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1. INTRODUCTION

1.1 BACKGROUND

Portland General Electric (PGE) owns and operates the Pelton Round Butte Hydroel ectric
Project on the Deschutes River, near Madras, Oregon. The project consists of three
hydropower generating dams that impound three reservoirs over atotal distance of
approximately 25 miles (Figure 1-1). The Round Butte Dam is the upstreammost dam and is
located at river mile (RM) 110.4, near the confluence of the Metolius, Deschutes, and
Crooked branches. Construction of Round Butte Dam created the Lake Billy Chinook (LBC)
the first reservoir of the system. Pelton Dam, located at RM 102.5, created Lake Simtustus
(LS), the second reservoir of the system. The third dam, located 2.4 miles below the Pelton
Dam, at RM 100.1, is called Reregulating Dam and was designed for regulating the peaking
flows from Pelton Dam. The third reservoir is the waterbody created by thisdam and is
called Reregulating Reservoir. The Deschutes River below the Reregulating Dam runs over
adistance of 100 miles before its confluence with the Columbia River. This stretch of river
is called the Lower Deschutes River.

Construction of these dams created a mgjor obstacle to migratory fish passage. Much of the
passage problem was associated with ineffective collection of downstream migrating salmon
and steelhead smolts. Asapart of the current re-licensing process, PGE has devel oped an
adaptive management plan for re-establishing natural anadromous fish runs above Round
Butte Dam. Numerous biological, chemical, and physical studies have been initiated to
support this effort. One of the study tracks identified by PGE as part of this planisthe
development and evaluation of conceptual designs of facilities that will successfully collect
and pass downstream migrating salmonids at Round Butte Dam. Theseinclude (a) fish
collection structures, (b) structures for selective withdrawal of surface or deep water at LBC,
and (c) fish screens for power plant intakes (ENSR and Duke Engineering, September 2000).

As part of these efforts, hydrodynamic, temperature, and water quality models were first
developed for Lake Billy Chinook, and applied to provide a preliminary evaluation of
various fish passage enhancement aternatives (Foster Wheeler, March 2000). The study
results showed that selective withdrawal operation provided major benefits. The surface
withdrawal phase of operation would enhance surface currents, which would improve fish
motion towards the collectors. Also, the blending of surface and bottom waters would allow
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Figure 1-1
Pelton Butte Hydroelectric Project o
Study Area

Portland General Electric Company
Portland, Oregon
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ateration of outlet temperatures such that a temperature management plan could be developed
and implemented. However, the impact of the proposed modifications on water quality
parameters such as dissolved oxygen, pH, and algal biomass in the waterbodies downstream
was not clear.

The current re-licensing process also involves an evaluation of impacts of the existing dam
operation and proposed modifications in project design or operation on the water quality
downstream of LBC. In addition to improving the conditions for downstream migration, there
is considerable interest in ensuring that the selected design will also enable PGE to maintain
compliance with applicable water quality standardsin the Lower Deschutes River. Water
bodies affected by the Pelton Round Butte project include Lake Billy Chinook, Lake
Simtustus, Reregulating Reservoir, and the Lower Deschutes River downstream of the
Reregulating Dam.

PGE therefore initiated this effort to develop a comprehensive and compatible set of water
quality modeling tools for the system. The goa was to develop the water quality modelsto a
level of sophistication so that model predictions may be used for evaluation of compliance
with water quality criteria and support the development of awater quality management plan.
For this purpose, the models should be capable of predicting water quality parameters at any
location in the system at any specified time, as a function of external influences such as
inflows, meteorological conditions, and operation of the reservaoirs.

This report describes the development of awater quality model of Lower Deschutes River
including the setup, calibration, verification, and application for evaluation of proposed
modifications at LBC.

