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1.0 INTRODUCTION  

During consultation on protection, mitigation, and enhancement alternatives for the 
Bradley Lake Expansion Project, two requests for additional information were made. To 
accommodate these requests by Alaska Department of Fish and Game (ADF&G (March 
27, 2026) and Chugach Electric Association (April 14, 2026), Kleinschmidt Associates 
(Kleinschmidt) has expanded the 2024 hydrodynamic modeling and habitat connectivity 
analysis completed for the Martin River (Kleinschmidt 2025).  

To better understand the thresholds and sensitivity of the habitat connectivity analysis, 
ADF&G requested additional model simulations with different inputs: 

• Minimum depth criteria of 0.85 foot and 1.00 foot. 

• Flows of 100–200 cubic feet per second (cfs) in 25 cfs increments. 

• Flows greater than 200 cfs if results show passage impediments. 

ADF&G also requested a summary of the minimum widths of fish passage under each 
scenario. 

To identify the lowest minimum EFMR instream flow value that would provide sufficient 
fish habitat connectivity, Chugach Electric Association requested that the Alaska Energy 
Authority further expand the model to include lower flows of 75 cfs and 50 cfs.  

2.0 METHODS 

Unless otherwise noted, the methods used for the additional model runs were the same 
as those described in the January 2025 Hydraulic Modeling and Aquatic Habitat 
Connectivity Study Report (Kleinschmidt 2025).  

2.1 Expanded Hydraulic Modeling  

The calibrated hydraulic model presented in the 2025 report was used to simulate 
hydraulics (water depth and velocity) for the six new flow releases from the East Fork 
Martin River (EFMR): 50 cfs, 75 cfs,125 cfs, 175 cfs, 225 cfs, and 250 cfs. Hydraulic modeling 
results for EFMR flows of 100 cfs, 150 cfs, and 200 cfs were available from the previous 
modeling effort. Each EFMR flow release was combined with the seasonally adjusted 
(spring and fall) 7-day low flow accretion estimate from the West Fork Martin River 
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(WFMR) and tributary inflows (Table 2-1). The term “7-day low flow” refers to an extremely 
low flow condition. It is a conservative assumption of tributary contributions to ensure the 
amount of accretion flow is not overestimated. However, because the term is typically 
used in water-quality studies, it can be confusing when applied to tributary flow 
calculations. To avoid further misunderstanding, “7-day low flow” has been replaced with 
“seasonal low flow” going forward. 

Table 2-1 Flows used in expanded application runs. 

Model Period  EFMR 
(cfs) 

WFMR 
(cfs) 

Other 
Tributaries 
Combined 

(cfs) 

Total Flow at 
Constriction 

(cfs) 

Spring Flow Release 50-250 11.3a 9.3a 70.6-270.6 
Fall Flow Release 50-250 1.7b 0.5b 52.2-252.2 

a Seasonal low flow during peak spring/summer (June 8–27) spawning period. 
b Seasonal low flow during peak fall (September 1 – October 31) spawning period. 
 
2.2 Mainstem Habitat Connectivity Assessment 

The extent of the mainstem Martin River that was included in this analysis was limited to 
the upstream side of the mitigation pond levy to the confluence of the WFMR and EFMR 
(Figure 2-1), a total of 4.4 stream miles. This change was made at the request of ADF&G 
due to the dynamic channel changes currently ongoing after the levy breach in August 
2023, with the lower Martin River defining a new course through and downstream from 
the mitigation pond complex. 
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Figure 2-1 Map of mainstem Martin River assessment reach and the connectivity 

to high-priority off-channel habitat. 
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The number and length of passage gaps was  used to evaluate fish passage along the 
channel thalweg. The evaluation was analyzed in a stepwise manner: 

• Determine wetted width of each transect for each modeled flow. 

o 50-250 cfs in 25 cfs increments. 

• Calculate the contiguous width of each transect that meets or exceeds the 
minimum passage depth (0.70, 0.85, and 1.00 foot). 

• For each modeled flow and minimum passage depth criteria, tally the number of 
gaps that fall within the three length bins: 

o 20-40 feet. 

o 41-60 feet. 

o ≥60 feet. 

• For those transects that meet the passage criteria, determine the minimum passage 
width for each modeled flow. 

