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B.1. Habitat Modeling  

 Conceptual Ecological Model  

On January 10-11, 2022, U.S. Army Corps of Engineers (USACE) Engineering 
Research and Development Center (ERDC) facilitated an ecological modeling workshop 
with Mobile District to engage project stakeholders and develop a set of Conceptual 
Ecological Models (CEMs) to inform decision-making for the Claiborne and Millers Ferry 
Locks and Dams Fish Passage Feasibility Study. Approximately 22 workshop 
participants from USACE Mobile District, USACE Headquarters, U.S. Environmental 
Protection Agency, The Nature Conservancy, Alabama Rivers Alliance, and Auburn 
University with multiple backgrounds (e.g., biology, engineering, fisheries, project 
planning, regulatory, economics) worked together to discuss the major ecosystem 
drivers and components that were relevant to the fish passage feasibility study.  The 
final product is shown in Figure B.1-2. 

 

Figure B.1-1:  Conceptual Ecological Model 
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 Fish Passage Connectivity Index 

 Model Application  

 Model Inputs 

Model inputs include movement periods for each migratory species, likelihood of 
species to encounter fishway entrance based on location, species potential to use 
passage route, and availability of suitable passage conditions during movement and 
spawning periods. 

The result is a 0-1 FPCI value that represents the suitability of the fish passage 
alternative measure to a given species.  The FPCI is multiplied by the linear feet of 
connected, upstream habitat types that are suitable to the individual migratory species 
to obtain Habitat Units for use in Cost Effectiveness/Incremental Cost Analysis. 

The model formula is as follows: 

𝜖𝜖 = Σ𝑖𝑖…𝑛𝑛[𝐸𝐸𝑖𝑖x𝑈𝑈𝑖𝑖x𝐷𝐷𝑖𝑖]/25
𝑛𝑛

  

                 

Where, 

Є = Fish Passage Connectivity Index 

i = a migratory fish species that occurs in pool or reach below the dam 

n = number of fish species included in the index 

Ei = Chance of encountering the fishway entrance  

Ui = Potential for species “i” to use the fish passage pathway or fishway  

Di = Duration of availability  

A total of 19 species were included in the index (n).  The chance of encountering the 
fishway entrance was determined via expert elicitation.  The potential for a species to 
use the passage was based on known critical swim speeds and the duration of 
availability was based on available flows.  Thus, if a migratory species encounters the 
passageway and there is sufficient evidence the fish will utilize the passageway and 
flows are sufficient to support that use, connectivity is achieved. 

Furthermore, the model evaluates three flow rates at 5,000 cfs, 50,000 cfs, and 150,000 
cfs to capture variances in fish behavior which affects their abilities to locate the 
passageways.  Each flow rate is weighted based on Annual Percent Probability of 
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occurring where 5,000 cfs is estimated at 75%, 50,000 cfs is estimated at 20%, and 
150,000 cfs is estimated at 5%.  Expert elicitation was used to determine the F1 value 
based on expected fish behavior at each flow rate.   

Additionally, because the study evaluates two locks and dams separated by several 
river miles, each connectivity index focuses on each location separately before 
averaging into Habitat Unit calculation. 
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Figure B.1-2:  Species cohort and available habitat 

 

Figure B.1-3:  Duration Period at Claiborne 

 

 Migratory Fishes Known to Occur in the Alabama River below the mouth of the Cahaba River
Benthic Pelagic
A B C1 C2 C3 C4 C5

Swimming Swimming Swimming Swimming Habitat 

Soil Substrate 
and Woody 

Debris            (0-
30° slope)

Soil Substrate 
and Woody 

Debris       (61-
90° slope)

Conglomeration of 
unusual types

Bluff Gravel / Sand 
Bar

Total Available 
Preferred 

Habitat below 
Cahaba River

i Common Name Scientific Name Behavior Relative Size Speed (Ucrit) cm/sec Speed (Ucrit) ft/sec Burst Speed ft/sec Preference (linear feet) (linear feet) (linear feet) (linear feet) (linear feet) (linear feet) (linear feet) (linear feet)
1,092,527.798 1,092,527.798 828,593.704 828,593.704 196,240.805 120,968.487 210,658.896 4,370,111.191

1 Mobile Logperch* Percina kathae Benthic Small 32.80 1.0761 3.7664 B, C5 1,092,527.798 210,658.896 1,303,186.693
2 Gulf Logperch* Percina suttkusi Benthic Small 32.80 1.0761 3.7664 B, C5 1,092,527.798 210,658.896 1,303,186.693
3 Blacktail Shiner Cyprinella venusta Benthic Small 23.17 0.7602 2.6606 B, C5 1,092,527.798 210,658.896 1,303,186.693
4 Freshwater Drum Aplodinotus grunniens Benthic Medium 64.80 2.1260 7.4409 B, C1, C2, C4 1,092,527.798 828,593.704 828,593.704 120,968.487 2,870,683.693
5 Chain Pickerel Esox niger Littoral Medium 126.68 4.1562 14.5466 C1 828,593.704 828,593.704
6 Largemouth Bass Micropterus salmoides Littoral Medium 21.08 0.6916 2.4206 C1, C2, C5 828,593.704 828,593.704 210,658.896 1,867,846.304
7 Skipjack Herring Alosa chrysochloris Pelagic Medium 41.80 1.3714 4.7999 B, C2, C4, C5 1,092,527.798 828,593.704 120,968.487 210,658.896 2,252,748.885
8 Alabama Shad Alosa alabamae Pelagic Medium 72.60 2.3819 8.3366 B, C2, C4, C5 1,092,527.798 828,593.704 120,968.487 210,658.896 2,252,748.885
9 Striped Bass Morone saxatilis Pelagic Large 128.00 4.1995 14.6982 B, C2, C4, C5 1,092,527.798 828,593.704 120,968.487 210,658.896 2,252,748.885

10 Crystal Darter* Crystallaria asprella Benthic Small 32.80 1.0761 3.7664 A, C1, C2, C5 1,092,527.798 828,593.704 210,658.896 2,131,780.398
11 River Redhorse Moxostoma carinatum Benthic Medium 64.80 2.1260 7.4409 A, C1, C2, C5 1,092,527.798 828,593.704 210,658.896 2,131,780.398
12 Southeastern Blue Sucker** Cycleptus meridionalis Benthic Medium 128.00 4.1995 14.6982 A, C1, C2, C5 1,092,527.798 828,593.704 210,658.896 2,131,780.398
13 Alabama Sturgeon Scaphirhynchus suttkusi Benthic Large 19.48 0.6391 2.2369 A, C1, C2, C5 1,092,527.798 828,593.704 828,593.704 210,658.896 2,960,374.102
14 Gulf Sturgeon Acipenser oxyrinchus desotoi Benthic Large 25.00 0.8202 2.8707 A, C1, C2, C5 1,092,527.798 828,593.704 828,593.704 210,658.896 2,960,374.102
15 Mississippi Silvery Minnow Hybognathus nuchalis Littoral Small 52.50 1.7224 6.0285 C5 210,658.896 210,658.896
16 Northern Walleye Sander vitreus Littoral Medium 78.50 2.5755 9.0141 C1, C2, C3, C4, C5 828,593.704 828,593.704 196,240.805 120,968.487 210,658.896 2,185,055.596
17 American Eel Anguilla rostrata Pelagic Medium 62.00 2.0341 7.1194 B, C1, C2, C3, C4, C5 1,092,527.798 828,593.704 828,593.704 196,240.805 120,968.487 210,658.896 3,277,583.394
18 Smallmouth Buffalo Ictiobus bubalus Pelagic Large 64.80 2.1260 7.4409 B, C1, C2, C4 1,092,527.798 828,593.704 828,593.704 120,968.487 2,870,683.693
19 Paddlefish Polyodon spathula Pelagic Large 52.20 1.7126 5.9941 B 1,092,527.798 1,092,527.798

1Field data collected by NFS red indicates habitat emphasis for knowledge only

Available Littoral Habitat below Cahaba River1

Approximate upriver movement and spawning periods of AL River migratory fishes that may occur below Millers Ferry

Month of year*: January February March April May June July August September October November December
Week of year: 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 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53
Percent probability control gates open 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

i

Average 
fraction of time 
that control 
gates are all 
open during 
upriver 
movement 
period

1 Mobile Logperch 1.00
2 Gulf Logperch 1.00
3 Blacktail Shiner 1.00
4 Freshwater Drum 1.00
5 Chain Pickerel 1.00
6 Largemouth Bass 1.00
7 Skipjack Herring 1.00
8 Alabama Shad 1.00
9 Striped Bass 1.00
10 Crystal Darter 1.00
11 River Redhorse 1.00
12 Southeastern Blue Sucker 1.00
13 Alabama Sturgeon 1.00
14 Gulf Sturgeon 1.00
15 Mississippi Silvery Minnow 1.00
16 Northern Walleye 1.00
17 American Eel 1.00
18 Smallmouth Buffalo 1.00
19 Paddlefish 1.00