1.2 STUDY OBJECTIVESAND APPROACH

The overall objective of this study isto develop a predictive water quality model of the
Lower Deschutes River. Thiswas accomplished using the finite element models RMA2 and
RMAA4q and the available data collected by PGE in 1997 and 1999. RMA4q was derived
from RMA4 by including entrophication processes. Periphyton simulation was added by
Breithaupt (1997). The calibrated model could then be used to evaluate the effect of various
reservoir modifications on downstream water quality, and to provide additional information
asfollows:

to support the experimental phase of PGE'’ s fish passage program for the Pelton
Round Butte Project;
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to provide data required for the project water quality certification application;
to support conceptua engineering of fish passage facilities; and
to support the development of awater quality management plan.

Specific objectives of this study are asfollows:

Review and process existing water quality data and develop model input and
boundary conditions.

Set up the hydraulic (RMA2) and water quality (RMA4q) models of the Lower
Deschutes River.

Evaluate and refine the model grid based on the RMA2 hydraulic model performance
for average flow conditions.

Calibrate the RMA4q water quality model to match observed temperatures and
dissolved oxygen concentrations and pH using 1999 data. Thisisaccomplished viaa
periphyton sub-model that modifies dissolved oxygen and pH.

Verify the modd using an independent data set from 1997.

Apply the model and simulate conditions from 1995 corresponding to the Selective
Withdrawal Alternative at LBC, and evaluate water quality impacts on the Lower
Deschutes River from this proposed modification.

1.3 MODEL AND DATA LIMITATIONS

As described above, the approach to the devel opment of the water quality model was to
conduct a calibration and verification using the existing data. PGE is conducting
supplemental data collection in the year 2000-2001 on LBC, Lake Simtustus, and the Lower
River smultaneously (Foster Wheeler April 7, 2000)*. The model developed in this study
will be further improved following completion of that monitoring activity. The existing data
are from 24 stations in the Lower Deschutes River. It isimportant to note that the objectiveis
to evaluate the sensitivity and response of Lower Deschutes River to the various aternative
inflow conditions. The model results, as such, must be interpreted with caution. The
following model and data limitations are noted:

Calibration and verification of dynamic modelsis best accomplished using synoptic
time-series data. These data were available for 1999, but 1997 data were limited to

! Foster Wheeler. April 7, 2000. Proposed Supplemental Data Collection Plan. Technical Memorandum from
Curtis DeGasperi and Tarang Khangaonkar of Foster Wheeler to Scott Lewis of Portland General Electric.
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spot-survey measurements. Model calibration was done using 1999 data and verified
against the available 1997 data.

Although the periphyton model used for the Lower Deschutes River includes grazing
by benthic invertebrates, this information was not explicitly included because no data
were available to support implementation. The periphyton model does handle scour,
but uses a function based on cohesive material transport.

The model calibration and verification focused on the dates when data were
available. These datashow diurnal variations. When these data are from different
seasons, they reflect seasonal variations occurring upstream in the reservoirs and
within the Lower Deschutes River itself.

Thereisagap in the cross-section data between RK 36 and RK 64 (RM 22 and RM
40). Since the modd is sengitive to river geometry, model results in and below this
river section must be used with caution.

The model results best fit the observed data in the upstream reaches. The discrepancy
between data and model predictions at the downstream end of theriver islikely due
to the fact that the meteorologic data were available from only one site that isat an
elevation higher than the study area. These data may not reflect the meteorologic
conditions present along the river channel, especialy in the canyons through which the
Lower Deschute River flows. The model results may be improved by incorporation
of site specific meteorological input.

1.4 REPORT ORGANIZATION

Thisreport islogically organized to provide optimal access to information, as follows:

Section 1 provides an introduction to the project background and a description of the
objectives of this study.

Section 2 provides a summary and review of available data that are suitable for the
development and calibration of the water quality model.

Section 3 describes setup and validation of the hydraulic model for 1999 and 1997
conditions.

Section 4 describes the setup and calibration of the water quality model to 1999
conditions.

Section 5 describes verification of the water quality model to 1997 data.

