, velocity control structures and various transportation 
encroachments that have an influence on the existing flow regime, such that 
significant channel adjustments occur. 

An infrequent number of dams spaced such that normal streamflow and 
expected channel conditions exist in the reaches between dams.  
Frequency of dams is such that backwater conditions exist for channel 
reaches between structures where streamflow velocities are reduced and 
channel dimensions or conditions are influenced.  

Human 
influences

Dominating

Beaver dams:  
Few
Beaver dams:  
Frequent
Beaver dams:  
Abandoned

Reach 4, XS11

Significant build-up of medium- to large-sized materials, e.g., large limbs, 
branches, small logs or portions of trees that may occupy 10–30% of the 
active channel cross-section area.  

Large, somewhat continuous debris "dams," extensive in nature and 
occupying over 50% of the active channel cross-section area. Such 
accumulations may divert water into the flood-prone areas and form fish 
migration barriers, even when flows are at less than bankfull.

Debris "dams" of predominantly larger materials, e.g., branches, logs and 
trees, occupying 30–50% of the active channel cross-section area, often 
extending across the width of the active channel.  

Description/extent

None

Infrequent

Moderate

Numerous

Extensive

11/7/2013

Minor amounts of small, floatable material.  

Debris consists of small, easily moved, floatable material, e.g., leaves, 
needles, small limbs and twigs.
Increasing frequency of small- to medium-sized material, such as large 
limbs, branches and small logs, that when accumulated, affect 10% or less 
of the active channel cross-section area.  

Stream:
Observers:

Tongue
Starkey, Mikus, Burke

Channel Blockages
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Worksheet 3-7.  Relationship of Bank-Height Ratio (BHR) ranges to corresponding stream stability ratings.

3.6 Bank-Height Ratio: 1.2

3.1

Degree of Channel Incision

Degree of Channel Incision Stability Rating Slightly Incised

Low Bank Height:
Max Bankfull Depth:

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

B
an

k-
H

ei
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)

Stability Rating 

Degree of Channel Incision

Stable Slightly Incised Moderately Incised Deeply Incised
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Worksheet 3-8.  Stability ratings based on departure of width/depth ratio from reference condition.

25.5 0.65

39

Existing Width/Depth Ratio:

Width/Depth Ratio State

Ratio of existing W/d to reference W/d:

Moderately UnstableWidth/Depth Ratio State Stability Rating

Reference Width/Depth Ratio:

0.2

0.4

0.6

0.8

1
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Stability Rating 

Width/Depth Ratio Stability Ratings
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Only use "Decrease relative to 
reference w/d ratio" for incising 
channels (Bank-Height Ratio >1)
(Worksheet 3-7)

Stable UnstableModerately Unstable Highly Unstable
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Worksheet 3-9.  Degree of confinement based on Meander Width Ratio (MWR) divided by reference 
condition Meander Width Ratio (MWRref).

3.125 0.82

Reference Meander Width Ratio (MWRref): 3.82

Degree of Confinement

Degree of Confinement Stability Rating Slight Departure

Existing Meander Width Ratio (MWR): Ratio of MWR to MWRref:

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

R
at

io
 o

f M
W

R
 to

 M
W

R
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f

Degree of Confinement Departure

Degree of Confinement Departure based on 
Meander Width Ratio ( MWR ) / Reference Condition ( MWRref )

Little or No Departure Slight Departure Moderate Departure High Departure

0.80 – 1.00

0.30 – 0.79

0.10 – 0.29

< 0.10
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Worksheet 3-16.  Stability ratings for corresponding successional stage shifts of stream types.  Check the 
appropriate stability rating.

Stream: Tongue River Stream Type: C-4

Location: Reach 4, XS 11 Valley Type: VIII

Observers: Starkey, Mikus, Burke Date: 11/07/2013

(E→C), (B→High W/d B), (C→High W/d C)

(Gc→F), (G→Fb), (F→D), (C→F)

(C→D), (A→G), (B→G), (D→G), (C→G), 
(E→G), (E→A)

Stability Rating (Check 
Appropriate Rating)

Stream Type Stage Shifts              (Figure 
3-14)

Stream Type at potential, (C→E),

(Fb→B), (G→B), (F→Bc), (F→C), (D→C)
Stable

Moderately Unstable

Unstable

Highly Unstable
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Worksheet 3-17.  Lateral stability prediction summary.

Stream:

Location:

Observers:

(2) (4) (6) (8)

(1) (2) (3) (4)

(1) (3)

(2) (4) (6) (8)

(1) (2) (3) (4)

13

C-4
VIII
11/07/2013

Tongue River
Reach 4, XS11
Starkey, Mikus, Burke

Stream Type:

Date:

Valley Type:

Degree of Confinement 
(MWR / MWRref) 
(Worksheet 3-9)

Moderately 
Unstable

< 0.10.1 – 0.29

> 21 

Overall Lateral Stability 
Category (use total points 
and check stability rating)

1
> 0.8

< 0.006

M1, M3, M4

0.006 - 0.04

Selected 
Points (from 

each row)Stable
Moderately 
Unstable

Unstable
Highly 

Unstable

6
0.041 - 0.07 > 0.07

4

1

1

> 1.6

M2, M5, M6, M7, 
M8

2

W/d Ratio State 
(Worksheet 3-8)

1.4 – 1.6< 1.2

4

Depositional Patterns 
(Worksheet 3-5)

Meander Patterns 
(Worksheet 3-4)

Streambank Erosion: 
Unit Rate (Tons/yr/ft) 
(Worksheet 3-13)

Total Points

Stable

Lateral Stability Category Point Range

Highly     
Unstable

B5, B6, B7

5

< 10 10 – 12 13 – 21 

0.3 – 0.79

Unstable

Lateral stability criteria 
(choose one stability 
category for each criterion 
1–5)

1

3

Lateral Stability Categories

B3B4, B8

1.2 – 1.4

B1, B2
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Worksheet 3-18.  Vertical stability prediction for excess deposition or aggradation.

Stream:

(2) (4) (6) (8)

(2) (4) (6) (8)

(2) (4) (6) (8)

(2) (4) (6) (8)

(1) (2) (3) (4)

(1) (2) (3) (4)

19

Stream Type:

D1, D2, D3 D4, D7 D5, D8

1.4 – 1.6

Debris / Blockages 
(Worksheet 3-6)

Sediment 
competence 
(Worksheet 3-14)

Sediment Capacity 
(POWERSED)

W/d Ratio State 
(Worksheet 3-8)

Stream Succession 
States (Worksheet 3-
16)

C-4

Depositional 
Patterns (Worksheet 
3-5)

< 1.2

(E→C)

Current stream 
type at potential 
or does not 
indicate 
deposition/ 
aggradation

(C→High W/d C), 
(B→High W/d B), 
(C→F), (Gc→F), 

(G→Fb)

B2, B4B1

4

Cannot move D16 of 
bed material and/or 
D100 of bar or sub-
pavement size

1

4

2

>1.6

D6, D9, D10

6

2

(C→D), (F→D)

Vertical Stability 
Criteria (choose one 
stability category for 
each criterion 1–6)