Key:
SMALL SIZE MEDIUM SIZE LARGE SIZE

H
O

ST FISH
N

O
N

-H
O

ST FISH
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Figure B.1-4:  Duration Period at Millers Ferry 
Approximate upriver movement and spawning periods of AL River migratory fishes that may occur below Cahaba River

Month of year*: January February March April May June July August September October November December
Week of year: 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 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53
Percent probability control gates open 100 100 99 100 100 100 100 100 100 99 97 97 99 96 97 96 100 100 100 100 100 100 100 99 99 97 100 99 97 99 99 96 97 96 96 96 93 93 93 96 95 92 96 97 97 97 99 100 99 96 100 100 100

i

Average 
fraction of time 
that control 
gates are all 
open during 
upriver 
movement 
period

1 Mobile Logperch 1.00
2 Gulf Logperch 1.00
3 Blacktail Shiner 0.98
4 Freshwater Drum 1.00
5 Chain Pickerel 0.98
6 Largemouth Bass 1.00
7 Skipjack Herring 0.98
8 Alabama Shad 0.98
9 Striped Bass 0.99
10 Crystal Darter 0.98
11 River Redhorse 0.98
12 Southeastern Blue Sucker 0.98
13 Alabama Sturgeon 1.00
14 Gulf Sturgeon 0.98
15 Mississippi Silvery Minnow 0.98
16 Northern Walleye 0.98
17 American Eel 0.98
18 Smallmouth Buffalo 0.99
19 Paddlefish 0.98

Key:
SMALL SIZE MEDIUM SIZE LARGE SIZE

H
O

ST FISH
N

O
N

-H
O

ST FISH
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 Model Results 

The outcomes from the FPCI model for each of the alternatives in the final array are 
presented in Figure B.1-8. below.  Alternative 5d, with a natural bypass channel at both 
Claiborne and Millers Ferry Locks and Dams, has the highest average connectivity 
index and average HUs of the final array.  
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Figure B.1-5:  Connectivity Indices for Claiborne Focus 

 

Minimum Current Velocity at Hydraulic Steps (ft/sec): X Minimum Current Velocity at Hydraulic Steps (ft/sec):  X Minimum Current Velocity at Hydraulic Steps (ft/sec): X Minimum Current Velocity at Hydraulic Steps (ft/sec): X Minimum Current Velocity at Hydraulic Steps (ft/sec): X        
5 5 Fs - Size of Fishway: 5 Fs - Size of Fishway: 5 5

Discharge:  5,000 cfs Discharge: 5,000 cfs Discharge: 5,000 cfs Discharge: 5,000 cfs Discharge: 5,000 cfs   

i Family                              
Common Name

F1      

Fishway 
Location at 

CL

Ei          

Potential to 
Encounter at 

CL

Ui                   

Potential for 
Species to 
Use at CL

Di      
Duration of 
migration 

period 
passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

F1      

Fishway 
Location at 

CL

Ei          

Potential to 
Encounter at 

CL

Ui                   

Potential for 
Species to 
Use at CL

Di      
Duration of 
migration 

period 
passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

F1      

Fishway 
Location at 

CL

Ei          

Potential to 
Encounter at 

CL

Ui                   

Potential for 
Species to 
Use at CL

Di      
Duration of 
migration 

period 
passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

F1      

Fishway 
Location at 

CL

Ei          

Potential to 
Encounter at 

CL

Ui                   

Potential for 
Species to 
Use at CL

Di      
Duration of 
migration 

period 
passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

F1      

Fishway 
Location at 

CL

Ei          

Potential to 
Encounter at 

CL

Ui                   

Potential for 
Species to 
Use at CL

Di      
Duration of 
migration 

period 
passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

      

 
  

          

  
  

                   

  
  

  

      
  

 
 

    
    

 

1 Mobile Logperch 5 5 0 1.00 0.0 0.000 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600
2 Gulf Logperch 5 5 0 1.00 0.0 0.000 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600
3 Blacktail Shiner 5 5 0 1.00 0.0 0.000 5 5 1 1.00 5.0 0.200 5 5 1 1.00 5.0 0.200 5 5 1 1.00 5.0 0.200 5 5 1 1.00 5.0 0.200
4 Freshwater Drum 5 5 0 1.00 0.0 0.000 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480
5 Chain Pickerel 5 5 0 1.00 0.0 0.000 1 3 3 1.00 9.0 0.360 3 4 5 1.00 20.0 0.800 1 3 3 1.00 9.0 0.360 3 4 5 1.00 20.0 0.800
6 Largemouth Bass 5 5 0 1.00 0.0 0.000 1 3 3 1.00 9.0 0.360 3 4 1 1.00 4.0 0.160 1 3 3 1.00 9.0 0.360 3 4 1 1.00 4.0 0.160
7 Skipjack Herring 5 5 0 1.00 0.0 0.000 3 4 1 1.00 4.0 0.160 3 4 3 1.00 12.0 0.480 3 4 1 1.00 4.0 0.160 3 4 3 1.00 12.0 0.480
8 Alabama Shad 5 5 0 1.00 0.0 0.000 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480
9 Striped Bass 5 5 0 1.00 0.0 0.000 3 4 3 1.00 12.0 0.480 3 4 5 1.00 20.0 0.800 3 4 3 1.00 12.0 0.480 3 4 5 1.00 20.0 0.800
10 Crystal Darter 5 5 0 1.00 0.0 0.000 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600
11 River Redhorse 5 5 0 1.00 0.0 0.000 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480
12 Southeastern Blue Sucker 5 5 0 1.00 0.0 0.000 3 4 3 1.00 12.0 0.480 3 4 5 1.00 20.0 0.800 3 4 3 1.00 12.0 0.480 3 4 5 1.00 20.0 0.800
13 Alabama Sturgeon 5 5 0 1.00 0.0 0.000 3 4 1 1.00 4.0 0.160 3 4 1 1.00 4.0 0.160 3 4 1 1.00 4.0 0.160 3 4 1 1.00 4.0 0.160
14 Gulf Sturgeon 5 5 0 1.00 0.0 0.000 3 4 1 1.00 4.0 0.160 3 4 1 1.00 4.0 0.160 3 4 1 1.00 4.0 0.160 3 4 1 1.00 4.0 0.160
15 Mississippi Silvery Minnow 5 5 0 1.00 0.0 0.000 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600
16 Northern Walleye 5 5 0 1.00 0.0 0.000 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480
17 American Eel 5 5 0 1.00 0.0 0.000 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600
18 Smallmouth Buffalo 5 5 0 1.00 0.0 0.000 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480
19 Paddlefish 5 5 0 1.00 0.0 0.000 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600 5 5 3 1.00 15.0 0.600

Avg. 0.000 Avg. 0.440 Avg. 0.503 Avg. 0.440 Avg. 0.503
                                                                               

Minimum Current Velocity at Hydraulic Steps (ft/sec): X  X X X X
Fs - Size of Fishway: 5 5 5 5 5
Discharge:  50,000 cfs 50,000 cfs 50,000 cfs 50,000 cfs 50,000 cfs  

i Family                              
Common Name

F1      

Fishway 
Location at 

CL

Ei          

Potential to 
Encounter at 

CL

Ui                   

Potential for 
Species to 
Use at CL

Di      
Duration of 
migration 

period 
passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

F1      

Fishway 
Location at 

CL

Ei          

Potential to 
Encounter at 

CL

Ui                   

Potential for 
Species to 
Use at CL

Di      
Duration of 
migration 

period 
passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

F1      

Fishway 
Location at 

CL

Ei          

Potential to 
Encounter at 

CL

Ui                   

Potential for 
Species to 
Use at CL

Di      
Duration of 
migration 

period 
passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

F1      

Fishway 
Location at 

CL

Ei          

Potential to 
Encounter at 

CL

Ui                   

Potential for 
Species to 
Use at CL

Di      
Duration of 
migration 

period 
passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

F1      

Fishway 
Location at 

CL

Ei          

Potential to 
Encounter at 

CL

Ui                   

Potential for 
Species to 
Use at CL

Di      
Duration of 
migration 

period 
passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

      

 
  

          

  
  

                   

  
  

  

      
  

 
 

    
    

 