2.3 Minimum Passable Width 

To determine the minimum channel width that meets or exceeds the water depth criteria 
for fish passage under each of the EFMR flow scenarios, the team took a conservative 
approach and used the minimum passage depth criteria of 1.00 foot for the analysis. For 
each of the modeled flows, the width of each transect (roughly 13,000) that met the 
minimum passage criteria was calculated. The transect width values were then sorted, and 
the narrowest transect(s) were identified. The number of individual transects that had the 
narrowest passable width for each modeled flow was then tallied. 

2.4 Off-Channel Habitat Connectivity Assessment 

Fish surveys conducted in 2024 and 2025 (Kleinschmidt 2026a, 2026b) observed spawning 
and/or adult Dolly Varden (Salvelinus malma), Coho Salmon (Oncorhynchus kisutch), and 
Sockeye Salmon (O. nerka) in four off-channel features (Table 2-2). To ensure that the 
path migrating fish would need to follow from the mainstem channel to the tributary 
mouth was included, the length of the assessment reach varied for each OCH analyzed 
(Table 2-2).  The length of each OCH assessment reach was defined by locating the 
downstream most point where a migrating fish must leave the mainstem channel and 
tracing the most direct route the fish would need to follow to access the OCH feature 
(Figure 2-2). 
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Table 2-2 Priority off-channel habitat connectivity points, fish use, and 
assessment length. 

Off-Channel 
Connectivity Spawning Fish Use 

Assessment 
Reach Length 

(feet) 
WFMR Dolly Varden, Coho and Sockeye Salmon 106 
OCH3.8L Dolly Varden and Coho Salmon 973 
OCH3.0L Dolly Varden 1,010 
OCH2.8R Dolly Varden, Coho and Sockeye Salmon 104 

 
 
 

 
Figure 2-2 Area extent of off-channel habitat connectivity analysis for the four 

high-priority fish use tributaries to the mainstem Martin River. 

 
To evaluate connectivity for adult and juvenile fish, the same process used for the 
mainstem river was applied, but the assessment area was limited to the priority tributary 
connection points. With observed spawning activity within the OCH, it is assumed that 
juvenile fish will move out of the OCH to access the mainstem Martin River. To evaluate 
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the connectivity between OCH features and the Martin River for migrating juvenile fish, a 
minimum water depth criterion of 0.3 foot was applied to the hydraulic model.  

 

3.0 RESULTS 

The expanded two-dimensional (2D) hydraulic modeling results presented below were 
used to assess how changes in flow interact with local channel morphology to evaluate 
the connectivity between mainstem and OCH within the Martin River for nine different 
EFMR flow release scenarios (50-250 cfs in 25 cfs increments). In general, increasing 
discharge was associated with an increase in water depth distributions for mainstem and 
off-channel features. However, there were site-specific responses to flow that reflected 
differences in the channel morphology of the mainstem and off-channel features. 
Estimates of the number and length of habitat connectivity gaps for mainstem and OCH 
are presented separately for the expanded EFMR flow scenarios and minimum water 
depth criteria.  

3.1 Mainstem Connectivity 

For the spring accretion flow scenario (20.6 cfs), the analysis indicated there were no 
mainstem habitat connectivity gaps for EFMR flows of 100 cfs or greater at the minimum 
water depth criteria of 0.70 foot (Figure 3-1). Although the number and length of 
connectivity gaps increased under the minimum water depth criteria of 0.85 foot, there 
were one or two breaks in flows of 125 cfs or greater. With a 1.00-foot minimum water 
depth criteria, connectivity gaps were predicted for all modeled flows (50-250 cfs), with 
the greatest number of gaps consistently showing in the smallest length bin. The number 
of gaps in connectivity at the minimum water depth criteria of 1.00 foot diminished to 
less than three at flows equal to or greater than 175 cfs (Figure 3-1). Attachment A 
presents a tabular list of the number and length of mainstem Martin River habitat 
connectivity gaps by season, modeled flow, and minimum depth criteria. 

Although the number and length of mainstem habitat connectivity gaps varied by flow, 
there was one area that consistently did not meet the minimum depth criteria of 1.00 foot 
(Figure 3-2) across all flows and two other areas that did not meet criteria at the three 
lower flows. This area was located where several distributary channels divide and 
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distribute the mainstem flow, resulting in water depth that does not meet the minimum 
passable depth criteria over the range of modeled flows. 
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Figure 3-1 Number, by length bins, of predicted habitat connectivity gaps over a 
range of modeled flows (cfs) in the EFMR using three different minimum depth 

requirements (0.70, 0.85, and 1.00 foot). 