Reduction over 
25% of annual 
sediment yield for 
bedload and/or 
suspended sand

Reduction up to 
25% of annual 
sediment yield of 
bedload and/or 
suspended sand 

Trend toward 
insufficient 
sediment 
capacity

Sufficient 
capacity to 
transport annual 
load

1

2

Sufficient depth 
and/or slope to 
transport largest 
size available

Trend toward 
insufficient depth 
and/or slope- 
slightly 
incompetent

Cannot move D35 

of bed material 
and/or D100 of bar 
material

Selected 
Points       

(from each 
row)

Vertical Stability Categories for Excess Deposition / Aggradation

Moderate 
Deposition

Excess 
Deposition

AggradationNo Deposition

Vertical Stability Category Point Range for Excess Deposition / 
Aggradation

3

Total Points

5

6

4

B6, B7, B8B3, B5

1.2 – 1.4

Vertical Stability for 
Excess Deposition / 
Aggradation (use total 
points and check stability 
rating)

Aggradation
< 15 15 – 20 21 – 30 > 30 

No Deposition
Moderate 

Deposition
Excess 

Deposition

Observers: Starkey, Mikus, Burke Date: 11/07/2013
Location: Reach 4, XS11 Valley Type: VIII

Tongue River
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Worksheet 3-19.  Vertical stability prediction for channel incision or degradation.

Stream:

(2) (4) (6) (8)

(2) (4) (6) (8)

(2) (4) (6) (8)

(2) (4) (6) (8)

(1) (2) (3) (4)

15

11/07/2013

Tongue River

Observers: Starkey, Mikus, Burke
Location: Reach 4, XS11

Stream Type: C-4
Valley Type: VIII

1

2 Sediment Capacity 
(POWERSED)

Date:

Excess energy 
sufficient to 
increase load up 
to 50% of annual 
load

Slight excess 
energy: up to 
10% increase 
above reference

Sediment 
Competence 
(Worksheet 3-14)

Moderately 
Incised

Vertical Stability for 
Channel Incision/ 
Degradation (use total 
points and check 
stability rating)

Slightly Incised

Not Incised Slightly Incised

Vertical Stability 
Criteria (choose one 
stability category for 
each criterion 1–5)

3

4

Degree of Channel 
Incision (BHR) 
(Worksheet 3-7)

Vertical Stability Categories for Channel Incision / Degradation

12 – 18 19 – 27 > 27 

Degradation

0.10 – 0.29

Vertical Stability Category Point Range for Channel Incision / 
Degradation

< 12

Does not 
indicate excess 
capacity

Not Incised

Excess energy 
transporting more 
than 50% of 
annual load

Moderately 
Incised Degradation

Does not 
indicate excess 
competence

Trend to move 
larger sizes than 
D 100 of bar or > 
D84 of bed

D 100 of bed 
moved

Particles much 
larger than D 100 

of bed moved

1.31 – 1.501.11 – 1.301.00 – 1.10 > 1.50

(B→G), (C→G), 
(E→G), (D→G), 
(A→G), (E→A)

If BHR > 1.1 and 
stream type has 
W/d less than 5

If BHR > 1.1 and 
stream type has 
W/d between 
5–10

Does not 
indicate incision 
or degradation

Confinement              
(MWR / MWRref) 
(Worksheet 3-9)

Stream Succession 
States (Worksheets 
3-16 and 3-7)

5
0.30 – 0.790.80 – 1.00

1

Total Points

< 0.10

4

2

4

4

Selected 
Points       

(from each 
row)
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Worksheet 3-20.  Channel enlargement prediction summary.

Stream:

(2) (4) (6) (8)

(2) (4) (6) (8)

(2) (4) (6) (8)

(2) (4) (6) (8)

18

Excess Deposition

Slightly Incised

Moderate 
Deposition

Extensive
Moderate 
Increase

Slight Increase
Moderate 
Increase

Moderately 
Incised

Category Point Range

Not Incised

Channel Enlargement 
Prediction Criteria 
(choose one stability 
category for each criterion 
1–4)

Highly UnstableUnstable
Moderately 
Unstable

Stable

1
(G→F), (F→D)

(C→D), (A→G), 
(B→G), (D→G), 
(C→G), (E→G), 
(E→A), (C→F)

Slight Increase

Channel Enlargement Prediction Categories

Degradation

Channel Enlargement 
Prediction (use total 
points and check stability 
rating)

Extensive
< 11 11 – 16

No Increase

4

Vertical Stability 
Channel Incision or 
Degradation 
(Worksheet 3-19)

17 – 24 > 24 

Stream Type at 
Potential, (C→E), 
(Fb→B), (G→B), 
(F→Bc), (F→C), 

(D→C)

(B→High W/d B), 
(C→High W/d C), 

(E→C)

2

No Deposition
3

Successional Stage 
Shift (Worksheet 3-16)

Lateral Stability 
(Worksheet 3-17)

Vertical Stability 
Excess Deposition or 
Aggradation 
(Worksheet 3-18)

4

Location:

Observers:

Stream Type:

Valley Type:

Date:

Tongue
Reach 4, XS11
Starkey, Mikus, Burke

4

6

No Increase

Total Points

C-4
VIII
11/07/2013

Aggradation

Selected 
Points (from 

each row)

4
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Worksheet 3-21.  Overall sediment supply rating determined from individual stability rating 
categories.

Stream: Stream Type: C-4
Valley Type: VIII

Date: 11/07/2013

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2

4

Total Points 11

Low Moderate High Very High
< 6 6 – 10 11 – 15 > 15

Overall Sediment Supply 
Prediction Criteria 
(choose corresponding 
points for each criterion 
1–5)

Unstable
1

Category Point Range

Good:  Stable

1

3

2

Extensive

Aggradation

Location:

Observers:

Vertical Stability 
Channel Incision or 
Degradation 
(Worksheet 3-19)

4
Channel Enlargement 
Prediction (Worksheet 
3-20)

Reach 4, XS 11
Starkey, Mikus, Burke

Mod. Deposition
Excess Deposition

Mod. Increase

No Increase
Slight Increase

Poor:  Unstable

Overall Sediment Supply 
Rating (use total points 
and check stability rating)

5
Pfankuch Channel 
Stability (Worksheet 3-
10)

Mod. Unstable 3

Fair:  Mod. Unstable

3

Stable

2

2

Highly Unstable

Lateral Stability 
(Worksheet 3-17)

Vertical Stability 
Excess Deposition or 
Aggradation 
(Worksheet 3-18)

Slightly Incised
Mod. Incised
Degradation

Not Incised

No Deposition

Tongue

Selected 
PointsStability Rating Points

Copyright © 2008 Wildland Hydrology River Stability Field Guide page 3-124
G-14



Worksheet 3-22.  Summary of stability condition categories.