1 Mobile Logperch 5 5 0 1.00 0 0.000 5 5 5 1.00 25 1.000 5 5 3 1.00 15 0.600 5 5 5 1.00 25 1.000 5 5 3 1.00 15 0.600
2 Gulf Logperch 5 5 0 1.00 0 0.000 5 5 5 1.00 25 1.000 5 5 3 1.00 15 0.600 5 5 5 1.00 25 1.000 5 5 3 1.00 15 0.600
3 Blacktail Shiner 5 5 0 1.00 0 0.000 5 5 3 1.00 15 0.600 5 5 3 1.00 15 0.600 5 5 3 1.00 15 0.600 5 5 3 1.00 15 0.600
4 Freshwater Drum 5 5 0 1.00 0 0.000 3 4 5 1.00 20 0.800 5 5 5 1.00 25 1.000 3 4 5 1.00 20 0.800 5 5 5 1.00 25 1.000
5 Chain Pickerel 5 5 0 1.00 0 0.000 3 4 5 1.00 20 0.800 5 5 5 1.00 25 1.000 3 4 5 1.00 20 0.800 5 5 5 1.00 25 1.000
6 Largemouth Bass 5 5 0 1.00 0 0.000 3 4 3 1.00 12 0.480 3 4 3 1.00 12 0.480 3 4 3 1.00 12 0.480 3 4 3 1.00 12 0.480
7 Skipjack Herring 5 5 0 1.00 0 0.000 5 5 5 1.00 25 1.000 3 4 5 1.00 20 0.800 5 5 5 1.00 25 1.000 3 4 5 1.00 20 0.800
8 Alabama Shad 5 5 0 1.00 0 0.000 5 5 5 1.00 25 1.000 3 4 5 1.00 20 0.800 5 5 5 1.00 25 1.000 3 4 5 1.00 20 0.800
9 Striped Bass 5 5 0 1.00 0 0.000 5 5 5 1.00 25 1.000 3 4 5 1.00 20 0.800 5 5 5 1.00 25 1.000 3 4 5 1.00 20 0.800
10 Crystal Darter 5 5 0 1.00 0 0.000 5 5 5 1.00 25 1.000 5 5 3 1.00 15 0.600 5 5 5 1.00 25 1.000 5 5 3 1.00 15 0.600
11 River Redhorse 5 5 0 1.00 0 0.000 5 5 5 1.00 25 1.000 3 4 5 1.00 20 0.800 5 5 5 1.00 25 1.000 3 4 5 1.00 20 0.800
12 Southeastern Blue Sucker 5 5 0 1.00 0 0.000 5 5 5 1.00 25 1.000 3 4 5 1.00 20 0.800 5 5 5 1.00 25 1.000 3 4 5 1.00 20 0.800
13 Alabama Sturgeon 5 5 0 1.00 0 0.000 3 4 3 1.00 12 0.480 3 4 3 1.00 12 0.480 3 4 3 1.00 12 0.480 3 4 3 1.00 12 0.480
14 Gulf Sturgeon 5 5 0 1.00 0 0.000 3 4 3 1.00 12 0.480 3 4 3 1.00 12 0.480 3 4 3 1.00 12 0.480 3 4 3 1.00 12 0.480
15 Mississippi Silvery Minnow 5 5 0 1.00 0 0.000 5 5 5 1.00 25 1.000 5 5 5 1.00 25 1.000 5 5 5 1.00 25 1.000 5 5 5 1.00 25 1.000
16 Northern Walleye 5 5 0 1.00 0 0.000 5 5 5 1.00 25 1.000 5 5 5 1.00 25 1.000 5 5 5 1.00 25 1.000 5 5 5 1.00 25 1.000
17 American Eel 5 5 0 1.00 0 0.000 5 5 5 1.00 25 1.000 5 5 5 1.00 25 1.000 5 5 5 1.00 25 1.000 5 5 5 1.00 25 1.000
18 Smallmouth Buffalo 5 5 0 1.00 0 0.000 5 5 5 1.00 25 1.000 3 4 5 1.00 20 0.800 5 5 5 1.00 25 1.000 3 4 5 1.00 20 0.800
19 Paddlefish 5 5 0 1.00 0 0.000 5 5 5 1.00 25 1.000 5 5 5 1.00 25 1.000 5 5 5 1.00 25 1.000 5 5 5 1.00 25 1.000

Avg. 0.000 Avg. 0.876 Avg. 0.771 Avg. 0.876 Avg. 0.771

Minimum Current Velocity at Hydraulic Steps (ft/sec): X  X X X X
Fs - Size of Fishway: 5 1 3 1 3
Discharge:  150,000 cfs 150,000 cfs 150,000 cfs 150,000 cfs 150,000 cfs  

i Family                              
Common Name

F1      

Fishway 
Location at 

CL

Ei          

Potential to 
Encounter at 

CL

Ui                   

Potential for 
Species to 
Use at CL

Di      
Duration of 
migration 

period 
passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

F1      

Fishway 
Location at 

CL

Ei          

Potential to 
Encounter at 

CL

Ui                   

Potential for 
Species to 
Use at CL

Di      
Duration of 
migration 
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passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

F1      

Fishway 
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CL

Ei          

Potential to 
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CL

Ui                   
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Use at CL

Di      
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passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

F1      

Fishway 
Location at 

CL

Ei          

Potential to 
Encounter at 

CL

Ui                   

Potential for 
Species to 
Use at CL

Di      
Duration of 
migration 

period 
passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

F1      

Fishway 
Location at 

CL

Ei          

Potential to 
Encounter at 

CL

Ui                   

Potential for 
Species to 
Use at CL

Di      
Duration of 
migration 

period 
passable

Ei x Ui x Di

Є  = Fish 
Passage 

Connectivity

      

 
  

          

  
  

                   

  
  

  

      
  

 
 

    
    

 

1 Mobile Logperch 5 5 1 1.00 5 0.2 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8
2 Gulf Logperch 5 5 1 1.00 5 0.2 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8
3 Blacktail Shiner 5 5 1 1.00 5 0.2 5 3 5 1.00 15 0.6 5 4 3 1.00 12 0.48 5 3 5 1.00 15 0.6 5 4 3 1.00 12 0.48
4 Freshwater Drum 5 5 0 1.00 0 0 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8
5 Chain Pickerel 5 5 0 1.00 0 0 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8
6 Largemouth Bass 5 5 1 1.00 5 0.2 5 3 5 1.00 15 0.6 5 4 3 1.00 12 0.48 5 3 5 1.00 15 0.6 5 4 3 1.00 12 0.48
7 Skipjack Herring 5 5 1 1.00 5 0.2 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8
8 Alabama Shad 5 5 0 1.00 0 0 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8
9 Striped Bass 5 5 1 1.00 5 0.2 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8
10 Crystal Darter 5 5 0 1.00 0 0 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8
11 River Redhorse 5 5 1 1.00 5 0.2 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8
12 Southeastern Blue Sucker 5 5 1 1.00 5 0.2 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8
13 Alabama Sturgeon 5 5 0 1.00 0 0 5 3 5 1.00 15 0.6 5 4 3 1.00 12 0.48 5 3 5 1.00 15 0.6 5 4 3 1.00 12 0.48
14 Gulf Sturgeon 5 5 1 1.00 5 0.2 5 3 5 1.00 15 0.6 5 4 3 1.00 12 0.48 5 3 5 1.00 15 0.6 5 4 3 1.00 12 0.48
15 Mississippi Silvery Minnow 5 5 0 1.00 0 0 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8
16 Northern Walleye 5 5 0 1.00 0 0 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8
17 American Eel 5 5 1 1.00 5 0.2 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8
18 Smallmouth Buffalo 5 5 1 1.00 5 0.2 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8
19 Paddlefish 5 5 1 1.00 5 0.2 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8 5 3 5 1.00 15 0.6 5 4 5 1.00 20 0.8

Avg. 0.126 Avg. 0.600 Avg. 0.733 Avg. 0.600 Avg. 0.733

SPECIES AVERAGE FPCI SPECIES AVERAGE FPCI SPECIES AVERAGE FPCI SPECIES AVERAGE FPCI SPECIES AVERAGE FPCI   
1 Mobile Logperch 0.010 1 Mobile Logperch 0.680 1 Mobile Logperch 0.610 1 Mobile Logperch 0.680 1 Mobile Logperch 0.610  
2 Gulf Logperch 0.010 2 Gulf Logperch 0.680 2 Gulf Logperch 0.610 2 Gulf Logperch 0.680 2 Gulf Logperch 0.610  
3 Blacktail Shiner 0.010 3 Blacktail Shiner 0.300 3 Blacktail Shiner 0.294 3 Blacktail Shiner 0.300 3 Blacktail Shiner 0.294  
4 Freshwater Drum 0.000 4 Freshwater Drum 0.550 4 Freshwater Drum 0.600 4 Freshwater Drum 0.550 4 Freshwater Drum 0.600  
5 Chain Pickerel 0.000 5 Chain Pickerel 0.460 5 Chain Pickerel 0.840 5 Chain Pickerel 0.460 5 Chain Pickerel 0.840  
6 Largemouth Bass 0.010 6 Largemouth Bass 0.396 6 Largemouth Bass 0.240 6 Largemouth Bass 0.396 6 Largemouth Bass 0.240  
7 Skipjack Herring 0.010 7 Skipjack Herring 0.350 7 Skipjack Herring 0.560 7 Skipjack Herring 0.350 7 Skipjack Herring 0.560  
8 Alabama Shad 0.000 8 Alabama Shad 0.590 8 Alabama Shad 0.560 8 Alabama Shad 0.590 8 Alabama Shad 0.560  
9 Striped Bass 0.010 9 Striped Bass 0.590 9 Striped Bass 0.800 9 Striped Bass 0.590 9 Striped Bass 0.800  

