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Executive Summary 

These instream flow studies established the relationship between an index of fish habitat 

suitability (Area Weighted Suitability, AWS) and stream flow.  The Hood River Tributaries: 

Neal Creek, Green Point Creek, West Fork Hood River, and East Fork Hood River are included 
in this report.  The AWS for the species and life-stages of interest were combined with the 

historical and potential future changes in flow over time creating habitat time series.  The 

habitat time series enables stakeholders to compare future climate-modified habitat time series 
with the historical record and make proactive decisions on managing the resource. 

 

The Hood River County Water Planning Group (HRWPG) engaged Normandeau to conduct 

the instream flow studies in conjunction with a water resource model to determine the impacts 
of potential future climate-modified scenarios on salmonid habitat in the Hood River 

Tributaries.  Normandeau conducted standard PHABSIM instream flow studies on one mile 

reaches in each of the tributaries with two reaches in the East Fork Hood River.  The studies 
included stakeholder involvement, habitat mapping, transect selection and placement, habitat 

suitability criteria (HSC) development, hydraulic field measurement, simulation, and habitat 

modeling.  The body of this report includes the methodology, summary results, and example 
comparisons.  The detailed results are included in the Appendices.  Annexes A and A1 include 

additional background about the HSC.  There are 390 habitat time series.  These are included in 

Annexes B1-B5 in user interactive Excel workbooks, one file for each reach.  These Excel files are 
intended as the primary tool to compare the habitat time series.  

 

Normandeau collaborated with Dr. Koehler of Visual Analytics on a novel method of 

presenting habitat time series, using raster plots for viewing and understanding the data.  In 
addition to the standard habitat duration graphs, the final presentation (Annex C) included 

raster plots of the climate modified flow scenarios, and habitat time series for the East Fork 

Hood River.  The user can toggle between raster plots in presentation mode to visually compare 
the historical and future scenarios enabling a detailed depiction of the impacts.  This method 

can be useful in identifying habitat bottlenecks. 

 

The AWS for the East Fork Hood River indicated lower flow suitability for adult and juvenile 
salmonids than previous studies.  Annex A1 presents additional analysis of the hydraulic 

character of the East Fork and Annex D is a letter from the Hood River Production Program 

(Oregon Department of Fish and Wildlife and Confederated Tribes of the Warm Springs) 
detailing their concerns with the lower AWS.  Habitat mapping of the entire stream sections in 

addition to the one mile reaches mapped for this study will indicate if the reaches are 

representative or if additional transects could be added to increase the accuracy of the fish 
habitat model. 
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Acronyms and Abbreviations 

ADCP Acoustic Doppler Current Profiler 

AWS Area Weighted Suitability (current name for WUA) 

BOR Bureau of Reclamation 

CTWS Confederated Tribes of the Warm Springs 

HRCWPG Hood River County Water planning Group 

HSC Habitat Suitability Criteria 

IFG Instream Flow Group 

MFID Middle Fork Irrigation District 

ODFW  Oregon Department of Fish and Wildlife 

PHABSIM Physical Habitat Simulation model developed by the U.S. Fish and Wildlife Service 

RHABSIM Riverine Habitat Simulation software conversion and enhancement of PHABSIM by 
TRPA, currently Normandeau Associates 

SEFA System for Environmental Flow Analysis, software enhancing the capabilities of 
RHABSIM, RYHABSIM, and PHABSIM developed by T. Payne, I. Jowett, and B. Milhouse. 

TRPA Thomas R. Payne and Associates 

WDFW Washington Department of Fish and Wildlife  

WSEL Water Surface Elevation 

WUA Weighted Usable Area, a Habitat Index (old name for AWS) 

 

Introduction 

The Hood River County Water planning Group (HRCWPG) is developing a water resource 

model as a tool to assist in the long-term management of water in the Hood River Basin.  

Components of the water resource model account for inflows, outflows, and changes in 
hydrology due to climate change.  In order to provide model assessment of fish habitat, 

Normandeau was contracted to develop an index relationship of hydraulic fish habitat to flow 

in various tributaries to the Hood River. 

Normandeau conducted an instream flow study in each of the Hood River Tributaries: East 

Fork Hood River, West Fork Hood River, Neal Creek, and Green Point Creek.  The objective of 
the instream flow study was to determine the incremental relationship between stream flow 

and an index to physical habitat availability, commonly called weighted usable area (WUA) and 

more recently called area weighted suitability (AWS, Jowett et.al. 2014), for the species and life 
stages of interest.   
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The standard approach to instream flow analysis since 1980 has been the Instream Flow 

Incremental Methodology (IFIM).  The IFIM is a structured habitat evaluation process initially 
developed by the Instream Flow Group of the U.S. Fish and Wildlife Service (USFWS) in the late 

1970’s to allow evaluation of alternative flow regimes for water development projects (Bovee 

and Milhous 1978; Bovee et al. 1998).  Techniques used in the IFIM process have continued to 
evolve since its introduction (Bovee and Zuboy 1988; Bremm 1988; Payne 1987, 1988a, 1988b, 

1992).  Improvements have been made in the in the approaches to defining study reaches 

(Morhardt et al. 1983), in transect selection (Payne 1992), and in the techniques of PHABSIM 
data collection, computer modeling, and analysis (Milhous et al. 1984).  The IFIM may involve 

multiple scientific disciplines and stakeholders, in the context of which physical habitat 

simulation (PHABSIM) studies are usually designed and implemented.  Normandeau utilized 
PHABSIM for the instream flow model in each of the reaches. 

Study Area 

The study area was in Hood River County, Washington and included approximately one mile 

long reaches in the West Fork Hood River, Green Point Creek, and Neal Creek and two 

approximately one mile long reaches in the East Fork Hood River (Figure 1).
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Figure 1.  Locations of the Study Reaches on the East Fork and West Fork Hood River, Green Point Creek, and Neal Creek. 
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Methodology 

Development of a relationship between suitable aquatic habitat and river flow for selected 

species and life stages within the IFIM/PHABSIM framework depends on the measurement or 
estimation of physical habitat parameters (depth, velocity, substrate/cover) within the study 

reach.  Generally, the distribution of these parameters at given river flows are determined at 

points along transect lines across the stream channel, positioned to account for spatial and flow-
related variability.  A variety of hydraulic modeling techniques can be used to simulate water 

depth and velocity as a function of river flow; substrate and cover values are generally fixed at a 

given point.  With physical habitat thus characterized for a range of river flows, the suitability 
of the habitat (for a particular species and life stage) at each point is scaled from zero to one, 

usually by multiplying together the corresponding suitability values for depth, velocity, and 

substrate from the appropriate habitat suitability criteria (HSC) curves.  These point estimates of 
suitability are then used to weight the physical area of the study represented by each point, and 

the weighted areas are accumulated for the entire study reach to produce an index of useable 

habitat as a function of river flow for each species and life stage. 

The physical area represented by each transect point depends on the design of the PHABSIM 

study.  This study used the mesohabitat typing, or habitat mapping, approach originally 
described by Morhardt et al. (1983) and summarized by Bovee et al. (1998).  In this design, 

mesohabitats (broadly defined habitat generalizations) were mapped over the entire study 

reach, such that each area of the waterway was characterized by a general habitat type, and the 
total length and proportion of the study reach assigned to each mesohabitat type was 

determined.   

Physical habitat parameters (river flow dependent depth and velocity, substrate, and cover) 

representative of each mesohabitat type were measured or modeled at one or more transects 

placed within the mesohabitat area.  The exact number and placement of transects placed in a 
mesohabitat type depended on the proportion of the study reach represented by each 

mesohabitat type, as well as practical issues such as accessibility.  Generally, the total number of 

transects was distributed among mesohabitat types in proportion to the length of the study 
reach represented by each mesohabitat.  The physical area represented by each transect point 

was then determined by both the lateral distribution of points on a transect, and the length or 

proportion of the study reach that each transect represented. 

 

Stakeholder Involvement 

Stakeholders, through the HRCWPG, provided input into the selection of study reaches, 

transect locations, species and life-stages of interest, HSC, and calibration flows, as well as 
reviewing the AWS curves. 
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Habitat Mapping 

Habitat mapping consists of identifying the type (e.g. pools, runs, and riffles) and measuring 

the length of individual macrohabitat units over the total distance of stream courses within a 
project area (Morhardt et al. 1983).  The method allows each transect where hydraulic data is 

collected to be given a weight proportional to the quantity of habitat represented by that 

transect.  Mapping was conducted by walking the stream channel while deploying 
biodegradable cotton thread from a surveyor’s hip chain to measure total distance.  The location 

and length of each individual macrohabitat type was calculated by noting the distance from a 

downstream base reference point to upstream boundaries.  Reference points were marked using 
surveyor’s flagging every 500 feet (generally at the nearest hydraulic control) as well as GPS 

waypoints.  These marks serve as temporary and fixed, known reference points from which to 

relocate specific habitat units or other features of interest during the stream studies.  Other 
information noted during the mapping process included estimating the maximum depth for 

each pool habitat, and determining whether a unit could be hydraulically modeled.  

Normandeau conducted habitat mapping in the five, one-mile reaches using the ODFW Aquatic 

Inventories Project Methods for Stream Habitat Surveys (ODFW 2010) as a guide.  The basic 

survey included identifying habitat types, habitat unit lengths and widths, maximum depth and 
general substrate and riparian characteristics.  Generally, for a PHABSIM study, only habitat 

type unit lengths and depths (pools) are used as a basis for selecting transects and weighting of 

the habitat model.  

 The mapping information was used to determine the percentages of various macrohabitats, 

assist with selection of study sites, and placement of transects for the hydraulic data collection.  
Each habitat unit was also evaluated for appropriateness for PHABSIM modeling.  Such 

conditions that prohibit satisfactory hydraulic simulation included complex hydraulic 

conditions associated with strongly transverse flow conditions, plunge pools, or unique split 
channel configurations.  Potentially dangerous and unsafe habitat units, such as those near 

dangerous falls or cascades, were also identified for subsequent elimination as candidates for 

hydraulic modeling. 

The individual macrohabitat identifications and distances were entered into a database 

program to create a sequential map of habitat units along the entire length of stream that was 

surveyed.  The database allowed for the computation of the percent abundance of any 

macrohabitat type within the entire study area or within designated reaches.  The mapping data 

and location markers aided in the relocation of individual habitat units for subsequent 

inspection and transect selection.  

 

PHABSIM: Transect Selection and Installation 

Habitat mapping forms the basis for transect selection.  Percent contribution of individual 

habitat types to total habitat is derived from the total length of a given reach.   The PHABSIM 
habitat analysis relies upon hydraulic conditions measured along stream cross sections, or 

transects, placed in a variety of different macrohabitats.  Habitat unit selection and transect 

placement was conducted by Normandeau study leads in conjunction with the HRCWPG and 
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ODFW.  Actual habitat unit selection and transect placement was accomplished with a 

combination of random selection and professional judgment through the following procedure:  

 

1. The macrohabitat type with the lowest percentage of abundance within each study 

segment was used as the basis for random selection (provided that the habitat type was 

ecologically significant and made up greater than 5% of the total study reach) and sequentially 
numbered.  Several units were be selected by random number.   

2. In the field, the first selected unit was relocated and, if it was modelable, reasonably 
typical, and it appeared safe to collect hydraulic data during high flows, a transect was placed 

that would best represent the habitat type.  The second or higher randomly selected units were 

used only if initial units were rejected.   

3. At least one example of each remaining more-abundant habitat type was then located in 

the immediate vicinity of the random transect (upstream or downstream) until the additional 
study transects were placed in other macrohabitat units.  This created a study site and transect 

“cluster”, which reduced data collection travel time. 

 

Calibration Flows 

Calibration flows are the flows at which water surface elevations and velocities are measured 

and from which the model simulations are built.  A total of three sets of calibration flow 
measurements, high, middle and low were made at each transect. Generally the simulations 

will be valid for a range of flows from forty percent of the low calibration flow to 250 percent of 

the high calibration flow.  Velocities at each transect station were measured at the highest safe 
calibration flow.  In the case of unregulated rivers, such as the streams in this study, calibration 

flow targets were identified, but the measurements were opportunistic depending on the 

weather during the sampling period.   

Field Data Collection 

Water Surface Elevation and Velocity Measurements 

One complete set of depths and velocity measurements was collected at each transect at the 

middle flow or the flow level that could be effectively and safely measured.  Data was collected 
using wading/velocity measurement techniques at shallow habitats, and an acoustic Doppler 

current profiler (ADCP) mounted on a rigid trimaran in deep pool habitats.  The TRDI Rio 

Grande 1200kHz ADCP sends and receives acoustic pulses in order to measure the Doppler 
shift and phase change of the echoes to calculate depth and velocity patterns.  Additional 

measurements of water surface elevation for each transect and a single discharge measurement 

(per transect cluster) were made at the middle and low flow levels.   

The amount and type of data collected is suitable for use in a hydraulic simulation with the 

PHABSIM computer model in the one-velocity mode for the entire range of flows (Payne 1987).  
The one-flow model of PHABSIM has been shown to calculate habitat values very close to those 

obtained with three full sets of depth and velocity data (Payne 1988b).   
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Field data collection and the form of data recording basically followed the guidelines 

established in the IFG field techniques manuals (Trihey and Wegner 1981; Milhous et al. 1984; 
Bovee 1997).  Additional quality control checks that have been found valuable during previous 

applications of the simulation models were employed.  The techniques for measuring discharge 

generally followed the guidelines outlined by Rantz (1982).  A minimum of 20 wetted stations 
per stream transect were be established, with a goal of no less than 15 wetted stations at the 

lowest measured flow.  The boundaries of each station along each transect were normally at 

consistent increments, but significant changes in velocity, substrate, depth, or other important 
stream habitat features sometimes required additional stationing. 

Substrate and Cover Characterization 

Substrate and cover attributes and codes used in this study are described in Tables 1 and 2. 

Table 1. Substrate size and codes. 

Substrate Type Size Code 

Silt, clay, organic  1 

Sand  2 

Small gravel 0.1 – 0.5 “ 3 

Medium gravel 0.5 – 1.5 “ 4 

Large gravel 1.3 – 3 ” 5 

Small cobble 3 – 6 “ 6 

Large cobble 6 – 12 “ 7 

Boulder > 12” 8 

Bedrock  9 

 

Table 2. Cover types and codes. 

Cover Type Code 

Boulder 1 

Cobble 2 

Cobble + Log 3 

Boulder + Log 4 

Boulder + Rootwad 5 

Log 6 

Logs 7 

Log + Rootwad or Logjam 8 

None (Depth <6.5 ft.) 9 

None (Depth >6.5 ft.) 9.65 

Undercut bank 10 

Overhanging Vegetation 11 

Terrestrial Vegetation 12 

Roots 13 

Woody Debris 14 
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Quality Assurance/Quality Control 

To assure quality control in the collection of field data, the following data collection procedures 
and protocols were utilized: 

Staff gauges were established and continually monitored throughout the course of collecting 
data.  If significant changes occurred, water surface elevations were re-measured following 

collection of transect water velocity data. 

Independent benchmarks were established for each set of transects.  The benchmark was an 

immovable tree, boulder, or other naturally occurring object not subject to tampering.  Upon 

establishment of headpin and tailpin elevations, a level loop was shot to check the auto-level 
instrument for accuracy.  Acceptable error tolerances on level loop measurements were set at 

0.02 feet.  This tolerance was also applicable to both headpin and tailpin measurements, unless 

extenuating circumstances (e.g., pins under sloped banks, shots through dense foliage) 
accounted for the discrepancies, and the accompanying headpin or tailpin met the tolerance 

criteria. 

Water surface elevations were measured on both banks on each transect.  If possible, on more 

complex and uneven transects, such as riffles, water surface elevations were also measured at 

multiple locations across a transect. An attempt was made to measure water surface elevations 
at the same location (station or distance from pin) across each transect at each calibration flow.  

Water surface elevation measurements were obtained by placing the bottom of the stadia rod at 

the water surface until a meniscus formed at the base or selecting a stable area next to the 
water’s edge. 

Pin and water surface elevations were calculated on-site during field measurement and 
compared to previous measurements.  Changes in stage since the previous flow measurement 

were calculated.  Patterns of stage change were compared between transects and determined if 

reasonable.  If any discrepancies were discovered, potential sources of error were explored, 
corrected where possible, and noted. 

The ADCP was used to collect water velocity data from stations along each transect where 
wading was not possible.  High-quality and well-maintained current velocity meters were used 

to collect velocities of shallower, edge cell velocity data.   

Prior to deployment, the ADCP was system checked, compass calibrated, moving bed test 

performed, and user configured for each individual transect with appropriate commands for 

the existing environmental conditions.  Often several transect measurements were necessary to 
obtain the optimum configuration.  Each transect measurement length and discharge 

calculation was compared to the actual values or to repetitive measurements in order to ensure 

accurate bottom tracking and velocity measurements.  Real time graphic depictions of depth 
and velocity were examined during data collection for inconsistencies and obvious errors.  As a 

precaution against data loss, all electronic data files were copied onto a separate USB drive at 

the end of each field day.  
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All calculations were completed in the field, given adequate time and daylight.  Pin elevations 

and changes in water surface elevations were compared between flows on the same transect.  
Discharges were calculated on-site and were compared between transects during the same flow 

(high, mid, and low).  If an excessive amount of discharge (greater than 10% of the stream flow) 

was noted for an individual transect cell, additional adjacent stations were established to more 
precisely define the velocity distribution patterns at that portion of the transect. 

Photographs were taken of all transects, downstream, across, and upstream at the three 
calibration flows.  Photographs were taken from the same location at each of the flows, if 

possible.  Photographs provided a valuable record of physical conditions and water surface 

levels that were utilized during hydraulic model calibration.  

All data (stationing, depth profiles, velocities, substrate/cover codes) were entered into the 

RHABSIM computer files.  Internal data graphing routines were then used to review the bottom 
and velocity profiles for each transect separately and in context with others for quality control 

purposes.  All data gaps (e.g., missing velocities) or discrepancies (e.g., conflicting records) were 

identified and corrected using available sources, such as field notes, photographs, or adjacent 
data points. 

Transect Weighting 

The number of transects selected for each habitat type was determined by the percentage of the 

study reach represented by each habitat type.  In this way each habitat type was represented 
approximately in proportion to that which was mapped.  Each transect was then weighted so 

that each habitat type was represented in the exact proportion to that existent in the study area. 

Hydraulic Simulation 

The purpose of hydraulic simulation under the PHABSIM framework is to simulate depths and 

velocities in streams under varying stream flow conditions.  Simulated depth and velocity data 
were then used to calculate the physical habitat, either with or without substrate and/or cover 

information.  All data was entered into the RHABSIM software used for this analysis. 

Water Surface Prediction 

The water surface elevations, in conjunction with the transect profiles, were used to determine 

water depths at each flow.  Water depth is an important parameter for determining the physical 

habitat suitability.  Either an empirical log/log regression formula of stage and flow based on 
measured data or a channel conveyance method (MANSQ) that relies on the Manning’s N 

roughness equation was used to create the rating curves.  