1
2
3
4
5
6
7
8
9
10
11
12

13
14
15
16
17
18
19
20
21

22
23
24

25
26

27
28
29

30

31

32

33
34
35

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z AA AB AC AD AE AF AG AH AI AJ AK AL AM

Stream:                     
Observers:

Check: Riffle/Pool Step/Pool Plane Bed Convergence/Divergence Dunes/Antidunes/Smooth Bed

Sediment Capacity 
(POWERSED) Excess Capacity 

Remarks:

Lateral Stability Stable Mod. Unstable Unstable Highly Unstable

Vertical Stability 
(Aggradation) No Deposition Mod. Deposition Ex. Deposition Aggradation

Vertical Stability 
(Degradation) Not Incised Slightly Incised Mod. Incised Degradation

Channel Enlargement No Increase Slight Increase Mod. Increase Extensive

Manning

3.82

Drainage 

Area (mi2):
206Streamflow

Bankfull Mean       
Velocity (ūbkf) (ft/sec):

5.46 Bankfull   
Discharge (Qbkf):

979 Estimation 
Method:

Remarks/causes:

Potential Composition/Density: Remarks:  Condition, Vigor & Usage of Existing Reach:

Remarks/causes:

Remarks/causes:

Typical for type C-3 
channels
Typical for type C-3 
channels

Debris/Channel 
Blockages:

Low High
Remarks/causes:

Moderate Very High

Tongue River
Starkey, Mikus, Burke 11/7/2013 Stream Type: C-3

2.06Width/Depth 
Ratio:

Date: Valley Type: VIII

M3 B1 B2Flow 
Regime:

P7 
P1

50% of cover is shrubs
Riparian 

Vegetation

Current Composition/Density:

Willow, dogwood dominant

Bankfull Width 
(ft):

81.8
Cross-Sectional 

Area (ft2):
174.8 Entrenchment 

Ratio:

Stream Size 
& Order: 

Meander 
Patterns:

S7

3.1 0.01

Channel Dimension Mean Bankfull 
Depth (ft):

River Profile & Bed 
Features

Max   
Bankfull 

Depth (ft):

Riffle

2.19

Channel Pattern

3.24

Mean: 
Range:

Wbkf:

Pool

Rc/Wbkf:
1.98

2.03-1.94

Depth Ratio (max 
to mean):

Pool Riffle

1.96

Pool-to-
Pool 

Spacing:

14.48

Bank Erosion 
Summary

Length of Reach 
Studied (ft):

550 Curve Used:
(tons/yr/ft)(tons/yr) Yellowstone

Annual Streambank Erosion Rate:

Sediment Supply 
(Channel Source)

Required 
Depth:

2.4Existing 
Depth:

0.028

FC F C

Remarks/causes:

Sufficient Capacity Insufficient Capacity

Entrainment/ 
Competence  =1.05Largest Particle  from 

Bar Sample (mm):
102

CSuccessional Stage 
Shift

56, Good

Degree of confinement 
(MWR / MWRref):

Remarks:
55 0.1

Existing Stream 
State (Type):

0.65

C-3 Potential Stream 
State (Type):

Station 224+00 to 229+00

Did not run POWERSED

0.87 0.0025Required 
Slope:

0.0070Existing 
Slope:

Level III Stream 
Stability Indices

Width/depth 
Ratio (W/d):

25.5 Reference W/d 
Ratio (W/dref):

Meander Width 
Ratio (MWR):

3.125 Reference 
MWRref:

Degree of Incision 
Stability Rating:

Degree of Incision 
(Bank-Height Ratio):

1.2

3.82 0.82

Moderately 
Incised

Modified Pfankuch Stability Rating 
(Numeric & Adjective Rating):

W/d Ratio State 
Stability Rating:

39 Width/Depth Ratio State 
(W/d) / (W/dref):

MWR / MWRref 

Stability Rating:

Moderately Unstable

Slight Departure

Pastureland, with and without veg. buffers

D3 D10

Water 
Surface:

0.007Valley:

Depositional 
Patterns:

Ratio Slope

4.61-3.28

Location: Reach 4, XS 11

39.1

Sinuosity: 1.25MWR:16.25-13.23
12.56

15.55-10.55
Lm/Wbkf:

4.3 1.48

*
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Worksheet 3-2.  Flow regime variables that influence channel characteristics, sediment regime and 
biological interpretations.

Stream: Location:
Observers: Date:

General Category
E

S

I 

P

Specific Category
1

2

3

4

5

6

7

8

9

Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.  

Streamflow regulated by glacial melt.  

Intermittent stream channel:  Surface water flows discontinuously along its length.  Often 
associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where 
losing/gaining reaches create flows that disappear then reappear farther downstream.
Perennial stream channels:  Surface water persists yearlong.

Rain-on-snow generated runoff.

Ice flows/ice torrents from ice dam breaches.  

Alternating flow/backwater due to tidal influence.  

Regulated streamflow due to diversions, dam release, dewatering, etc.  
Altered due to development, such as urban streams, cut-over watersheds or vegetation 
conversions (forested to grassland) that change flow response to precipitation events.  

Seasonal variation in streamflow dominated primarily by snowmelt runoff.  

Seasonal variation in streamflow dominated primarily by stormflow runoff.  

Ephemeral stream channels:  Flows only in response to precipitation
Subterranean stream channel:  Flows parallel to and near the surface for various seasons - a sub-
surface flow that follows the stream bed.  

List ALL COMBINATIONS that 
APPLY……..……. P7 P1

Tongue River Reach 4, XS17
Starkey, Mikus, Burke

FLOW  REGIME

11/7/2013
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Worksheet 3-3.  Stream order and stream size categories for stratification by stream type.

Stream:
Location:
Observers:
Date:

S6

meters feet
S-1 0.305 <1
S-2 0.3 – 1.5 1 – 5
S-3 1.5 – 4.6 5 – 15
S-4 4.6 – 9 15 – 30
S-5 9 – 15 30 – 50
S-6 15 – 22.8 50 – 75
S-7 22.8 – 30.5 75 – 100
S-8 30.5 – 46 100 – 150
S-9 46 – 76 150 – 250

S-10 76 – 107 250 – 350
S-11 107 – 150 350 – 500
S-12 150 – 305 500 – 1000
S-13 >305 >1000

Stream Order

Stream Size and Order

Category
STREAM SIZE:  Bankfull 

width
Check () 

appropriate 
category

Add categories in parenthesis for specific stream order of 
reach.  For example a third order stream with a bankfull width 
of 6.1 meters (20 feet) would be indexed as: S-4(3). 

Stream Size Category and Order  

Tongue River
Reach 4, XS17

Starkey, Mikus, Burke
11/7/2013
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Worksheet 3-4.  Meander pattern relations used for interpretations for river stability.

Reach:
Date:

Meander Patterns

Reach 4, XS17
11/7/2013Observers:

Stream: Tongue River
Starkey, Mikus, Burke

Various Meander Pattern variables modified from Galay et al. (1973)

List ALL CATEGORIES that APPLY   M3

M1             REGULAR MEANDERS

M2            TORTUOUS  MEANDERS

M3            IRREGULAR  MEANDERS

M4           TRUNCATED  MEANDERS

M5    UNCONFINED MEANDER SCROLLS

M6     CONFINED MEANDER SCROLLS

M7        DISTORTED MEANDER LOOPS

M8   IRREGULAR MEANDERS with oxbows and 
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Worksheet 3-5.  Depositional patterns used for stabiilty assessment interpretations.