Section 6 describes an application of the model to evaluate the effect of a proposed
selective withdrawal operation on in-river water quality.
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Section 7 provides a summary of the calibration and verification results and contains
conclusions and recommendations for further devel opment of awater quality model of
the Lower Deschutes River.
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2. REVIEW OF AVAILABLE DATA

21 INTRODUCTION

Models that describe hydraulic and water quality processes based on physical, chemical, and
biological principals require considerable datainput. The hydraulic model RMA?2 requires
physical characteristics of the system including inflows and channel characteristics. The
water quality model RMA4q requires meteorological inputs that characterize the various
river reaches and water quality constituent concentrations at entry points to the system. These
entry points are at the same locations as inflow points for the hydraulic model.

The following sections describe the available data that can be used asinput for the RMA2
and RMA4qg models. The study areais presented in Figure 2-1, showing the river mile
locations for the Lower Deschutes River.

2.2 GEOMETRY DATA

The Lower Deschutes River study areaislocated in the lower 100 miles of the Deschutes
River, Oregon, extending from RM 100.1 at the Reregulating Dam to the river mouth at RM 0,
the confluence with the Columbia River. The overall bed slope for the river is about 0.0023,
with several steep sections and cascading falls. Figure 2-2 presents the river profile and
shows the locations of measured cross-sections. Figure 2-3 shows the river cross sections
locationsin plan view. Note that no data exist for the section of river from RM 24 to RM 40
(RK 40to RK 65). Appendix A Figures A-1 through A-10 illustrate the measured
cross-section data available, including those measured by PGE in 2000.

23 HYDROLOGIC DATA

Hydrologic inputs to the Lower Deschutes River include discharge from the main stem
Reregulating Reservoir, Shitike Creek, Trout Creek, Warm Springs River, and White River
(see Figure 2-7 for locations). The mgority of flow comes from the Reregulating Reservoir,
with Warm Springs River being the second largest inflow (see annual average flows below).

Madras gage flows cover the entire period of study, from January 1, 1995, through the present
(Figure 2-4). Moody gage flows also cover the entire period of study, from January 1, 1995,
through the present (Figure 2-4). Shitike Creek flow records begin late 1996 and continue
through the present (Figure 2-5). Trout Creek flows are only available since late 1999
(Figure 2-5). Records for the Warm Springs River also cover the entire period of study,
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January 1, 1995, through the present (Figure 2-6). There are no records for the White River
during the study period. Figure 2-6 presents the most recent three years of record. Mean
flows for the plotted periods are as follows:

L ower Deschutes River—M adras Gage 5065 cfs (143.5 nt/s)
Lower Deschutes River—Moody Gage 6885 cfs (195.0 nts)
Shitike Creek 146 cfs (4.14 nT/s)
Trout Creek 53.4 cfs (1.51 nv/s)
Warm Springs River 614 cfs (17.4 nT/s)
White River 326 cfs (9.23 ntls)

24 LOWERDESCHUTESRIVER WATER QUALITY DATA

Water quality data collection has been performed using two different approaches (E& S, April
2000). One approach was ariver survey that collected samples aong the river during a
multi-day sampling event. This provided alongitudinal data set with sample collection times
that varied throughout the daylight period depending on when the grab sample was collected.
The second was a synoptic data collection approach, with samples from severa specified
locations. The samples were collected at regular and frequent intervals during the sampling
event smultaneoudly at al locations. This sampling event lasted from 36 to 48 hours,
providing a set of time series data. The sampling locations used for both approaches are
presented in Figure 2-7.

Figures 2-8 through 2-12 present the 1999 time series water quality data collected during the
synoptic survey at the Regulating Dam discharge location (RM 100.1), RM 88, RM 57, RM
24, and RM 01. No other data set of this nature is available for the Lower Deschutes River.
These data, consisting of temperature, dissolved oxygen, and pH, were collected using a
Hydrolab field instrument (E& S, April 2000). It is apparent on some sampling days that the
metersfailed. Dissolved oxygen at RM 88 for Julian Day (JD) 117-119 and pH a RM 57 for
JD 117-119 are two such instances. The dissolved oxygen and pH dataat RM 24 on JD
278-281 may need additional evaluation. Dissolved oxygen concentrations at RM 01 on JD
278-281 are extremely high and could be indicative of sensor error, especialy since the
concentrations remain high even at night, when they are expected to decrease rapidly towards
saturation values.