10 Crystal Darter 0.000 10 Crystal Darter 0.680 10 Crystal Darter 0.610 10 Crystal Darter 0.680 10 Crystal Darter 0.610  
11 River Redhorse 0.010 11 River Redhorse 0.590 11 River Redhorse 0.560 11 River Redhorse 0.590 11 River Redhorse 0.560  
12 Southeastern Blue Sucker 0.010 12 Southeastern Blue Sucker 0.590 12 Southeastern Blue Sucker 0.800 12 Southeastern Blue Sucker 0.590 12 Southeastern Blue Sucker 0.800   
13 Alabama Sturgeon 0.000 13 Alabama Sturgeon 0.246 13 Alabama Sturgeon 0.240 13 Alabama Sturgeon 0.246 13 Alabama Sturgeon 0.240  
14 Gulf Sturgeon 0.010 14 Gulf Sturgeon 0.246 14 Gulf Sturgeon 0.240 14 Gulf Sturgeon 0.246 14 Gulf Sturgeon 0.240  
15 Mississippi Silvery Minnow 0.000 15 Mississippi Silvery Minnow 0.680 15 Mississippi Silvery Minnow 0.690 15 Mississippi Silvery Minnow 0.680 15 Mississippi Silvery Minnow 0.690   
16 Northern Walleye 0.000 16 Northern Walleye 0.590 16 Northern Walleye 0.600 16 Northern Walleye 0.590 16 Northern Walleye 0.600  
17 American Eel 0.010 17 American Eel 0.680 17 American Eel 0.690 17 American Eel 0.680 17 American Eel 0.690  
19 Smallmouth Buffalo 0.010 19 Smallmouth Buffalo 0.590 19 Smallmouth Buffalo 0.560 19 Smallmouth Buffalo 0.590 19 Smallmouth Buffalo 0.560  
20 Paddlefish 0.010 20 Paddlefish 0.680 20 Paddlefish 0.690 20 Paddlefish 0.680 20 Paddlefish 0.690

TOTAL FPCI AVERAGE 0.006 TOTAL FPCI AVERAGE 0.535 TOTAL FPCI AVERAGE 0.568 TOTAL FPCI AVERAGE 0.535 TOTAL FPCI AVERAGE 0.568   

Steady State 
Flow through 
Model (cfs)

MF Right 
Bypass 
Channel Est 
Flows (cfs)

MF Rock Weir 
Est Flows 
(cfs)

CL Right 
Bypass 
Channel Est 
Flows (cfs)

CL Rock Weir 
Est Flows 
(cfs)

5,000 1,150 1,400 550 950
50,000 1,600 2,200 800 1,900

150,000 1,800 2,250 6,500 2,800
*These flows occur when pool is much higher than fixed crest weir

Fs Values

MF Right 
Bypass 
Channel Est 
Flows (cfs)

MF Rock Weir 
Est Flows 
(cfs)

CL Right 
Bypass 
Channel Est 
Flows (cfs)

CL Rock Weir 
Est Flows 
(cfs)

5,000 23.000 28.000 11.000 19.000 all over 10% which equals a value of 5
50,000 3.200 4.400 1.600 3.800 all under 5% but more than 2% which equals a value of 3

150,000 1.200 1.500 4.333 1.867 all but CL bypass get value of 1 and CL bypass gets value of 3

    

Alternative 12b:  "Fixed Weir - CL and  Bypass - MF" (CL focus)
Minimum Current Velocity at Hydraulic Steps (ft/sec): 
Fs - Size of Fishway:

Alternastive 13b:  "Fixed Weir -– MF and Bypass - CL" (CL focus)
Minimum Current Velocity at Hydraulic Steps (ft/sec): 
Size of Fishway (Fs):

Alternative 1: "No Action" (CL focus) Alternative 5d:  "Natural Bypass Channel – Both Dams" (CL focus) Alternastive 13b:  "Fixed Weir -– MF and Bypass - CL" (CL focus)Alternative 12b:  "Fixed Weir - CL and  Bypass - MF" (CL focus)Alternative 3:  "Fixed Weir Rock Arch – Both Dams" (CL focus)

Size of Fishway (Fs):Fs - Size of Fishway:

Alternative 1: "No Action" (CL focus) Alternative 3:  "Fixed Weir Rock Arch – Both Dams" (CL focus)
Minimum Current Velocity at Hydraulic Steps (ft/sec):

Alternative 5d:  "Natural Bypass Channel – Both Dams" (CL focus)

Discharge: 

Minimum Current Velocity at Hydraulic Steps (ft/sec): 
Fs - Size of Fishway:
Discharge: 

Fs - Size of Fishway:

Discharge: Discharge: 

Alternative 1: "No Action" (CL focus) Alternative 3:  "Fixed Weir Rock Arch – Both Dams" (CL focus) Alternative 5d:  "Natural Bypass Channel – Both Dams" (CL focus) Alternative 12b:  "Fixed Weir - CL and  Bypass - MF" (CL focus) Alternastive 13b:  "Fixed Weir -– MF and Bypass - CL" (CL focus)

       
    

 
Fs - Size of Fishway:

Fs - Size of Fishway: Fs - Size of Fishway: Fs - Size of Fishway: Size of Fishway (Fs):     
Minimum Current Velocity at Hydraulic Steps (ft/sec): Minimum Current Velocity at Hydraulic Steps (ft/sec): Minimum Current Velocity at Hydraulic Steps (ft/sec): Minimum Current Velocity at Hydraulic Steps (ft/sec):        

Discharge: Discharge: Discharge: Discharge:  
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Figure B.1-6:  Connectivity Indices for Millers Ferry Focus 

 

Minimum Current Velocity at Hydraulic Steps (ft/sec): X Minimum Current Velocity at Hydraulic Steps (ft/sec):  X Minimum Current Velocity at Hydraulic Steps (ft/sec): X Minimum Current Velocity at Hydraulic Steps (ft/sec): X Minimum Current Velocity at Hydraulic Steps (ft/sec): X        
5 5 Fs - Size of Fishway: 5 Fs - Size of Fishway: 5 5