Reach:
Date:

Various Depositional Features modified from Galay et al. (1973)

List ALL CATEGORIES that APPLY   B1 B2

Depositional Patterns

Reach 4, XS17
11/7/2013Observers:

Stream: Tongue River
Starkey, Mikus, Burke
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Worksheet 3-6.  Various categories of in-channel debris, dams and channel blockages 
used to evaluate channel stability.

Location:
Date:

Check () 
all that 
apply

D1

D2

D3

D4

D5

D6

D7

D8

D9

D10

11/7/2013

Minor amounts of small, floatable material.  

Debris consists of small, easily moved, floatable material, e.g., leaves, 
needles, small limbs and twigs.
Increasing frequency of small- to medium-sized material, such as large 
limbs, branches and small logs, that when accumulated, affect 10% or less 
of the active channel cross-section area.  

Stream:
Observers:

Tongue River
Starkey, Mikus, Burke

Channel Blockages
Reach 4, XS17

Significant build-up of medium- to large-sized materials, e.g., large limbs, 
branches, small logs or portions of trees that may occupy 10–30% of the 
active channel cross-section area.  

Large, somewhat continuous debris "dams," extensive in nature and 
occupying over 50% of the active channel cross-section area. Such 
accumulations may divert water into the flood-prone areas and form fish 
migration barriers, even when flows are at less than bankfull.

Debris "dams" of predominantly larger materials, e.g., branches, logs and 
trees, occupying 30–50% of the active channel cross-section area, often 
extending across the width of the active channel.  

Description/extent

None

Infrequent

Moderate

Numerous

Extensive

Materials that upon placement into the active channel or flood-
prone area may cause adjustments in channel dimensions or 
conditions due to influences on the existing flow regime.  

Numerous abandoned dams, many of which have filled with sediment and/or 
breached, initiating a series of channel adjustments, such as bank erosion, 
lateral migration, avulsion, aggradation and degradation.  
Structures, facilities or materials related to land uses or development located 
within the flood-prone area, such as diversions or low-head dams, controlled 
by-pass channels, velocity control structures and various transportation 
encroachments that have an influence on the existing flow regime, such that 
significant channel adjustments occur. 

An infrequent number of dams spaced such that normal streamflow and 
expected channel conditions exist in the reaches between dams.  
Frequency of dams is such that backwater conditions exist for channel 
reaches between structures where streamflow velocities are reduced and 
channel dimensions or conditions are influenced.  

Human 
influences

Dominating

Beaver dams:  
Few
Beaver dams:  
Frequent
Beaver dams:  
Abandoned
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Worksheet 3-7.  Relationship of Bank-Height Ratio (BHR) ranges to corresponding stream stability ratings.

3.7 Bank-Height Ratio: 1.4

2.7

Degree of Channel Incision

Degree of Channel Incision Stability Rating Moderately Incised

Low Bank Height:
Max Bankfull Depth:

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

B
an

k-
H

ei
gh

t R
at

io
 (B

H
R

)

Stability Rating 

Degree of Channel Incision

Stable Slightly Incised Moderately Incised Deeply Incised
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Worksheet 3-8.  Stability ratings based on departure of width/depth ratio from reference condition.

23.8 0.61

39

Existing Width/Depth Ratio:

Width/Depth Ratio State

Ratio of existing W/d to reference W/d:

Moderately UnstableWidth/Depth Ratio State Stability Rating

Reference Width/Depth Ratio:

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Stability Rating 

Width/Depth Ratio Stability Ratings

R
at

io
 o

f w
/d

 ra
tio

 to
 re

fe
re

nc
e 

w
/d

 ra
tio

 
(In

cr
ea

se
 re

la
tiv

e 
to

 re
fe

re
nc

e 
w

/d
 

R
at

io
 o

f w
/d

 ra
tio

 to
 re
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re

nc
e 

w
/d

 ra
tio

 
(D

ec
re

as
e 

re
la

tiv
e 

to
 re

fe
re

nc
e 

w
/d

 ra
tio

)

Only use "Decrease relative to 
reference w/d ratio" for incising 
channels (Bank-Height Ratio >1)
(Worksheet 3-7)

Stable UnstableModerately Unstable Highly Unstable
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Worksheet 3-9.  Degree of confinement based on Meander Width Ratio (MWR) divided by reference 
condition Meander Width Ratio (MWRref).

3.28 0.86

Reference Meander Width Ratio (MWRref): 3.82

Degree of Confinement

Degree of Confinement Stability Rating Slight Departure

Existing Meander Width Ratio (MWR): Ratio of MWR to MWRref:

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

R
at

io
 o

f M
W

R
 to

 M
W

R
 re

f

Degree of Confinement Departure

Degree of Confinement Departure based on 
Meander Width Ratio ( MWR ) / Reference Condition ( MWRref )

Little or No Departure Slight Departure Moderate Departure High Departure

0.80 – 1.00

0.30 – 0.79

0.10 – 0.29

< 0.10
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Worksheet 3-16.  Stability ratings for corresponding successional stage shifts of stream types.  Check the 
appropriate stability rating.

Stream: Tongue River Stream Type:  C-4

Location: Reach 4, XS17 Valley Type: VIII

Observers: Starkey, Mikus, Burke Date: 11/07/2013

(E→C), (B→High W/d B), (C→High W/d C)

(Gc→F), (G→Fb), (F→D), (C→F)

(C→D), (A→G), (B→G), (D→G), (C→G), 
(E→G), (E→A)

Stability Rating (Check 
Appropriate Rating)

Stream Type Stage Shifts              (Figure 
3-14)

Stream Type at potential, (C→E),

(Fb→B), (G→B), (F→Bc), (F→C), (D→C)
Stable

Moderately Unstable

Unstable

Highly Unstable
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Worksheet 3-17.  Lateral stability prediction summary.

Stream:

Location:

Observers:

(2) (4) (6) (8)

(1) (2) (3) (4)

(1) (3)

(2) (4) (6) (8)

(1) (2) (3) (4)

13

Lateral stability criteria 
(choose one stability 
category for each criterion 
1–5)

1

3

Lateral Stability Categories

B3B4, B8

1.2 – 1.4

B1, B2

< 10 10 – 12 13 – 21 

0.3 – 0.79

Unstable

Total Points

Stable

Lateral Stability Category Point Range

Highly     
Unstable

B5, B6, B7

5

M2, M5, M6, M7, 
M8

2

W/d Ratio State 
(Worksheet 3-8)

1.4 – 1.6< 1.2

4

Depositional Patterns 
(Worksheet 3-5)

Meander Patterns 
(Worksheet 3-4)

Streambank Erosion: 
Unit Rate (Tons/yr/ft) 
(Worksheet 3-13)

6
0.041 - 0.07 > 0.07

4

1

1

> 1.6

Selected 
Points (from 

each row)Stable
Moderately 
Unstable

Unstable
Highly 

Unstable

Overall Lateral Stability 
Category (use total points 
and check stability rating)

1
> 0.8

< 0.006

M1, M3, M4

0.006 - 0.04

Degree of Confinement 
(MWR / MWRref) 
(Worksheet 3-9)

Moderately 
Unstable

< 0.10.1 – 0.29

> 21 

C-4
VIII
11/07/2013

Tongue River
Reach 4, XS17
Starkey, Mikus, Burke

Stream Type:

Date:

Valley Type:
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Worksheet 3-18.  Vertical stability prediction for excess deposition or aggradation.