The log/log regression method uses a stage-discharge relationship to determine water surface 

elevations.  Each cross section is treated independently of all others in the data set.  A minimum 

of three stage-discharge measurement pairs were used to calibrate the stage-discharge 
relationship.  The quality of the rating curves is evaluated by examination of mean error and 

slope output from the model.  Mean errors of less than 10% is considered acceptable and less 

than 5% is very good.  In general the slope between groups of transects should be similar.  

MANSQ only requires a single stage-discharge pair and utilizes Manning’s equation and 

channel shape to determine a rating curve; however, it is generally validated by additional 
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stage-discharge measurements.  This modeling method involves an iterative process where a 

beta coefficient is adjusted until a satisfactory result is obtained.  In situations where irregular 
channel features occur on a cross section, for instance bars or terraces, MANSQ is often better at 

predicting higher stages than log/log.  MANSQ is most often used on riffle or run transects and 

is generally not considered as effective in establishing a rating curves for transects that have 
backwater effects from downstream controls, such as pools.  It can also be useful as a test and 

verification of log/log relationships. 

Velocity Simulation 

Simulated velocities were based on measured data and a relationship between a fixed 

roughness coefficient (Manning’s n) and depth.  In some cases roughness is modified for 

individual cells if substantial velocity errors are noted at simulation flows. Velocity Adjustment 
Factors (VAF’s), the degree in which measured velocity and discharge is adjusted to simulated 

velocity and simulated discharge are an indication of the quality of hydraulic simulations.  

These are examined to detect any significant deviations and determine if velocities remained 
consistent with stage and total discharge.  VAF’s in the range of 0.8 to 1.2 at the calibration 

(measured) flow are considered acceptable, 0.95 to 1.05 is considered excellent. 

Habitat Suitability Criteria 

Method of Selection 

Habitat Suitability Criteria (HSC) define the habitat requirements of the species/life-stages of 

interest.  If no site specific HSC are developed, HSC are selected from the plethora of curves 

developed for other studies.  Not all HSC are transferable from one stream to another.  For 

example, HSC developed for O. mykiss inhabiting a small mountain stream upstream of an 

impassable barrier do not define the habitat requirements of steelhead in a large river.  

Likewise, habitat requirements vary with the life-stage of each species and HSC are typically 

specified for each life-stage.  Although there are many HSC available, care must be taken to 

establish transferability by examining the source metrics (e.g. river size, geographic location, 

number of observations, etc.). 

 

The results of a PHABSIM instream flow study are determined by both the hydraulic data 

collected and the HSC selected.  Since the results of this PHABSIM study will be used in the 

BOR water resource model along with the results of the Middle Fork Hood IFIM Study 

(Watershed Professionals Network), it is important to use consistent HSC.  

 

The method for selecting HSC for this PHABSIM study was: 

1. Appropriate Middle Fork HSC (Watershed Network Professionals unpublished draft 

data) for the species/life-stages that were modeled in that study were also used in this 

study.  The MFID HSC were compared to other HSC for informational purposes. 

2. Additional HSC were selected based on literature and professional judgment. 

Annexes A and A1 discuss the development of the HSC. 
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Target Species 

Species and life stages selected for habitat modeling are presented in Table 3.   

Table 3.  Target species and life stages selected for modeling in each of the five stream reaches. 

Species Life Stage 

Stream Reach 

EF-Upper EF-Lower West Fork 
Green 
Point 

Neal 
Creek 

Bull trout 

Juvenile rearing   x   
Adult rearing   x   
Spawning   x   

Coho 

Fry x x x x x 
Juvenile rearing x x x x x 
Adult holding x x x x x 
Spawning x x x x x 

Cutthroat 
trout 

Juvenile rearing x x x x x 
Adult rearing x x x x x 
Spawning x x x x x 

Spring 
Chinook   

Fry x x x x x 
Juvenile rearing x x x x x 
Adult holding x x x x x 
Spawning x x x x x 

Steelhead  

Fry x x x x x 
Juvenile rearing x x x x x 
Adult holding x x x x x 
Spawning x x x x x 

 

 

Habitat Simulation 

Combining the hydraulic and HSC components generates the habitat suitability (AWS/WUA) 

index.  Unlike hydraulic modeling and calibration, there are a limited number of decisions to 
make prior to production runs.  Transects are weighted according to the percentage of habitat 

types present in the reach.  The range of flows to model, and specific flows within that range, 

are determined largely by the suitability of the hydraulic data for extrapolation and general 
flows of interest.  Generally the range of flows of interest are those mandatory either as 

minimum standards or seasonal requirements, but can also be based on natural flows.  The 

habitat index was computed based on a multiplicative procedure:   

            

Where: 

Ci = Cell suitability composite index value 

Vi = Velocity suitability value associated with cell 

Di = Depth suitability value associated with cell 

Si = Substrate or other channel suitability value associated with cell 
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The cell composite number is then multiplied by the cell width to produce number of square 

feet of area in that cell.  For each transect, all the cells' areas are summed to produce a total 
number of square feet of usable habitat available at a specified flow.  This result is then 

multiplied by the percentage the individual transect represents as a proportion of all transects 

being modeled.  All transect results are then summed to produce overall habitat suitability in 
square feet.      

Time Series Analysis 

Utilization and interpretation of habitat modeling output, namely habitat index curves, presents 

a challenge from both a technical and functional perspective.  The habitat versus flow 

relationships derived from PHABSIM represent a conceptual association between flow and 

habitat.  Though some basic inference can be made from this relationship, evaluation without 

incorporating flow regimes can lead to erroneous interpretations.  This analysis is particularly 

valuable when considering a suite of species and life stages with varying habitat versus flow 

relationships, and instances when known life history needs may not be directly exhibited in the 

habitat versus flow relationship output from PHABSIM.   

 

The tendency to look at the maximum or “peak” of a habitat index curve greatly oversimplifies 

the results.  For example, maximum spawning habitat may occur at a flow that rarely exists in a 

given reach.  Additionally, the amount of habitat can be the same at two flows, one lower and 

one higher than the maximum (Figure 2).  Because the amount of habitat available at any given 

time of year is a function of hydrology, incorporating a time-series analysis provides a more 

realistic view of available habitat.  Such an analysis is important when determining effects of 

different flow regimes that may result from changes in water usage.  Times series involves 

matching the habitat index for a given species or life stage to flow, as illustrated in Figure 3.   

 

The major basis for habitat time series analysis is that habitat is a function of stream flow and 

that stream flow varies over time.  Habitat time series displays the temporal habitat change for a 

particular species and life stage during selected seasons or critical time periods under various 

flow scenarios.  Typically results are represented by habitat duration curves indicating the 

quantity of habitat that is equaled or exceeded over the selected time period.   
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Figure 2. Generic habitat index curve illustrating equal AWS values at two different flows. 
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Figure 3. Time series process. 

Results 

 

Habitat Mapping 

Habitat mapping was conducted on the five study reaches between September 19 and 

September 22, 2012.  The following provides a brief overview of Habitat Mapping results by 

reach.  Habitat unit types collected in the field were based on the ODFW Basic Level Stream 

Survey.  These types were condensed into slow water types (pools) and fast water types which 

includes glide, riffle (low gradient), rapid (high gradient riffle) and cascade as per ODFW 

optional types.  Complete Habitat Mapping summaries and database are provided in Appendix 

A. 

 

Green Point Creek 
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Riffles and cascades were the dominant habitat type in Green Point Creek accounting for 68% of 

the reach followed by pools at 22% and glides at 8% (Table 4).   
 

Table 4. Habitat mapping summary for Green Point Creek. 

Habitat 
Type 

Number 
of 

Units 
Length 
Feet 

Length 
Percent 

Pool 45 1329 22.4 

Glide 14 494 8.3 

Low Gradient Riffle 38 2098 35.3 

High Gradient Riffle 14 809 13.6 

Cascade 25 1112 18.7 

Other 12 103 1.7 

  Totals 148 5945 100.0 

 
 

Neal Creek 
 

Habitat Mapping results for Neal Creek show a dominance of low gradient riffle (66%) and an 

equal proportion of glide and pool accounting for 16% each (Table 5).   
 

Table 5. Habitat mapping summary for Neal Creek 

Habitat 
Type 

Number 
of 

Units 
Length 
Feet 

Length 
Percent 

Pool 40 894 16.0 

Glide 33 895 16.0 

Low Gradient Riffle 68 3696 66.2 

High Gradient Riffle 3 74 1.3 

Cascade 0 0 0.0 

Other 2 23 0.4 

  Totals 146 5582 100.0 

 

 
East Fork Hood River (lower reach) 
 

Habitat Mapping results for this reach show a dominance of riffle types with 50% low gradient 

riffle and 27% high gradient.  Glides only accounted for 2% of the reach (Table 6). 
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Table 6. Habitat mapping summary for East Fork Hood River (lower). 

Habitat 
Type 

Number 
of 

Units 
Length 
Feet 

Length 
Percent 

Pool 14 702 17.0 

Glide 2 89 2.2 

Low Gradient Riffle 33 2080 50.4 

High Gradient Riffle 15 1111 26.9 

Cascade 3 148 3.6 

Other 0 0 0.0 

  Totals 67 4130 100.0 

 

East Fork Hood River (upper reach) 
 

Habitat Mapping results for this reach show a dominance of riffle types with 44% high gradient 

riffle and 30% low gradient.  Glides accounted for 17% of the reach and pools for 9% (Table 7).   
 

Table 7. Habitat mapping summary for East Fork Hood River (upper). 

Habitat 
Type 

Number 
of 

Units 
Length 
Feet 

Length 
Percent 

Pool 13 536 9.2 

Glide 16 1020 17.5 

Low Gradient Riffle 20 1718 29.4 

High Gradient Riffle 23 2557 43.8 

Cascade 0 0 0.0 

Other 1 10 0.2 

  Totals 73 5841 100.0 

 
 

West Fork Hood River 
 
Habitat Mapping results for this reach show a dominance of riffle types with 13% high gradient 

riffle and 37% low gradient.  Glides accounted for 16% of the reach and pools for 28% (Table 8). 
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Table 8. Habitat mapping summary for West Fork Hood River. 

Habitat 
Type 

Number 
of 

Units 
Length 
Feet 

Length 
Percent 

Pool 13 1452 27.8 

Glide 16 821 15.7 

Low Gradient Riffle 19 1953 37.4 

High Gradient Riffle 9 671 12.8 

Cascade 4 327 6.3 

Other 0 0 0.0 

  Totals 61 5224 100.0 

 

Study Site and Transect Selection 

Study sites were established by randomly selecting the least available habitat type, locating the 

habitat unit and placing a transect to represent the unit.  Additional transects were then 

established in other habitat types in the immediate vicinity in general proportion to availability.  

A total of 7 cross sections were used to represent hydraulic and habitat conditions in each reach 

(Table 9).    

 

Table 9. Number of transects by habitat type and reach with habitat selector identified (*). 

 
Number of Transects by Reach and Habitat Type 

Habitat 
 Type 

Green Point 
Creek Neal Creek 

E.F. Hood 
River (upper) 

E.F. Hood 
River (lower) 

West Fork 
Hood River 

Pool 2 2 1* 2* 2 

Glide 1* 2* 2 0 2 

Low Gradient Riffle 3 3 2 3 2 

High Gradient Riffle 1 0 2 2 1* 

Cascade 0 0 0 0 0 

Total 7 7 7 7 7 

 

 

Hydraulic Simulation 

Field data collection took place between September and December 2012.  Low flow was 

measured in late September in all reaches except Neal Creek, which was deemed to be the 
approximate middle flow target.  Middle flow and velocity acquisition took place in all other 

reaches in late October and high flow occurred in late November and early December.   Transect 

profiles, calibration velocities, and calibration flow water surface elevation plots are depicted in 
Appendix B. 
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Stage-Discharge 

Overall, stage-discharge metrics fell well within the bounds of acceptability.  All but one 
transect had a mean error of less than 5 percent for log/log rating curve (Table 10).   Measured 

versus predicted WSL at the three calibration flows were generally less than 0.02 feet (Table 11). 

Log/log rating curves were used for all pool transects and most glide transects (Table 10.) 

MANSQ was used on most riffle transects and some glide transects to correct for small errors at 

the upper extent of the rating curve?  

Velocity 

Some adjustments to roughness and Manning’s N were made in selected cells to account for 

unrealistic simulated velocities at high flows.  In addition, adjustments were made to edge cells 

if predicted velocities at higher flows were excessively high (i.e. higher than adjacent cells in the 
main channel) or remained excessively low. 

With few exceptions, VAF’s were within 5 percent of the measured flow (Table 10).  Three 
transects, two in Green Point Creek and one in the West Fork had VAF’s within 10 percent of 

the measured flow.   
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Table 10. Measured flow, calibration flow (velocity acquisition flow), stage-discharge rating 

curve mean error and method and VAF for transects in five reaches of the Hood River. 

Reach 
Transect 

# 
Habitat 
Type 

Measured 
Flow 

Calibration 
Flow 

% Mean Error 
log/log Rating 

Curve 

Final Rating 
Curve 

Method 

VAF at 
Calibration 

Flow 

Green 
Point 
Creek   

1 Glide 73.98 74.0 1.21 Log/Log 1.013 

2 Pool 75.42 74.0 1.06 Log/Log 0.989 

3 LGR 85.51 74.0 3.53 MANSQ 0.991 

4 LGR 81.37 74.0 3.16 MANSQ 0.980 

5 HGR 74.96 74.0 1.32 MANSQ 0.983 

6 LGR 81.84 74.0 0.51 MANSQ 0.907 

7 Pool 66.73 74.0 5.28 Log/Log 1.081 

E.F. 
Hood 
Upper 

1 Pool 149.58 147.45 0.10 Log/Log 0.987 

2 HGR 149.25 147.45 0.47 Log/Log 1.001 

3 HGR 148.73 147.45 1.03 Log/Log 1.047 

4 Glide 146.33 147.45 0.86 Log/Log 1.008 

5 LGR 152.03 147.45 1.81 MANSQ 0.968 

6 LGR 145.63 147.45 0.39 MANSQ 0.998 

7 Glide 142.08 147.45 0.79 Log/Log 1.029 

E.F. 
Hood 
Lower   

1 Pool 151.79 149.26 0.02 Log/Log 1.051 

2 Pool 149.26 149.26 2.01 Log/Log 0.990 

3 LGR 138.61 149.26 3.56 MANSQ 1.032 

4 LGR 151.20 149.26 1.12 MANSQ 1.047 

5 HGR 148.41 149.26 2.53 MANSQ 0.992 

6 LGR 156.40 149.26 0.95 MANSQ 0.968 

7 HGR 158.85 149.26 1.60 MANSQ 0.963 

W.F. 
Hood 

1 HGR 113.92 117.0 0.07 MANSQ 1.025 

2 Pool 255.37 250.0 2.97 Log/Log 0.986 

3 Glide 257.40 250.0 2.13 Log/Log 0.971 

4 LGR 246.00 225.0 2.93 MANSQ 0.965 

5 Glide 224.95 225.0 2.51 MANSQ 1.002 

6 Pool 235.43 225.0 0.44 Log/Log 0.985 

7 LGR 116.54 117.0 2.54 MANSQ 1.056 

Neal 
Creek   

1 Glide 12.86 12.23 3.19 Log/Log 1.016 

2 LGR 13.21 12.23 2.45 MANSQ 0.962 

3 LGR 13.59 12.23 2.03 MANSQ 0.951 

4 LGR 12.24 12.23 0.49 MANSQ 1.043 

5 Glide 12.63 12.23 0.55 MANSQ 0.975 

6 Pool 12.23 12.23 0.89 Log/Log 1.001 

7 Pool 12.42 12.23 3.64 Log/Log 0.994 

 

 

 

 

 

  



DRAFT HOOD RIVER TRIBUTARIES INSTREAM FLOW STUDY 

 

6/13/14 21

 Normandeau Associates, Inc. 

Table 11. Measured versus predicted WSL for transects on Green Point Creek 

Transect 
# 

Habitat 
Type  

Calibration 
Flow # 

Calibration 
Flows (cfs) 

Calibration 
WSL 

Calculated 
WSL 

  1 224.0 98.47 98.48 

1 Glide 2 74.0 97.57 97.56 

  3 10.2 96.50 96.50 

  1 224.0 98.48 98.49 

2 Pool 2 74.0 97.61 97.60 

  3 10.2 96.56 96.56 

  1 224.0 97.70 97.76 

3 LGR 2 74.0 97.02 97.02 

  3 10.2 96.13 96.16 

  1 224.0 98.83 98.81 

4 LGR 2 74.0 98.19 98.19 

  3 10.2 97.41 97.40 

  1 224.0 100.54 100.56 

5 HGR 2 74.0 99.61 99.61 

  3 10.2 98.59 98.60 

  1 224.0 100.56 100.59 

6 LGR 2 74.0 99.66 99.66 

  3 10.2 98.76 98.77 

  1 224 102.12 102.08 

7 Pool 2 74 101.32 101.36 

  3 10.2 100.62 100.61 

 

Table 12. Measured versus predicted WSL for transects on E.F. Hood Upper 

Transect 
# 

Habitat 
Type  

Calibration 
Flow # 

Calibration 
Flows (cfs) 

Calibration 
WSL 

Calculated 
WSL 

  1 355.0 98.37 98.37 

1 Pool 2 147.45 97.53 97.53 

  3 92.55 97.18 97.18 

  1 355 92.38 92.38 

2 HGR 2 147.45 91.92 91.92 

  3 92.55 91.71 91.71 

  1 355.0 93.81 93.81 

3 HGR 2 147.45 93.36 93.34 

  3 92.55 93.14 93.14 

  1 355.0 94.37 94.37 

4 Glide 2 147.45 93.94 93.93 

  3 92.55 93.73 93.73 

  1 355.0 96.21 96.21 

5 LGR 2 147.45 95.59 95.60 

  3 92.55 95.35 95.35 

  1 355.0 95.50 95.50 

6 LGR 2 147.45 94.83 94.83 

  3 92.55 94.55 94.55 

  1 355.0 96.56 96.56 

7 Glide 2 147.45 95.83 95.84 

  3 92.55 95.54 95.54 
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Table 13. Measured versus predicted WSL for transects on E.F. Hood Lower. 