Temperature time series are available at most sites, through PGE's temperature monitoring
program conducted on the Lower Deschutes River. The data cover periods from 1997
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Figure 2-3
Pelton Butte Hydroelectric Project
Measured Cross Section Locations

Portland General Electric Company
Portland, Oregon
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Figure 2-7 =<
Pelton Butte Hydroelectric Project Moody 14103000
Water Quality Sampling Sites and , DRO4
Flow Gaging Stations
1997 - 1999
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through 1999 and were collected at approximately hourly intervals. The dataare shownin
Figures 2-13athrough 2-13c. Note the increase in summer-time maximum temperatures from
upstream (RM 100.1) to downstream (RM 01) stations.

Data collected from river surveys conducted in 1997 are presented in the form of longitudinal
plotsin Figures 2-14 through 2-19. Three sampling events occurred in 1997: in May, in July,
and in September. Some of the data clearly show the effect of sampling at different times
over severa days, particularly temperature, dissolved oxygen, and pH. No akalinity data
were available for September 1997. 1n 1999, only one river survey sampling event occurred.
The data collected from it are presented in Figure 2-20. The temperature, dissolved oxygen,
and pH each show the effect of sampling at different times over severa days.

Water quality tributary data are presented in Figures 2-21 through2-23 including temperature,
dissolved oxygen, pH, and nitrate. Regulating Dam discharge data are presented along with
tributary data in Figures 2-24 through 2-26, including nitrate, ortho-phosphate, and
ammonium. Chlorophyll a data from the Reregulating Dam discharge are presented in Figure
2-27. Relativeto the main stem of the Lower Deschutes River, tributary data are quite
sparse, with only afew points over the 1997 to 1999 period. Nitrate data are available at a
dightly higher frequency than other nutrient data.

25 METEOROLOGICAL DATA

Meteorologica data were taken from the Oregon Solar Radiation Monitoring Laboratory
station in Madras, Oregon, at latitude 44.69, longitude 121.16, and atitude 997 meters). The
data required for modeling water quality using RMA4q are air temperature, dew point
temperature, and wind speed. The datafor 1995, 1997, and 1999 are shown in Figures 2-28
through 2-30.

26 DATA ADEQUACY FOR MODELING

Data are needed as boundary condition values to be used by the model during simulation. For
the water quality model, the constituents being simulated include the following: temperature,
alkalinity, total inorganic carbon, dissolved oxygen, ammonia, nitrite, nitrate,
ortho-phosphate, labile dissolved organic matter, and suspended (planktonic) algae. Each
constituent requires data to be specified at the boundary. Because the model is dynamic and
is expected to simulate year-long periods, time series of each constituent is required at the
model boundaries for the entire year of smulation. For constituents that have minimal impact
on results, representative constant values may be specified for the whole simulation.

\\BELLEVUE\WPROS\WP\2200\13712.DOC - 6/6/01 2' 15



Constituents having relatively small impact with respect to diurnal variation include
alkalinity, ammonia, nitrite, ortho-phosphate, and labile dissolved organic matter. Other
constituents that exhibit diurnal cycles require a better boundary condition definition.
Preferably these data would be collected at near hourly time intervals to adequately describe
the daily variation. Diurnal cycle constituents include temperature, dissolved oxygen, and
pH.

Data are also needed for comparison with model results for calibration and verification. The
same requirements apply here as for the boundary condition. That is, for constituents that
exhibit diurnal cycles, data are needed in the form of time series that adequately describe
those variations.