Discharge:  5,000 cfs Discharge: 5,000 cfs Discharge: 5,000 cfs Discharge: 5,000 cfs Discharge: 5,000 cfs   
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1 Mobile Logperch 3 4 0 1.00 0.0 0.000 3 4 1 1.00 4.0 0.160 5 5 3 1.00 15.0 0.599 5 5 3 1.00 15.0 0.599 3 4 1 1.00 4.0 0.160
2 Gulf Logperch 3 4 0 1.00 0.0 0.000 3 4 1 1.00 4.0 0.160 5 5 3 1.00 15.0 0.599 5 5 3 1.00 15.0 0.599 3 4 1 1.00 4.0 0.160
3 Blacktail Shiner 3 4 0 0.98 0.0 0.000 5 5 1 0.98 4.9 0.197 5 5 1 0.98 4.9 0.197 5 5 1 0.98 4.9 0.197 5 5 1 0.98 4.9 0.197
4 Freshwater Drum 3 4 0 1.00 0.0 0.000 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480 3 4 3 1.00 12.0 0.480
5 Chain Pickerel 3 4 0 0.98 0.0 0.000 3 4 3 0.98 11.8 0.471 3 4 5 0.98 19.6 0.785 3 4 5 0.98 19.6 0.785 3 4 3 0.98 11.8 0.471
6 Largemouth Bass 3 4 0 1.00 0.0 0.000 3 4 1 1.00 4.0 0.160 3 4 1 1.00 4.0 0.160 3 4 1 1.00 4.0 0.160 3 4 1 1.00 4.0 0.160
7 Skipjack Herring 3 4 0 0.98 0.0 0.000 3 4 1 0.98 3.9 0.157 3 4 3 0.98 11.7 0.470 3 4 3 0.98 11.7 0.470 3 4 1 0.98 3.9 0.157
8 Alabama Shad 3 4 0 0.98 0.0 0.000 3 4 3 0.98 11.7 0.470 3 4 3 0.98 11.7 0.470 3 4 3 0.98 11.7 0.470 3 4 3 0.98 11.7 0.470
9 Striped Bass 3 4 0 0.99 0.0 0.000 3 4 3 0.99 11.8 0.473 3 4 5 0.99 19.7 0.788 3 4 5 0.99 19.7 0.788 3 4 3 0.99 11.8 0.473
10 Crystal Darter 3 4 0 0.98 0.0 0.000 3 4 1 0.98 3.9 0.157 5 5 3 0.98 14.7 0.590 5 5 3 0.98 14.7 0.590 3 4 1 0.98 3.9 0.157
11 River Redhorse 3 4 0 0.98 0.0 0.000 3 4 3 0.98 11.7 0.470 3 4 3 0.98 11.7 0.470 3 4 3 0.98 11.7 0.470 3 4 3 0.98 11.7 0.470
12 Southeastern Blue Sucker 3 4 0 0.98 0.0 0.000 3 4 3 0.98 11.7 0.468 3 4 5 0.98 19.5 0.781 3 4 5 0.98 19.5 0.781 3 4 3 0.98 11.7 0.468
13 Alabama Sturgeon 3 4 0 1.00 0.0 0.000 3 4 1 1.00 4.0 0.160 3 4 1 1.00 4.0 0.160 3 4 1 1.00 4.0 0.160 3 4 1 1.00 4.0 0.160
14 Gulf Sturgeon 3 4 0 0.98 0.0 0.000 3 4 1 0.98 3.9 0.157 3 4 1 0.98 3.9 0.157 3 4 1 0.98 3.9 0.157 3 4 1 0.98 3.9 0.157
15 Mississippi Silvery Minnow 3 4 0 0.98 0.0 0.000 3 4 3 0.98 11.8 0.472 5 5 3 0.98 14.7 0.590 5 5 3 0.98 14.7 0.590 3 4 3 0.98 11.8 0.472
16 Northern Walleye 3 4 0 0.98 0.0 0.000 1 3 3 0.98 8.8 0.354 3 4 3 0.98 11.8 0.472 3 4 3 0.98 11.8 0.472 1 3 3 0.98 8.8 0.354
17 American Eel 3 4 0 0.98 0.0 0.000 5 5 3 0.98 14.7 0.590 5 5 3 0.98 14.7 0.590 5 5 3 0.98 14.7 0.590 5 5 3 0.98 14.7 0.590
18 Smallmouth Buffalo 3 4 0 0.99 0.0 0.000 3 4 3 0.99 11.8 0.473 3 4 3 0.99 11.8 0.473 3 4 3 0.99 11.8 0.473 3 4 3 0.99 11.8 0.473
19 Paddlefish 3 4 0 0.98 0.0 0.000 5 5 3 0.98 14.6 0.586 5 5 3 0.98 14.6 0.586 5 5 3 0.98 14.6 0.586 5 5 3 0.98 14.6 0.586

Avg. 0.000 Avg. 0.348 Avg. 0.496 Avg. 0.496 Avg. 0.348
                                                                               

Minimum Current Velocity at Hydraulic Steps (ft/sec): X  X X X X
Fs - Size of Fishway: 5 3 3 3 3
Discharge:  50,000 cfs 50,000 cfs 50,000 cfs 50,000 cfs 50,000 cfs  
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1 Mobile Logperch 3 4 0 1.00 0 0.000 3 3 1 1.00 2.996 0.120 5 4 3 1.00 11.983 0.479 5 4 3 1.00 11.983 0.479 3 3 1 1.00 2.996 0.120
2 Gulf Logperch 3 4 0 1.00 0 0.000 3 3 1 1.00 2.996 0.120 5 4 3 1.00 11.983 0.479 5 4 3 1.00 11.983 0.479 3 3 1 1.00 2.996 0.120
3 Blacktail Shiner 3 4 0 0.98 0 0.000 5 4 1 0.98 3.937 0.157 5 4 3 0.98 11.811 0.472 5 4 3 0.98 11.811 0.472 5 4 1 0.98 3.937 0.157
4 Freshwater Drum 3 4 0 1.00 0 0.000 5 4 3 1.00 12.000 0.480 3 3 3 1.00 9.000 0.360 3 3 3 1.00 9.000 0.360 5 4 3 1.00 12.000 0.480
5 Chain Pickerel 3 4 0 0.98 0 0.000 3 3 3 0.98 8.831 0.353 3 3 5 0.98 14.719 0.589 3 3 5 0.98 14.719 0.589 3 3 3 0.98 8.831 0.353
6 Largemouth Bass 3 4 0 1.00 0 0.000 5 4 1 1.00 4.000 0.160 3 3 1 1.00 3.000 0.120 3 3 1 1.00 3.000 0.120 5 4 1 1.00 4.000 0.160
7 Skipjack Herring 3 4 0 0.98 0 0.000 5 4 1 0.98 3.916 0.157 3 3 3 0.98 8.810 0.352 3 3 3 0.98 8.810 0.352 5 4 1 0.98 3.916 0.157
8 Alabama Shad 3 4 0 0.98 0 0.000 5 4 3 0.98 11.747 0.470 3 3 3 0.98 8.810 0.352 3 3 3 0.98 8.810 0.352 5 4 3 0.98 11.747 0.470
9 Striped Bass 3 4 0 0.99 0 0.000 5 4 3 0.99 11.825 0.473 3 3 5 0.99 14.781 0.591 3 3 5 0.99 14.781 0.591 5 4 3 0.99 11.825 0.473
10 Crystal Darter 3 4 0 0.98 0 0.000 3 3 1 0.98 2.949 0.118 5 4 3 0.98 11.794 0.472 5 4 3 0.98 11.794 0.472 3 3 1 0.98 2.949 0.118
11 River Redhorse 3 4 0 0.98 0 0.000 5 4 3 0.98 11.743 0.470 3 3 3 0.98 8.807 0.352 3 3 3 0.98 8.807 0.352 5 4 3 0.98 11.743 0.470
12 Southeastern Blue Sucker 3 4 0 0.98 0 0.000 5 4 3 0.98 11.712 0.468 3 3 5 0.98 14.640 0.586 3 3 5 0.98 14.640 0.586 5 4 3 0.98 11.712 0.468
13 Alabama Sturgeon 3 4 0 1.00 0 0.000 3 3 1 1.00 3.000 0.120 3 3 1 1.00 3.000 0.120 3 3 1 1.00 3.000 0.120 3 3 1 1.00 3.000 0.120
14 Gulf Sturgeon 3 4 0 0.98 0 0.000 3 3 1 0.98 2.948 0.118 3 3 1 0.98 2.948 0.118 3 3 1 0.98 2.948 0.118 3 3 1 0.98 2.948 0.118
15 Mississippi Silvery Minnow 3 4 0 0.98 0 0.000 3 3 3 0.98 8.846 0.354 5 4 3 0.98 11.794 0.472 5 4 3 0.98 11.794 0.472 3 3 3 0.98 8.846 0.354
16 Northern Walleye 3 4 0 0.98 0 0.000 3 3 3 0.98 8.846 0.354 3 3 3 0.98 8.846 0.354 3 3 3 0.98 8.846 0.354 3 3 3 0.98 8.846 0.354
17 American Eel 3 4 0 0.98 0 0.000 5 4 3 0.98 11.794 0.472 5 4 3 0.98 11.794 0.472 5 4 3 0.98 11.794 0.472 5 4 3 0.98 11.794 0.472
18 Smallmouth Buffalo 3 4 0 0.99 0 0.000 5 4 3 0.99 11.836 0.473 3 3 3 0.99 8.877 0.355 3 3 3 0.99 8.877 0.355 5 4 3 0.99 11.836 0.473
19 Paddlefish 3 4 0 0.98 0 0.000 5 4 3 0.98 11.712 0.468 5 4 3 0.98 11.712 0.468 5 4 3 0.98 11.712 0.468 5 4 3 0.98 11.712 0.468