Transect 
# 

Habitat 
Type  

Calibration 
Flow # 

Calibration 
Flows (cfs) 

Calibration 
WSL 

Calculated 
WSL 

  1 259.3 95.75 95.75 

1 Pool 2 149.3 95.36 95.36 

  3 100.5 95.11 95.11 

  1 259.3 96.87 96.86 

2 Pool 2 149.3 96.43 96.45 

  3 100.5 96.21 96.20 

  1 259.3 94.12 94.12 

3 LGR 2 149.3 93.73 93.77 

  3 100.5 93.56 93.56 

  1 259.3 94.20 94.20 

4 LGR 2 149.3 93.87 93.88 

  3 100.5 93.68 93.68 

  1 259.3 95.53 95.53 

5 HGR 2 149.3 95.04 95.08 

  3 100.5 94.80 94.8 

  1 259.3 99.80 99.80 

6 LGR 2 149.3 99.51 99.50 

  3 100.5 99.31 99.31 

  1 259.3 100.73 100.73 

7 HGR 2 149.3 100.44 100.42 

  3 100.5 100.22 100.22 

 

Table 14. Measured versus predicted WSL for transects on W.F. Hood River 

Transect 
# 

Habitat 
Type  

Calibration 
Flow # 

Calibration 
Flows (cfs) 

Calibration 
WSL 

Calculated 
WSL 

  1 117.0 94.81 94.81 

1 HGR 2 250.0 95.34 95.32 

  3 450.75 95.84 95.84 

  1 117.0 95.34 95.32 

2 Pool 2 250.0 95.97 96.02 

  3 450.75 96.74 96.71 

  1 117.0 96.06 96.05 

3 Glide 2 250.0 96.63 96.66 

  3 450.75 97.30 97.28 

  1 117.0 97.56 97.56 

4 LGR 2 225.0 97.93 97.95 

  3 450.75 98.53 98.53 

  1 117.0 97.91 97.91 

5 Glide 2 225.0 98.30 98.34 

  3 450.75 98.92 98.92 

  1 117.0 97.41 97.41 

6 Pool 2 225.0 97.83 97.91 

  3 450.75 98.41 98.41 

  1 117.0 95.49 95.49 

7 HGR 2 225.0 95.92 95.97 

  3 450.75 96.62 96.61 
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Table 15. Measured versus predicted WSL for transects on Neal Creek. 

Transect 
# 

Habitat 
Type  

Calibration 
Flow # 

Calibration 
Flows (cfs) 

Calibration 
WSL 

Calculated 
WSL 

  1 30.0 96.71 96.72 

1 Glide 2 12.2 96.44 96.43 

  3 6.3 96.25 96.26 

  1 30.0 94.24 94.24 

2 LGR 2 12.2 93.97 93.96 

  3 6.3 93.80 93.80 

  1 30.0 97.49 97.49 

3 LGR 2 12.2 97.30 97.29 

  3 6.3 97.17 97.17 

  1 30.0 97.87 97.87 

4 LGR 2 12.2 97.64 97.63 

  3 6.3 97.50 97.50 

  1 30.0 98.50 98.50 

5 Glide 2 12.2 98.26 98.26 

  3 6.3 98.12 98.12 

  1 30.0 96.64 96.64 

6 Pool 2 12.2 96.38 96.38 

  3 6.3 96.22 96.22 

  1 30.0 96.66 96.67 

7 Pool 2 12.2 96.41 96.40 

  3 6.3 96.23 96.24 

 

Calibration summaries for individual transects are presented in Appendix C and simulated 

water surface elevations and velocities are presented in Appendix D. 

Habitat/Flow Relationship 

AWS values in tabular format are presented in Appendix E. 

 
Green Point Creek 
 

Juvenile rearing AWS curves for all species and adult rearing for cutthroat trout show the 

greatest response at flows less than 100 cfs before a trending downward slightly or remaining 
flat as flows increase.  Fry curves for Chinook, coho, and steelhead exhibit the greatest response 

at flows between 10 cfs and 25 cfs and maintain a slight downward trend at higher flows.  The 

most suitable flows for Chinook and steelhead spawning occur between 150 cfs and 300 cfs and 
for coho spawning between 150 cfs and 400 cfs.  Cutthroat spawning is most suitable at flows 

between 100 cfs and 200 cfs (Figures 4-5).   

 

Neal Creek 
 

Juvenile and adult rearing AWS curves for all species are relatively flat indicating that flow 

does not have an effect on habitat suitability.  Fry curves for Chinook and coho exhibit a trend 
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upward from the lowest to highest simulated flows, a product of low velocities being 

maintained near the banks due to vegetation.  Chinook and steelhead spawning curves reach 

maximum suitability between 20 and 40 cfs and remain relatively flat through the highest 

simulated flow (Figures 6-7).   
 

 
East Fork Hood River (upper reach) 
 

AWS curves for juvenile rearing and fry for all species, and adult rearing for cutthroat trout 

decline sharply between the lowest simulated flow and approximately 400 cfs.   Chinook, coho 

and steelhead spawning AWS is highest between 100 cfs and 200 cfs, and then drops until 400 

cfs before maintaining a flat response.  The cutthroat spawning curve shows most suitable 

habitat at the lowest flows then becomes flat up to 600 cfs before declining (Figures 8-9).   
 

East Fork Hood River (lower reach) 
 

Juvenile rearing, with the exception of coho, show maximum suitability between 50 and 150 cfs 

before declining.  Fry (Chinook, coho and steelhead) decline from lowest flows to 

approximately 200 cfs before remaining flat.  Coho juveniles show a relatively flat response, 

likely due to the inclination for slow velocities which are only maintained along the margins as 

flows increase.  Chinook, coho and steelhead spawning suitability is maximized between 50 and 

300 cfs.  The cutthroat spawning curve shows most suitable habitat at the lowest flows then 

declines to 200 cfs before becoming flat (Figures 10-11).   
 
 

West Fork Hood River 
 

Juvenile rearing AWS varies between species.  Chinook curves show maximum suitability for 

flows between 100 cfs and 350 cfs.  Steelhead juvenile rearing increases from low flows, with the 

greatest suitability between 200 cfs and 400 cfs, then remain relatively flat.  Cutthroat juvenile 

and adult trend slightly upward with increasing flows while bull trout juvenile rearing show a 

gradual decline and the adult curve is flat.  Coho suitability is greatest at low flows then drops 

slightly as flows increase, though the curve is essentially flat past 200 cfs.  Fry rearing for all 

species declines as flows increase. 

 

Spawning AWS curves for Chinook, coho and steelhead are similar with abrupt increases from 

low flows to maximum suitability at 200-400 cfs for Chinook, 100-350 cfs for coho and 150-450 

cfs for steelhead.  Spawning suitability for bull trout and cutthroat is highest at flows less than 

200 cfs, and declines gradually as flow increase (Figures 13-14).   
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Figure 4. Chinook and coho AWS curves for Green Point Creek. 
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Figure 5. Steelhead and cutthroat AWS curves for Green Point Creek. 
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Figure 6. Steelhead and coho AWS curves for Neal Creek. 
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Figure 7. Cutthroat AWS curves for Neal Creek. 
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Figure 8. Chinook and coho AWS curves for E.F. Hood (upper). 
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Figure 9. Steelhead and cutthroat AWS curves for E.F. Hood (upper). 
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Figure 10. Chinook and coho AWS curves for E.F. Hood (lower). 
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Figure 11. Steelhead and cutthroat AWS curves for E.F. Hood (lower). 
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Figure 12. Chinook and coho AWS curves for W.F. Hood River. 
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Figure 13. Steelhead and cutthroat AWS curves for W.F. Hood River. 
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Figure 14. Bull trout AWS curves for W.F. Hood River. 
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Habitat Time Series Analysis 

Species and life stages identified for time series habitat analysis in the five stream reaches are 

shown in Table 16.  Spawning and rearing habitat for two species, Coho salmon and steelhead 

were evaluated in all reaches.  Chinook salmon spawning and rearing was assessed in four 

reaches and bull trout spawning and rearing in a single reach.  Based on the five reaches, 13 

flow scenarios and 30 species/life stages being evaluated, a total of 390 individual habitat time 

series were run.  Rearing habitat was analyzed for all months while spawning habitat was 

examined for the time periods identified in Table 17. 

 

Table 16. Stream reaches, species and life stages utilized in habitat time series. 

 

Species Life Stage 

Stream Reach 
 

EF-Upper EF-Lower West Fork 
Green 
Point 

Neal 
Creek 

Total for 
Life Stage 

Spring 
Chinook   

juvenile rearing x x x x  4 
spawning x x x x  4 

Coho  
juvenile rearing x x x x x 5 
spawning x x x x x 5 

Steelhead  
juvenile rearing x x x x x 5 
spawning x x x x x 5 

Bull trout  
adult rearing   x   1 
spawning   x   1 

Total 30 

 

 

Table 17. Species and life stage periodicity table for the Hood River Tributaries Instream Flow 

Study time series. 

 

Species Life Stage Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Spring Chinook   
juvenile rearing             

spawning               

Coho  
juvenile rearing             

spawning               

Steelhead  
juvenile rearing             

spawning               

Bull trout  
adult rearing             

spawning             

 

The results of the 390 separate habitat time series are presented in interactive Excel files 

included in Annexes B1 – B5.  Each Annex contains a habitat time series Excel file for a single 
reach.  In order to provide an example of output and interpretation, results are presented here 

are for Chinook spawning and juvenile rearing for the upper East Fork Hood River.  Additional 

discussion is presented in Annex C, a presentation to the HRCWPG.  A new method of 
presenting habitat time series data, raster plots, was utilized to present the results to the 

HRCWPG.  Raster plots are pixel-based plots for visualizing and identifying variations and 

changes in large multidimensional data sets. 
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Originally developed by Keim (2000) they were first applied in hydrology by Koehler (2004) as 
a means of highlighting inter-annual and intra-annual changes in streamflow.  The raster 
hydrographs in WaterWatch (http://waterwatch.usgs.gov/?id=wwchart_rastergraph), like those 

developed by Koehler, depict years on the y-axis and days along the x-axis.    

Hydrology 

 

Hydrology was developed for the five stream reaches identified in Table 18.  Long term 

synthesized daily streamflows for 12 future scenarios (2030 to 2060) were used to forecast 

conditions based on climate change, water year type (median, hot/dry and warm/wet), water 

usage and additional storage (Table 18).  Daily streamflow for historical existing conditions 

(1980 to 2009) are used as a baseline for comparisons to these future streamflow scenarios.  
 

Table 18. Hydrology scenarios used to evaluate potential changes in flow and habitat of selected 

fish species and life stages in the Hood River tributaries study. 

 

Scenario Climate Water Demands Water Conservation Water Storage 

1 Historical Existing Existing Existing 

2.1 Future scenario 1 median Existing Existing Existing 

2.2 Future scenario 2 hot/dry Existing Existing Existing 

2.3 Future scenario 3 warm/wet Existing Existing Existing 

3.1 Future scenario 1 median Future – (increase)
1 Existing Existing 

3.2 Future scenario 2 hot/dry Future – (increase)
1 Existing Existing 

3.3 Future scenario 3 warm/wet Future – (increase)
1 Existing Existing 

4.1 Future scenario 1 median Future – (increase)
1 Future – (conserve)

2 Existing 

4.2 Future scenario 2 hot/dry Future – (increase)
1 Future – (conserve)

2 Existing 

4.3 Future scenario 3 warm/wet Future – (increase)
1 Future – (conserve)

2 Existing 

5.1 Future scenario 1 median Future – (increase)
1 Future – (conserve)

2 Existing & New Storage
3  

5.2 Future scenario 2 hot/dry Future – (increase)
1 Future – (conserve)

2 Existing & New Storage
3  

5.3 Future scenario 3 warm/wet Future – (increase)
1 Future – (conserve)

2 Existing & New Storage
3  

  
1
 potable and irrigation    

2
 irrigation    

3 
larger FID & MFID, new FID 

 

Streamflow and Habitat Time Series 

An example flow time series for the historic scenario and corresponding Chinook juvenile 

habitat time series are presented in Figure 15.  When dealing with an extensive period of 30 

years, details can be lost but certain events stand out, high peak flows in 1994 and 1995, 

relatively higher summer flows and lower peak winter flows in 1996 and 1997, extremely low 

winter flows in 2000 and low summer flows in 2000 and 2001.  These events are depicted in 

more detail in Figure 16.  As can be seen, lower habitat values occur at flows over 300 cfs, with 

near zero habitat indexes at extreme peak flows, and the highest habitat index values are during 

lower flow periods (e.g. summer).  But low habitat values can also occur at very low flows, in 

this case flows less than 10 cfs as in the summers of 1994 and 2001.  An alternative visually 

enhanced means of identifying these events are illustrated in Raster hydrograph (Figure 17) and 
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habitat (Figure 18) plots.  The high flows of February 1996 and November of 2006 are easily 

identified in Figure 17. 

 

By examining the relationship between flow and habitat for Chinook juvenile, the basis for 

these events becomes apparent (Figure 19).  From the peak of the curve to an inflection point 

around 300 cfs, AWS is relatively high.  Past this point AWS gradually decreases.  Similarly 

AWS is relatively high at the low end of the curve before its drops precipitously at flows less 

than 10 cfs.  
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Figure 15. Flow time series (top) and Chinook juvenile habitat time series (bottom) for 30 years 

of historic flow in the East Fork Hood River.. 
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Figure 16. Overlay of flow time series and Chinook juvenile habitat time series for a selected 

time period from the upper East Fork Hood River. 
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Figure 17. Raster hydrograph of historic flows in the Upper East Fork Hood River. 
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Figure 18. Raster plot of Chinook juvenile habitat (AWS) for historic flows in the Upper East 

Fork Hood River. 
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Figure 19. Chinook juvenile WUA/AWS curve for the upper East Fork Hood River. 

Flow and Habitat Duration 

Flow duration curves provide a means to compare different flow regimes with respect to the 

amount of time certain flow levels occur.  For the upper East Fork Hood River graphs are 

provided that depict flow exceedance from 0-100 % and 5-95 % for the period of record (Figure 

20).  Future hydrology for all scenarios shows an increase in high flows and somewhat lower 

low flows for most of the scenarios compared to historical.  Examination of Chinook juvenile 

habitat duration curves shows slightly more habitat 25% of the time and slightly less 50% of the 

time for all future scenarios over historical (Figure 21).  Because it has been shown that both 

high flows and very low flows can lower the habitat index, this follows what is shown in the 

flow duration curve. 

 

Flow duration curves for spring Chinook spawning cover a short period of time (August 15 to 

October 15) and flows exceed 250 cfs just 5% of the time (Figure 22).  Future flow scenarios 

based on climate change (2.1-2.3) and water demand (3.1-3.2) display lower flows than historical 
all the time.  Scenarios based on water conservation and storage exhibit higher high flows, but 

also greater low flows.  The overall lower flows under climate change and water demand 

scenarios result in a reduction of spawning habitat (Figure 22).  Under water conservation and 
storage scenarios spawning habitat is greater for approximately 50% of the time for scenarios 

4.1 and 4.2, and most of the time for scenarios with water storage incorporated. 
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Figure 20. Flow duration curves for 13 flow scenarios on upper East Fork Hood River.  Top, 0-

100% exceedance; bottom, 5-95% exceedance. 
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Figure 21. Chinook juvenile habitat duration for the upper East Fork Hood River. 
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Figure 22. Flow duration curves for Chinook spawning for 13 flow scenarios on the upper East 

Fork Hood River.  Top, 0-100% exceedance; bottom, 5-95% exceedance. 
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Figure 23. Chinook spawning habitat duration for the upper East Fork Hood River. 

 

  

0

2000

4000

6000

8000

10000

12000

0 20 40 60 80 100

W
U

A
 (

A
W

S)
 

Percent Exceedance 

EF-Upper Chinook Spawning Habitat Duration 
Scenario 1

Scenario 2.1

Scenario 2.2

Scenario 2.3

Scenario 3.1

Scenario 3.2

Scenario 3.3

Scenario 4.1

Scenario 4.2

Scenario 4.3

Scenario 5.1

Scenario 5.2

Scenario 5.3

0

2000

4000

6000

8000

10000

12000

5 15 25 35 45 55 65 75 85 95

W
U

A
 (

A
W

S)
 

Percent Exceedance (5-95) 

EF-Upper Chinook Spawning Habitat Duration 
Scenario 1

Scenario 2.1

Scenario 2.2

Scenario 2.3

Scenario 3.1

Scenario 3.2

Scenario 3.3

Scenario 4.1

Scenario 4.2

Scenario 4.3

Scenario 5.1

Scenario 5.2

Scenario 5.3



DRAFT HOOD RIVER TRIBUTARIES INSTREAM FLOW STUDY 

 

6/13/14 48

 Normandeau Associates, Inc. 

Discussion 

Although we are reporting on all four streams in a single report, there are four separate 

instream flow studies; one each for Green Point Creek, Neal Creek, East Fork Hood River, and  

West Fork Hood River.  Even though all four streams are tributaries of the Hood River in the 
same vicinity, they vary in size and respond differently to hydrologic events.  This became 

painfully evident when we mobilized for the field work targeting the calibration flows.  

Subsequent to a rain event after which we hoped to measure high flow data, both the East and 
West Forks responded and became torrents, Green Point Creek responded moderately, and 

Neal Creek flow barely increased.  Of course the elevation, size, and orientation of each 

watershed are responsible for the different hydrologic responses to the same rain event.  
Likewise, the hydraulic habitat characterized by each instream flow study will vary differently 

in response climatic induced changes in flow. 

 

There is one conclusion common to all streams: the hydraulic habitat index, AWS, indicates low 
habitat suitability for adult holding in all reaches for all reasonable flows.  Low, flat AWS curves 

indicate that changes in flow have little influence on adult holding habitat.  Deep habitats are 

scarce.  If feasible, restoration of holding habitat would have more influence on the availability 
than changes in flow. 

 

A controversial indication of the AWS/flow relationship for adult and juvenile salmonids in the 

East Fork is the favourability of low flows (Annex A1 and D).  This resulted in changing the 
Chinook spawning HSC for the larger East and West Forks from the MFID HSC to the WDFW 

River HSC.  It was noted early in the HSC discussion (Annex A) that the MFID Chinook 

spawning HSC indicated shallow suitability.  Although appropriate for the smaller streams, the 
shallow suitability was not appropriate for the larger streams.  No rational changes could be 

made to the juvenile or fry HSC.  Analysis of the depth and velocity components of the transect 

data show that the East Fork reaches (particularly the Upper site) are shallow and fast limiting 
suitability at higher flows (Annex A1).  Recent channel changes and aggradation may contribute 

to this.  Expansion of the reaches to include more of the river and additional transects would 

will help determine if the AWS/flow relationships are influenced by sites randomly selected. 

 

Instream flow studies rarely answer the question, “What is the best flow?”  That question is 

answered by balancing biological, social, and economic needs.  Even when considering only a 

single species, the index of hydraulic habitat for different life-stages will respond differently to 
changing flow and no one flow will be the best for all life-stages.  The results of these instream 

flow studies provide tools to assess the biological impacts to hydraulic habitat for the species of 

interest in each stream.  The primary tools for assessing responses to changing flow are the 
Excel files in Annexes B1 through B5.  Each file contains the results for one study reach.  Each 

specie/life-stage habitat time series exceedance statistics and habitat duration graphs are 

presented in separate worksheets.  The habitat duration graphs are presented both as a group of 
all climate scenarios and as interactive graphs enabling the user to select a scenario to compare 

to the historical graph.  The user can select any one of the 12 climate altered scenarios to 
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compare with the historical scenario.  Each of the graphs are also presented including all 

exceedance values (0% to 100%) and the 5% to 95% range of exceedance values.  The 5% to 95% 
graph eliminates the extremes and enables the range scale to be reduced for greater resolution 

of the graphs when comparing scenarios. 