Examination of the available data shows that temperature data largely satisfy the requirements
for adynamic, year-long smulation, at least for the main stem locations. Tributary
temperature data are lacking, however. This could affect model results when estimates are
madeto fill in the gaps. Considering the fact that tributary inflows are small relative to the
river flow, negative effects of the lack of time-series data will be limited to a short distance
near the confluences only.

Dissolved oxygen time series are available for 1999 from three separate sampling events.
These are adequate, though more data would be helpful in defining the boundary values at the
Reregulating Dam boundary and thereby refining the model setup. The same can be said for
total inorganic carbon, which is computed from pH and akalinity measurements.

Data adequacy for 1997 islimited by the fact that no time-series datafor water quality
constituents are available. Only temperature data were collected at sufficient frequency to
define boundary conditions and to use for calibration. Boundary data variation for other
congtituents will be estimated using data from other years.

Nitrate data are available at sufficient frequency for seasonal trends; however, only afew
samples were collected each year.

\\BELLEVUE\WPROS\WP\2200\13712.DOC - 6/6/01 2' 16
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3. HYDRAULIC MODEL SETUP AND VALIDATION

3.1 INTRODUCTION

The hydraulic model RMA2 provides the velocity and depth data to drive the water quality
model RMA4qg. The hydraulic model uses the river geometry and hydrol ogic inputs
(boundary conditions) to compute the velocities and depths at each model grid point. RMA2
can be set up in 1-D and/or 2-D mode; for application to the Lower Deschutes River, the 1-D
mode is appropriate. This assumes the river is completely mixed, both vertically and
laterally, which is a reasonabl e assumption considering the fast flowing, turbulent nature of
the Lower Deschutes River.

3.2 MODEL SETUP

Thefirst step in RMA2 model setup involves specifying the river geometry. For 1-D
simulations, thisis provided through a cross-section description at each node (xy coordinate
location, bed elevation, bed width, and side slope angles). The model assumes theriver is
described by trapezoidal cross-sections; thus, measured cross-section data are converted into
equivalent trapezoidal cross sections. The grid was created by combining the processed
cross-section data and the geometry data describing the plan view Lower Deschutes River.

The second step involves defining the hydrologic data input that is specified as model
boundary conditions. For calibration, the 1999 calendar year datawere used. A flow
balance was necessary to account for unmeasured tributary inflows, so that inflows equaled
the outflows.

The model was run at an hourly time step. This provided sufficient temporal resolution to
accurately represent diurnal variations, and also provided alarge enough time step to keep
computational costs low.

3.2.1 Lower Deschutes River Cross-sections

Cross-section data were available from the U.S. Geological Services (Miller, 2000) and the
Oregon Department of Transportation (ODOT, 2000), but these are only for a small number
of locations (see Figure 2-3). PGE measured 41 additional cross-sectionsin 2000
specifically for this project. Of these 41 cross-sections, data were lost from four stations.
This gave atota of 54 cross-sections for analysis and grid interpolation.
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The cross-section data were processed in a Microsoft Windows program (VisualRMA)
written for the creation of 1-D networks for the RMA models. VisualRMA reads the data as
xyz coordinate locations, with a horizontal datum of NAD1927, and a vertical datum of
NGVD1929. A trapezoidal cross-section was then fitted for each measured cross-section.

3.2.2 Mod€ Grid

The horizontal geometry of the Lower Deschutes River was digitized from plan view GIS
maps using VisuaRMA. This created a set of horizontal locations that define the Lower
Deschutes River channel, on which the 1-D model grid was built. Waterfalls were implicitly
included as defined by the cross sections described above.

Cross-section data were entered as xyz coordinate locations (NAD1927 and NGV D 1929)
and were plotted with the digitized channel. Each cross-section was plotted as | ateral
distance across the channel versus elevation.

