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DRAFT TECHNICAL MEMORANDUM  

To: Technical Work Group ð Eklutna River Project 

From: 
Dudley Reiser, Ben Cary, Chiming Huang, Stuart Beck, Audrey Thompson, 

and Mike Gagner ð Kleinschmidt Associates 

Cc: Samantha Owen ð McMillen Jacobs Associates  

Date: January 10, 2023,  Document No.  2819278.02 

Re: 

Two-dimensional Modeling and Habitat Suitability Analysis for Reaches 3, 

4, 6, and 10 of the Eklutna River ð Preliminary Results and Example Flow 

Analysis  

 

1.0 INTRODUCTION 

The Instream Flow Study of the Eklutna River was initiated in 2021 in accordance with 

Section 3.1 of the May 2021 Final Study Plans (McMillen Jacobs Associates [MJA] 2021). 

The Year 1 Interim Report (Kleinschmidt Associates [Kleinschmidt] 2022a) was completed 

in January 2022 and described the methods used and summarized the data and 

information collected during the first year of the Instream Flow Study, covering the period 

June 2021 through October 2021. 

Subsequent data analysis in 2022 resulted in the completion of three modeling efforts for 

the Eklutna River including: 1) development of a Hydrologic Engineering Center's River 

Analysis System (HEC-RAS) one-dimensional (1D) model; 2) development of Physical 

Habitat Simulation (PHABSIM) models; and 3) barrier analysis for five (named A-E) 

potential barriers to fish migration within Reach 7. The preliminary results of the PHABSIM 

and barrier analysis were provided in a Technical Memorandum (Kleinschmidt 2022b) and 

presented during a Technical Work Group (TWG) meeting on September 28, 2022. 

The 1D PHABSIM study sites were located within the following river reaches (R-) of the 

Eklutna River ð R11, R9, R8, R7, and R4 (Figure 1-1). No study sites were established in 

Reaches 10, 6, 3, 2, and 1 in part due to accessibility issues during release of the high 

target flow, susceptibility to channel change due to sediment deposition , tidal influence 

(R3), and complexity of habitats (braiding and multiple channels) within those reaches. 

These complex areas contain off-channel habitats frequently used by juvenile salmonids 

for rearing and may also support some spawning habitats. Light Detection and Ranging 

(LiDAR) based two-dimensional (2D) hydraulic modeling can provide a reasonable 

characterization of these complex habitats under a wide range of flows and is not as 
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constrained as 1D PHABSIM modeling1. As a result, the following four (4) new study sites 

were identified for 2D HEC-RAS hydraulic modeling in 2022 (MJA 2022): 

¶ Reach 10 to encompass main and side channel complexity in an upper reach of the 

Eklutna River inaccessible during the 2021 study flow releases; 

¶ Reach 6 to encompass channel characteristics within the canyon reach of the 

Eklutna River immediately upstream from the confluence with Thunderbird Creek; 

this reach contained substantial sediment deposits and therefore channel 

morphologies would have likely changed during the three test flow releases; the 

reach was likewise inaccessible during the 2021 study flow releases; 

¶ Reach 4 within the section of the Eklutna River between the highway and railroad 

bridges encompassing the òflooded forestó complex; and 

¶ Reach 3 within a section of the Eklutna River below the railroad bridge containing 

a braided beaver complex considered as supporting high value juvenile habitats 

(see Fish Study). 

The selection of 2D study sites was made in coordination with the TWG based on results 

of habitat mapping, review of new 2022 LiDAR, and with consideration of  existing sites 

and transects established for the 1D PHABSIM analysis. These 2D models were then used 

to evaluate available fish habitat under different flow release scenarios. Two-dimensional 

modeling study reaches and the 1D instream flow transect locations are show in Figure 

1-1 below. 