Stream:

(2) (4) (6) (8)

(2) (4) (6) (8)

(2) (4) (6) (8)

(2) (4) (6) (8)

(1) (2) (3) (4)

(1) (2) (3) (4)

19

Observers: Starkey, Mikus, Burke Date: 11/07/2013
Location: Reach 4, XS17 Valley Type: VIII

Tongue River

Vertical Stability for 
Excess Deposition / 
Aggradation (use total 
points and check stability 
rating)

Aggradation
< 15 15 – 20 21 – 30 > 30 

No Deposition
Moderate 

Deposition
Excess 

Deposition

Vertical Stability Category Point Range for Excess Deposition / 
Aggradation

3

Total Points

5

6

4

B6, B7, B8B3, B5

1.2 – 1.4

Selected 
Points       

(from each 
row)

Vertical Stability Categories for Excess Deposition / Aggradation

Moderate 
Deposition

Excess 
Deposition

AggradationNo Deposition

Vertical Stability 
Criteria (choose one 
stability category for 
each criterion 1–6)

Reduction over 
25% of annual 
sediment yield for 
bedload and/or 
suspended sand

Reduction up to 
25% of annual 
sediment yield of 
bedload and/or 
suspended sand 

Trend toward 
insufficient 
sediment 
capacity

Sufficient 
capacity to 
transport annual 
load

1

2

Sufficient depth 
and/or slope to 
transport largest 
size available

Trend toward 
insufficient depth 
and/or slope- 
slightly 
incompetent

Cannot move D35 

of bed material 
and/or D100 of bar 
material

1

4

2

>1.6

D6, D9, D10

6

2

(C→D), (F→D)

C-4

Depositional 
Patterns (Worksheet 
3-5)

< 1.2

(E→C)

Current stream 
type at potential 
or does not 
indicate 
deposition/ 
aggradation

(C→High W/d C), 
(B→High W/d B), 
(C→F), (Gc→F), 

(G→Fb)

B2, B4B1

4

Cannot move D16 of 
bed material and/or 
D100 of bar or sub-
pavement size

Stream Type:

D1, D2, D3 D4, D7 D5, D8

1.4 – 1.6

Debris / Blockages 
(Worksheet 3-6)

Sediment 
competence 
(Worksheet 3-14)

Sediment Capacity 
(POWERSED)

W/d Ratio State 
(Worksheet 3-8)

Stream Succession 
States (Worksheet 3-
16)
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Worksheet 3-19.  Vertical stability prediction for channel incision or degradation.

Stream:

(2) (4) (6) (8)

(2) (4) (6) (8)

(2) (4) (6) (8)

(2) (4) (6) (8)

(1) (2) (3) (4)

17

1

Total Points

< 0.10

4

2

6

4

Selected 
Points       

(from each 
row)

If BHR > 1.1 and 
stream type has 
W/d less than 5

If BHR > 1.1 and 
stream type has 
W/d between 
5–10

Does not 
indicate incision 
or degradation

Confinement              
(MWR / MWRref) 
(Worksheet 3-9)

Stream Succession 
States (Worksheets 
3-16 and 3-7)

5
0.30 – 0.790.80 – 1.00

Degradation

Does not 
indicate excess 
competence

Trend to move 
larger sizes than 
D 100 of bar or > 
D84 of bed

D 100 of bed 
moved

Particles much 
larger than D 100 

of bed moved

1.31 – 1.501.11 – 1.301.00 – 1.10 > 1.50

(B→G), (C→G), 
(E→G), (D→G), 
(A→G), (E→A)

19 – 27 > 27 

Degradation

0.10 – 0.29

Vertical Stability Category Point Range for Channel Incision / 
Degradation

< 12

Does not 
indicate excess 
capacity

Not Incised

Excess energy 
transporting more 
than 50% of 
annual load

Moderately 
Incised

Vertical Stability for 
Channel Incision/ 
Degradation (use total 
points and check 
stability rating)

Slightly Incised

Not Incised Slightly Incised

Vertical Stability 
Criteria (choose one 
stability category for 
each criterion 1–5)

3

4

Degree of Channel 
Incision (BHR) 
(Worksheet 3-7)

Vertical Stability Categories for Channel Incision / Degradation

12 – 18

1

2 Sediment Capacity 
(POWERSED)

Date:

Excess energy 
sufficient to 
increase load up 
to 50% of annual 
load

Slight excess 
energy: up to 
10% increase 
above reference

Sediment 
Competence 
(Worksheet 3-14)

Moderately 
Incised

11/07/2013

Tongue River

Observers: Starkey, Mikus, Burke
Location: Reach 4, XS17

Stream Type: C-4
Valley Type: VIII
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Worksheet 3-20.  Channel enlargement prediction summary.

Stream:

(2) (4) (6) (8)

(2) (4) (6) (8)

(2) (4) (6) (8)

(2) (4) (6) (8)

18

6

No Increase

Total Points

 C-4
VIII
11/07/2013

Aggradation

Selected 
Points (from 

each row)

4

4

Location:

Observers:

Stream Type:

Valley Type:

Date:

Tongue River
Reach 4, XS17
Starkey, Mikus, Burke

4

Stream Type at 
Potential, (C→E), 
(Fb→B), (G→B), 
(F→Bc), (F→C), 

(D→C)

(B→High W/d B), 
(C→High W/d C), 

(E→C)

2

No Deposition
3

Successional Stage 
Shift (Worksheet 3-16)

Lateral Stability 
(Worksheet 3-17)

Vertical Stability 
Excess Deposition or 
Aggradation 
(Worksheet 3-18)

Degradation

Channel Enlargement 
Prediction (use total 
points and check stability 
rating)

Extensive
< 11 11 – 16

No Increase

4

Vertical Stability 
Channel Incision or 
Degradation 
(Worksheet 3-19)

17 – 24 > 24 

Channel Enlargement 
Prediction Criteria 
(choose one stability 
category for each criterion 
1–4)

Highly UnstableUnstable
Moderately 
Unstable

Stable

1
(G→F), (F→D)

(C→D), (A→G), 
(B→G), (D→G), 
(C→G), (E→G), 
(E→A), (C→F)

Slight Increase

Channel Enlargement Prediction Categories

Excess Deposition

Slightly Incised

Moderate 
Deposition

Extensive
Moderate 
Increase

Slight Increase
Moderate 
Increase

Moderately 
Incised

Category Point Range

Not Incised
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Worksheet 3-21.  Overall sediment supply rating determined from individual stability rating 
categories.