Avg. 0.000 Avg. 0.311 Avg. 0.398 Avg. 0.398 Avg. 0.311

Minimum Current Velocity at Hydraulic Steps (ft/sec): X  X X X X
Fs - Size of Fishway: 5 1 1 1 1
Discharge:  150,000 cfs 150,000 cfs 150,000 cfs 150,000 cfs 150,000 cfs  
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1 Mobile Logperch 3 4 0 1.00 0 0.000 3 2 3 1.00 5.991 0.240 5 3 5 1.00 14.979 0.599 5 3 5 1.00 14.979 0.599 3 2 3 1.00 5.991 0.240
2 Gulf Logperch 3 4 0 1.00 0 0.000 3 2 3 1.00 5.991 0.240 5 3 5 1.00 14.979 0.599 5 3 5 1.00 14.979 0.599 3 2 3 1.00 5.991 0.240
3 Blacktail Shiner 3 4 0 0.98 0 0.000 5 3 3 0.98 8.859 0.354 5 3 3 0.98 8.859 0.354 5 3 3 0.98 8.859 0.354 5 3 3 0.98 8.859 0.354
4 Freshwater Drum 3 4 0 1.00 0 0.000 5 3 5 1.00 15.000 0.600 5 3 5 1.00 15.000 0.600 5 3 5 1.00 15.000 0.600 5 3 5 1.00 15.000 0.600
5 Chain Pickerel 3 4 0 0.98 0 0.000 5 3 5 0.98 14.719 0.589 5 3 5 0.98 14.719 0.589 5 3 5 0.98 14.719 0.589 5 3 5 0.98 14.719 0.589
6 Largemouth Bass 3 4 0 1.00 0 0.000 5 3 3 1.00 9.000 0.360 5 3 3 1.00 9.000 0.360 5 3 3 1.00 9.000 0.360 5 3 3 1.00 9.000 0.360
7 Skipjack Herring 3 4 0 0.98 0 0.000 5 3 3 0.98 8.810 0.352 5 3 5 0.98 14.683 0.587 5 3 5 0.98 14.683 0.587 5 3 3 0.98 8.810 0.352
8 Alabama Shad 3 4 0 0.98 0 0.000 5 3 5 0.98 14.683 0.587 5 3 5 0.98 14.683 0.587 5 3 5 0.98 14.683 0.587 5 3 5 0.98 14.683 0.587
9 Striped Bass 3 4 0 0.99 0 0.000 5 3 5 0.99 14.781 0.591 5 3 5 0.99 14.781 0.591 5 3 5 0.99 14.781 0.591 5 3 5 0.99 14.781 0.591
10 Crystal Darter 3 4 0 0.98 0 0.000 3 2 3 0.98 5.897 0.236 5 3 5 0.98 14.743 0.590 5 3 5 0.98 14.743 0.590 3 2 3 0.98 5.897 0.236
11 River Redhorse 3 4 0 0.98 0 0.000 5 3 5 0.98 14.679 0.587 5 3 5 0.98 14.679 0.587 5 3 5 0.98 14.679 0.587 5 3 5 0.98 14.679 0.587
12 Southeastern Blue Sucker 3 4 0 0.98 0 0.000 5 3 5 0.98 14.640 0.586 5 3 5 0.98 14.640 0.586 5 3 5 0.98 14.640 0.586 5 3 5 0.98 14.640 0.586
13 Alabama Sturgeon 3 4 0 1.00 0 0.000 5 3 3 1.00 9.000 0.360 5 3 3 1.00 9.000 0.360 5 3 3 1.00 9.000 0.360 5 3 3 1.00 9.000 0.360
14 Gulf Sturgeon 3 4 0 0.98 0 0.000 5 3 3 0.98 8.845 0.354 5 3 3 0.98 8.845 0.354 5 3 3 0.98 8.845 0.354 5 3 3 0.98 8.845 0.354
15 Mississippi Silvery Minnow 3 4 0 0.98 0 0.000 5 3 5 0.98 14.743 0.590 5 3 5 0.98 14.743 0.590 5 3 5 0.98 14.743 0.590 5 3 5 0.98 14.743 0.590
16 Northern Walleye 3 4 0 0.98 0 0.000 5 3 5 0.98 14.743 0.590 5 3 5 0.98 14.743 0.590 5 3 5 0.98 14.743 0.590 5 3 5 0.98 14.743 0.590
17 American Eel 3 4 0 0.98 0 0.000 5 3 5 0.98 14.743 0.590 5 3 5 0.98 14.743 0.590 5 3 5 0.98 14.743 0.590 5 3 5 0.98 14.743 0.590
18 Smallmouth Buffalo 3 4 0 0.99 0 0.000 5 3 5 0.99 14.795 0.592 5 3 5 0.99 14.795 0.592 5 3 5 0.99 14.795 0.592 5 3 5 0.99 14.795 0.592
19 Paddlefish 3 4 0 0.98 0 0.000 5 3 5 0.98 14.640 0.586 5 3 5 0.98 14.640 0.586 5 3 5 0.98 14.640 0.586 5 3 5 0.98 14.640 0.586

Avg. 0.000 Avg. 0.473 Avg. 0.542 Avg. 0.542 Avg. 0.473

AVERAGE FPCI AVERAGE FPCI AVERAGE FPCI AVERAGE FPCI AVERAGE FPCI  
1 Mobile Logperch 0.000 1 Mobile Logperch 0.156 1 Mobile Logperch 0.575 1 Mobile Logperch 0.575 1 Mobile Logperch 0.156  
2 Gulf Logperch 0.000 2 Gulf Logperch 0.156 2 Gulf Logperch 0.575 2 Gulf Logperch 0.575 2 Gulf Logperch 0.156  
3 Blacktail Shiner 0.000 3 Blacktail Shiner 0.197 3 Blacktail Shiner 0.260 3 Blacktail Shiner 0.260 3 Blacktail Shiner 0.197  
4 Freshwater Drum 0.000 4 Freshwater Drum 0.486 4 Freshwater Drum 0.462 4 Freshwater Drum 0.462 4 Freshwater Drum 0.486  
5 Chain Pickerel 0.000 5 Chain Pickerel 0.453 5 Chain Pickerel 0.736 5 Chain Pickerel 0.736 5 Chain Pickerel 0.453  
6 Largemouth Bass 0.000 6 Largemouth Bass 0.170 6 Largemouth Bass 0.162 6 Largemouth Bass 0.162 6 Largemouth Bass 0.170  
7 Skipjack Herring 0.000 7 Skipjack Herring 0.166 7 Skipjack Herring 0.452 7 Skipjack Herring 0.452 7 Skipjack Herring 0.166  
8 Alabama Shad 0.000 8 Alabama Shad 0.476 8 Alabama Shad 0.452 8 Alabama Shad 0.452 8 Alabama Shad 0.476  
9 Striped Bass 0.000 9 Striped Bass 0.479 9 Striped Bass 0.739 9 Striped Bass 0.739 9 Striped Bass 0.479  

10 Crystal Darter 0.000 10 Crystal Darter 0.153 10 Crystal Darter 0.566 10 Crystal Darter 0.566 10 Crystal Darter 0.153  
11 River Redhorse 0.000 11 River Redhorse 0.476 11 River Redhorse 0.452 11 River Redhorse 0.452 11 River Redhorse 0.476  
12 Southeastern Blue Sucker 0.000 12 Southeastern Blue Sucker 0.474 12 Southeastern Blue Sucker 0.732 12 Southeastern Blue Sucker 0.732 12 Southeastern Blue Sucker 0.474   
13 Alabama Sturgeon 0.000 13 Alabama Sturgeon 0.162 13 Alabama Sturgeon 0.162 13 Alabama Sturgeon 0.162 13 Alabama Sturgeon 0.162  
14 Gulf Sturgeon 0.000 14 Gulf Sturgeon 0.159 14 Gulf Sturgeon 0.159 14 Gulf Sturgeon 0.159 14 Gulf Sturgeon 0.159  
15 Mississippi Silvery Minnow 0.000 15 Mississippi Silvery Minnow 0.454 15 Mississippi Silvery Minnow 0.566 15 Mississippi Silvery Minnow 0.566 15 Mississippi Silvery Minnow 0.454   
16 Northern Walleye 0.000 16 Northern Walleye 0.366 16 Northern Walleye 0.454 16 Northern Walleye 0.454 16 Northern Walleye 0.366  
17 American Eel 0.000 17 American Eel 0.566 17 American Eel 0.566 17 American Eel 0.566 17 American Eel 0.566  
19 Smallmouth Buffalo 0.000 18 Smallmouth Buffalo 0.479 18 Smallmouth Buffalo 0.456 18 Smallmouth Buffalo 0.456 18 Smallmouth Buffalo 0.479  
20 Paddlefish 0.000 19 Paddlefish 0.562 19 Paddlefish 0.562 19 Paddlefish 0.562 19 Paddlefish 0.562

TOTAL FPCI AVERAGE 0.000 TOTAL FPCI AVERAGE 0.347 TOTAL FPCI AVERAGE 0.478 TOTAL FPCI AVERAGE 0.478 TOTAL FPCI AVERAGE 0.347   

Steady State 
Flow through 
Model (cfs)

MF Right 
Bypass 
Channel Est 
Flows (cfs)

MF Rock Weir 
Est Flows (cfs)

CL Right 
Bypass 
Channel Est 
Flows (cfs)

CL Rock Weir 
Est Flows 
(cfs)

5000 1150 1400 550 950
50000 1600 2200 800 1900

150000 1800 2250 6500 2800
*These flows occur when pool is much higher than fixed crest weir

Fs Values

MF Right 
Bypass 
Channel Est 
Flows (cfs)