 

 
1 Note that 2D modeling was considered during the early study planning process (MJA 2021), but its 

potential  use was considered most applicable to  off -channel and side channel complex habitat areas that 

provide juvenile salmonid rearing habitat. As a result, the 1D suite of models provided in the Physical Habitat 

Simulation (PHABSIM) programs, in concert with the 1D HEC-RAS model were the primary set of models 

applied in the Year 1 Study. The 1D HEC-RAS model was developed for the entire length of the Eklutna 

River to develop stage/discharge rating curves at PHABSIM transects and also for estimating channel 

changes due to sediment transport as determined in the Geomorphology /Sediment Transport Study. 
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Figure 1-1 Eklutna Instream Flow Study Area showing reach designations. 

PHABSIM transects were located in Reaches 11, 9, 8, 7, 5, and 4. Two-

dimensional HEC-RAS modeling sections were located  in Reaches 10, 

6, 4, and 3  and are indicated by areas of yellow cross -hatch ing . The 

Reach 6 section is small and located just above the confluence of 

Thunderbird Creek.  

1.1 PURPOSE AND OBJECTIVE 

The purpose of this technical memorandum (TM) is to summarize the development of the 

2D HEC-RAS models in R3, R4, R6, and R10, describe the preliminary results, and 

demonstrate via example how the modeling can be applied in evaluating potential flow 

release levels and release options (see September 28, 2022 TM [Kleinschmidt 2022b]). 

Similar to the PHABSIM analysis (Kleinschmidt 2022b), the overall objective is to 

demonstrate the reliability and utility of the 2022 LiDAR data and 2D HEC-RAS modeling , 

and to substantiate its use, along with the PHABSIM and geomorphology/ sediment 

transport models, and the hydro-operations model for deriving and testing flow-release 

alternatives. 



 

Project Control No: 2819278.02 Page 4  

The TM follows a similar process as described in the PHABSIM TM (Kleinschmidt 2022b) 

and includes descriptions of the 2D HEC-RAS model development and how model 

outputs were translated into habitat -flow relationships; the derivation of flow options 

based on habitat results using the same four flow levels (Level 1 ð 90%, Level 2 ð 70%, 

Level 3 ð 50%, and Level 4 ð 30% of maximum habitat flow ) as applied in the PHABSIM 

analysis except now based on 2D model results for only R10 and R6 for juvenile rearing 

habitats; adjustment of flows based on three flow release location options2; and 

completion of time series analysis. Two separate time series are presented, both strictly 

based on flow releases into the Eklutna River above Thunderbird Creek. The first, Time 

Series A, built  solely on the 2D modeling results for juvenile rearing habitats in R10, R6, 

R4, and R3, and the second, Time Series B, an integrated approach that combines 1D and 

2D model results that also includes 1D PHABSIM spawning habitats. Details of these 

specific elements are provided in the sections below.  

It should be noted that all the results presented in this TM are based on the habitat-flow 

relationships developed during 1D and 2D instream flow modeling. It is recognized that 

there may be limitations of existing or potential -future infrastructure to deliver some of 

the flows presented.  Such constraints did not factor into any of  the results presented but 

will be discussed in the Engineering Feasibility Report.  

1.2 OVERVIEW OF 2D HEC-RAS AND HABITAT M ODELING 

The 2D HEC-RAS modeling at each site was conducted using the latest version of the U.S. 

Army Corps of Engineers (USACE) software (6.3.1) and utilized the new topobathymetric 

LiDAR collected in May 2022 to derive the terrain surface. 

Model setup included development of model geometry using the HEC-RAS Mapper 

extension, estimation of channel roughness (Manningõs n) for each channel and overbank 

area, and establishment of boundary conditions to define the upstream and downstream 

limits of the model. Model calibratio n was first performed by  comparison of the LiDAR 

elevations with surveyed elevations (surveyed on August 2-5, 2022) using a Real-Time 

Kinematic (RTK)ðGlobal Positioning System (GPS) unit. Spot measurements of water 

elevation under observed flow conditions were made at surveyed RTK-GPS points and 

 

 
2 The three potential flow release locations are: Option A ð the existing spill gate just below Eklutna Dam; 

Option B ð from the upper Anchorage Water and Wastewater Utility (AWWU) portal located approximately 

6,000 ft below the spill gate; and Option C ð from the lowe r AWWU drainage valve located approximately 

3000 ft below the lower extent of Reach 9. 
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compared with model predictions for that flow. The actual calibration process varied 

depending on how much flowing water was present at the site, and the hydraulic 

complexity of the reach. 