Stream: Stream Type:  C-4
Valley Type: VIII

Date: 11/07/2013

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2

4

Total Points 11

Low Moderate High Very High
< 6 6 – 10 11 – 15 > 15

Slightly Incised
Mod. Incised
Degradation

Not Incised

No Deposition

Tongue River

Selected 
PointsStability Rating Points

Mod. Unstable 3

Fair:  Mod. Unstable

3

Stable

2

2

Highly Unstable

Lateral Stability 
(Worksheet 3-17)

Vertical Stability 
Excess Deposition or 
Aggradation 
(Worksheet 3-18)

No Increase
Slight Increase

Poor:  Unstable

Overall Sediment Supply 
Rating (use total points 
and check stability rating)

5
Pfankuch Channel 
Stability (Worksheet 3-
10)

Location:

Observers:

Vertical Stability 
Channel Incision or 
Degradation 
(Worksheet 3-19)

4
Channel Enlargement 
Prediction (Worksheet 
3-20)

Reach 4, XS17
Starkey, Mikus, Burke

Mod. Deposition
Excess Deposition

Mod. Increase

Overall Sediment Supply 
Prediction Criteria 
(choose corresponding 
points for each criterion 
1–5)

Unstable
1

Category Point Range

Good:  Stable

2

2

2

Extensive

Aggradation
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Worksheet 3-22.  Summary of stability condition categories.

1
2
3
4
5
6
7
8
9
10
11
12

13
14
15
16
17
18
19
20
21

22
23
24

25
26

27
28
29

30

31

32

33
34
35

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z AA AB AC AD AE AF AG AH AI AJ AK AL AM

Stream:                     
Observers:

Check: Riffle/Pool Step/Pool Plane Bed Convergence/Divergence Dunes/Antidunes/Smooth Bed

Sediment Capacity 
(POWERSED) Excess Capacity 

Remarks:

Lateral Stability Stable Mod. Unstable Unstable Highly Unstable

Vertical Stability 
(Aggradation) No Deposition Mod. Deposition Ex. Deposition Aggradation

Vertical Stability 
(Degradation) Not Incised Slightly Incised Mod. Incised Degradation

Channel Enlargement No Increase Slight Increase Mod. Increase Extensive

16.25-13.23
12.56

15.55-10.55
Lm/Wbkf:

4.3 1.48

Ratio Slope

4.61-3.28

Location: Reach 4, XS 17

39.1

Sinuosity: 1.25MWR:

Moderately Unstable

Slight Departure

Pastureland, with and without veg. buffers

D3 D10

Water 
Surface:

0.006Valley:

Depositional 
Patterns:

3.82 0.86

Moderately 
Incised

Modified Pfankuch Stability Rating 
(Numeric & Adjective Rating):

W/d Ratio State 
Stability Rating:

39 Width/Depth Ratio State 
(W/d) / (W/dref):

MWR / MWRref 

Stability Rating:

Level III Stream 
Stability Indices

Width/depth 
Ratio (W/d):

23.8 Reference W/d 
Ratio (W/dref):

Meander Width 
Ratio (MWR):

3.28 Reference 
MWRref:

Degree of Incision 
Stability Rating:

Degree of Incision 
(Bank-Height Ratio):

1.4

C-3 Potential Stream 
State (Type):

Station 171+00 to 178+00

Did not run POWERSED

1.1 0.0030Required 
Slope:

0.0060Existing 
Slope:

CSuccessional Stage 
Shift

104, Fair

Degree of confinement 
(MWR / MWRref):

Remarks:
84 0.14

F Existing Stream 
State (Type):

0.61

Sufficient Capacity Insufficient Capacity

Entrainment/ 
Competence  =0.749Largest Particle  from 

Bar Sample (mm):
152

Sediment Supply 
(Channel Source)

Required 
Depth:

2Existing 
Depth:

0.021

FC F C

Remarks/causes:

Bank Erosion 
Summary

Length of Reach 
Studied (ft):

600 Curve Used:
(tons/yr/ft)(tons/yr) Yellowstone

Annual Streambank Erosion Rate:

Pool

Rc/Wbkf:
1.98

2.03-1.94

Depth Ratio (max 
to mean):

Pool Riffle

1.96

Pool-to-
Pool 

Spacing:

14.48

Channel Dimension Mean Bankfull 
Depth (ft):

River Profile & Bed 
Features

Max   
Bankfull 

Depth (ft):

Riffle

2.19

Channel Pattern

3.24

Mean: 
Range:

Wbkf:

Bankfull Width 
(ft):

81.8
Cross-Sectional 

Area (ft2):
174.8 Entrenchment 

Ratio:

Stream Size 
& Order: 

Meander 
Patterns:

S7

3.1 0.01

M3 B1 B2Flow 
Regime:

P7 
P1

85% of cover is herbaceous
Riparian 

Vegetation

Current Composition/Density:

Bluegrass, wheatgrass, willow

Tongue River
Starkey, Mikus, Burke 11/7/2013 Stream Type: C-4

2.07Width/Depth 
Ratio:

Date: Valley Type: VIII

Low High
Remarks/causes:

Moderate Very High

Estimation 
Method:

Remarks/causes:

Potential Composition/Density: Remarks:  Condition, Vigor & Usage of Existing Reach:

Remarks/causes:

Remarks/causes:

Typical for type C-3 
channels

Debris/Channel 
Blockages:

Manning's

3.82

Typical for type C-3 
channels

Drainage 

Area (mi2):
206Streamflow

Bankfull Mean       
Velocity (ūbkf) (ft/sec):

5.46 Bankfull   
Discharge (Qbkf):

979

*
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Appendix H 

GPS Survey data 
 

  

 