 

An overview of the instream flow studies and detailed comparisons of the climate scenarios and 
habitat time series for Chinook spawning and Chinook juvenile rearing in the Upper East Fork 

Reach is presented in Annex C, the final presentation to the HRCWPG.  The presentation relies 

heavily on raster plots, a new way to visualize the time series data set.  In presentation mode, 
the user can toggle between two comparative raster plots on the same slide and see where and 

when changes to the raster hydrograph and hydraulic habitat index occur anywhere in the time 

series.  Another use of the raster plot is to plot the difference in habitat index values between a 
climate scenario and the historical record.  Figure 24 depicts decreases in Chinook rearing AWS 

comparing the future 5.3 climate scenario to the historical record for most of the East Fork Hood 

River time series.  However, increases in AWS due to scenario 5.3 occur in the summer 
concurrent with low flow and the lowest habitat values.  The increases in habitat values, 

although much less frequent, may be of greater biological significance occurring in a potential 

habitat bottleneck.  This is further demonstrated by Figures 25 and 26.  The times when the 50% 
AWS value (historical) are equalled or exceeded are plotted with a black dot over the raster 

hydrograph of the historical (Figure 25) and 5.3 (Figure 26) scenarios.  The July through 

September low habitat values in the historical scenario (Figure 25) correspond to dry periods 
without the black dot overlay.  Those low AWS values are not existent in the 5.3 scenario 

summer (Figure 26).   

 

It is important to note that for a flow prescription in any of these streams, additional habitat 
mapping and potentially additional transects will be required to determine the applicability of 

the AWS/flow relationship to reaches not habitat mapped in this study.  Due to available 

funding each reach was limited to one mile of stream.  Many considerations were included in 
the reach selection process and reaches that are productive and representative were chosen.  

This does not, however, guarantee that each reach will represent the entire stream.  Additional 

habitat mapping will either verify the representativeness or indicate the need for additional 
transects. 
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Figure 24.  Change in AWS between the historic climate scenario and scenario 5.3 for Chinook 

rearing habitat in the East Fork Hood River. 
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Figure 25.  Upper East Fork Hood historical raster hydrograph with black dots plotted for each 

day that the AWS is greater or equal than the 50% exceedance value for juvenile Chinook 

rearing.  
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Figure 26.  Upper East Fork Hood climate scenario 5.3 raster hydrograph with black dots 

plotted for each day that the AWS is greater or equal than the 50% exceedance value for juvenile 

Chinook rearing. 
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Habitat Mapping Summary Green Point Creek 

 

Combined Habitat Types     Proposed 
Number of 
Transects 

Habitat 
Type 

Number of 
Units 

Length 
Feet 

Length 
Percent 

Percent  
Normalized 

Pool 45 1329 22.4 28.1 2 

Glide 14 494 8.3 10.4 1 

Low Gradient Riffle 38 2098 35.3 44.4 3 

High Gradient Riffle 14 809 13.6 17.1 1 

Cascade 25 1112 18.7     

Other 12 103 1.7     

  Totals 148 5945 100.0 100 7 

 

 

Individual Habitat Types     

Code 
  

Habitat 
Type 

Number 
of 

Units 
Length 

Feet 
Length 
Percent 

PP Plunge Pool 5 148 2.5 

LP Lateral scour Pool 11 321 5.4 

SP Straight scour Pool 23 649 10.9 

TP Trench Pool 1 51 0.9 

DP Dammed Pool 2 91 1.5 

BW Backwater Pool 3 69 1.2 

          

GL Glide 14 494 8.3 

          

RI Riffle 15 741 12.5 

RP Riffle with Pockets 23 1357 22.8 

          

RB Rapid with Boulders 14 809 13.6 

RR Rapid with Bedrock 0 0 0.0 

          

CB Cascade over Boulders 25 1112 18.7 

CR Cascade over Bedrock 0 0 0.0 

          

Other Steps 12 103 1.7 

  Totals 148 5945 100.0 
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Green Point Creek Habitat Unit Selectors  

 

 

RANDOM 
NUBMER 

  UNIT 
TYPE 

All Units in Feet   

UNIT # DISTANCE LENGTH WIDTH DEPTH MODEL ? 

7 10 GL 229 29 16 2.5   

1 14 GL 324 22 37 1.3   

6 21 GL 638 50 18 3.5   

4 36 GL 1017 44 20 1.6   

8 45 GL 1391 57 32 1.3   

11 56 GL 1754 32 39 2.1   

  73 GL 2553 40 31 1.0 N 

  78 GL 2902 38 51 0.7 N 

  85 GL 3163 17 24 1.8 N 

3 100 GL 3575 17 27 2.0   

5 116 GL 4325 26 30 2.3   

2 120 GL 4517 23 23 1.7   

10 134 GL 5075 31 18 2.1   

9 149 GL 5861 68 25 1.6   
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Green Point Creek Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

1 SP 15 15 17 3.1       WP 339   Split at BTM 1 

2 RB 34 19 26 1.1         N Start near Confl w/ WF   

3 RI 61 27 25 1.0               

4 PP 88 27 44 2.7         N Small Shallow Pool   

5 CB 109 21 44 0.8               

6 DP 137 28 35 2.0 1 1       Log   

7 RI 158 21 26 1.0         N   2 up 

8 BW 177 19 27 2.3     2     Flag "Tran 1A L Pin"   

9 CB 200 23 12 1.0 4 3 3     Split at Top   

10 GL 229 29 16 2.5           RN   

11 PP 253 24 48 3.7 3   5     Debris Dam   

12 SB 269 16 48 3.0 7 3 4         

13 SP 302 33 22 2.5 3 2 1         

14 GL 324 22 37 1.3           RN; Spawn Gravel   

15 LP 341 17 35 2.1 3   1   Logger RF - LC   

16 CB 421 80 35 1.7 2 3     N Step Pools   

17 SP 444 23 23 1.7           Run-like   

18 CB 547 103 42 2.0           Step Pool; Trail Access RB   

19 SP 568 21 41 3.2 1 1       Spawn Gravel   

20 RP 588 20 22 1.3               

21 GL 638 50 18 3.5           Fasr Run   

22 SB 646 8 26 1.3 3 1 2   N Flag 3 up 

23 RP 696 50 22 1.7               

24 CB 714 18 20 1.1               

25 RI 735 21 24 1.7               

26 SP 757 22 29 3.0               

27 CB 780 23 26 1.5               

28 RI 797 17 34 1.0               

29 SP 814 17 24 2.0 2 1           

30 SB 820 6 24                 

31 SP 841 21 17 2.3               
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Green Point Creek Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

32 CB 923 82 27   7 2 1 DJ N Braid 4 UP 

33 RP 965 42 34 1.0   1       Split  90/10   

34 SB 973 8 57 1.7         N     

36 GL 1017 44 20 1.6 1   4     Unit # 35 not recorded   

37 RP 1042 25 25 1.7               

38 CB 1073 31 29   2 16 1 DJ/HS N     

39 RI 1156 83 68   6 15 5 DJ/HS N     

40 DP 1219 63 13 3.2 3 2 8 DJ/HS N End Split @ Top 5 

41 RB 1244 25 35       2   N     

42 RP 1279 35 24 1.3               

43 SB 1288 9 32       1         

44 RI 1334 46 40 0.7               

45 GL 1391 57 32 1.3 1   1     Some Pool   

46 RI 1419 28 20 1.5               

47 CB 1460 41 29 1.5           Step Pools   

48 PP 1479 19 19 2.4 1 3           

49 SB 1483 4 26                 

50 RP 1515 32 21 2.3               

51 SB 1520 5 25                 

52 BW 1544 24 18 2.3           Flag @ Top   

53 RB 1638 94 24 1.2 3   1   N Steps   

54 RP 1722 84 30 0.7           Steps;  Old Flag   

56 GL 1754 32 39 2.1           Small Trib RB   

57 RP 1793 39 25 1.3           Unit # 55 not recorded   

58 SP 1821 28 22 2.6 2   1     Log over Pool   

59 CB 1856 35 18 1.7               

60 LP 1894 38 22 2.4           Short break in Unit   

61 SB 1900 6 27                 

62 SP 1941 41 18 2.7           Old Flag @ Top   

63 CB 1974 33 30 1.5   1           

64 LP 1995 21 27 4.0   1         6 up 
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Green Point Creek Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

65 CB 2045 50 25 1.6               

66 TP 2096 51 21 3.0     2         

67 CB 2160 64 64 1.6 1 4     N Old Flag @ Top   

68 RI 2319 159 33 1.5   3       
Flag Top (End 7/17 Unit 
60…)   

69 PP 2376 57 30 1.8           Lower gradient   

70 RI 2398 22 33 1.1               

71 LP 2429 31 27 2.2           Gravel LB   

72 RI 2513 84 30 1.2     1     Old Orange Flag   

73 GL 2553 40 31 1.0               

74 RP 2589 36 38 1.7               

75 SP 2650 61 34 2.2     1     2 Steps; Gravel Pockets   

76 RB 2793 143 38 1.1     1   N     

77 RI 2864 71 33 1.8               

78 GL 2902 38 51 0.7           Orange Flag Both Banks   

79 RP 2932 30 29 2.0               

80 CB 2943 11 15 1.0         N Flagged 7 top 

81 SP 3006 63 25 3.5           Gravel (Access?)   

82 CB 3043 37 29 1.4 3 1     N     

83 SP 3062 19 28 2.0 2 2       Run-like   

84 RP 3146 84 35 1.0           Gravel RB   

85 GL 3163 17 24 1.8           Pool Tail   

86 SP 3193 30 35 3.5               

87 RB 3227 34 23 1.0 2             

88 RI 3256 29 33 1.0           Gravel - Fast RN   

89 SP 3281 25 32 2.5 1         Fast   

90 RP 3338 57 28 0.6               

91 SP 3347 9 28 2.0               

92 SB 3352 5 28                 

93 SP 3368 16 22 2.1             8 up 

94 RB 3452 84 30 1.3               
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Green Point Creek Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

96 LP 3485 33 27 3.0           Unit # 95 not recorded   

97 SB 3492 7 27             Gravel   

98 SP 3533 41 27 5.0               

99 CB 3558 25 37 1.3               

100 GL 3575 17 27 2.0               

101 PP 3596 21 31 2.0               

102 RI 3640 44 20 1.9               

103 CB 3670 30 31 1.0               

104 LP 3756 86 27 5.0           Gravel   

105 CB 3767 11 27                 

106 RB 3816 49 27 1.2               

107 LP 3824 8 41 2.0         N Split   

108 CB 3943 119 28 2.3           Step Pools   

109 LP 3969 26 31 4.0             9 

110 CB 3991 22 28 1.3   1           

111 SP 4011 20 31 2.2               

112 RP 4098 87 24 1.8               

113 RB 4175 77 42 1.5 2   1     Access ? 10 up 

114 RP 4252 77 36 1.2           
Btm ~30' u/s of X Channel 
Log   

115 RB 4299 47 27 1.1               

116 GL 4325 26 30 2.3           Fast   

117 RP 4451 126 27 2.0               

118 BW 4477 26 27 2.3           BWP LB; RN RB   

119 SB 4494 17 15                 

120 GL 4517 23 23 1.7           Gravel LB   

121 LP 4539 22 16 2.3               

122 RB 4555 16 19 1.9               

123 LP 4569 14 19 2.3 2 1 5 DJ/HS       

124 RP 4681 112 24 1.6   4 4         

125 RB 4694 13 34 1.5               
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Green Point Creek Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

126 RP 4723 29 34 1.2               

127 RB 4757 34 37 1.3           CB/GR 11 

128 SP 4830 73 34 5+               

129 CB 4901 71 22 1.5 1       N     

130 RI 4931 30 25 1.4               

131 SP 4944 13 25 2.2               

132 CB 5022 78 32 1.3         N     

133 SP 5044 22 29 2.3               

134 GL 5075 31 18 2.1               

135 SP 5095 20 22 2.2               

136 RI 5154 59 22 1.7           Trib RB; Flag 12 

137 RB 5261 107 48 1.2         N     

138 RP 5298 37 36 1.5         N Split 90/10   

139 SB 5310 12 41 1.0               

140 RP 5382 72 34 2.2               

141 SP 5398 16 39 3.0               

142 RP 5542 144 33 1.3   1 4       13 top 

143 RB 5609 67 29 1.3         N     

144 RP 5629 20 22 1.5               

145 CB 5644 15 19 1.4               

146 LP 5669 25 17 2.4               

147 CB 5732 63 21 1.0 1 1 1   N     

148 RP 5793 61 26 1.0               

149 GL 5861 68 25 1.6               

150 RP 5919 58 18 1.3               

151 CB 5945 26 31 1.2         N End ds Edge of Bridge 14 dn 

 

 



 A-8
 Normandeau Associates, Inc. 

Habitat Mapping Summary Neal Creek 

 

Combined Habitat Types     Proposed 
Number of 
Transects 

Habitat 
Type 

Number of 
Units 

Length 
Feet 

Length 
Percent 

Percent  
Normalized 

Pool 40 894 16.0 16.3 2 

Glide 33 895 16.0 16.3 2 

Low Gradient Riffle 68 3696 66.2 67.4 3 

High Gradient Riffle 3 74 1.3     

Cascade 0 0 0.0     

Other 2 23 0.4     

  Totals 146 5582 100.0 100 7 

 

 

Individual Habitat Types     

Code 
  

Habitat 
Type 

Number 
of 

Units 
Length 

Feet 
Length 
Percent 

PP Plunge Pool 0 0 0.0 

LP Lateral scour Pool 34 724 13.0 

SP Straight scour Pool 6 170 3.0 

TP Trench Pool 0 0 0.0 

DP Dammed Pool 0 0 0.0 

BW Backwater Pool 0 0 0.0 

          

GL Glide 33 895 16.0 

          

RI Riffle 60 3195 57.2 

RP Riffle with Pockets 8 501 9.0 

          

RB Rapid with Boulders 3 74 1.3 

RR Rapid with Bedrock 0 0 0.0 

          

CB Cascade over Boulders 0 0 0.0 

CR Cascade over Bedrock 0 0 0.0 

          

Other Steps 2 23 0.4 

  Totals 146 5582 100.0 
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Neal Creek Habitat Unit Selectors  

 

RANDOM 
NUBMER 

  UNIT 
TYPE 

All Units in Feet   

UNIT # DISTANCE LENGTH WIDTH DEPTH MODEL ? 

3 10 GL 253 52 10 1.7   

  14 GL 416 18 16 1.3   

  16 GL 502 22 13 0.8   

  18 GL 558 21 25 0.5   

9 33 GL 1038 18 18 0.7   

8 41 GL 1326 20 15 0.8   

1 43 GL 1404 40 17 1.0   

2 47 GL 1625 25 16 0.6   

  51 GL 1857 27 16 0.8   

  55 GL 2037 21 13 1.0   

  58 GL 2103 11 10 1.0   

7 60 GL 2143 12 15 0.8   

  62 GL 2248 40 12 0.8   

5 70 GL 2514 35 16 0.5 Brown 

  72 GL 2647 26 10 0.7   

  77 GL 2991 18 16 1.0 N 

4 82 GL 3093 24 14 1.0   

  87 GL 3200 29 15 1.0   

  89 GL 3251 35 12 1.0   

  96 GL 3508 36 13 1.0   

  100 GL 3596 17 13 1.2   

  103 GL 3754 23 15 0.8   

11 105 GL 3848 18 13 0.8   

10 107 GL 3997 45 13 1.0   

  109 GL 4061 29 11 1.1   

  111 GL 4147 28 23 0.7   

  114 GL 4235 32 15 1.3   

  121 GL 4483 24 15 1.0   

6 123 GL 4628 48 16 0.9   

  134 GL 5093 48 16 1.0   

  134 GL 5121 15 13 0.9   

12 136 GL 5161 22 16 0.8   

  142 GL 5300 16 13 0.8   
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Neal Creek Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

1 LP 23 23 7 1.8         N Bridge wall scour 1 & 2 

2 RI 55 32 7 0.8           
Start @ Thompson RD  WP 
383   

3 LP 78 23 10 2.7 2     DJ       

4 RI 97 19 15 0.5               

5 LP 113 16 15 1.8               

6 RI 128 15 15 1.0               

7 LP 141 13 11 1.9           Unit # 8 not recorded   

9 RI 201 60 16 0.6           Split 15/85   

10 GL 253 52 10 1.7           Flag Top; Fast RN   

11 RB 290 37 19 0.3           HGR   

12 LP 311 21 16 2.7           Corner   

13 RI 398 87 13 0.4           Gravel   

14 GL 416 18 16 1.3           Fast RN   

15 RI 480 64 21 0.5               

16 GL 502 22 13 0.8             3 up 

17 RI 537 35 21 0.5               

18 GL 558 21 25 0.5               

19 RI 666 108 30 0.5           I-Beam RB top   

20 LP 688 22 8 2.5           Tree scour   

21 RI 714 26 10 0.6               

22 SP 746 32 13 3.4 1             

23 RI 772 26 24 1.0               

25 LP 803 31 13 2.6           Unit # 24 not recorded   

26 RI 813 10 8 0.8               

27 LP 829 16 15 1.4               

28 RI 852 23 13 0.5           Small split   

29 LP 866 14 15 1.6           Fast   

30 RI 888 22 16 0.5               

31 LP 915 27 8 2.6   2       Flag BTM   

32 RI 1020 105 23 0.6           End Split BTM   
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Neal Creek Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

33 GL 1038 18 18 0.7           Fast RN   

34 RI 1090 52 23 0.9           Some HGR   

35 RP 1160 70 23 0.7               

36 LP 1187 27 28 2.0 2 1 1       4 btm 

37 SB 1198 11 20 0.4           Man-made   

38 LP 1225 27 13 1.9     1     Tree X Channel   

40 RI 1306 81 17 0.8           Unit # 39 not recorded   

41 GL 1326 20 15 0.8           Cobble - Fast RN   

42 RI 1364 38 17 0.4               

43 GL 1404 40 17 1.0           
Fast RN w/Step + Lrg BLD's 
LB   

44 RI 1419 15 11 0.7           Brush   

45 LP 1436 17 11 1.5               

46 RI 1600 164 16 0.5             5 btm 

47 GL 1625 25 16 0.6           Stairs   

48 RI 1682 57 15 0.5               

49 LP 1719 37 9 3.1               

50 RI 1830 111 17 0.5               

51 GL 1857 27 16 0.8             6 btm 

52 RI 1934 77 13 0.5 1             

53 LP 1958 24 14 2.0           BLD scour LB   

54 RI 2016 58 16 0.7               

55 GL 2037 21 13 1.0           Fast RN   

56 RI 2064 27 14 0.7               

57 LP 2092 28 12 1.7           Corner   

58 GL 2103 11 10 1.0               

59 RI 2131 28 13 0.6               

60 GL 2143 12 15 0.8           Houses RB   

61 RI 2208 65 25 0.5           Split   

62 GL 2248 40 12 0.8             7 btm 

63 RP 2358 110 17 1.0               
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Neal Creek Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