Once developed, the 2D HEC-RAS models were linked with the H abitat Suitabi lity Criteria 

(HSC) curves (Kleinschmidt 2022c) and for comparative purposes, applied over the same 

range of flows (10 cubic feet per second [cfs] to 375 cfs)3 used in the 1D PHABSIM analysis 

to define juvenile rearing habitat-flow relationships for two target species (Chinook 

[Oncorhynchus tshawytscha] and Coho [O. kisutch] salmon). Sockeye (O. nerka) Salmon 

are also target species, but juvenile rearing typically occurs in lakes, not rivers and streams 

(see Section 4). As noted in the Year 2 Study Plan, the 2D habitat analysis was focused on 

juvenile rearing habitat and specifically to determine to what extent gains in habitat could 

be achieved if side channel and off channel areas could be connected via flow. Spawning 

habitat was considered but was deemed secondary to rearing habitats since in general, 

the composited 1D PHABSIM habitat ð flow relationships for spawning were more defined 

than for rearing habitats. This suggested that higher flows may benefit juvenile rearing 

habitat more than spawning habit at. In addition, because there has been no substrate 

mapping completed in the four reaches, the computation of spawning habitat would only 

be based on depth and velocity parameters and would overestimate spawning habitat. 

Unlike juvenile rearing habitat in which all substrate types are considered suitable, 

substrate type (size) plays a key role in defining spawning habitat. The 2D models were 

also used in a companion juvenile habitat analysis to explore flow-habitat connectivity  

pathways and resulting surface areas of inundation within side channel and off-channel 

habitats. 

  

 

 
3 The 2D HEC-RAS model is capable of modeling flows greater than 375 cfs and will be used in conjunction 

with the geomorphic /sediment transport modeling to explore geomorphically-based flow scenarios.  
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2.0 SITE SELECTION AND MODEL EXTENT DETERMINATION 

Study reaches were selected for 2D hydraulic model development due to their habitat and 

hydraulic complexity (Reaches 4 and 3) and accessibility issues during the 2021 test flow 

releases (Reaches 10 and 6) (Figure 1-1). In general, 2D hydraulic models perform best 

when the modeled reaches fully contain any split flow paths  within the area of interest  

and have clearly defined inflow and outflow locations . The specific segments of the 

modeled reaches were adjusted accordingly and contain representative habitat features 

within each, complete with inflow and outflow  features. Nominally, the R3 model was 

2,183 ft in length, R4 2,502 ft ., R6 1,167 ft, and R10 3,744 ft  (Figure 2-1). 

 
Figure 2-1 Model extents for each of the four reaches. The polygon border in 

oran ge represents the extent of the hydraulic model and the polygon 

in light green is the habitat model extent.  Nominally, the models for 

Reaches 3, 4, 6, and 10 were  2,183 ft., 2,502 ft., 1,167 ft, and 3,744 ft in 

length , respectively.  The line passing the middle of each polygon 

represents the main water course at low flow.  
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3.0 TWO-DIMENSIONAL (2D) HEC-RAS HYDRAULIC MODEL 

DEVELOPMENT 

As noted above, the 2D HEC-RAS hydraulic modeling was completed using USACE 

software (6.3.1) and the topobathymetric LiDAR data collected by NV5 Geospatial in May 

2022 supplemented with RTK-GPS survey and flow data collected in August 2022. Those 

data allowed for comparison of LiDAR based elevations versus ground survey data and 

revealed that for the purposes of defining hydraulic conditions for habitat analysis, the 

LiDAR data could be used in 2D hydraulic model development . Therefore, no adjustments 

were made to the topobathymetric LiDAR data set. The analysis and comparison of the 

LiDAR data are described below. 