Point # X (ft) Y (ft) Elev (ft) Note

5000 16308342 1048377 3981.504 TBM

5100 16301789 1042957 4068.951 USGS BRASS

5002 16301789 1042957 4068.903 USGS BRASS

5101 16301105 1036332 4204.672 ROCK SW BTHHSE

5102 16300250 1037192 4177.766 ROCK

5103 16300618 1037848 4155.981 ROCK

5104 16300274 1038773 4140.336 EAST B AB TIP

5105 16300785 1039573 4121.071 ROCK

5106 16301166 1042319 4081.554 NAIL WEST BDG

5107 16302434 1043496 4061.719 EAST BDG AB

5108 16308218 1048280 3976.984 BOLT

5109 16308345 1048479 3979.938 BOLT

5110 16310075 1051164 3935.956 PROP C TRACT BEG

5111 16310212 1051344 3937.288 PROP C TRACT A

5112 16310160 1051463 3935.003 PROP C TRACT B

5113 16310417 1051882 3929.765 PROP C TRACT B

5114 16310500 1051883 3929.612 H BRACE

5115 16310505 1051886 3929.612 H BRACE

5116 16310510 1051889 3929.593 H BRACE

5117 16312033 1052666 3917.908 ROCK

5118 16312172 1054062 3916.372 METAL PLATE

5119 16307983 1048173 3968.937 XS 16 LEFT

5120 16307743 1048200 3971.372 31 TP

5121 16307636 1048026 3972.536 XS 17 LEFT

5122 16307695 1047451 3979.322 57 TBM

5123 16305853 1044255 4018.872 TBM 15

5124 16305963 1044455 4015.268 XS 18 LEFT

5125 16306027 1044653 4012.656 XS 23 LEFT

5126 16306045 1044692 4012.255 XS 22 LEFT

5127 16306179 1044987 4010.546 XS 20 LEFT

5128 16306485 1045276 4005.411 XS 19 LEFT

5129 16306508 1045199 4009.148 LEFT TER XS 19

5130 16308249 1048832 3963.803 XS 15 LEFT

5131 16308290 1049653 3955.737 XS 14 LEFT

5132 16308347 1048940 3963.224 SEC CNR

5133 16309875 1051572 3930.958 OLSEN TBM

5134 16309237 1051206 3942.208 38 TBM

5135 16308569 1050664 3951.341 12 TBM

5136 16308235 1050249 3954.142 30 TBM

5137 16308278 1050041 3953.722 MID H BRACE

5138 16308188 1049783 3956.277 EAST PST GATE

5139 16312107 1053904 3908.488 XS 1 LEFT

5140 16312013 1053036 3914.609 XS 6 LEFT

5141 16311542 1052297 3918.969 XS 8 LEFT
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Dossett, Adam - NRCS, Douglas, WY

From: opus <opus@ngs.noaa.gov>
Sent: Thursday, December 19, 2013 9:04 AM
To: Dossett, Adam - NRCS, Douglas, WY
Subject: OPUS solution : 5000 TR657489078709
Attachments: 5000352q.13o.xml

 FILE: 5000 TR657489078709 
 
 2005   NOTE:  The IGS precise and IGS rapid orbits were not available 
 2005   at processing time.  The IGS ultra‐rapid orbit was/will be used to  
 2005   process the data. 
 2005    
                              NGS OPUS SOLUTION REPORT 
                              ======================== 
 
All computed coordinate accuracies are listed as peak‐to‐peak values. 
For additional information: http://www.ngs.noaa.gov/OPUS/about.jsp#accuracy 
 
      USER: adam.dossett@wy.usda.gov                DATE: December 19, 2013 
RINEX FILE: 5000352q.13o                            TIME: 16:04:04 UTC 
 
 
  SOFTWARE: page5  1209.04 master52.pl 072313      START: 2013/12/18  16:11:00 
 EPHEMERIS: igu17713.eph [ultra‐rapid]              STOP: 2013/12/18  20:27:00 
  NAV FILE: brdc3520.13n                        OBS USED: 10348 / 11152   :  93% 
  ANT NAME: TRMR8_GNSS      NONE             # FIXED AMB:    69 /    71   :  97% 
ARP HEIGHT: 1.327                            OVERALL RMS: 0.013(m) 
 
 
 REF FRAME: NAD_83(2011)(EPOCH:2010.0000)              IGS08 (EPOCH:2013.9637) 
        
         X:     ‐1345576.463(m)   0.007(m)          ‐1345577.309(m)   0.007(m) 
         Y:     ‐4324314.270(m)   0.018(m)          ‐4324313.012(m)   0.018(m) 
         Z:      4477788.046(m)   0.003(m)           4477788.004(m)   0.003(m) 
 
       LAT:   44 52  3.72997      0.012(m)        44 52  3.75071      0.012(m) 
     E LON:  252 42 56.41879      0.002(m)       252 42 56.36498      0.002(m) 
     W LON:  107 17  3.58121      0.002(m)       107 17  3.63502      0.002(m) 
    EL HGT:         1201.599(m)   0.014(m)              1200.896(m)   0.014(m) 
 ORTHO HGT:         1213.565(m)   0.030(m) [NAVD88 (Computed using GEOID12A)] 
 
                        UTM COORDINATES    STATE PLANE COORDINATES 
                         UTM (Zone 13)         SPC (4902 WYEC) 
Northing (Y) [meters]     4970792.475           585164.215 
Easting (X)  [meters]      319545.876           403872.546 
Convergence  [degrees]    ‐1.61196325           0.03457182 
Point Scale                1.00000044           0.99993768 
Combined Factor            0.99981208           0.99974933 
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US NATIONAL GRID DESIGNATOR: 13TCK1954570792(NAD 83) 
 
 
                              BASE STATIONS USED 
PID       DESIGNATION                        LATITUDE    LONGITUDE DISTANCE(m) 
DL7728 P051 BILLINGSAPMT2005 CORS ARP      N454823.741 W1083246.070  143790.6 
DM7161 WYSH SHERIDAN CORS ARP              N444801.769 W1070035.715   22952.3 
DG9745 MTEI ENGINC CORS ARP                N454447.035 W1083600.736  142096.4 
 
                 NEAREST NGS PUBLISHED CONTROL POINT 
PW0266      4026.58                        N445147.    W1071638.        762.9 
 
This position and the above vector components were computed without any knowledge by the National Geodetic Survey 
regarding the equipment or field operating procedures used. 
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Appendix I 

Detailed lateral erosion maps 
 

  

 



Reach 1

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community
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Figure I-1
LATERAL EROSION RATES

Tongue River Stream Improvement Plan
Sheridan County Conservation District

Dayton, Wyoming
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Lateral Erosion Rate*
0.1-0.3 ft/yr, Estimated
0.3-0.8 ft/yr, Estimated
0.3-0.8 ft/yr, Measured
0.8-1.1 ft/yr, Estimated
0.8-1.1 ft/yr, Measured
1.1-1.8 ft/yr, Estimated
1.1-1.8 ft/yr, Measured
>1.8 ft/yr, Estimated
>1.8 ft/yr, Measured

Project River Reaches
Reach 1
Reach 2
Reach 3
Reach 4
Reach 5
Municipal Boundary

*To convert from feet/yr to cubic ft/year,
multiply by bank length and height
*To convert from feet/year to tons/ft/year, 
multiply by bank height and by 0.048
Notes:
Lateral erosion rates calculated based
on Bank Erosion Hazard Index (BEHI)
and Near Bank Stress (NBS) values, per
Rosgen curves from Yellowstone National Park
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Reach 1

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community
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Figure I-2
LATERAL EROSION RATES

Tongue River Stream Improvement Plan
Sheridan County Conservation District

Dayton, Wyoming
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Lateral Erosion Rate*
0.1-0.3 ft/yr, Estimated
0.3-0.8 ft/yr, Estimated
0.3-0.8 ft/yr, Measured
0.8-1.1 ft/yr, Estimated
0.8-1.1 ft/yr, Measured
1.1-1.8 ft/yr, Estimated
1.1-1.8 ft/yr, Measured
>1.8 ft/yr, Estimated
>1.8 ft/yr, Measured

Project River Reaches
Reach 1
Reach 2
Reach 3
Reach 4
Reach 5
Municipal Boundary

*To convert from feet/yr to cubic ft/year,
multiply by bank length and height
*To convert from feet/year to tons/ft/year, 
multiply by bank height and by 0.048
Notes:
Lateral erosion rates calculated based
on Bank Erosion Hazard Index (BEHI)
and Near Bank Stress (NBS) values, per
Rosgen curves from Yellowstone National Park
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community
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Figure I-3
LATERAL EROSION RATES