64 RI 2399 41 24 1.1           Red Bench RB   

68 LP 2422 23 20 2.0           Unit # 65-67 not recorded   

69 RI 2479 57 12 0.7           Water Intake RB   

70 GL 2514 35 16 0.5       House RB Brown Duane S. 541-490-1755   

71 RI 2621 107 20 1.0               

72 GL 2647 26 10 0.7             8 top 

73 RP 2782 135 19 0.7               

74 RI 2843 61 15 0.7               

75 RP 2880 37 15 0.7           Flag at Top LB   

76 RI 2973 93 19 0.5               

77 GL 2991 18 16 1.0     2   N     

78 LP 3012 21 12 2.5           Chairs LB   

79 RI 3029 17 21 0.7               

80 LP 3042 13 8 1.5 1             

81 RI 3069 27 12 0.7               

82 GL 3093 24 14 1.0           Fast Run   

83 LP 3105 12 10 1.4               

84 RB 3122 17 18 0.8           HGR Brush   

85 LP 3139 17 11 1.8               

86 RI 3171 32 12 0.8             9 top 

87 GL 3200 29 15 1.0               

88 RI 3216 16 13 0.7               

89 GL 3251 35 12 1.0           Fast Run   

90 RI 3327 76 13 0.7           Root Wad RB   

91 LP 3345 18 5 1.5             10 up 

92 RI 3392 47 15 0.7           Box House LB   

93 SP 3434 42 12 2.2               

94 RP 3452 18 16 0.7               

95 LP 3472 20 16 1.6               

96 GL 3508 36 13 1.0               

97 RI 3534 26 11 0.7               
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Neal Creek Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

98 LP 3559 25 8 2.0               

99 RB 3579 20 11 1.1         N     

100 GL 3596 17 13 1.2           BW Pool, House LB   

101 RI 3701 105 19 0.5           Island at Top   

102 SP 3731 30 23 1.1             11 btm 

103 GL 3754 23 15 0.8               

104 RI 3830 76 16 0.8               

105 GL 3848 18 13 0.8           Fast RN   

106 RI 3952 104 19 0.9           Log Bridge @ 3895   

107 GL 3997 45 13 1.0               

108 RI 4032 35 15 0.7           Flag at Top LB   

109 GL 4061 29 11 1.1               

110 RI 4119 58 17 0.8               

111 GL 4147 28 23 0.7           Fast RN 12 

112 RI 4179 32 23 0.7               

113 SP 4203 24 25 3.0 3 2 1   N Debris X Channel   

114 GL 4235 32 15 1.3 1           13 dn 

115 RI 4241 6 10 0.7               

116 LP 4260 19 12 2.0 1   1     Tree X Channel   

117 RI 4298 38 14 0.5           Gravel Bar RB; Cut LB   

119 LP 4332 34 12 1.6           Unit # 118 not recorded   

120 RI 4459 127 18 0.7           LGR; Flag @ 4410   

121 GL 4483 24 15 1.0               

122 RI 4580 97 20 0.7               

123 GL 4628 48 16 0.9           Bridge @ 4607   

124 RI 4660 32 13 0.9             14 up 

125 LP 4683 23 7 1.9           Cut Bank LB   

126 RI 4757 74 18 0.4           Stairs RB   

127 LP 4782 25 12 2.0               

128 RI 4939 157 17 0.7           
Stairs/Gage RB; Marty 
Johnson   
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Neal Creek Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

129 LP 4951 12 17 1.4               

130 RI 4967 16 15 1.0               

131 RP 5000 33 15 1.0               

132 SP 5017 17 12 1.2               

133 RP 5045 28 19 0.7               

134 GL 5093 48 16 1.0           Brush   

135 RI 5106 13 19 0.8           Bridge @ Top   

134 GL 5121 15 13 0.9           
Unit # 134 and 135 
recorded twice   

135 RI 5139 18 13 0.6               

136 GL 5161 22 16 0.8             15 top 

137 RI 5180 19 14 0.9               

138 LP 5201 21 10 1.8               

139 SB 5213 12 11 0.5               

140 LP 5222 9 14 1.4 3     /DJ       

141 RI 5284 62 25 0.5               

142 GL 5300 16 13 0.8               

143 RI 5322 22 12 0.8           Foot Bridge   

144 LP 5338 16 14 2.2       HS       

145 RI 5406 68 19 0.7             16 up 

146 LP 5426 20 10 1.6               

147 RP 5496 70 25 0.7               

148 LP 5526 30 8 1.6         N Split   

149 RI 5538 12 10 0.7         N     

150 SP 5563 25 30 1.6 2 3   DJ   End Split   

151 RI 5582 19 5 0.8         N   17 dn 

1 LP 23 23 7 1.8         N Bridge wall scour 1 & 2 

2 RI 55 32 7 0.8           
Start @ Thompson RD  WP 
383   
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Habitat Mapping Summary E.F. Hood (Lower) 

 

Combined Habitat Types     Proposed 
Number of 
Transects 

Habitat 
Type 

Number of 
Units 

Length 
Feet 

Length 
Percent 

Percent  
Normalized 

Pool 14 702 17.0 18.0 2 

Glide 2 89 2.2     

Low Gradient Riffle 33 2080 50.4 53.4 3 

High Gradient Riffle 15 1111 26.9 28.5 2 

Cascade 3 148 3.6     

Other 0 0 0.0     

  Totals 67 4130 100.0 100 7 

 

 

Individual Habitat Types     

Code 
  

Habitat 
Type 

Number 
of 

Units 
Length 

Feet 
Length 
Percent 

PP Plunge Pool 1 21 0.5 

LP Lateral scour Pool 12 649 15.7 

SP Straight scour Pool 1 32 0.8 

TP Trench Pool 0 0 0.0 

DP Dammed Pool 0 0 0.0 

BW Backwater Pool 0 0 0.0 

          

GL Glide 2 89 2.2 

          

RI Riffle 21 1318 31.9 

RP Riffle with Pockets 12 762 18.5 

          

RB Rapid with Boulders 15 1111 26.9 

RR Rapid with Bedrock 0 0 0.0 

          

CB Cascade over Boulders 3 148 3.6 

CR Cascade over Bedrock 0 0 0.0 

          

Other Steps 0 0 0.0 

  Totals 67 4130 100.0 
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E.F. Hood (Lower) Habitat Unit Selectors  

 

 

RANDOM 
NUBMER 

  UNIT 
TYPE 

All Units in Feet   

UNIT # DISTANCE LENGTH WIDTH DEPTH MODEL ? 

3 1 LP 74 74 45 4.0   

6 3 LP 213 69 30 3.0   

2 5 LP 366 53 25 4.0   

10 11 SP 729 32 47 3.5   

  13 LP 796 20 73 4.0 N 

  35 PP 2204 21 60 3.1 N 

8 37 LP 2284 35 45 4.7   

  46 LP 2935 48 63 3.4 N 

4 48 LP 3025 62 30 6.0   

5 50 LP 3047 12 32 4.0   

1 55 LP 3298 53 32 4.2   

7 57 LP 3365 45 22 6.0   

9 60 LP 3651 90 35 6+   

11 67 LP 4130 88 45 10+   
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E.F. Hood (Lower) Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

1 LP 74 74 45 4.0     2     Start @ MF Confluence 1 & 2 

2 RI 144 70 45 1.5   1 1     Fast   

3 LP 213 69 30 3.0               

4 RI 313 100 41 1.0 1 1 1     Fast @ Pool Head   

5 LP 366 53 25 4.0               

6 RB 454 88 77 1.0         N     

7 RP 482 28 65 1.7               

8 RI 534 52 41 1.7           577 Trail; Debris   

9 RB 608 74 63 1.5 3 1 1 DJ     3 dn 

10 RI 697 89 51 1.0               

11 SP 729 32 47 3.5           BLD Scour   

12 RI 776 47 34 1.5         N Chute   

13 LP 796 20 73 4.0         N     

14 CB 824 28 103 1.7         N Split    

15 RB 913 89 75 2.3         N End Split   

16 CB 956 43 75 2.0           Steps   

17 RB 1034 78 56 1.3           Flag @ 1034 RB   

18 RP 1076 42 56 2.1               

19 RI 1132 56 59 1.3               

20 GL 1191 59 60 1.8           Fast RN 4 up 

21 RI 1298 107 65 1.5         N Trvs   

22 RP 1405 107 57 1.6           Flag @ 1405 LB   

23 RI 1446 41 56 1.6           Fast RN   

24 RB 1556 110 59 1.7 3             

25 RP 1678 122 61 1.5           Pockets   

26 RI 1716 38 55 1.3               

27 RP 1754 38 60 1.7           One Pocket 6 

28 RI 1797 43 61 1.3               

29 RP 1870 73 71 1.8           Spawn Gravel   

30 RI 1908 38 65 1.5           LRG BLD's   

31 RP 1996 88 59 1.8 1 1 1         
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E.F. Hood (Lower) Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

32 RI 2057 61 67 1.0           Flag @ 2057 LB   

33 RP 2122 65 63 1.5               

34 RB 2183 61 64 2.0         N     

35 PP 2204 21 60 3.1         N     

36 RB 2249 45 60 2.2         N     

37 LP 2284 35 45 4.7           BLD Scour   

38 RB 2342 58 51 3.0         N     

39 CB 2419 77 68 1.5         N Flag @ 2419 LB   

40 RP 2495 76 69 1.8         N     

41 RB 2547 52 45 1.8         N Constriction   

42 RP 2595 48 58 3.0         N LRG BLD's   

43 RI 2776 181 60 1.2 1 2 3 TJ   Trib LB @ 2634   

44 RI 2857 81 93 0.8         N HGR Trvs   

45 GL 2887 30 65 2.0         N Split    

46 LP 2935 48 63 3.4         N Split; RR Bridge   

47 RI 2963 28 59 1.5           Redds?   

48 LP 3025 62 30 6.0               

49 RI 3035 10 25 1.6               

50 LP 3047 12 32 4.0           Corner   

51 RB 3090 43 47 1.7         N     

52 RI 3132 42 43 1.4 4 4 2 DJ N Fast RN; Bridge   

53 RB 3207 75 52 1.7         N Bridge Abutment   

54 RI 3245 38 40 1.0         N Trvs 8 up 

55 LP 3298 53 32 4.2               

56 RP 3320 22 29 1.7 1             

57 LP 3365 45 22 6.0               

58 RB 3486 121 54 1.3         N Trvs Cobble Bar   

59 RI 3561 75 65 1.3           Split 9 up 

60 LP 3651 90 35 6+               

61 RI 3726 75 46 1.5           Fast RN   

62 RB 3786 60 65 1.9         N     
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E.F. Hood (Lower) Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

63 RP 3839 53 43 2.3           Top MC BLD 8'   

64 RB 3884 45 58 1.5         N     

65 RI 3930 46 61 1.5               

66 RB 4042 112 51 1.5         N Top @ Ladder RB   

67 LP 4130 88 45 10+           End @ Srew Trap PL WP 388 10 dn 
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Habitat Mapping Summary E.F. Hood (Upper) 

 

Combined Habitat Types     Proposed 
Number of 
Transects 

Habitat 
Type 

Number of 
Units 

Length 
Feet 

Length 
Percent 

Percent  
Normalized 

Pool 13 536 9.2 9.2 1 

Glide 16 1020 17.5 17.5 2 

Low Gradient Riffle 20 1718 29.4 29.5 2 

High Gradient Riffle 23 2557 43.8 43.9 2 

Cascade 0 0 0.0     

Other 1 10 0.2     

  Totals 73 5841 100.0 100 7 

 

 

Individual Habitat Types     

Code 
  

Habitat 
Type 

Number 
of 

Units 
Length 

Feet 
Length 
Percent 

PP Plunge Pool 0 0 0.0 

LP Lateral scour Pool 13 536 9.2 

SP Straight scour Pool 0 0 0.0 

TP Trench Pool 0 0 0.0 

DP Dammed Pool 0 0 0.0 

BW Backwater Pool 0 0 0.0 

          

GL Glide 16 1020 17.5 

          

RI Riffle 17 1484 25.4 

RP Riffle with Pockets 3 234 4.0 

          

RB Rapid with Boulders 23 2557 43.8 

RR Rapid with Bedrock 0 0 0.0 

          

CB Cascade over Boulders 0 0 0.0 

CR Cascade over Bedrock 0 0 0.0 

          

Other Steps 1 10 0.2 

  Totals 73 5841 100.0 
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E.F. Hood (Upper) Habitat Unit Selectors  

 

 

RANDOM 
NUBMER 

  UNIT 
TYPE 

All Units in Feet   

UNIT # DISTANCE LENGTH WIDTH DEPTH MODEL ? 

6 3 LP 299 56 41 4.0   

1 9 LP 743 61 35 3.5   

3 15 LP 1235 60 20 3.5   

2 17 LP 1329 28 55 4.8   

  22 LP 1626 41 49 5.0 N 

  24 LP 1693 36 26 4.0 N 

4 34 LP 2359 32 51 3.0   

  37 LP 2500 9 22 2.6 N 

5 55 LP 4061 23 55 3.0   

  60 LP 4592 48 55 2.5 N 

  63 LP 4788 22 38 2.5 N 

  65 LP 4820 22 30 3.5 N 

7 72 LP 5723 98 37 5.1   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 A-22 Normandeau Associates, Inc. 

E.F. Hood (Upper) Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

1 RI 155 155 46 1.5 3 1   WP 381   
Start @ Woodworth RD 
Bridge 1 

2 RB 243 88 50 1.1         N     

3 LP 299 56 41 4.0 2   2     Root Wad Scour   

4 RB 385 86 35 1.4         N     

5 RI 434 49 33 1.5   1           

6 RB 552 118 37 2.0               

7 GL 602 50 31 3.0           Fast RN   

8 RB 682 80 36 2.0               

9 LP 743 61 35 3.5 2 2 3     RW/WD Scour   

10 RB 882 139 25 1.7             2 up 

11 GL 948 66 58 2.3           Fast RN; Small Island    

12 RI 1052 104 47 1.7     1         

13 RP 1151 99 46 1.9 1 1 1         

14 GL 1175 24 21 3.0           Pool Tail   

15 LP 1235 60 20 3.5 2   4     Braided   

16 RB 1301 66 21 1.8         N Flag? 3 

17 LP 1329 28 55 4.8               

18 RI 1399 70 115 1.4               

19 GL 1425 26 55 2.0         N Fast RN; Braid   

20 RI 1500 75 69 1.1         N     

21 GL 1585 85 54 1.2         N LGR @ Tail; Spawn Gravel   

22 LP 1626 41 49 5.0         N     

23 GL 1657 31 49 2.3         N     

24 LP 1693 36 26 4.0     1   N Log X 4 

25 RB 1771 78 63 2.2         N HGR   

26 RI 1819 48 65 1.2         N LGR   

27 GL 1870 51 33 3.0     1         
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E.F. Hood (Upper) Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

28 RI 1938 68 33 1.9 1   2         

29 RB 2052 114 43 1.4 1 1 1   N     

30 RI 2117 65 53 1.4         N     

31 RB 2197 80 37 1.4         N Downed Tree @ Btm   

32 RI 2249 52 83 1.7           End Briad   

33 GL 2327 78 74 1.9               

34 LP 2359 32 51 3.0           BLD Pool   

35 GL 2449 90 39 2.9               

36 RB 2491 42 19 2.5         N   5/6 btm 

37 LP 2500 9 22 2.6         N     

38 RB 2545 45 19 2.0         N Split   

39 RI 2611 66 21 0.8   1 1   N Map LC   

40 RB 2650 39 22 0.9         N End Split @ Top   

41 RI 2787 137 47 2.0             7 up 

42 GL 2822 35 47 1.8           Fast RN; BLD RB   

43 RI 2908 86 31 2.0               

44 GL 2995 87 32 2.5           Fast RN   

45 RB 3022 27 44 1.8         N HGR: Flag @ Top   

46 RI 3060 38 48 1.8           Split   

47 RB 3268 208 67 1.3         N     

48 RI 3290 22 59 1.7         N   8 up 

49 GL 3351 61 59 2.6     1   N End Split   

50 RI 3489 138 125 1.4           Flag @ Top RB   

51 GL 3610 121 55 1.9           Shallow RN   

52 RB 3930 320 57 1.8   1 1       7 up 

53 RP 3998 68 59 1.9               

54 RB 4038 40 55 1.9               

55 LP 4061 23 55 3.0           BLD Scour   
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E.F. Hood (Upper) Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

56 RB 4206 145 47 1.9               

57 GL 4261 55 40 1.5           Fast RN   

58 RB 4412 151 42 2.1           Split @ Top   

59 GL 4544 132 55 1.7         N   10 up 

60 LP 4592 48 55 2.5         N     

61 GL 4620 28 35 1.9         N     

62 RB 4766 146 38 1.7         N     

63 LP 4788 22 38 2.5         N     

64 SB 4798 10 30 1.0         N     

65 LP 4820 22 30 3.5         N BLD Scour   

66 RB 4928 108 30 1.8         N Access LB   

67 RI 5091 163 83 0.7           End Split 11 

68 RB 5198 107 54 1.3           HGR; Flag @ Top RB   

69 RP 5265 67 31 1.8               

70 RB 5477 212 47 1.7               

71 RI 5625 148 50 1.7           Spawn Gravel   

72 LP 5723 98 37 5.1           Spawn Gravel   

73 RB 5841 118 65 1.0         Split 
End @ Hwy Bridge WP 
382 12 
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Habitat Mapping Summary W.F. Hood River 

 

Combined Habitat Types     Proposed 
Number of 
Transects 

Habitat 
Type 

Number of 
Units 

Length 
Feet 

Length 
Percent 

Percent  
Normalized 

Pool 13 1452 27.8 29.7 2 

Glide 16 821 15.7 16.8 2 

Low Gradient Riffle 19 1953 37.4 39.9 2 

High Gradient Riffle 9 671 12.8 13.7 1 

Cascade 4 327 6.3     

Other 0 0 0.0     

  Totals 61 5224 100.0 100 7 

 

 

Individual Habitat Types     

Code 
  

Habitat 
Type 

Number 
of 

Units 
Length 

Feet 
Length 
Percent 

PP Plunge Pool 0 0 0.0 

LP Lateral scour Pool 12 1291 24.7 

SP Straight scour Pool 0 0 0.0 

TP Trench Pool 1 161 3.1 

DP Dammed Pool 0 0 0.0 

BW Backwater Pool 0 0 0.0 

          

GL Glide 16 821 15.7 

          

RI Riffle 11 604 11.6 

RP Riffle with Pockets 8 1349 25.8 

          

RB Rapid with Boulders 6 522 10.0 

RR Rapid with Bedrock 3 149 2.9 

          

CB Cascade over Boulders 4 327 6.3 

CR Cascade over Bedrock 0 0 0.0 

          

Other Steps 0 0 0.0 

  Totals 61 5224 100.0 

 



 A-26
 Normandeau Associates, Inc. 

W.F. Hood River Habitat Unit Selectors  

 

 

RANDOM 
NUBMER 

  UNIT 
TYPE 

All Units in Feet   

UNIT # DISTANCE LENGTH WIDTH DEPTH MODEL ? 