3.1 2022  TOPOBATHYMETRIC LIDAR DATA COLLECTION 

In May 2022, NV5 Geospatial was contracted by MJA to collect topo bathymetric LiDAR 

data for the Eklutna River. This data set was the primary source of elevation data of the 

Eklutna Riverõs floodplain and bathymetric elevations (NV5 Geospatial 2022). The LiDAR 

(out of channel) portions of this survey had estimated vertical accuracies of 0.101 meters 

evaluated at a 95% confidence interval. The bathymetric portions of the survey had 

estimated vertical accuracies of 0.328 meters evaluated at a 95% confidence interval. NV5 

Geospatial indicated the differences in vertical accuracy between the out -of-channel and 

in-channel topography were likely a result of highly turbid and shallow depth stream 

conditions, combined with the altitude required to safely fly over the river. Based on on-

the ground observations during the RTK-GPS data collection effort (Section 3.2), Reaches 

4 and 3 exhibited the greatest amount of turbidity.  Because of the differences in vertical 

accuracy, using this bathymetric data as the basis for the 2D hydraulic model introduces 

some uncertainty into the analysis. However, this uncertainty was reduced through model 

calibration and sensitivity analysis. 

3.2 RTK-GPS SURVEY AND ADDITIONAL DATA COLLECTION AND COMPARISON WITH LIDAR 

RTK-GPS surveying and field data collection for the 2D hydraulic modeling were collected 

at each of the four selected reaches (R10, R6, R4, and R3). The RTK-GPS surveys and data 

collection efforts  occurred from August 2 to August 5 , 2022, with one full day spent at 

each of the four reaches. The objective of th e surveys was to collect data useable for 

development of the 2D model. Because of time limitations, the data collection was 

prioritized as follows: 
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¶ Priority 1 data were required and involved collection of a sufficient number of RTK 

GPS elevation points in each study reach to evaluate the quality of floodplain and 

in-channel portions of  the topobathymetric LIDAR data in those areas; 

¶ Priority 2 data would be useful in the model development and consisted of the 

collection of water surface elevations under flow conditions present during the site 

visit; and 

¶ Priority 3 data were considered optional  since they were not directly needed for 

model development but could provide supplemental information  including 

photos, preliminary roughness estimates, dimensions of key hydraulic features, and 

main channel substrates.  

Figure 3-1 depicts the set-up and RTK-GPS survey data collection process. 

 

Figure 3-1 Example f ield set -up for collecting RTK-GPS Ground elevation points  

(Source: GPS for Land Surveyors ) for the Eklutna River . 
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The priority 1 data were used to identify areas where the topobathymetric LiDAR data 

were unable to capture the true channel bottom , while priority 2 data w ere used for model 

calibration. Where collected, the priority 3 data were used to improve the model geometry 

and estimates of available habitat. Substrate data collection was limited and focused on 

defining Manningõs roughness coefficients for use in the 2D model. Time constraints 

precluded detailed mapping of spawning substrate which would be required for 

computing 2D derived estimates of spawning habitat. Priority 3 data included channel 

flow, main channel substrate information, and site photos.  

The field survey data and information were subjected to quality assurance/quality control 

procedures and then used to check the 2022 LiDAR data and calibrate the hydraulic 

model. Table 3-1 lists the flows measured at each of the four sites as well as the number 

of ground and water surface elevation measurements taken. 

Table 3-1 RTK-GPS and f low data collection in each of the 2D model sites in 

Reaches 10, 6, 4, and 3 of the Eklutna River . 