Tongue River Stream Improvement Plan
Sheridan County Conservation District

Dayton, Wyoming
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Lateral Erosion Rate*
0.1-0.3 ft/yr, Estimated
0.3-0.8 ft/yr, Estimated
0.3-0.8 ft/yr, Measured
0.8-1.1 ft/yr, Estimated
0.8-1.1 ft/yr, Measured
1.1-1.8 ft/yr, Estimated
1.1-1.8 ft/yr, Measured
>1.8 ft/yr, Estimated
>1.8 ft/yr, Measured

Project River Reaches
Reach 1
Reach 2
Reach 3
Reach 4
Reach 5
Municipal Boundary

*To convert from feet/yr to cubic ft/year,
multiply by bank length and height
*To convert from feet/year to tons/ft/year, 
multiply by bank height and by 0.048
Notes:
Lateral erosion rates calculated based
on Bank Erosion Hazard Index (BEHI)
and Near Bank Stress (NBS) values, per
Rosgen curves from Yellowstone National Park
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Reach 3
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community
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Figure I-4
LATERAL EROSION RATES

Tongue River Stream Improvement Plan
Sheridan County Conservation District

Dayton, Wyoming
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Lateral Erosion Rate*
0.1-0.3 ft/yr, Estimated
0.3-0.8 ft/yr, Estimated
0.3-0.8 ft/yr, Measured
0.8-1.1 ft/yr, Estimated
0.8-1.1 ft/yr, Measured
1.1-1.8 ft/yr, Estimated
1.1-1.8 ft/yr, Measured
>1.8 ft/yr, Estimated
>1.8 ft/yr, Measured

Project River Reaches
Reach 1
Reach 2
Reach 3
Reach 4
Reach 5
Municipal Boundary

*To convert from feet/yr to cubic ft/year,
multiply by bank length and height
*To convert from feet/year to tons/ft/year, 
multiply by bank height and by 0.048
Notes:
Lateral erosion rates calculated based
on Bank Erosion Hazard Index (BEHI)
and Near Bank Stress (NBS) values, per
Rosgen curves from Yellowstone National Park
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Tongue Canyon Rd

Reach 4

Reac
h 3

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community
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Figure I-5
LATERAL EROSION RATES

Tongue River Stream Improvement Plan
Sheridan County Conservation District

Dayton, Wyoming
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Lateral Erosion Rate*
0.1-0.3 ft/yr, Estimated
0.3-0.8 ft/yr, Estimated
0.3-0.8 ft/yr, Measured
0.8-1.1 ft/yr, Estimated
0.8-1.1 ft/yr, Measured
1.1-1.8 ft/yr, Estimated
1.1-1.8 ft/yr, Measured
>1.8 ft/yr, Estimated
>1.8 ft/yr, Measured

Project River Reaches
Reach 1
Reach 2
Reach 3
Reach 4
Reach 5
Municipal Boundary

*To convert from feet/yr to cubic ft/year,
multiply by bank length and height
*To convert from feet/year to tons/ft/year, 
multiply by bank height and by 0.048
Notes:
Lateral erosion rates calculated based
on Bank Erosion Hazard Index (BEHI)
and Near Bank Stress (NBS) values, per
Rosgen curves from Yellowstone National Park
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0.1-0.3 ft/yr, Estimated
0.3-0.8 ft/yr, Estimated
0.3-0.8 ft/yr, Measured
0.8-1.1 ft/yr, Estimated
0.8-1.1 ft/yr, Measured
1.1-1.8 ft/yr, Estimated
1.1-1.8 ft/yr, Measured
>1.8 ft/yr, Estimated
>1.8 ft/yr, Measured

Project River Reaches
Reach 1
Reach 2
Reach 3
Reach 4
Reach 5
Municipal Boundary

*To convert from feet/yr to cubic ft/year,
multiply by bank length and height
*To convert from feet/year to tons/ft/year, 
multiply by bank height and by 0.048
Notes:
Lateral erosion rates calculated based
on Bank Erosion Hazard Index (BEHI)
and Near Bank Stress (NBS) values, per
Rosgen curves from Yellowstone National Park
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Figure I-7
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Lateral Erosion Rate*
0.1-0.3 ft/yr, Estimated
0.3-0.8 ft/yr, Estimated
0.3-0.8 ft/yr, Measured
0.8-1.1 ft/yr, Estimated
0.8-1.1 ft/yr, Measured
1.1-1.8 ft/yr, Estimated
1.1-1.8 ft/yr, Measured
>1.8 ft/yr, Estimated
>1.8 ft/yr, Measured

Project River Reaches
Reach 1
Reach 2
Reach 3
Reach 4
Reach 5
Municipal Boundary

*To convert from feet/yr to cubic ft/year,
multiply by bank length and height
*To convert from feet/year to tons/ft/year, 
multiply by bank height and by 0.048
Notes:
Lateral erosion rates calculated based
on Bank Erosion Hazard Index (BEHI)
and Near Bank Stress (NBS) values, per
Rosgen curves from Yellowstone National Park
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Appendix J 

Detailed sediment loading maps 
 

  

 



Reach 1

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community
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Reach 1

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community
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Figure J-7
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Appendix K 

In-stream structure generic design details  
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Appendix L 

Reach-appropriate treatments and representative photos  
 

 

 



Appendix L 
Reach-appropriate treatments and representative photos

Reach Classification

Applicable 
Habitat and Bank 

Treatments*
Photo and Name of  

Representative Treatment

Potentially 
Applicable Design 
Detail (Located in 

Appendix K)

1 B-2 None recommended NA NA

2 B-2 Woody or deep- 
rooted plant buffers, 
log/rock vanes in 
select locations

Log vane

Root wad, double 
boulder vane, log 
vane

3 F-3 Woody or deep- 
rooted plant buffers, 
re-meander, log/
rock vanes at toe 
of bank and in-
stream, grading for 
floodplain access, 
buffer/watering lane 
development, in-
stream wood cover 
placements Floodplain grade re-vegetation

Bank barb, bank 
deflector, double 
boulder vane, root 
wad, boulder riffle, log 
vane

Floodplain grading

 

Root wad
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Reach Classification

Applicable 
Habitat and Bank 

Treatments*
Photo and Name of  

Representative Treatment

Potentially 
Applicable Design 
Detail (Located in 

Appendix K)

4 C-4 VRSS, toe wood, 
rock and/or log 
vanes, in-stream 
wood cover 
placements

VRSS

VRSS, toewood, 
composite rock/wood 
bank protection, 
curved vortex rock 
weir

Toewood

VRSS New

5 C-4 VRSS, log/rock 
vanes, J-hook vanes 
and/or cross vanes, 
toewood

Vane

Curved vortex rock 
weir, toewood, 
composite rock/wood 
bank protection, VRSS

*  �Applicable techniques based on Rosgen (1996) and best professional judgment of the assessment team; site specific applications/dimensions to be 	
determined during project design; all habitat or bank treatments recommended can directly or indirectly improve fish habitat
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