The grid was created by determining the distance of each cross-section along the length of the
channel. Intermediate cross-sections were interpolated from the existing cross-section data.
The nominal distance between nodes was specified as 250 meters. The actual length varies
so as to provide a whole number of nodes between measured cross-sections. The

interpol ati ons were made using a cubic spline method; this provided smoother geometry to
minimize the occurrence of instabilities in the numerical solution of the hydrodynamic and
water quality transport equations. Note that for the reach between RM 22 and 40 (RK 36 and
64), where cross-section data were not available, grid datawere also interpolated from
measured cross-sections at either end.

The grid resolution was tested by setting the flow boundary condition to 7062 cfs (200 nts).
This was run to steady-state, and computed flows were examined to evaluate flow mass
balance. If it was seen that in a particular location the flow deviated from 200 nt/s by more
than 5%, the grid resolution was doubled in the location. Thiswas done iteratively, until al
regions met the flow mass balance criteria (Figure 3-1).

Tributary channels for Shitike and Trout Creeks and Warm Springs and White Rivers were
also added to the system in amanner similar to that described above. Junction el ements
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were required that maintained flow continuity. These were created when the main stem and
tributary grids were merged.

3.2.3 Input Data

Thereisatota of 739 nodesin the grid, with 40 of those nodesin the tributaries, and the
remaining 699 in the Lower Deschutes River. Because the models are finite element models,
there are nodes associated with the elements, with three nodes per element for 1-D grid
sections. The elements can be defined as different types, which gives spatialy varying
element characteristics. In the case of the RMAZ2, the characteristics are eddy diffusivity and
bed roughness.

For the Lower Deschutes River, two element types were specified for hydraulic
characteristics — one for the main stem and the other for tributary stubs. Eddy diffusivity was
set asafunction of the nominal eement length. The bed friction (Manning’s“n”) in the main
stem was set to 0.03 for the bed and banks, while in the tributary stubs, Manning’s“n” was
set to 0.08 for the bed and 0.05 for the banks. Higher values were used in the tributaries to
ensure stability with low flows and the use of nominal cross-section data.

3.24 Flow Balance and Modd Boundary Conditions

Hydrologic data for the whole of calendar year 1999 were available for the Lower Deschutes
River from the Madras gage, the Moody gage, and for the tributaries Shitike Creek and Warm
Springs River. A partial set of data were available from Trout Creek covering October
through December, 1999. No data were available in 1999 for the White River, amajor
tributary to the Lower Deschutes River.

Because the White River and Trout Creek were missing hydrologic data, it was necessary to
estimate the flows of each tributary for 1999. For Trout Creek, data have been collected for
most of 2000. These data were spliced with the 1999 data, and monthly averages computed.
Because the flow was much smaller than the main stem flows, the monthly averages were
used as the Trout Creek hydrograph. For the White River, flow datawere available for 1987,
1988, and 1989. Aninitia estimate of White River flow was made by determining a monthly
scale factor to the Moody gage flow. The monthly scale factor was accomplished by (1)
computing daily ratios for each year of measured flows in the White River to corresponding
flowsin the Lower Deschutes River at the Moody gage; (2) then computing the daily average
of ratios of all three years; (3) and finally averaging the daily average ratios monthly. The
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monthly ratios between the White River and the Moody gage were used to estimate an initid
1999 hydrograph.

The difference between all known and estimated inflows (Regulating Dam discharge, Shitike
Creek, Trout Creek, Warm Springs River, and White River) and the flow at the Moody gage
provided an initial estimate of groundwater inflow. However, the groundwater estimate was
thought to be too great, being as large as the White River. It dso had alarge daily variation,
which was also thought to be excessive. A re-evaluation of the system was made wherein it
was assumed that most of the difference between measured/estimated inflows and outflow
from the system at the Moody gage would be assigned to the White River only, and
groundwater was assumed to be small.

For 1997 verification year flows, the Madras gage, the Moody gage, the Shitike Creek gage,
and the Warm Springs River gage hydrologic data were available for the whole year. Trout
Creek datafor 1997 were assumed to be the same asfor 1999. The White River flow was
estimated in the same manner as for 1999. For 1995 application year flows, the Madras gage,
the Moody gage, and the Warm Springs River gage hydrologic data were available for the
whole year. Shitike and Trout Creeks were estimated from 1997 and 1999 data, and White
River flow was estimated as was done for 1999.