 
Figure 3-2 Number and distribution of mainstem habitat connectivity gaps for 

the spring accretion flow (20.6 cfs) at minimum water depth criteria 0.85 and 1.00 
foot for EFMR flows ranging from 125-250 cfs. 
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Due to the reduced accretion flow contribution estimated for the fall migration period, 
both the number and length of mainstem connectivity gaps increased under the fall 
accretion flow scenario (Figure 3-3). Although the number of connectivity gaps for the fall 
scenario increases, the trend or response in connectivity gaps is comparable between the 
spring and fall accretion scenarios (Figure 3-1 and Figure 3-3). Similar to the spring 
accretion scenario, there were no mainstem habitat connectivity gaps for EFMR flows of 
100 cfs or greater at the minimum water depth criteria of 0.70 foot, one gap only for flows 
between 150 and 200 cfs for the 0.85-foot minimum water depth, and five or fewer gaps 
for flows from 175-250 cfs using a minimum water depth criteria of 1.00 foot (Figure 3-3).  
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Figure 3-3 Number and length of predicted habitat connectivity gaps for the 

mainstem Martin River over a range of EFMR flows and fall accretion flow 
estimates (2.2 cfs) using three different minimum water depth criteria (0.70, 0.85, 

and 1.00 foot). 
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3.2 Minimum Passable Width 

The minimum width of individual transects that met the fish passage criteria varied by 
modeled flow. For modeled EFMR flows of 50-125 cfs, there was a near linear increase in 
minimum transect width that met the passage criteria ranging from 9-15 feet (Figure 3-4). 
For modeled flows from 150-250 cfs, there was very little difference between the minimum 
passable width estimates (16-17 feet). The results appear to indicate that passable width 
even under a conservative scenario (minimum water depth of 1.00 foot and fall accretion 
flows of 2.2 cfs) would be adequate to ensure migrating salmon can find a portion of the 
wetted width that meets the minimum passage criteria (Figure 3-4). 

The number of transects equal to the minimum passage width was low, with no more than 
four predicted for any modeled flow. This indicates that for the majority of the mainstem 
channel the passable width would be wider than the minimum. 

 
Figure 3-4 Minimum passable width for each modeled flow for the EFMR flow 
and the number of transects equal to the minimum width using the minimum 

passage water depth criteria of 1.00 foot and fall accretion flows (2.2 cfs). 
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3.3 Off-Channel Connectivity 

Of the six OCH connectivity locations included as part of the 2024 analysis (Kleinschmidt 
2025), the four with observed adult salmonid use (adult staging or spawning) were 
selected for detailed analysis under this effort: OCH2.8R, OCH3.0L, OCH3.8L, and WFMR 
(Figure 2-2). Both OCH2.8R and the WFMR have documented spawning of  Sockeye and 
Coho salmon, as well as sea-run Dolly Varden. Of the four OCH features, OCH3.8L and 
OCH3.0L had the lowest observed adult salmonids and highest number of predicted 
connectivity gaps (Table 3-1). As previously presented, the connectivity of OCH3.8L and 
OCH3.0L with the mainstem Martin River is complicated by the extensive braiding of the 
mainstem river in proximity to these features and the length of side channel that must be 
used for migratory fish to access these OCHs (Figure 2-2). For each off-channel area 
modeled, estimates of the number of potential OCH connectivity gaps were similar 
between the spring and fall accretion flow. 

• For OCH2.8R (Swan Lake complex), there were no predicted gaps in connectivity 
for either the spring or fall accretion scenarios, minimum water depth criteria, or 
modeled flow. 

• For OCH3.0L, connectivity gaps are predicted under minimum water depth criteria 
0.70, 0.85, 1.00 foot and for all EFMR flow release scenarios (Table 3-1). Due to the 
number and extent of predicted connectivity gaps for OCH3.0L, it is not surprising 
that the only anadromous adults observed were sea-run Dolly Varden and the 
fewest number (one to two individuals) of adults were observed utilizing this 
tributary for spawning activity during the 2024 and 2025 surveys. OCH3.0L was the 
only modeled area with connectivity gaps predicted using the minimum water 
depth criteria of 0.30 foot for juvenile fish passage (Table 3-1). For this feature, 
connectivity gaps are estimated for flows from 50-150 cfs, with no gaps under 
EFMR flow scenarios of 175 cfs or greater. 