4 52 RB 4604 35 60 1.5   

3 61 RB 5224 86 55 1.7   

6 13 RB 891 76 61 1.8   

1 23 RR 1581 41 65 1.4   

5 30 RR 2112 42 63 1.7   

  32 RB 2361 148 57 2.0 N 

2 36 RB 2864 27 55 1.7   

  40 RB 3192 150 38 2.2 N 

  41 RR 3258 66 40 2.2 N 
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W.F. Hood River Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

47 RI 4179 89 105 1.2           Restart  WP 387 (4090') 10 up 

48 RP 4270 91 105 1.5           Flag @ 4090 Btm LB   

49 GL 4383 113 95 2.4           Lg BLD's   

50 LP 4500 117 75 5.0       /TJ   Trib RB @ 4489   

51 CB 4569 69 45 1.0               

52 RB 4604 35 60 1.5               

53 CB 4643 39 65 2.0         N     

54 RI 4686 43 70 1.5         N     

55 GL 4718 32 70 2.5         N     

56 LP 4795 77 60 4.0 2           11 top 

57 RI 4896 101 80 1.6               

58 RP 5008 112 80 1.8               

59 GL 5078 70 70 2.6           Fast RN   

60 RI 5138 60 65 1.7               

61 RB 5224 86 55 1.7           End @ Initial Start 12 dn 

1 GL 52 52 75 2.0       WP 385   Initial Start @ Old gate 1 btm 

2 LP 162 110 48 6+ 1   4         

3 GL 204 42 74 2.7               

4 RP 335 131 66 2.0               

5 GL 397 62 85 2.0           Fast RN   

6 RI 426 29 85 1.7               

7 GL 455 29 60 1.5           Fast RN   

8 RP 643 188 68 1.5               

9 RI 584 -59 68 1.5               

10 RP 648 64 72 1.7           Fast RN   

11 GL 699 51 71 1.6           Flag @ Top   

12 RP 815 116 65 1.8               

13 RB 891 76 61 1.8           Small Pools   

14 LP 925 34 60 4.0               

15 RI 1004 79 69 1.5         N Trvs   

16 GL 1061 57 75 3.0           Lg CB/GR Pool Tail   
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W.F. Hood River Habitat Mapping 

  
UNIT # 

UNIT 
TYPE 

All Units in Feet 
LARGE WOODY 
DEBRIS COUNT COMMENT 

CODE 

  
MODEL 

? 
  

NOTE 
  

PHOTO DISTANCE LENGTH WIDTH DEPTH S M L 

17 LP 1175 114 61 7+           Btm @ Main Channel BLD 2/3 

18 CB 1278 103 78 1.5           Step Pools   

19 RI 1330 52 82 1.2               

20 GL 1357 27 62 2.2           Pool Tail; Yellow Flag LB   

21 LP 1497 140 70 7+               

22 RI 1540 43 34 2.0         N   4 dn 

23 RR 1581 41 65 1.4               

24 RI 1651 70 61 2.0               

25 GL 1697 46 70 2.0           Pool Tail   

26 LP 1841 144 72 5+           Head Fast RN; Flag 5 dn 

27 CB 1957 116 63 2.3         N     

28 GL 1985 28 72 3.0               

29 LP 2070 85 55 10.0             6 dn 

30 RR 2112 42 63 1.7               

31 LP 2213 101 33 6.0           Red/Blue Flags LB   

32 RB 2361 148 57 2.0         N     

33 RP 2628 267 79 1.7           RB LP's 2500   

34 GL 2684 56 75 1.7           Pockets   

35 LP 2837 153 67 6+           Bridge @ 2800   

36 RB 2864 27 55 1.7               

37 GL 2893 29 44 2.0           Fast RN   

38 LP 2964 71 37 4+               

39 GL 3042 78 36 2.4               

40 RB 3192 150 38 2.2         N   7 up 

41 RR 3258 66 40 2.2         N Spawn Gravel RB   

42 RI 3355 97 75 1.9   1       Flag @ Top   

43 GL 3404 49 76 0.7               

44 LP 3549 145 67 3.5       TJ/   Trib LB   

45 RP 3929 380 65 1.7             8 dn 

46 TP 4090 161 57 7+           End @ Lava Tube  WP 386 9 up 

 



 Normandeau Associates, Inc. 

 

APPENDIX B 

 

 

Transect Profiles, Calibration Flow Velocities and 

 Water Surface Elevation 
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APPENDIX C 

 

 

Calibration Summaries 
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Green Point Creek 

Units: U.S. 

 

Number of Calibration Flows: 30 
------------------------------------------------------------------------------ 

CROSS-SECTION #   1  T1 GL 

Points = 48 
 Slope = .0025 

   SZF = 95.19 

 
Weighting Factor = 1 

Cross-section represents 10.44% of Total Reach. 

 
   >>> WSL Calibrations <<< 

WSL Calculation Method: Log/Log Regression 

Log/Log Regression A =  .6575128  
Log/Log Regression B =  .2976251  

WSL = 0.6575 * Flow ^ 0.2976 + 95.19 

 
   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 
Use Given N's: Yes 

Vels calibrated to VelSet:  2 

 
------------------------------------------------------------------------------ 

CROSS-SECTION #   2  T2 PL 

Points = 55 
 Slope = .0025 

   SZF = 95.19 

 
Weighting Factor = 1 

Cross-section represents 14.05% of Total Reach. 

 
   >>> WSL Calibrations <<< 

WSL Calculation Method: Log/Log Regression 

Log/Log Regression A =  .7094771  
Log/Log Regression B =  .2840268  

WSL = 0.7095 * Flow ^ 0.284 + 95.19 

 
   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 
Use Given N's: Yes 

Vels calibrated to VelSet:  2 
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------------------------------------------------------------------------------ 
CROSS-SECTION #   3  T3 RP 

Points = 52 

 Slope = .0025 
   SZF = 95.02 

 

Weighting Factor = 1 
Cross-section represents 14.79% of Total Reach. 

 

   >>> WSL Calibrations <<< 
WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 

Use Weighted Area Hydraulic Radius: Yes 
Reduce Hydraulic Radius to HR at S.Z.F.: Yes 

Channel Conveyance Adjustment Type: Discharge 

BETA = .1900786  
 

 

   >>> Velocity Calibrations <<< 
Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 

Use Given N's: Yes 
Vels calibrated to VelSet:  2 

 

------------------------------------------------------------------------------ 
CROSS-SECTION #   4  T4 RP 

Points = 48 

 Slope = .0025 
   SZF = 96.59 

 

Weighting Factor = 1 
Cross-section represents 14.79% of Total Reach. 

 

   >>> WSL Calibrations <<< 
WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 

Use Weighted Area Hydraulic Radius: Yes 
Reduce Hydraulic Radius to HR at S.Z.F.: Yes 

Channel Conveyance Adjustment Type: Discharge 

BETA = .3762273  
 

 

   >>> Velocity Calibrations <<< 
Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 
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Use Given N's: Yes 

Vels calibrated to VelSet:  2 
 

------------------------------------------------------------------------------ 

CROSS-SECTION #   5  T5 RB 
Points = 60 

 Slope = .0025 

   SZF = 97.61 
 

Weighting Factor = 1 

Cross-section represents 17.1% of Total Reach. 
 

   >>> WSL Calibrations <<< 

WSL Calculation Method: Channel Conveyance 
Channel Conveyance Equation: Manning N 

Use Weighted Area Hydraulic Radius: Yes 

Reduce Hydraulic Radius to HR at S.Z.F.: Yes 
Channel Conveyance Adjustment Type: Discharge 

BETA = 7.450167E-02  

 
 

   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 
Vel Algorithm: Manning's N 

Use Given N's: Yes 

Vels calibrated to VelSet:  2 
 

------------------------------------------------------------------------------ 

CROSS-SECTION #   6  T6 RP 
Points = 53 

 Slope = .0025 

   SZF = 97.94 
 

Weighting Factor = .5128294 

Cross-section represents 14.79% of Total Reach. 
 

   >>> WSL Calibrations <<< 

WSL Calculation Method: Channel Conveyance 
Channel Conveyance Equation: Manning N 

Use Weighted Area Hydraulic Radius: Yes 

Reduce Hydraulic Radius to HR at S.Z.F.: Yes 
Channel Conveyance Adjustment Type: Discharge 

BETA = .128313  

 
 

   >>> Velocity Calibrations <<< 
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Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 
Use Given N's: Yes 

Vels calibrated to VelSet:  2 

 
------------------------------------------------------------------------------ 

CROSS-SECTION #   7  T7 PL 

Points = 39 
 Slope = .0025 

   SZF = 99.89 

 
Weighting Factor = 0 

Cross-section represents 14.05% of Total Reach. 

 
   >>> WSL Calibrations <<< 

WSL Calculation Method: Log/Log Regression 

Log/Log Regression A =  .3131002  
Log/Log Regression B =  .3595806  

WSL = 0.3131 * Flow ^ 0.3596 + 99.89 

 
   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 
Use Given N's: Yes 

Vels calibrated to VelSet:  2 

 
------------------------------------------------------------------------------ 

 

Neal Creek 

Units: U.S. 

 
Number of Calibration Flows: 30 

------------------------------------------------------------------------------ 

CROSS-SECTION #   1  T1 GL 
Points = 43 

 Slope = .0025 

   SZF = 95.48 
 

Weighting Factor = 1 

Cross-section represents 8.16% of Total Reach. 
 

   >>> WSL Calibrations <<< 

WSL Calculation Method: Log/Log Regression 
Log/Log Regression A =  .4469884  

Log/Log Regression B =  .2995862  
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WSL = 0.447 * Flow ^ 0.2996 + 95.48 

 
   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 
Use Given N's: Yes 

Vels calibrated to VelSet:  2 

 
------------------------------------------------------------------------------ 

CROSS-SECTION #   2  T2 RI 

Points = 79 
 Slope = .0025 

   SZF = 93.27 

 
Weighting Factor = 1 

Cross-section represents 22.46% of Total Reach. 

 
   >>> WSL Calibrations <<< 

WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 
Use Weighted Area Hydraulic Radius: Yes 

Reduce Hydraulic Radius to HR at S.Z.F.: Yes 

Channel Conveyance Adjustment Type: Discharge 
BETA = 3.735352E-02  

 

 
   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 
Use Given N's: Yes 

Vels calibrated to VelSet:  2 

 
------------------------------------------------------------------------------ 

CROSS-SECTION #   3  T3 RI 

Points = 76 
 Slope = .0025 

   SZF = 96.50 

 
Weighting Factor = 1 

Cross-section represents 22.46% of Total Reach. 

 
   >>> WSL Calibrations <<< 

WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 
Use Weighted Area Hydraulic Radius: Yes 

Reduce Hydraulic Radius to HR at S.Z.F.: Yes 
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Channel Conveyance Adjustment Type: Discharge 

BETA = .3369781  
 

 

   >>> Velocity Calibrations <<< 
Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 

Use Given N's: Yes 
Vels calibrated to VelSet:  2 

 

------------------------------------------------------------------------------ 
CROSS-SECTION #   4  T4 RI 

Points = 74 

 Slope = .0025 
   SZF = 96.84 

 

Weighting Factor = 1 
Cross-section represents 22.46% of Total Reach. 

 

   >>> WSL Calibrations <<< 
WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 

Use Weighted Area Hydraulic Radius: Yes 
Reduce Hydraulic Radius to HR at S.Z.F.: Yes 

Channel Conveyance Adjustment Type: Discharge 

BETA = .128526  
 

 

   >>> Velocity Calibrations <<< 
Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 

Use Given N's: Yes 
Vels calibrated to VelSet:  2 

 

------------------------------------------------------------------------------ 
CROSS-SECTION #   5  T5 GL 

Points = 63 

 Slope = .0025 
   SZF = 97.36 

 

Weighting Factor = 1 
Cross-section represents 8.16% of Total Reach. 

 

   >>> WSL Calibrations <<< 
WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 
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Use Weighted Area Hydraulic Radius: Yes 

Reduce Hydraulic Radius to HR at S.Z.F.: Yes 
Channel Conveyance Adjustment Type: Discharge 

BETA = .3644842  

 
 

   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 
Vel Algorithm: Manning's N 

Use Given N's: Yes 

Vels calibrated to VelSet:  2 
 

------------------------------------------------------------------------------ 

CROSS-SECTION #   6  T6 PL 
Points = 43 

 Slope = .0025 

   SZF = 95.52 
 

Weighting Factor = .5 

Cross-section represents 8.15% of Total Reach. 
 

   >>> WSL Calibrations <<< 

WSL Calculation Method: Log/Log Regression 
Log/Log Regression A =  .4032854  

Log/Log Regression B =  .3008367  

WSL = 0.4033 * Flow ^ 0.3008 + 95.52 
 

   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 
Vel Algorithm: Manning's N 

Use Given N's: Yes 

Vels calibrated to VelSet:  2 
 

------------------------------------------------------------------------------ 

CROSS-SECTION #   7  T7 PL 
Points = 33 

 Slope = .0025 

   SZF = 95.52 
 

Weighting Factor = 0 

Cross-section represents 8.15% of Total Reach. 
 

   >>> WSL Calibrations <<< 

WSL Calculation Method: Log/Log Regression 
Log/Log Regression A =  .4100602  

Log/Log Regression B =  .3029293  
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WSL = 0.41 * Flow ^ 0.303 + 95.52 

 
   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 
Use Given N's: Yes 

Vels calibrated to VelSet:  2 

 
------------------------------------------------------------------------- 

 

 

Lower East Fork Hood River 

Units: U.S. 

 

Number of Calibration Flows: 30 

------------------------------------------------------------------------------ 

CROSS-SECTION #   1  T1 PL 

Points = 39 

 Slope = .0025 

   SZF = 92.46 

 

Weighting Factor = 1 

Cross-section represents 9.02% of Total Reach. 

 

   >>> WSL Calibrations <<< 
WSL Calculation Method: Log/Log Regression 

Log/Log Regression A =  .9252101  

Log/Log Regression B =  .2282458  
WSL = 0.9252 * Flow ^ 0.2282 + 92.46 

 

   >>> Velocity Calibrations <<< 
Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 

Use Given N's: Yes 
Vels calibrated to VelSet:  2 

 

------------------------------------------------------------------------------ 
CROSS-SECTION #   2  T2 PL 

Points = 47 

 Slope = .0025 
   SZF = 94.36 

 

Weighting Factor = 1 
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Cross-section represents 9.02% of Total Reach. 

 
   >>> WSL Calibrations <<< 

WSL Calculation Method: Log/Log Regression 

Log/Log Regression A =  .4116503  
Log/Log Regression B =  .324622  

WSL = 0.4117 * Flow ^ 0.3246 + 94.36 

 
   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 
Use Given N's: Yes 

Vels calibrated to VelSet:  2 

 
------------------------------------------------------------------------------ 

CROSS-SECTION #   3  T3 RI 

Points = 51 
 Slope = .0025 

   SZF = 91.43 

 
Weighting Factor = 1 

Cross-section represents 17.81% of Total Reach. 

 
   >>> WSL Calibrations <<< 

WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 
Use Weighted Area Hydraulic Radius: Yes 

Reduce Hydraulic Radius to HR at S.Z.F.: Yes 

Channel Conveyance Adjustment Type: Discharge 
BETA = .4145904  

 

 
   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 
Use Given N's: Yes 

Vels calibrated to VelSet:  2 

 
------------------------------------------------------------------------------ 

CROSS-SECTION #   4  T4 RI 

Points = 49 
 Slope = .0025 

   SZF = 91.47 

 
Weighting Factor = 1 

Cross-section represents 17.81% of Total Reach. 
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   >>> WSL Calibrations <<< 
WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 

Use Weighted Area Hydraulic Radius: Yes 
Reduce Hydraulic Radius to HR at S.Z.F.: Yes 

Channel Conveyance Adjustment Type: Discharge 

BETA = .4126279  
 

 

   >>> Velocity Calibrations <<< 
Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 

Use Given N's: Yes 
Vels calibrated to VelSet:  2 

 

------------------------------------------------------------------------------ 
CROSS-SECTION #   5  T5 RB 

Points = 59 

 Slope = .0025 
   SZF = 92.04 

 

Weighting Factor = 1 
Cross-section represents 14.27% of Total Reach. 

 

   >>> WSL Calibrations <<< 
WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 

Use Weighted Area Hydraulic Radius: Yes 
Reduce Hydraulic Radius to HR at S.Z.F.: Yes 

Channel Conveyance Adjustment Type: Discharge 

BETA = .2742727  
 

 

   >>> Velocity Calibrations <<< 
Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 

Use Given N's: Yes 
Vels calibrated to VelSet:  2 

 

------------------------------------------------------------------------------ 
CROSS-SECTION #   6  T6 RI 

Points = 53 

 Slope = .0025 
   SZF = 97.66 
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Weighting Factor = .5551745 

Cross-section represents 17.81% of Total Reach. 
 

   >>> WSL Calibrations <<< 

WSL Calculation Method: Channel Conveyance 
Channel Conveyance Equation: Manning N 

Use Weighted Area Hydraulic Radius: Yes 

Reduce Hydraulic Radius to HR at S.Z.F.: Yes 
Channel Conveyance Adjustment Type: Discharge 

BETA = .3778868  

 
 

   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 
Vel Algorithm: Manning's N 

Use Given N's: Yes 

Vels calibrated to VelSet:  2 
 

------------------------------------------------------------------------------ 

CROSS-SECTION #   7  T7 RB 
Points = 62 

 Slope = .0025 

   SZF = 97.84 
 

Weighting Factor = 0 

Cross-section represents 14.27% of Total Reach. 
 

   >>> WSL Calibrations <<< 

WSL Calculation Method: Channel Conveyance 
Channel Conveyance Equation: Manning N 

Use Weighted Area Hydraulic Radius: Yes 

Reduce Hydraulic Radius to HR at S.Z.F.: Yes 
Channel Conveyance Adjustment Type: Discharge 

BETA = .4162174  

 
 

   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 
Vel Algorithm: Manning's N 

Use Given N's: Yes 

Vels calibrated to VelSet:  2 
 

------------------------------------------------------------------------------ 

 
Upper East Fork Hood River 
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Units: U.S. 

 
Number of Calibration Flows: 30 

------------------------------------------------------------------------------ 

CROSS-SECTION #   1  T1 PL 
Points = 41 

 Slope = .0025 

   SZF = 95.30 
 

Weighting Factor = 1 

Cross-section represents 9.19% of Total Reach. 
 

   >>> WSL Calibrations <<< 

WSL Calculation Method: Log/Log Regression 
Log/Log Regression A =  .3607805  

Log/Log Regression B =  .3646641  

WSL = 0.3608 * Flow ^ 0.3647 + 95.3 
 

   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 
Vel Algorithm: Manning's N 

Use Given N's: Yes 

Vels calibrated to VelSet:  2 
 

------------------------------------------------------------------------------ 

CROSS-SECTION #   2  T2 RB 
Points = 71 

 Slope = .0025 

   SZF = 90.20 
 

Weighting Factor = 1 

Cross-section represents 21.93% of Total Reach. 
 