The results of the flow balance for the years 1999, 1997, and 1995 are shown in Figures 3-2,
3-3, and 3-4, respectively.

3.3 MODEL EVALUATION

The model was evaluated by applying the measured and estimated inflows for 1999 and 1997
and comparing with measured flow at the Moody gage near the mouth of the Lower Deschutes
River. Comparisons of results are seen in Figures 3-5 and 3-6. The figures show the mean
daily measured flow from the Moody gage and hourly flow computed by the hydraulic model
at the system’s outflow. The results agree very closely. This shows (1) the flow balanceis
reasonable, at least in terms of systemwide results, and (2) the model accurately routes the
flows through the system. It would be desirable to make comparisons at |ocations within the
Lower Deschutes River channel, other than at the mouth. However, such data are not
available.

It was observed that the model flood peak of JD 332.5 (254.6 nt/s) reached the mouth at JD
332.88 (368.47 nt/s), which is an elapsed time of 9.12 hours. Thisindicates travel time
through the Lower Deschutes River is very short.
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4. WATER QUALITY MODEL SETUP AND CALIBRATION

41 INTRODUCTION

The water quality model RMA4q is a companion to the hydraulic model RMA2. It also uses
finite element method for solution of the transport equations. RMA4q accounts for the
advective transport and kinetic relations for several water quality constituents. The version
used for the Lower Deschutes River solves for temperature, alkalinity, total inorganic carbon,
ammonia, nitrite, nitrate, ortho-phosphate, dissolved oxygen, and suspended agae, with pH
computed from the alkalinity, total inorganic carbon, and temperature data. Additionally, and
importantly for riverine systems, the model has benthic processes sub-models, including
periphyton. The periphyton model is based on Breithaupt (1997). RMA4qwas aso
modified for this project to provide pH and organic matter handling.

Its ability to handle periphyton was a primary reason for choosing the RMA2 and RMA4q
model set. Periphyton are particularly important in the lower river, since the residence time
of the water column is very short; transit times through the length of the river from the
Regulating Dam discharge to the mouth are less than 24 hours for the 162-km (100-mile)-long
river. Thisshort residence does not alow the conventional phytoplankton water column
process enough time to produce the variations seen in dissolved oxygen and pH; only growth
of periphyton can account for these variations. The velocity and depth results generated by
RMAZ2 are read by RMA4q during water quality simulation, and the values are then input to
the transport equations. Velocity affects transit times through the system. Depth affects light
penetration and influences the constituent flux with the benthic community. Both velocity and
depth influence reaeration rates of dissolved oxygen and carbon dioxide.

4.2 MODEL SETUP AND MODEL GRID

The water quality model RMAA4q utilizes the grid devel oped for the RMA2 hydraulic model,
aswell asthe velocity and depth results generated by RMA2. The biological component and
its affect on water column congtituents is assumed to be dominated by periphyton, as stated in
E& S (2000). Constituent reactions in the water column were assumed relatively insignificant
because of the short residence time. These include suspended algal growth and organic
matter decay.

For water quality transport, many input parameters and coefficients were varied by element
type; that is, they varied spatially (see Table 4-1). Meteorological datawere also varied by
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element type. While the hydraulic model had one element type for the main stem and one for
the tributaries, the water quality model used four element types encompassing three sections
of the main stem to account for climatic variability within the canyon occupied by the Lower
Deschutes River: an upper section (RM 100 to 73; RK 161 to RK 118), a mid-section (RM
7310 38; RK 118 to RK 64), and alower section (RM 38 to 0; RK 62 to RK 0.0).

Table 4-1. Model Element Types and Location
River

Element Type | Kilometer | River Mile
1 161-127 | 100.1-78.6
2 tributaries | tributaries
3 118 -62 73.1-38.3
4 62-0.0 38.3-0.0
5* 127 -118 785-73

Note: *Thistype was added to accommodate the falls along the L ower
Deschutes River, but subsequent analysis showed insignificant
differences to model calibration when accommodation was not
made.