• For OCH3.8L, where adult sea-run Dolly Varden and Coho Salmon were observed, 
connectivity gaps were predicted to occur for flows of 50-150 cfs using the 0.70-
foot minimum water depth criteria and for flows up to 175 cfs using the 0.85-foot 
depth criteria. Using the minimum depth criteria of 1.00 foot, connectivity gaps 
were predicted for all modeled EFMR flow scenarios (Table 3-1).  

• For the WFMR, the modeling estimates sufficient water depth would be available 
to provide habitat connectivity for EFMR flows greater than 75 cfs using the 
minimum depth criteria of 0.70 and 0.85 foot (Table 3-1). For the deepest minimum 
depth criteria of 1.00 foot, the modeling predicts no connectivity gaps between the 
mainstem and WFMR for EFMR flow scenarios greater than 125 cfs. 
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Table 3-1 Number of habitat connectivity gaps predicted for four select off-
channel habitat areas over a range of EFMR flows using four different minimum 
depth requirements (0.30, 0.70, 0.85, and 1.00 foot) and spring and fall accretion 

flow estimates (20.6 and 2.2 cfs, respectively). 

Off-Channel 
Connectivity 
Point 

Season EFMR 
Flow 

Number of Gaps by Minimum Depth 
Criteria 

0.30 (ft) 0.70 (ft) 0.85 (ft) 1.00 (ft) 
OCH2.8R Spring 50 0 0 0 0 
  75 0 0 0 0 
  100 0 0 0 0 
  125 0 0 0 0 
  150 0 0 0 0 
  175 0 0 0 0 
  200 0 0 0 0 
  225 0 0 0 0 
OCH3.0L Spring 50 3 7 7 3 
  75 2 6 6 7 
  100 1 5 6 4 
  125 1 5 5 5 
  150 0 4 5 5 
  175 0 4 5 5 
  200 0 4 4 5 
  225 0 3 4 5 
  250 0 3 5 5 
OCH3.8L Spring 50 0 10 8 7 
  75 0 4 7 7 
  100 0 2 6 8 
  125 0 1 4 5 
  150 0 1 2 5 
  175 0 0 1 4 
  200 0 0 0 3 
  225 0 0 0 1 
  250 0 0 0 1 
WFMR Spring 50 0 0 1 1 
  75 0 0 0 1 
  100 0 0 0 1 
  125 0 0 0 0 
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Off-Channel 
Connectivity 
Point 

Season EFMR 
Flow 

Number of Gaps by Minimum Depth 
Criteria 

0.30 (ft) 0.70 (ft) 0.85 (ft) 1.00 (ft) 
  150 0 0 0 0 
  175 0 0 0 0 
  200 0 0 0 0 
  225 0 0 0 0 
  250 0 0 0 0 
OCH2.8R Fall 50 0 0 0 0 
  75 0 0 0 0 
  100 0 0 0 0 
  125 0 0 0 0 
  150 0 0 0 0 
  175 0 0 0 0 
  200 0 0 0 0 
  225 0 0 0 0 
  250 0 0 0 0 
OCH3.0L Fall 50 5 6 3 3 
  75 6 6 7 4 
  100 7 4 5 6 
  125 4 5 5 4 
  150 1 5 5 3 
  175 1 5 5 4 
  200 0 4 5 5 
  225 0 4 5 5 
  250 0 4 4 5 
OCH3.8L Fall 50 0 8 7 6 
  75 0 4 7 7 
  100 0 4 6 7 
  125 0 1 4 7 
  150 0 1 3 4 
  175 0 0 1 5 
  200 0 0 0 4 
  225 0 0 0 3 
  250 0 0 0 1 
WFMR Fall 50 0 1 1 2 
  75 0 0 1 1 
  100 0 0 0 1 
  125 0 0 0 1 
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Off-Channel 
Connectivity 
Point 

Season EFMR 
Flow 

Number of Gaps by Minimum Depth 
Criteria 

0.30 (ft) 0.70 (ft) 0.85 (ft) 1.00 (ft) 
  150 0 0 0 0 
  175 0 0 0 0 
  200 0 0 0 0 
  225 0 0 0 0 
  250 0 0 0 0 

 

4.0 SUMMARY 

The expanded 2D hydraulic modeling and habitat connectivity analysis indicates that 
mainstem Martin River connectivity is greater as EFMR flow increases, but the outcome 
depends strongly on the minimum passage depth criterion applied. Under the 0.70-foot 
criterion, there were no mainstem connectivity gaps at flows of 100 cfs or greater in both 
spring and fall accretion flow scenarios. Using the 0.85-foot criterion, connectivity was 
maintained at moderate to higher flows, with only limited gaps remaining at flows around 
125–150 cfs or greater. In contrast, under the 1.00-foot criterion, connectivity gaps were 
predicted across all modeled flows, although the number and extent of those gaps 
declined at higher discharges, especially at 175 cfs or greater. 