   >>> WSL Calibrations <<< 

WSL Calculation Method: Log/Log Regression 
Log/Log Regression A =  .4397762  

Log/Log Regression B =  .2727299  

WSL = 0.4398 * Flow ^ 0.2727 + 90.2 
 

   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 
Vel Algorithm: Manning's N 

Use Given N's: Yes 

N-Min = .02 
N-Max = 10 

Vels calibrated to VelSet:  2 
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------------------------------------------------------------------------------ 
CROSS-SECTION #   3  T3 RB 

Points = 79 

 Slope = .0025 
   SZF = 91.56 

 

Weighting Factor = 1 
Cross-section represents 21.93% of Total Reach. 

 

   >>> WSL Calibrations <<< 
WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 

Use Weighted Area Hydraulic Radius: Yes 
Reduce Hydraulic Radius to HR at S.Z.F.: No 

Channel Conveyance Adjustment Type: Discharge 

BETA = .2896204  
 

 

   >>> Velocity Calibrations <<< 
Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 

Use Given N's: Yes 
N-Min = .016 

N-Max = .1 

Vels calibrated to VelSet:  2 
 

------------------------------------------------------------------------------ 

CROSS-SECTION #   4  T4 GL 
Points = 56 

 Slope = .0025 

   SZF = 91.84 
 

Weighting Factor = 1 

Cross-section represents 8.75% of Total Reach. 
 

   >>> WSL Calibrations <<< 

WSL Calculation Method: Log/Log Regression 
Log/Log Regression A =  .7108879  

Log/Log Regression B =  .2163573  

WSL = 0.7109 * Flow ^ 0.2164 + 91.84 
 

   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 
Vel Algorithm: Manning's N 

Use Given N's: Yes 
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Vels calibrated to VelSet:  2 

 
------------------------------------------------------------------------------ 

CROSS-SECTION #   5  T5 RI 

Points = 53 
 Slope = .0025 

   SZF = 93.57 

 
Weighting Factor = 1 

Cross-section represents 14.73% of Total Reach. 

 
   >>> WSL Calibrations <<< 

WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 
Use Weighted Area Hydraulic Radius: Yes 

Reduce Hydraulic Radius to HR at S.Z.F.: No 

Channel Conveyance Adjustment Type: Discharge 
BETA = .384432  

 

 
   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 
Use Given N's: Yes 

N-Min = .02 

N-Max = 10 
Vels calibrated to VelSet:  2 

 

------------------------------------------------------------------------------ 
CROSS-SECTION #   6  T6 RP 

Points = 46 

 Slope = .0025 
   SZF = 92.68 

 

Weighting Factor = .6273424 
Cross-section represents 14.73% of Total Reach. 

 

   >>> WSL Calibrations <<< 
WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 

Use Weighted Area Hydraulic Radius: Yes 
Reduce Hydraulic Radius to HR at S.Z.F.: No 

Channel Conveyance Adjustment Type: Discharge 

BETA = .3436041  
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   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 
Vel Algorithm: Manning's N 

Use Given N's: Yes 

Vels calibrated to VelSet:  2 
 

------------------------------------------------------------------------------ 

CROSS-SECTION #   7  T7 GL 
Points = 54 

 Slope = .0025 

   SZF = 93.74 
 

Weighting Factor = 0 

Cross-section represents 8.75% of Total Reach. 
 

   >>> WSL Calibrations <<< 

WSL Calculation Method: Log/Log Regression 
Log/Log Regression A =  .3940167  

Log/Log Regression B =  .3349352  

WSL = 0.394 * Flow ^ 0.335 + 93.74 
 

   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 
Vel Algorithm: Manning's N 

Use Given N's: Yes 

Vels calibrated to VelSet:  2 
 

------------------------------------------------------------------------------ 

 
West Fork Hood River 

Units: U.S. 
 

Number of Calibration Flows: 30 

------------------------------------------------------------------------------ 
CROSS-SECTION #   1  T1 RB 

Points = 74 

 Slope = .0025 
   SZF = 92.72 

 

Weighting Factor = 1 
Cross-section represents 13.7% of Total Reach. 

 

   >>> WSL Calibrations <<< 
WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 
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Use Weighted Area Hydraulic Radius: Yes 

Reduce Hydraulic Radius to HR at S.Z.F.: Yes 
Channel Conveyance Adjustment Type: Discharge 

BETA = 2.500232E-02  

 
 

   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 
Vel Algorithm: Manning's N 

Use Given N's: Yes 

N-Min = .015 
N-Max = 2 

Vels calibrated to VelSet:  1 

 
------------------------------------------------------------------------------ 

CROSS-SECTION #   2  T2 PL 

Points = 68 
 Slope = .0025 

   SZF = 93.22 

 
Weighting Factor = 1 

Cross-section represents 14.83% of Total Reach. 

 
   >>> WSL Calibrations <<< 

WSL Calculation Method: Log/Log Regression 

Log/Log Regression A =  .351513  
Log/Log Regression B =  .3756127  

WSL = 0.3515 * Flow ^ 0.3756 + 93.22 

 
   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 
Use Given N's: Yes 

Vels calibrated to VelSet:  2 

 
------------------------------------------------------------------------------ 

CROSS-SECTION #   3  T3 GL 

Points = 58 
 Slope = .0025 

   SZF = 94.34 

 
Weighting Factor = 1 

Cross-section represents 8.38% of Total Reach. 

 
   >>> WSL Calibrations <<< 

WSL Calculation Method: Log/Log Regression 
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Log/Log Regression A =  .2520682  

Log/Log Regression B =  .4019773  
WSL = 0.252 * Flow ^ 0.402 + 94.34 

 

   >>> Velocity Calibrations <<< 
Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 

Use Given N's: Yes 
Vels calibrated to VelSet:  2 

 

------------------------------------------------------------------------------ 
CROSS-SECTION #   4  T4 RI 

Points = 59 

 Slope = .0025 
   SZF = 95.83 

 

Weighting Factor = 1 
Cross-section represents 19.94% of Total Reach. 

 

   >>> WSL Calibrations <<< 
WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 

Use Weighted Area Hydraulic Radius: Yes 
Reduce Hydraulic Radius to HR at S.Z.F.: Yes 

Channel Conveyance Adjustment Type: Discharge 

BETA = .1552126  
 

 

   >>> Velocity Calibrations <<< 
Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 

Use Given N's: Yes 
Vels calibrated to VelSet:  2 

 

------------------------------------------------------------------------------ 
CROSS-SECTION #   5  T5 GL 

Points = 61 

 Slope = .0025 
   SZF = 96.20 

 

Weighting Factor = 1 
Cross-section represents 8.38% of Total Reach. 

 

   >>> WSL Calibrations <<< 
WSL Calculation Method: Channel Conveyance 

Channel Conveyance Equation: Manning N 
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Use Weighted Area Hydraulic Radius: Yes 

Reduce Hydraulic Radius to HR at S.Z.F.: Yes 
Channel Conveyance Adjustment Type: Discharge 

BETA = .3301  

 
 

   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 
Vel Algorithm: Manning's N 

Use Given N's: Yes 

Vels calibrated to VelSet:  2 
 

------------------------------------------------------------------------------ 

CROSS-SECTION #   6  T6 PL 
Points = 69 

 Slope = .0025 

   SZF = 95.72 
 

Weighting Factor = .4265171 

Cross-section represents 14.83% of Total Reach. 
 

   >>> WSL Calibrations <<< 

WSL Calculation Method: Log/Log Regression 
Log/Log Regression A =  .3269362  

Log/Log Regression B =  .3447029  

WSL = 0.327 * Flow ^ 0.3447 + 95.72 
 

   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 
Vel Algorithm: Manning's N 

Use Given N's: Yes 

Vels calibrated to VelSet:  2 
 

------------------------------------------------------------------------------ 

CROSS-SECTION #   7  T7 RP 
Points = 88 

 Slope = .0025 

   SZF = 93.78 
 

Weighting Factor = 0 

Cross-section represents 19.94% of Total Reach. 
 

   >>> WSL Calibrations <<< 

WSL Calculation Method: Channel Conveyance 
Channel Conveyance Equation: Manning N 

Use Weighted Area Hydraulic Radius: Yes 
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Reduce Hydraulic Radius to HR at S.Z.F.: Yes 

Channel Conveyance Adjustment Type: Discharge 
BETA = .2346643  

 

 
   >>> Velocity Calibrations <<< 

Vel Calculation Method: 1-vel calibration 

Vel Algorithm: Manning's N 
Use Given N's: Yes 

Vels calibrated to VelSet:  1 

 
------------------------------------------------------------------------------ 
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APPENDIX D 
 

 

Simulated Water Surface Elevations and Velocities 
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APPENDIX E 
 

 

Tabular Area Weighted Suitability (AWS) Values 

 



 

 E-1 Normandeau Associates, Inc. 

Green Point Creek 

 
  

Discharge Total Area Spawning Juvenile Adult Spawning Fry Juvenile Adult Spawning Fry Juvenile Adult Spawning NewFry Juvenile Adult

4 19196.34 206.73 435.68 322.16 366.41 7863.94 4701.99 128.6 294.81 6206.95 2888.69 128.6 118.99 7129.31 2763.47 128.6

6 20519.77 267.51 578.56 434.94 525.68 8217.24 5830.39 139.9 476.19 6485.12 3042.68 139.9 190.2 7598.16 3464.9 139.9

8 21413.99 305.91 714.14 535.31 659.17 8295.89 6781.38 150.31 659.62 6586.2 3102.42 150.31 261.99 7719.15 4051.93 150.31

10.2 22255.96 328.96 874.29 644.33 799.76 8228.73 7624.22 161.08 856.08 6628.7 3077.87 161.08 341.38 7705.11 4624.48 161.08

12 22954.3 346.5 998.42 725.3 906.93 8182.53 8203.29 169.52 988.61 6622.07 3042.58 169.52 408.32 7737.59 5049.82 169.52

14 24005.09 382.73 1134.06 811.98 1005.14 8085.19 8743.38 179.11 1114.49 6573.83 2966.49 179.11 473.29 7753.84 5491.79 179.11

16 24528.48 417.51 1267.04 895.13 1089.28 7952.13 9166.13 188.87 1225.11 6504 2869.05 188.87 534.5 7694.64 5895.7 188.87

18 24934.26 419.75 1391.66 973.1 1165.18 7799.96 9493.03 198.06 1325.64 6402.33 2750.9 198.06 594.48 7629.05 6261.08 198.06

20 25559.24 417.23 1500.09 1043.59 1239.3 7659.12 9764.34 206.93 1421.84 6299.09 2666.03 206.93 654.34 7553.47 6589.13 206.93

25 27313.17 369.86 1744.79 1210.26 1394.53 7376.8 10244.57 228.55 1569.43 5992.87 2488.99 228.55 790.58 7430.46 7284.8 228.55

30 28098.02 334.47 1958.34 1355.11 1533.73 7150.66 10557.65 249.74 1623.36 5693.54 2380.58 249.74 897.79 7325.86 7873.78 249.74

35 28821.54 318.24 2137.37 1468.99 1639.14 6923.34 10756.14 270.5 1663.32 5463.79 2292.01 270.5 999.38 7125.14 8357.45 270.5

40 29492.12 339.29 2260.08 1543.9 1737.9 6738.34 10838.82 290.68 1717.18 5295.24 2220 290.68 1086.94 6939.44 8719.01 290.68

45 30038.99 378.69 2356.39 1605.12 1844.99 6546.46 10871.09 309.75 1791.37 5094.73 2143.06 309.75 1164.53 6663.41 9012.98 309.75

50 30649.1 415.92 2436.6 1658.51 1944.82 6345.27 10846.9 328.42 1887.63 4914.24 2124.01 328.42 1239.34 6384.65 9261.38 328.42

60 32190.21 456.11 2573.2 1764.55 2132.61 5910.45 10756.18 363.33 2118.66 4613.02 2087.72 363.33 1392.89 6079.48 9546.44 363.33

74 33503.06 686.42 2694.55 1872.8 2409.59 5792.92 10538.71 406.67 2430.41 4396.2 2095.01 406.67 1628.27 5696.58 9728.24 406.67

90 34720.2 1053.04 2799.99 1956.95 2665.8 5806.84 10237.11 447.81 2774.2 4355.06 2114.45 447.81 1862.15 5620.85 9692.57 447.81

120 36544.22 1256.57 3004.58 2079.38 2990.5 5791.81 9816.14 514.23 3316.55 4507.05 2161.21 514.23 2226.42 5515.82 9483.08 514.23

140 37771.21 1352.9 3029.66 2095.46 3223.6 5649.04 9642.65 553.75 3501.77 4628.92 2128.56 553.75 2380.72 5312.67 9367.99 553.75

160 39082.55 1321.62 3031.95 2097.16 3460.82 5502.1 9497.68 583.96 3584.04 4652.15 2095.64 583.96 2544.83 5193.44 9225.31 583.96

180 40094.06 1130.79 3029.43 2081.89 3634.16 5506.86 9422.65 604.07 3663.06 4726.95 2126.38 604.07 2688.58 5276.16 9177.68 604.07

200 40723.04 925.98 3043.22 2066.44 3624.88 5476.32 9379.99 619.39 3765.36 4785.66 2105.42 619.39 2792.35 5354.44 9121.74 619.39

224 41162.82 844.03 3025.34 2031.72 3563.31 5299.29 9372.95 639.75 3873.15 4805.24 2038.22 639.75 2740.33 5299.05 9065.94 639.75

270 41855.13 860.23 3050.12 1992.56 3238.35 4649.11 9337.65 679.4 3953.11 4490.13 1890.43 679.4 2444.51 4769.8 9008.4 679.4

320 42466.46 658.2 3041.28 1925.25 2790.12 4129.73 9232.36 730.87 3855.21 4002.55 1821.91 730.87 2206.43 4348 9010.3 730.87

370 43361.15 559.55 3080.01 1944.82 2479.3 3823.56 9097.6 781.81 3530.75 3740.5 1689.61 781.81 1936.63 4028.9 8909.61 781.81

420 43937.5 346.63 3168.12 1994.27 2381.14 3586.18 8925.95 833.87 3203.45 3605.56 1604.46 833.87 1882.77 3749.2 8866.38 833.87

480 44463.05 173.59 3315.9 2130.15 2269.38 3222.69 8747 891.59 2725.64 3385.64 1526.38 891.59 1940.65 3462.62 8833.29 891.59

560 45211.43 101.9 3315.08 2196.66 2001.07 2772.09 8430.8 979.43 2428.04 3004.92 1347.87 979.43 1975.68 3079.32 8789.32 979.43

Cutthroat Chinook SteelheadCoho



 

 E-2 Normandeau Associates, Inc. 

Neal Creek 

 
  

Discharge Total Area Spawning Juvenile Adult Spawning Fry Juvenile Adult Spawning NewFry Juvenile Adult

2.5 15027.54 2024.46 110.81 49.55 1216.43 2785.79 841.47 12.42 884.18 4007.01 1120.2 12.42

3 15460.21 2317.21 139.04 61.67 1517.7 2803.81 822.07 12.85 1065.25 4075.88 1237.39 12.85

3.5 15769.09 2567.52 155.37 66.05 1831.21 2788.15 790.54 13.23 1243.44 4124.56 1343.53 13.23

4 16148.56 2758.38 169.25 70.25 2141.72 2758.78 766.53 13.58 1424.7 4123.07 1441.68 13.58

4.6 16396.99 2913.19 184.15 75.06 2516.46 2718.85 761.14 13.99 1643.22 4118.34 1547.11 13.99

5.3 16623.97 3031.35 199.43 79.59 2945.26 2670.79 756.94 14.49 1900.59 4091.29 1657.15 14.49

6.3 17210.48 3117.1 215.17 83.16 3501.89 2616.04 762.71 15.15 2269.08 4071.59 1797.7 15.15

7.3 17607.54 3112.23 221.45 81.3 4018.76 2556.32 764.86 15.83 2639.13 4022.59 1917.08 15.83

8.3 18196.63 3061.81 224.27 77.66 4516.75 2502.74 765.39 16.54 3000.73 3980.1 2025.77 16.54

9.3 18640.24 2986.1 226.16 74.21 4987.72 2465.19 770.51 17.19 3347.8 3949.62 2123.87 17.19

10.3 18941.93 2875.86 225.75 70.33 5415.38 2441.17 776.82 17.8 3678.9 3916.82 2207.62 17.8

11.3 19232.67 2752.29 222.59 65.12 5817.9 2433.77 784.4 18.36 3997.1 3893.95 2286.36 18.36

12.23 19482.82 2637.64 218.15 60.19 6142.33 2427.07 790 18.86 4276.09 3862.3 2352.94 18.86

13.5 20401.93 2524.23 214.83 56.96 6522.46 2424.53 801.55 19.49 4630.07 3848.8 2435.22 19.49

15 20671.04 2397.92 216.73 58.73 6880.7 2423.44 817.14 20.19 5024.88 3855.21 2515.31 20.19

17 21009.61 2304.7 226.17 60.89 7284.51 2437.46 834.39 21.04 5476.04 3866.3 2601.21 21.04

19 21330.35 2242.63 236.48 61.72 7636.68 2475.47 851.5 21.84 5870.11 3870.34 2667.79 21.84

21 21639.37 2185.47 243.52 58.67 7924.81 2504.88 866.12 22.6 6187.06 3864.99 2713.94 22.6

23 21995.26 2146.5 248.53 55.61 8192.68 2534.37 872.07 23.31 6396.98 3863.48 2758.53 23.31

25 22443.13 2149.67 250.16 52.54 8428.24 2575.14 877.9 23.94 6508.52 3864.07 2798.18 23.94

30 23433.14 2181.15 249.72 47.83 8852.03 2711.89 888.01 24.17 6543.07 3921.57 2842.87 24.17

35 24633.09 2193.39 254.4 49.52 9119.75 2864.39 892.67 24.12 6330.38 4077.05 2848.41 24.12

40 25345.75 2214.69 263.01 46.92 9283.43 3033.66 924.9 24.06 6139.87 4329.07 2855.63 24.06

45 25867.75 2270.63 272.95 44.34 9246.97 3207.73 989.58 21.46 5966.43 4601.78 2896.72 21.46

50 26400.45 2354.48 286.14 48.11 9069.3 3381.08 1044.81 16.62 5736.57 4874.25 2944.11 16.62

55 26858.28 2428.28 297.61 52.95 8899.94 3555.96 1090.49 11.83 5554.73 5169.96 2992.42 11.83

60 27245.8 2506.45 308 57.83 8750.03 3713.51 1154.1 10.34 5367.68 5405.93 3032.55 10.34

65 27772.91 2578.44 322.11 61.6 8672.33 3872.8 1206.04 9.15 5262.51 5622.87 3078.42 9.15

70 28303.07 2646.31 335.79 64.65 8646.41 4026.78 1229.06 7.9 5204.97 5828.09 3147.59 7.9

75 28863.24 2706.56 353.25 67.77 8577.15 4184.22 1253.67 7.87 5198.71 5981.63 3229.13 7.87

Cutthroat Coho Steelhead



 

 E-3 Normandeau Associates, Inc. 