Reach 
Measured Flow(s) 

(cfs) 

Number of 

Ground/Channel 

Measurements  

Number of Water 

Surface 

Measurements  

10 0.57 148 12 

6 8.23, 8.55 114 39 

4 61.10, 66.70 218 53 

3 62.4 175 40 

 

Some limited qualitative substrate data within Reaches 10, 6, and 4 were recorded, but 

only in the main channel portions of the study areas. R3 was a large and widely distributed 

study area and appeared to have a uniform substrate composition  ranging from fine 

sediments to large gravels and thus, was not mapped. However, the substrate data 

collected were not sufficient to use in the evaluation of channel and floodplain spawning 

habitats as described in this technical memorandum. This would require detailed substrate 

mapping of each of the 2D Study sites which has not been done. 

As described in Section 3.1, the LiDAR report provided to Kleinschmidt Associates by NV5 

Geospatial noted that in areas with high turbidity, significant vegetation cover, and very 

shallow depths, the bathymetric elevations have greater uncertainty than the out -of-

channel LiDAR elevations. 

Kleinschmidt Associates completed a separate analysis of the LiDAR elevation data by 

comparing the LiDAR elevations to the RTK-GPS survey data that was collected within two 



 

Project Control No: 2819278.02 Page 10  

months of the LiDAR flight. The comparison revealed that overall, the Root Mean Square 

Error (RMSE) between the RTK-GPS surveyed elevations and the LiDAR topobathymetry 

elevations was 0.16 feet and ranged from 0.12 to 0.18 feet. RMSE describes how 

concentrated data are around the line of best fit  between two data sets (low values mean 

two highly correlated data sets). The RMSE listed for each of the data sets listed in Table 

3-2 reveals that there is a high correlation between the RTK-GPS survey elevations and 

the 2022 topobathyme tric LiDAR data. Figure 3-2 highlight s the elevation differences of 

the two data sets. This analysis revealed that the LiDAR and RTK-GPS elevation data are 

accurate to within roughly 0.2 meters for the whole data set. Reaches 6 and 4 had greater 

agreement compared to  R3 and R10. Reaches 3 and 10 had the greatest amount of 

vegetative cover while R3 had the most turbidity of the four reaches. 

Table 3-2 Root Mean Square Error (RMSE) for LiDAR vs. RTK -GPS elevation 

comparison for the four 2D HEC -RAS study reaches of the Eklutna 

River. 

Reach RMSE (ft)  

10 0.18 

6 0.12 

4 0.15 

3 0.18 
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Figure 3-2 Elevation differences between the LiDAR data and RTK-GPS survey data for the Eklutna River  for Reach 

4 (upper left), Reach 3 (upper right), Reach 10 (lower left) , and Reach 6 (lower right). 
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3.3 DEVELOPMENT OF 2D M ESH AND SELECTION OF M ANNINGõS ROUGHNESS VALUES 

HEC-RAS 2D utilizes a grided computation mesh to compute  the direction, velocity, and 

depth of flow within the model domain. Each 2D mesh is made of computational cells that 

are sized to capture adequate detail within areas of interest. Typically, areas of higher 

importance or hydraulic conveyance, such as in-channel areas, will be assigned smaller 

cells than out-of-channel areas to capture greater hydraulic detail. Table 3-3 below 

summarizes the cell sizes selected for the models in Reaches 10, 6, 4, and 3. 

Table 3-3 Computational cell sizes utilized for the 2D model for Reaches 10, 6, 4, 

and 3 in the Eklutna River.  

Reach 
Floodplain Cell 

Size (ft)  
Channel Cell Size 

(ft)  
Total Number  

of Cells  

10 25 2-3 100,275 

6 10 3 6,122 

4 25 3 71,282 

3 25 3-5 30,383 

 

Initial Manningõs roughness coefficients of each siteõs channel and floodplain was 

estimated through on  the ground observation s, review of site photos and channel 

substrate maps, and guidance provided in the HEC-RAS 2D Userõs Manual (USACE 2021). 