MF Rock Weir 
Est Flows (cfs)

CL Right 
Bypass 
Channel Est 
Flows (cfs)

CL Rock Weir 
Est Flows 
(cfs)

5000 23 28 11 19 all over 10% which equals a value of 5
50000 3.2 4.4 1.6 3.8 all under 5% but more than 2% which equals a value of 3

150000 1.2 1.5 4.333333333 1.866666667 all but CL bypass get value of 1 and CL bypass gets value of 3

Discharge: Discharge: Discharge: Discharge:  
Fs - Size of Fishway: Fs - Size of Fishway: Fs - Size of Fishway: Size of Fishway (Fs):     
Minimum Current Velocity at Hydraulic Steps (ft/sec): Minimum Current Velocity at Hydraulic Steps (ft/sec): Minimum Current Velocity at Hydraulic Steps (ft/sec): Minimum Current Velocity at Hydraulic Steps (ft/sec):        

Alternative 1: "No Action" (MF Focus) Alternative 3:  "Fixed Weir Rock Arch – Both Dams" (MF Focus) Alternative 5d:  "Natural Bypass Channel – Both Dams" (MF Focus) Alternative 12b:  "Fixed Weir - CL and  Bypass - MF" (MF Focus) Alternastive 13b:  "Fixed Weir -– MF and Bypass - CL" (MF Focus)

Discharge: Discharge: Discharge: Discharge:  
Fs - Size of Fishway: Fs - Size of Fishway: Fs - Size of Fishway: Size of Fishway (Fs):     
Minimum Current Velocity at Hydraulic Steps (ft/sec): Minimum Current Velocity at Hydraulic Steps (ft/sec): Minimum Current Velocity at Hydraulic Steps (ft/sec): Minimum Current Velocity at Hydraulic Steps (ft/sec):        

Alternative 1: "No Action" (MF Focus) Alternative 3:  "Fixed Weir Rock Arch – Both Dams" (MF Focus) Alternative 5d:  "Natural Bypass Channel – Both Dams" (MF Focus) Alternative 12b:  "Fixed Weir - CL and  Bypass - MF" (MF Focus) Alternastive 13b:  "Fixed Weir -– MF and Bypass - CL" (MF Focus)

Fs - Size of Fishway: Fs - Size of Fishway: Size of Fishway (Fs):     

Alternative 1: "No Action" (MF Focus) Alternative 3:  "Fixed Weir Rock Arch – Both Dams" (MF Focus) Alternative 5d:  "Natural Bypass Channel – Both Dams" (MF Focus) Alternative 12b:  "Fixed Weir - CL and  Bypass - MF" (MF Focus) Alternastive 13b:  "Fixed Weir -– MF and Bypass - CL" (MF Focus)
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Figure B.1-7:  Habitat Units per Species per Alternative 

 

Migratory Fish 
Species

i Family                              
Common Name

Total Available 
Preferred 

Habitat below 
Cahaba River            
(linear feet)

Є  = Fish Passage 
Connectivity

Habitat Units                
(Є X lf)

Є  = Fish Passage 
Connectivity

Habitat Units                
(Є X lf)

Є  = Fish Passage 
Connectivity

Habitat Units                
(Є X lf)

Є  = Fish Passage 
Connectivity

Habitat Units                
(Є X lf)

Є  = Fish Passage 
Connectivity

Habitat Units                
(Є X lf)

1 Mobile Logperch 1,303,186.693 0.005 6,516 0.418 544,587 0.593 772,254 0.628 817,865 0.383 498,975
2 Gulf Logperch 1,303,186.693 0.005 6,516 0.418 544,587 0.593 772,254 0.628 817,865 0.383 498,975
3 Blacktail Shiner 1,303,186.693 0.005 6,516 0.248 323,749 0.277 360,886 0.280 364,795 0.245 319,839
4 Freshwater Drum 2,870,683.693 0.000 0 0.518 1,487,014 0.531 1,524,333 0.506 1,452,566 0.543 1,558,781
5 Chain Pickerel 828,593.704 0.000 0 0.457 378,393 0.788 652,906 0.598 495,473 0.647 535,826
6 Largemouth Bass 1,867,846.304 0.005 9,339 0.283 528,601 0.201 375,437 0.279 521,129 0.205 382,908
7 Skipjack Herring 2,252,748.885 0.005 11,264 0.258 581,672 0.506 1,140,169 0.401 903,630 0.363 818,211
8 Alabama Shad 2,252,748.885 0.000 0 0.533 1,200,422 0.506 1,140,169 0.521 1,173,960 0.518 1,166,631
9 Striped Bass 2,252,748.885 0.005 11,264 0.534 1,203,978 0.770 1,733,534 0.665 1,496,995 0.639 1,440,517
10 Crystal Darter 2,131,780.398 0.000 0 0.417 888,234 0.588 1,253,621 0.623 1,328,233 0.382 813,621
11 River Redhorse 2,131,780.398 0.005 10,659 0.533 1,135,797 0.506 1,078,787 0.521 1,110,764 0.518 1,103,821
12 Southeastern Blue Suck 2,131,780.398 0.005 10,659 0.532 1,134,465 0.766 1,632,944 0.661 1,409,107 0.637 1,358,302
13 Alabama Sturgeon 2,960,374.102 0.000 0 0.204 603,916 0.201 595,035 0.204 603,916 0.201 595,035
14 Gulf Sturgeon 2,960,374.102 0.005 14,802 0.203 599,774 0.200 590,893 0.203 599,774 0.200 590,893
15 Mississippi Silvery Minno 210,658.896 0.000 0 0.567 119,452 0.628 132,307 0.623 131,254 0.572 120,505
16 Northern Walleye 2,185,055.596 0.000 0 0.478 1,044,045 0.527 1,151,612 0.522 1,140,686 0.483 1,054,970
17 American Eel 3,277,583.394 0.005 16,388 0.623 2,042,140 0.628 2,058,528 0.623 2,042,140 0.628 2,058,528
18 Smallmouth Buffalo 2,870,683.693 0.005 14,353 0.535 1,534,915 0.508 1,457,877 0.523 1,500,937 0.520 1,491,855
19 Paddlefish 1,092,527.798 0.005 5,463 0.621 678,556 0.626 684,019 0.621 678,556 0.626 684,019

Avg. 6,513 Avg. 872,331 Avg. 1,005,661 Avg. 978,402 Avg. 899,590

Alternative 1: No Action Alternative 5d:  Natural Bypass 
Channel – Both Dams

Alternative 12b:  Fixed Weir Rock Arch 
at Claiborne and Natural Bypass 

Millers Ferry

Alternastive 13b:  Fixed Weir -– MF and 
Bypass - CL

Alternative 3:  Fixed Weir Rock Arch – 
Both Dams
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Figure B.1-8:  Habitat Unit Summary 

 

 

Summary - Connectivity Rank of Fish Passage Alternatives

Measures
Є  = Fish Passage 

Connectivity 
(Avg.)

Avg. Habitat 
Units

Alternative 1: No Action 0.003 6,513
Alternative 3:  Fixed Weir Rock Arch – Both Dams 0.441 872,331
Alternative 5d:  Natural Bypass Channel – Both Dams 0.523 1,005,661
Alternative 12b:  Fixed Weir Rock Arch at Claiborne and Natural Bypass Millers Fe 0.507 978,402
Alternastive 13b:  Bypass at Claiborne and Fixed Weir at Millers 0.457 899,590



B-13 

 Model Approval 

 Regional Certification  

        

  



B-14 

 Single-Use Approval 

 



B-15 

 



B-16 

 Model Documentation Addendum  

 



B-17 



B-18 



B-19 



B-20 



B-21 



B-22 



B-23 

 
  

  



B-24 

 Model Peer Review 

 



B-25 



B-26 



B-27 



B-28 



B-29 



B-30 



B-31 



B-32 



B-33 



B-34 



B-35 



B-36 

 

  



B-37 

B.2. Monitoring and Adaptive Management Plan 

 Introduction 

August 2009 guidance from USACE Headquarters, implementing Section 2039 of Water 
Resources and Development Act (WRDA) of 2007, requires that ecosystem restoration 
projects include plans for monitoring success and adaptively managing ecosystem 
restoration projects. 
Section 2039 of WRDA 2007 directs the Secretary of the Army to ensure, that when 
conducting a feasibility study for a project (or component of a project) under the USACE 
ecosystem restoration mission, that the recommended project includes a monitoring 
plan to measure the success of the ecosystem restoration.  
 

 Authority 

Section 2039 of WRDA 2007 Monitoring Ecosystem Restoration 
“(a) In General - In conducting a feasibility study for a project (or a component of a 
project) for ecosystem restoration, the Secretary shall ensure that the recommended 
project includes, as an integral part of the project, a plan for monitoring the success 
of the ecosystem restoration. 
 