For OCHs, connectivity was highly site specific. For OCH2.8R and the WFMR, connectivity 
was maintained, with few or no gaps across most modeled scenarios, indicating these 
habitats would remain accessible over a broad range of flows. In contrast, OCH3.0L and 
OCH3.8L exhibited the most persistent connectivity problems due to local Martin River 
channel braiding and longer, more complex access routes. These locations retained gaps 
under many flow and depth scenarios, especially for the higher minimum water depth 
thresholds. For juvenile passage (0.3-foot criterion), only OCH3.0L showed predicted 
connectivity gaps, and those gaps were eliminated at 175 cfs and greater. Taken together, 
the modeling results support the conclusion that connectivity is more continuous with 
higher Martin River flows, but access to some OCHs remained constrained by channel 
morphology even when discharge increased. To be of the greatest value, these modeling 
results should be interpreted within the context of the ecology and behavior of salmonids 
using these habitats as described in the fish and aquatic study reports (Kleinschmidt 
2026a, 2026b) and published literature. Additionally, the length and persistence (e.g., flow 
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fluctuations) of each gap will determine the degree to which any single gap may limit 
mainstem migration and access to OCH.  
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ATTACHMENT A 

NUMBER AND LENGTH OF MAINSTEM MARTIN RIVER HABITAT CONNECTIVITY GAPS 

 



 

 

Season Flow 
(cfs) 

Minimum 
Depth Criteria 

(ft) 

Number Gaps by Length 
(ft) 

Total 
Number 
of Gaps 20-39 40-60 >60 

Spring 50 0.70 7 4 1 12 
  0.85 19 7 7 33 
  1.00 34 15 22 71 
 75 0.70 1 0 0 1 
  0.85 5 6 2 13 
  1.00 21 8 11 40 
 100 0.70 0 0 0 0 
  0.85 3 1 1 5 
  1.00 7 7 5 19 
 125 0.70 0 0 0 0 
  0.85 1 1 0 2 
  1.00 9 4 2 15 
 150 0.70 0 0 0 0 
  0.85 0 1 0 1 
  1.00 6 0 2 8 
 175 0.70 0 0 0 0 
  0.85 1 0 0 1 
  1.00 1 1 1 3 
 200 0.70 0 0 0 0 
  0.85 1 0 0 1 
  1.00 1 1 1 3 
 225 0.70 0 0 0 0 
  0.85 0 0 0 0 
  1.00 0 0 1 1 
 250 0.70 0 0 0 0 
  0.85 0 0 0 0 
  1.00 0 0 1 1 
Fall 50 0.70 9 5 4 18 
  0.85 27 8 16 51 
  1.00 32 22 39 93 
 75 0.70 4 1 0 5 
  0.85 8 4 7 19 
  1.00 26 12 17 55 
 100 0.70 0 0 0 0 
  0.85 7 2 2 11 
  1.00 17 4 9 30 
 125 0.70 0 0 0 0 



 

 

Season Flow 
(cfs) 

Minimum 
Depth Criteria 

(ft) 

Number Gaps by Length 
(ft) 

Total 
Number 
of Gaps 20-39 40-60 >60 

  0.85 1 1 1 3 
  1.00 6 8 3 17 
 150 0.70 0 0 0 0 
  0.85 0 1 0 1 
  1.00 11 0 2 13 
 175 0.70 0 0 0 0 
  0.85 0 1 0 1 
  1.00 3 1 1 5 
 200 0.70 0 0 0 0 
  0.85 1 0 0 1 
  1.00 0 1 1 2 
 225 0.70 0 0 0 0 
  0.85 0 1 0 1 
  1.00 3 1 1 5 
 250 0.70 0 0 0 0 
  0.85 0 1 0 1 
  1.00 3 1 1 5 
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