These initial Manningõs roughness coefficients of each sites channel and floodplain  were 

based on the flow conditions observed at the time of the calibration data collection.  The 

flow channel roughness values used for each site were adjusted to best match the 

observed data recorded during the site visit (see Section 3.5 of this report  for discussion 

on the calibration process). Typically, the Manningõs roughness coefficients of a streams 

channel and floodplain are higher at lower flows when the frictional forces on the flow are 

higher. As flow, and subsequently depth increase, these frictional forces decrease and the 

Manningõs roughness coefficients used to model these higher flows also decrease. These 

effects are more pronounced in river reaches that are confined to a single channel thread 

and lessened in reaches that are wide and multi -threaded. For this reason, adjustments to 

Manningõs roughness based on flow were made for the R6 and R10 models, given that 

these reaches are much more confined then R3 and R4. Table 3-4 summarizes the final 

roughness values used for each model at the calibration flow level . Table 3-5 and Table 

3-6 highlight the adjustments to Manningõs roughness based on flow for R6 and R10. 

Table 3-4 Floodplain and Main Channel Manning's ònó roughness values applied 

to the 2D HEC -RAS hydraulic models developed for Reaches 10, 6, 4, 

and 3 of the Eklutna River.  
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Reach 
Floodplain 

Description  

Floodplain 

Manningõs n 

Roughness 

Coefficient  

Main Channel 

Description  

Main Channel 

Manningõs 

ònó 

Roughness 

Coefficient  

10 

Emergent 

Herbaceous Forest 

and Shrubs 

0.085 

Large 

cobble/boulder bed ; 

cascading pools 

0.055 

6 

Large 

Cobble/Deciduous 

Forest  

0.065-0.075 Gravel/cobble bed 0.025-0.038 

4 Shrub/Scrub 0.07 Gravel/cobble bed 0.032 

3 Woody Wetlands 0.065 

Incised channel with 

vegetated banks and 

small gravel/fine bed 

0.04* 

*Defined channel not present in majority of study area. 

 

Table 3-5 Adjusted Manning õs roughness values for Reach 6  of the Eklutna River . 

Flow (cfs)  
Manning õs Roughness  

Right Floodplain  Left Floodplain  Channel 

8.4 0.087 0.134 0.038 

25 0.087 0.134 0.032 

50 0.087 0.134 0.030 

75 0.071 0.098 0.029 

150 0.059 0.074 0.028 

200 0.056 0.070 0.028 

250 0.053 0.065 0.028 

375 0.050 0.060 0.027 
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Table 3-6 Adjusted Manning õs roughness values for Reach 10 of the Eklutna 

River. 

Flow (cfs)  
Manning õs Roughness  

Floodplain  Channel Roadway  

8.4 0.147 0.055 0.050 

25 0.147 0.049 0.050 

50 0.147 0.046 0.050 

75 0.147 0.044 0.050 

150 0.147 0.042 0.050 

200 0.085 0.042 0.042 

250 0.071 0.041 0.039 

375 0.060 0.040 0.036 

 

3.4 M ODEL HYDROLOGY AND BOUNDARY CONDITIONS 

Boundary conditions, which allow flow to enter and exit the model domain, were applied 

to each 2D mesh at the upstream and downstream ends of the model. Flow hydrographs 

were used to define the upstream model boundaries, and the normal depth or channel 

slope was used to define the downstream model boundaries. In order to replicate the 

flows analyzed in the 1D PHABSIM analysis, the flow hydrographs used in the analysis 

were held constant to achieve a òquasi-steadyó state condition within the model domain. 

This means natural attenuation within the Eklutna River system was not accounted for in 

this preliminary analysis. 

One of the purposes of the 2D HEC-RAS models is to provide hydraulic inputs to the 2D 

habitat model needed to develop the habitat vs. flow curves described in Section 4.5. For 

this, each of the reaches was modeled with the flow conditions of 10, 25, 50, 75, 100, 150, 