(b) Monitoring Plan - The monitoring plan shall-- 

(1) include a description of the monitoring activities to be carried out, the criteria 
for ecosystem restoration success, and the estimated cost and duration of the 
monitoring; and  
(2) specify that the monitoring shall continue until such time as the Secretary 
determines that the criteria for ecosystem restoration success will be met. 
 

(c) Cost Share - For a period of 10 years from completion of construction of a project 
(or a component of a project) for ecosystem restoration, the Secretary shall consider 
the cost of carrying out the monitoring as a project cost. If the monitoring plan under 
subsection (b) requires monitoring beyond the 10-year period, the cost of monitoring 
shall be a non-Federal responsibility.” 

Purpose of Monitoring.  Monitoring of an ecosystem restoration project provides 
information with which to gauge the success of the restoration.  Monitoring includes the 
systematic collection and analysis of data that provides information useful for assessing 
project performance, determining whether ecological success has been achieved, and 
whether adaptive management may be needed to attain project benefits.  
Purpose of Adaptive Management.  The USACE implementation guidance for Section 
2039 also directs that a contingency plan (an adaptive management plan) be developed 
for all ecosystem restoration projects.  Adaptive management is intended to increase 
the ability to make timely responses based on new information from monitoring to 
maximize the objectives of the restoration effort.  An adaptive management plan 
considers the planned restoration activities and establishes a framework for evaluation 
of the ecosystem performance; and it identifies uncertainties that will be addressed 
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through monitoring.  As monitoring data is collected and assessed, the management 
plan guides decision to a) continue the restoration plan implementation without 
modification, b) to modify the restoration plan implementation, or c) to change the 
restoration plan objectives. 
The monitoring and adaptive management plan (MAMP) was developed in accordance 
with the following guidance: 
a.  USACE. 31 August 2009.  Planning Memorandum.  Implementation Guidance for 
Section 2039 of the Water Resources Development Act of 2007 (WRDA 2007) - 
Monitoring Ecosystem Restoration. 
b.  USACE. 22 April 2000.  ER 1105-2-100, Planning, Planning Guidance Notebook. 
c.  USACE. 01 May 2003.  EC 1105-2-404. Planning Civil Work Projects under the 
Environmental Operating Principles. 
 

 Objectives and Scope 

The objective of the project is to restore the connectivity of the Cahaba River to Mobile 
Bay.  Monitoring and, if necessary, adaptive management, would occur for a period of 
10 years as evidence for successful establishment of the project.  Monitoring efforts 
would be conducted by The Nature Conservancy (TNC) and USACE personnel.  
The scope of monitoring and adaptive management was developed for the project’s 
restoration objectives.  Monitoring and adaptive management cost and duration were 
based on the Tentatively Selected Plan, Alternative 5d.  This plan is based on currently 
available data and information.  Uncertainties remain regarding the exact project 
features, monitoring elements, and adaptive management opportunities.  Components 
of the MAMP, including costs, were estimated using a similar ecosystem restoration 
project as a model.  Uncertainties would be addressed during preconstruction 
engineering and design of the recommended plan.  A more detailed MAMP, including 
cost breakdown, would be included in the design documentation report (DDR). 
This feasibility level MAMP identifies and describes the monitoring and adaptive 
management activities proposed for the project and estimates their cost and duration.  
 

 Management and Restoration Actions 

The project delivery team (PDT) performed a thorough plan formulation process to 
identify potential management measures and restoration actions that address the 
project objective.  Alternatives were considered, evaluated, and screened to produce a 
final array of alternatives.  One plan, Alternative 5d, was identified as the National 
Ecosystem Restoration plan and was recommended for implementation.  Alternative 5d 
would restore connectivity of the Cahaba River to Mobile Bay.  In total, the plan would 
reconnect over 230 miles of the Alabama and Cahaba Rivers to the Mobile River Delta 
into the Gulf of Mexico for migration, spawning, foraging, and nurseries for native fish 
and mussel species.   
The Tentatively Selected Plan includes the following ecosystem restoration 
components, which would be implemented in two phases on the Alabama River: 
• Millers Ferry Natural Bypass Channel; 
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• Claiborne Natural Bypass Channel; 
• Vehicular Bridge Crossing; and 
• Control Gate Structures. 
Additional figures of each feature are shown in the Engineering Appendix to the main 
report. 
 

 Implementation 

Each natural bypass channel is likely to be implemented in two stages. Stage 1 would 
include design and construction of any cofferdams, gate structures, and bridges. Stage 
2 would include the design and construction of the bypass channels. Monitoring and 
adaptive management would occur prior to construction (pre-construction monitoring) 
and after construction is complete (post-construction monitoring and adaptive 
management). 
Monitoring would be initiated before construction, would continue during construction, 
and would continue for up to ten years after the completion of construction of each 
restored area.  A monitoring and adaptive management team (MAMT) composed of the 
USACE and TNC staff would conduct the data acquisition.  The MAMP would be 
implemented in a phased approach as each separable element in the project is 
constructed.  Monitoring and adaptive management would be initiated at the end of the 
construction of each restoration area, and a ten-year clock for each separable element 
would start at that time.  
Monitoring would focus on evaluating project success and guiding adaptive 
management actions by determining if the project has met performance standards 
(Table B.2-1).  Validation monitoring would involve various degrees of monitoring with 
quantitative metrics aimed at verifying that restoration objectives have been achieved 
for biological resources. Effectiveness monitoring would be implemented to confirm that 
project construction elements perform as desired.  Monitoring would be carried out until 
the project has been determined to be successful.  Monitoring would occur for up to 10 
years or less depending on when success criteria are met.  Monitoring objectives have 
been tied to original baseline measurements that were performed during site 
characterization field visits.  Adaptive management measures would be considered 
upon first instance or indication of failure to meet a performance standard.  Metrics and 
specific adaptive management triggers would be further developed during 
preconstruction engineering and design. 

Table B.2-1:  Modeling criteria, performance standards, and adaptive 
management 

Measurement Performance Standard Adaptive Management 
Temperature 60-70 degree F Implement aeration 

device(s)/measures Dissolved Oxygen >5 ppm 

Velocity >80% Ucrit per cohort 
grouping Perform, modify, or maintain 

operations and maintenance 
Pool Depth >5’ at Claiborne during 

GS migration and 
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spawning and >2’ during 
normal flow conditions 
 
>5<6’ at Millers Ferry US 
end with gates open 

Species Diversity >60% of Representative 
Surroundings 

Modify or maintain 
slope/pool/tiered dimensions 
to accommodate for ideal 
assemblage 

Invasive Species <10% of Species 
Diversity 

Federally Protected 
Species Presence/Absence 

 
Preconstruction Monitoring 
The USACE Engineering Research and Design Center (ERDC) will establish targeted 
Vemco arrays and tag sample Gulf sturgeon to establish baseline conditions.  Existing 
literature and surveys will be used to develop baseline conditions for other species 
assemblage. 

 Reporting 

The Project is expected to be constructed as a phased project over a two and a half 
year period.  Evaluation of the success would be assessed annually until all 
performance standards are met for each phase of the study.  Site assessment would be 
conducted annually by the MAMT and an annual report would be submitted to the U.S. 
Fish and Wildlife Service, Alabama Department of Environmental Management, 
Alabama Department of Conservation and Natural Resources, and USACE by January 
30 following each monitoring year for up to ten years after the last phase is constructed. 

 Monitoring and Adaptive Management Costs 

As shown in Table B.2-2, the total estimated cost for Monitoring and Adaptive 
Management is approximately $9,250,000.  The PED Phase is estimated to take two 
years and construction is estimated for two and a half years.  Cost estimates are based 
on similar adaptive management projects, estimated full-time-equivalent hours, and 
draft Scopes-of-Work for species monitoring. 
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Table B.2-2:  Preliminary Cost Estimates 

Category Activities
PED Set-up & 

Data 
Acquisition

Construction 10-year Post 
Construction Total

Monitoring: 
Planning and 
Management

Monitoring 
workgroup, drafting 
detailed monitoring 
plan, working with 

PDT on performance 
measures

200,000 200,000 -- 400,000

Monitoring: 
Data 

Collection
Data collection 500,000 500,000 5,000,000 6,000,000

Data Analysis

Assessment of 
monitoring data and 

performance 
standards

200,000 200,000 1,000,000 1,400,000

Adaptive 
Management 

Program 
Phase I

Detailed adaptive 
management plan 

and program
100,000 100,000 -- 200,000

Adaptive 
Management 

Program 
Phase II

Establishment of 
adaptive 

management 
program

-- -- 1,000,000 1,000,000

Database 
Management

Database 
development, 

management, and 
maintenance

100,000 50,000 100,000 250,000

Total 1,100,000 1,050,000 7,100,000 9,250,000  
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