East Fork Hood River, Lower Site 

 

Discharge Total Area Spawning Juvenile Adult Spawning Fry Juvenile Adult Spawning Fry Juvenile Adult Spawning Fry Juvenile Adult

40 37202.62 2214.18 2056.71 1181.72 2228.79 9626.77 15126.74 104.83 4029.87 7590.76 2459.55 104.83 1424.51 10777.05 10512.78 104.83

42 37363.7 2204.42 2086.1 1200.87 2383.49 9421.81 15209.12 109.82 4237.39 7372.48 2419.17 109.82 1508.37 10583.46 10696.52 109.82

44 37511.75 2188.3 2108.04 1215.74 2536.49 9218.18 15264.27 114.59 4438.14 7153.93 2380.84 114.59 1591.8 10382.07 10861.93 114.59

46 37656.32 2171.9 2130.33 1230.8 2684.63 9013.31 15307.14 119.4 4619.29 6937.47 2343.75 119.4 1677.34 10172.61 11018.42 119.4

50 37982.54 2120.72 2180.4 1266.55 2982.36 8613.01 15346.46 128.75 4964.07 6542.85 2273.8 128.75 1851.14 9764.66 11307.6 128.75

55 38608.5 2027.5 2252.21 1318.31 3344.66 8198.06 15302.1 139.97 5352.98 6137.51 2196.06 139.97 2077.83 9309.84 11612.63 139.97

60 38935.47 1913.74 2316.62 1364.76 3699.83 7860.95 15188.03 150.27 5655.62 5803.9 2125.61 150.27 2317.16 8896 11840.18 150.27

65 39234.96 1786.52 2368.93 1403.19 4043.42 7550.08 15034.69 160.3 5914.4 5500.47 2066.89 160.3 2560.03 8570.77 12033.85 160.3

70 39527.89 1655.98 2403.96 1427.1 4382.31 7259.25 14826.04 170.13 6121.71 5213.66 1984.89 170.13 2808.66 8241.78 12190.29 170.13

80 39991.09 1335.72 2442.34 1440.24 4981.35 6825.72 14355.65 189.48 6395.54 4764.25 1884.61 189.48 3311.74 7592.09 12391.63 189.48

90 40468.65 1017.83 2452.89 1430.8 5483.08 6496.55 13819.87 207.75 6563.11 4439.42 1788.61 207.75 3784.75 7101.48 12446.11 207.75

100.5 40816.86 760.91 2431.26 1396.42 5856.96 6196.43 13236.32 225.74 6666.12 4236.6 1695.14 225.74 4221.84 6672.63 12398.26 225.74

125 42305.03 479.15 2306.67 1280.82 6428.79 5663.75 11927.52 260.8 6680.77 3973.91 1523.17 260.8 4918.97 6019.53 12070.83 260.8

149.26 42910.85 395.73 2211.38 1196.91 6669.26 5114.78 10804.37 282.63 6408.14 3749.32 1427.91 282.63 5254.79 5361.72 11444.06 282.63

175 43983.61 341.53 2183.08 1168.39 6698.71 4902.55 9796.14 294.11 6126.89 3586.31 1376.98 294.11 5256.98 4864.42 10730.97 294.11

200 44718.55 291.51 2134.64 1126.83 6468.34 4807.99 9026.29 294.96 5827.41 3511.88 1375.84 294.96 5001.61 4714.52 9968.28 294.96

225 45158.69 317.65 2077.54 1082.19 6038.6 4775.77 8435.69 293.53 5514.21 3457.47 1428.56 293.53 4558.66 4602.44 9331.57 293.53

250 45917.09 325.17 1978.4 1002.7 5575.88 4777.7 7918.31 288.85 5176.13 3466.43 1453.51 288.85 4095.46 4503.44 8856.96 288.85

259.29 46065.23 325.94 1940.42 971.16 5405.46 4813.49 7745.5 287.28 5049.52 3498.89 1465.93 287.28 3923.98 4526.08 8697.59 287.28

275 46752.41 315.24 1884.83 922.7 5128.53 4911.81 7495.72 284.8 4846.79 3578.82 1489.83 284.8 3654.93 4657.96 8417.72 284.8

300 47058.71 294.81 1804.26 853.81 4752.46 5006.86 7166.95 278.73 4530.72 3697.25 1547.23 278.73 3328.86 4760.15 7990.03 278.73

325 47331.92 289.66 1732.94 789.32 4441.61 5035.37 6894.52 269.5 4188.13 3758.37 1567.67 269.5 3077.21 4736.83 7680.17 269.5

350 47506.98 272.92 1670.41 732.9 4212.26 5005.28 6662.24 257.93 3880.37 3822.54 1565.32 257.93 2913.71 4671.19 7399.23 257.93

375 47665.68 247.79 1627.82 699.03 4004.5 4929.49 6439.07 246.82 3589.45 3882.63 1554.6 246.82 2776.13 4553.23 7113.41 246.82

400 47797.65 215.8 1594.8 676.71 3869.31 4870.8 6252.89 236.94 3364.55 3945.75 1570.33 236.94 2661.09 4470.37 6847.28 236.94

450 48152.28 161.72 1567.46 676.99 3676.89 4790.4 5934.33 221.29 2942.22 3999.84 1638.66 221.29 2486.47 4315.06 6420.1 221.29

500 48387.23 101.37 1505.61 660.45 3517.8 4716.94 5696.79 210.87 2598.54 4021.25 1685.85 210.87 2371.74 4211.66 6044.76 210.87

550 48611.09 134.34 1427.93 624.63 3273.06 4590.13 5546.92 202.05 2352.16 3983.2 1759.28 202.05 2188.98 4083.76 5721.25 202.05

600 48910.1 148.26 1386.34 607.36 2986.17 4475.8 5468.16 194.66 2194.61 3921.8 1831.22 194.66 1959.69 4053.76 5431.22 194.66

650 49184.2 140.66 1381.44 599.88 2750.91 4416.88 5424.65 186.28 2120.66 3848.74 1916.95 186.28 1766.84 4009.45 5230.43 186.28

Cutthroat Chinook SteelheadCoho



 

 E-4 Normandeau Associates, Inc. 

East Fork Hood River, Upper Site 

 
  

Discharge Total Area Spawning Juvenile Adult Spawning Fry Juvenile Adult Spawning Fry Juvenile Adult Spawning Fry Juvenile Adult

37 32609.88 2095.62 1597.35 1154.84 6322.14 7523.77 12971.21 126.2 8829.51 5685.88 1858.1 126.2 3855.42 8721.25 9792.73 126.2

39 32762.59 2094.91 1641.41 1192.12 6622.47 7284.02 12933.63 132.3 9029.72 5455.29 1817.38 132.3 4059.6 8470.7 9927.54 132.3

41 32910.96 2090.26 1682.78 1228.16 6915.42 7055.79 12879.73 138.63 9220.47 5254.32 1774.68 138.63 4261.99 8243.86 10053.57 138.63

43 33053.32 2078.99 1714.84 1257.58 7188.8 6840.01 12807.26 145.13 9398.87 5067.5 1736.55 145.13 4461.98 8029.3 10153.3 145.13

45 33442.41 2065.73 1745.83 1286.24 7448.7 6653.25 12736.14 151.56 9568 4907.2 1703.56 151.56 4659.04 7853.71 10252.07 151.56

50 33868.87 1993.65 1817.9 1357.26 8019.78 6248.8 12493.17 167.91 9936.47 4549.85 1634.83 167.91 5142.81 7425.1 10415.81 167.91

55 34276.96 1929.68 1866.53 1410.4 8522.09 5947.05 12236.6 184.05 10233.09 4276.98 1576.84 184.05 5584.16 7042.94 10521.97 184.05

60 34731.18 1886.61 1888.7 1443.74 8955.24 5686.55 11956.22 199.33 10425.47 4037.7 1510.03 199.33 5987.28 6726.25 10564.32 199.33

70 35609.13 1845.58 1898.22 1475.04 9682.25 5200.71 11346.22 228.53 10663.2 3608.21 1386.88 228.53 6668.22 6124.18 10597.47 228.53

80 36939 1801.71 1889.48 1476.73 10290.94 4829.91 10768.36 255.57 10730.78 3281.65 1320.38 255.57 7221.12 5663.46 10474.27 255.57

92.55 37804.89 1648.95 1865.31 1458.64 10789.98 4506.24 10084.27 284.21 10690.3 3030.82 1232.8 284.21 7759.55 5207.8 10314.54 284.21

100 38746.47 1560.2 1843.45 1448.28 10991.1 4352.73 9727.32 298.61 10666.22 2931.68 1195.39 298.61 7986.64 5092.22 10108.61 298.61

120 39579.96 1385.13 1766.68 1390.1 11146.58 4082.94 8920.58 333.42 10558.3 2771.89 1079.13 333.42 8304.11 4686.13 9400.62 333.42

147.45 40957.71 1365.13 1648.3 1270.35 10455.3 3662.97 8034.07 369.72 10210.74 2541.1 967.59 369.72 8092.62 4288.72 8708.09 369.72

175 41857.71 1307.63 1520 1158.14 9573.19 3288.11 7263.36 394.07 9739.58 2342.87 919.48 394.07 7521.87 3864.94 8221.31 394.07

205 42426.3 1296.46 1359.87 1011.89 8837.46 3038.78 6612.09 412.87 9163.67 2160.46 892.29 412.87 6945.78 3451.03 7552.08 412.87

235 42946.32 1352.68 1301.18 961.04 8178.31 2813.38 6126.89 419.09 8656.68 2030.4 868.17 419.09 6327.37 3203.84 6902.64 419.09

270 43554.34 1419.13 1254.66 922.3 7402.98 2512.3 5709.66 415.59 7941.16 1863.29 868.5 415.59 5592.43 2887.13 6326.6 415.59

310 44668.07 1395.29 1175.9 851.5 6505.64 2367.23 5346.74 419.48 7261.28 1735.86 860.71 419.48 4824.68 2648.98 5819.24 419.48

355 45334.3 1403.34 1067.91 761.51 5936.34 2242.93 5035.79 425.18 6670.13 1621.64 855.34 425.18 4358.71 2606.49 5422.86 425.18

400 45966.51 1487.19 1019.13 724.47 5710.65 2119.35 4854.34 429.12 6068.16 1495.65 861.13 429.12 4176.75 2459.99 5061.72 429.12

450 46616.31 1496.7 1003.08 707.47 5675.47 1938.65 4658.66 430.21 5764.82 1361.8 834.3 430.21 4152.98 2176.09 4828.99 430.21

500 47101.84 1375.26 991.9 694.05 5765.45 1788.78 4464.81 437.35 5516.25 1255.93 803.69 437.35 4200.24 2028.91 4629.23 437.35

550 47469.07 1267.71 1003.45 683.44 5893.93 1704.7 4299.62 440.94 5423.9 1177.52 744.89 440.94 4280.09 1887.37 4415.42 440.94

600 47928.4 1186.47 1030.04 684.53 6014.78 1600.1 4137.55 445.47 5285.26 1092.31 685.97 445.47 4343.81 1771.25 4251.73 445.47

650 48233.91 1166.84 1042.93 686.87 6069.14 1445.45 3986.19 454.03 5160.1 969.6 635.22 454.03 4441.24 1581.45 4109.39 454.03

700 48732.59 1118.84 1049.4 687.58 6166.61 1326.61 3825.83 461.5 5109.14 902.15 569.23 461.5 4559.58 1435.65 3986.11 461.5

750 49229.02 1000.38 1053.39 690.87 6205.08 1277.72 3662.37 466.71 5021.65 881 471.89 466.71 4670.77 1371.48 3873.8 466.71

815 50131.57 834.89 1046.06 688.85 6208.62 1232.31 3472.98 473.91 4980.41 849.86 412.21 473.91 4783.14 1325.08 3763.38 473.91

890 51148.68 769.25 1025.2 671.57 6165.16 1209.33 3301.97 482.36 4905.37 819.21 373.23 482.36 4762.58 1355.55 3685.96 482.36

Cutthroat Chinook SteelheadCoho



 

 E-5 Normandeau Associates, Inc. 

West Fork Hood River 

 
 

Discharge Total Area Spawning Juvenile Adult Spawning Juvenile Adult Spawning Fry Juvenile Adult Spawning Fry Juvenile Adult Spawning Fry Juvenile Adult

47 51751.85 4100.6 6977.19 6485.67 2198.26 3278.18 1404.99 4315.5 12826.97 16022.73 235.88 6241.47 9931.84 4547.76 235.88 3066.13 11800.56 10693.16 235.88

49 52052.71 4168.64 7005.09 6557.34 2240.28 3333.89 1438.55 4513.16 12721.62 16218 241.02 6465.21 9872.39 4530.09 241.02 3183.78 11707.56 10889.76 241.02

51 52347.08 4232.99 7028.39 6614.81 2285.18 3387.24 1470.71 4715.86 12625.57 16395.05 246.07 6682.77 9809.65 4502.87 246.07 3298.36 11615.56 11072.45 246.07

53 52597.25 4292.84 7044.48 6657.24 2321.14 3431.48 1497.81 4924.01 12530.36 16549.88 250.85 6892.37 9751.5 4465.79 250.85 3413.73 11527.16 11246.21 250.85

55 52861.88 4353.86 7063.45 6693.58 2357.15 3473.19 1523.58 5140.39 12441.28 16707.14 255.75 7100.29 9716.87 4429.75 255.75 3529.6 11473.09 11418.05 255.75

60 53852.88 4492.23 7076.8 6762.65 2413.9 3576.32 1587.97 5676.65 12180.85 17029.35 267.54 7589.26 9628.42 4329.41 267.54 3815.88 11382.81 11808.8 267.54

65 54898.4 4602.84 7067.79 6842.34 2402.79 3668.24 1648.29 6215.68 12010.78 17297.51 279.06 8068.62 9553.18 4217.62 279.06 4104.92 11267.52 12171.98 279.06

70 55739.52 4687.92 7023.99 6900.58 2379.03 3745.03 1698.3 6737.42 11930.37 17520.83 290.11 8503.3 9466.75 4093.02 290.11 4386.72 11239.34 12496.72 290.11

80 57067.21 4800.04 6935.71 6977.26 2196.42 3889.89 1758.95 7717.73 11888.01 17869.81 311.95 9261.86 9373.17 3959.23 311.95 4933.81 11277.51 13064.54 311.95

90 58098.98 4840.92 6819.41 7048.48 1980.55 4011.44 1789.11 8543.42 11826.91 18103.26 334.25 9831.37 9243.29 3934.45 334.25 5441.78 11265.41 13574.95 334.25

100 59001.38 4854.04 6737.69 7161.62 1804.87 4110.02 1800.52 9252.35 11791.47 18294.23 355.13 10260.89 9121.47 3899.85 355.13 5905.65 11177.05 14037.1 355.13

117 60195.23 4854 6688.15 7269.17 1561.53 4272.16 1844.09 10266.25 11598.96 18499.24 387.45 10813.32 8973.08 3841.27 387.45 6597.22 10723.95 14623.01 387.45

140 61586.32 4779.59 6712.34 7477.23 1265.42 4490.03 1892.3 11340.65 11108.35 18572.79 426.91 11383.44 8812.24 3711.67 426.91 7324.43 10171.94 15146.99 426.91

165 62796.99 4616.23 6626.92 7684.31 1013.1 4685.19 1911.14 12220.52 10376.61 18475.28 462.95 11679.72 8506.63 3567.8 462.95 7939.56 9609.44 15486.8 462.95

190 64206.74 4345.03 6470.17 7792.27 885.01 4865.94 1922.87 12645.9 9870.35 18293.44 489.93 11645.27 8125.8 3473.95 489.93 8347.19 9119.31 15661.22 489.93

215 65330.85 4033.23 6278.87 7819.63 829.96 4965.02 1942.53 12848.25 9576.21 18051.35 506.35 11483.47 7828.86 3435.01 506.35 8547.62 8909.13 15816.91 506.35

250 66333.08 3654.92 6143.2 7726.21 716.1 5105.13 2034.76 12889.89 9364.16 17716.55 527.48 11136.55 7534.61 3463.38 527.48 8654.21 8539.79 15907.31 527.48

300 68076.66 3143.53 6033.77 7626.11 506.49 5237.58 2093.32 12810.56 8987.69 17246.04 570.57 10473.66 7366.28 3471.83 570.57 8417.62 8147.74 15928.46 570.57

350 69361.7 2721.84 5979.73 7617.88 418.04 5266.68 2057.9 12649.13 8773.48 16768.93 601.79 9696.5 7353.28 3501.42 601.79 8009.43 7879.82 15869.37 601.79

400 70377.66 2409.47 5892.56 7556.31 477.51 5277.88 2041.09 12391.92 8547.48 16353.34 633.96 8967.38 7266.26 3516.76 633.96 7524.47 7584.54 15624.06 633.96

450.75 71634.05 2212.39 5797.57 7431.82 399.18 5302.07 2094.13 12077.21 8419.17 16021.72 667.3 8381.47 7165.19 3526.63 667.3 7004.31 7445.15 15344.97 667.3

500 72488.17 2043.19 5795.57 7431.24 481.85 5246.46 2134.71 11750.72 8328.22 15787.13 704.67 7837.2 7114.36 3490.04 704.67 6609.22 7295 15174.94 704.67

550 73203.15 2020.25 5793.01 7456.49 665.18 5177.31 2170.33 11485.1 8049.52 15564.92 740.37 7365.08 7002.2 3412.64 740.37 6295.81 7081.62 14927.74 740.37

600 73691.71 1990.16 5769.64 7491.25 604.39 5116.93 2198.19 11133.43 7782.42 15341.01 774.8 6901.5 6881.32 3284.16 774.8 5992.82 6842.17 14685.03 774.8

650 74361.2 1850.27 5709.04 7527.99 561.28 5152.37 2290.83 10787.35 7531.1 15107 808.02 6517.58 6776.78 3132.72 808.02 5749.69 6666.46 14535.74 808.02

700 74792.88 1693.06 5656.07 7554.8 498.99 5305.35 2456.12 10448.39 7368.37 14870.38 837.79 6226.39 6742.9 3001.12 837.79 5547.41 6486.14 14408.86 837.79

750 74992.54 1538.35 5609.91 7581.26 363.03 5441.12 2649.36 9994.3 7145.08 14609.45 980.53 5930.91 6676.77 2907.51 980.53 5314.16 6193.98 14262.22 980.53

800 75350.4 1396.81 5529.02 7772.31 227.46 5491.19 2927.03 9513.23 6879.28 14353.69 1362.09 5586.72 6577.87 2828.87 1362.09 5076.08 5892.26 14141.79 1362.09

900 76344.32 1109.78 5282.12 7744.12 110.67 5387.94 3085.6 8590.28 6441.69 13830.27 1527.54 4972.88 6359.45 2715.17 1527.54 4619.89 5505.63 13908.01 1527.54

1125 78658.55 704.9 4706.97 7507.14 179.92 5321.79 3319.94 6841.21 5799.11 12984.39 1720.44 3983.7 5843.73 2512.45 1720.44 3658.42 5124.81 13339.48 1720.44

Bull Trout Cutthroat Chinook SteelheadCoho
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