200, 250, 300, and 375 cfs. That range of flows proved sufficient for defining the shapes 

of the curves in R3 and R4 where, because of adjacent and abundantly available floodplain 

channels, additional  flow equates to additional habitat . However, R6 in particular, and R10 

to some extent are confined within a narrower floodplain and therefore opportunities for 

off-channel connectivity are more limited. To better define the habitat ð flow relationships 

in those reaches, an additional  five flows (37 cfs, 62 cfs, 87 cfs, 175 cfs, and 225 cfs) 

intermediate to those  for R3 and R4 were modeled (Table 3-7). Table 3-8 summarizes the 

flows and normal depth slopes used for each of the four hydraulic models. The selected 

calibration flow used for Reaches 6 and 4 was an average of the two measured calibration 

flows recorded during the site visit.  
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Table 3-7 Flows used in the 2D  habitat modeling for Reaches 3, 4, 6, and 10 of 

the Eklutna River. Ten flows were sufficient to define the habitat vs. 

flow relationships in R3 and R4, but an additional five flows were 

modeled in R6 and R10 to better define the relationships.  

2D Habitat Modeled Flow (cfs)  

Reach 3 Reach 4 Reach 6 Reach 10 

10 10 8.4 10 

25 25 25 25 

50 50 37 37 

62.4 63.5 50 50 

75 75 62 62 

100 100 75 75 

150 150 87 87 

200 200 100 100 

250 250 150 150 

300 300 175 175 

375 375 200 200 

    225 225 

    250 250 

    300 300 

    375 375 

 

Table 3-8 Model boundary conditions including calibration flows, and normal 

depth slope used in defining downstream boundaries for Reaches 10, 

6, 4, and 3 of the Eklutna River . 

Reach Calibration Flow  
Downstream Normal 
Depth Slope  (ft/ft )**  

10 0.57* 0.01198 

6 8.4 0.0204 

4 63.5 0.00743 

3 62.4 0.00136, 0.00321*** 

* Calibration for Reach 10 was not conducted given how small the measured flow (0.57 cfs) was compared 

to the modeled habitat flow range (10-375 cfs). 

** Normal depth was estimated based on the slope of the terrain through the boundary of the model.  

*** Reach 3 contained two distinct outlets for flow and thus , had two normal depth boundary co nditions. 
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3.5 M ODEL CALIBRATION 

Calibration flows were measured for all four study reaches as described above in Section 

3.4. However, the measured flow in Reach 10 (0.57 cfs) was too low to use in model 

calibration given the range of modeled flows (10 -375 cfs). Model calibration data was 

limited to the flows present in the noted reaches at the time of data collection (August 2 -

5, 2022). 

For the other three reaches, Manningõs ònó values were adjusted to best replicate the 

observed water surface elevations measured during the RTK-GPS survey. For this 

preliminary analysis, Manningõs roughness was determined to be the primary calibration 

parameter as the other hydraulic model parameters were assumed to be known (flow, 

ground elevations, bathymetry). The base and adjusted Manningõs n values are shown in 

Table 3-9 below. 

Table 3-9 Manning's calibration used for the Eklutna River 2D HEC -RAS hydraulic 

model . 

Reach 
Base Main Channel Manningõs n 

Roughness Coefficient  

Adjusted Main Channel 

Manningõs n Roughness 

Coefficient  

10 0.055 0.055** 

6 0.045 0.025-0.038 

4 0.045 0.032 

3 0.045* 0.04* 
*Defined channel not observed in majority of study area. 
*Not calibrated . 
 

The final calibrated model reported  average differences between measured and modeled 

water surface elevations of -0.35, -0.23, and -0.12 feet for Reaches 6, 4, and 3, respectively. 

These differences between modeled and measured water surface elevations are adequate 

for a 2D model of this size. Figure 3-3 shows the correlation between measured and 

modeled water surface elevations for the three reaches. These figures highlight the strong 

correlation between the predicted and measured water surface elevations in the three 

calibrated models. 
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Figure 3-3 Reach 6 (top), Reach 4 (middle), and Reach 3 (bottom)  water surface 

elevation calibration s for the 2D HEC -RAS model  for the Eklutna River . 

 

Based on the analysis of the LiDAR data (Section 3.0), the areas with thicker vegetation 

canopy and high turbidity levels exhibited greater discrepancy between the LiDAR surface 

and the RTK-GPS survey points. This conclusion is further supported by the calibration of 

the hydraulic models, which revealed that the models for reaches with thicker vegetation 

canopy and high turbidity levels (Reaches 4 and 3) did not calibrate as well as the Reach 

6 model which had minimal vegetated canopy and low turbidity.  
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3.6 INTERPRETING M ODEL RESULTS 

The results produced by this hydraulic model represent the depth, velocity, and 

inundation extents related to specific flow levels within the Eklutna River. Additional 

sources of flow within t he modeled areas such as groundwater, rainfall/runoff, tidal, or 

snowmelt are not accounted for. This means the areas of inundation, or òwetted areasó, 

are only shown if they are hydraulically connected to the Eklutna River under the modeled 

flow levels in the Eklutna River. If the model results indicate that a portion of the channel 

or floodplain is dry , those areas may still be inundated as a result of other hydrologic 

sources.  

As an example, Reach 3 has numerous ponds that are inundated year-round regardless 

of the flow level in the Eklutna River (Figure 3-4). The source of the water that keeps these 

ponds full is unknown and not accounted for in th e model. The 2D model results for Reach 

3 suggest that these ponds are not hydraulically connected to the Eklutna River (dry). 

However, since these ponds are known to hold water (Figure 3-4), it is possible that some 

hydraulic connections to the Eklutna River and its floodplain  do exist, and/or other sources 

of inflow ( i.e., rainfall/runoff, snowmelt, groundwater exfiltration, e tc.) are occurring. The 

aerial images captured in Figure 3-4 would suggest that the ponds to the south ( clear, 

darker water), are not connected to the Eklutna River floodplain ( light turbid water).  
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Figure 3-4 Off Channel Ponds located in Reach 3 of the Eklutna River. Some of 

these ponds may become physically connected to the river via surface 

flows, while others may remain disconnected with water levels 

influenced by groundwater  from other sources or hyporheic underflow 

from the river.  
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4.0 2D HABITAT ANALYSIS 

The 2D habitat analysis used outputs from the 2D HEC-RAS model for the Eklutna River 

combined with  a python program built within the Quantum Geographic Information 

System (QGIS), an open-source mapping software that provides services similar to ArcGIS. 

The program read in the simulated velocity and depth from the hydraulic modeling results 

and merged the HSC preference curves to calculate weighted usable habitat area for the 

fish species (Chinook and Coho salmon) and life stages (juvenile rearing) of interest. Figure 

4-1 illustrates the general steps of the modeling process applied in the 2D analysis, with 

details described below. 

4.1 LINKAGE WITH THE 2D HEC-RAS M ODEL 

The 2D habitat modeling used the hydraulics pertinent to the cells defined in the 2D HEC-

RAS hydraulic model. Mesh cell sizes varied within the terrain model with larger cells 

applied in the broad off -channel and floodplain areas (~10 ft to 25 ft) and smaller cells in 

the main channels (~2 ft to 5 ft.) to capture the more complex habitat features. Figure 4-2 

through Figure 4-5 illustrate the mesh cell sizes applied in the 2D HEC-RAS and 2D habitat 

modeling. A cell was considered either wet or dry in the habitat model, but only the wet 

cells were included in the habitat calculations. Different flows will have different water 

surface elevations (WSEs) and for one flow, there may be dry cells in one location while 

cells in other locations may be wetted. Table 4-1 summarizes the number of cells in each 

of the four reaches (R3, R4, R6, and R10) used for both hydraulic simulation and habitat 

modeling, the latter which are notably less than those for hydraulic simulation. These 

differences are because of the shorter modeling extents used in the habitat model  (Table 

4-2; Figure 2-1) which excluded the less developed hydraulic transition zones near the 

upstream and downstream boundaries. 
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Figure 4-1 Flow chart depicting components of the Eklutna River  2D HEC-RAS 

hydraulic and habitat modeling  analysis. The biological components 

are shown on the left  and the 2D HEC-RAS modeling components 

shown on the right.  