Input data for the periphyton model were also defined spatially (see Table 4-2). The node
type locations largely correspond to the locations where calibration data were collected.

Table 4-2. Periphyton Nodal Types and Location

Node Type

River Mile
100.1-73.3
tributaries
73-3-40
21.9-40.0
21.9-0.0

gl | W[ N
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4.3 MODEL CALIBRATION

4.3.1 Meteorological Inputs— 1999

RMA4q simulates temperature using meteorological datainput to the model. The input time
interval for the Lower Deschutes River modeling is one hour, the same as the model transport
time step. The data required include the following parameters. atmospheric dust attenuation
factor, cloud cover, dry bulb temperature, dew point (or wet bulb) temperature, atmospheric
pressure, and wind speed. Also included with the time series of meteorological data are two
heat exchange coefficients and a shading factor for direct solar (short wave) radiation.
RMA4q computes solar radiation impinging on outer layers of the earth’s atmosphere based
on the Julian day and hour. Atmospheric dust, cloud cover, and reflection from the water
surface attenuate this solar radiation.

Meteorologica data were obtained from the Madras AgriMet Station at latitude 44.69,
longitude 121.16, and dtitude 997 meters (3270 ft). The station included solar radiation (not
used), air temperature, relative humidity, wind speed, and wind direction (not used).
Barometric pressure was not available; it was assumed constant at 30.00 inrHg. Therelative
humidity data were converted to dew point temperature using equation 2-7 from Lindey, et d.
(1982).

A lapse rate of air temperature was applied to account for temperature variation with
elevation. For the purposes of lapse rate computations, element types 1 and 2 were assigned
an elevation of 422 meters (1,380 ft), element type 3 was assigned an elevation of 274 meters
(900 ft), and element type 4 was assigned an elevation of 121 meters (396 ft). The lapse rate
for element types 1 to 3 and 5 was 1°C/100m, while that for element type 4 was 1.5°C/100m.
The processed meteorological data used as model inputs are presented in Figure 4-1.

4.3.2 Modd Boundary Conditionsfor Calibration

The model boundary conditions required water quality data at the main stem, Shitike Creek,
Trout Creek, Warm Springs River, and White River. Data required include temperature,
alkalinity, total inorganic carbon, dissolved oxygen, ortho-phosphate, nitrate, nitrite,
ammonia, and suspended algae. Idedlly, the data would be time series with time intervals
corresponding to the model time step, or at least atime interval to adequately define diurnal
variations. Thisis particularly important for those constituents that vary diurnally, such as
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temperature, dissolved oxygen, and pH (computed from total inorganic carbon). The
temperature data at the Regulating Dam discharge (Figure 2-7; RM 100.1 and RM 99; RK 162
and RK 160) achieve thisideal, since continuous monitoring was made throughout 1999.
Monitoring of dissolved oxygen and pH (as well as temperature) were made over three
diurnal periods (April, July, and October, 1999) at the station RM 100.1, but the monitoring
periods were limited to a period of less than two days. It was necessary to interpolate
between the diurnally sampled values of dissolved oxygen percent saturation using percent
saturation values computed from the measured temperatures. Total inorganic carbon
(necessary for pH computations, along with alkalinity) was computed in asimilar manner as
for dissolved oxygen.

Alkalinity, nitrate, anmmonia, and ortho-phosphate were collected as grab samples during the
diurnal sampling periods. Datawere also collected as grab samples during the river survey
in August 1999. Chlorophyll a data were collected only twice during 1999. Figure 4-2
presents the boundary conditions input to the modal at the Regulating Dam discharge location
(RM 100.1; RK 162). Few datawere available for tributary boundary conditions; samples
had been collected during diurnal sampling events. Where data were missing it was
necessary to synthesize boundary conditions from existing data (by including other years 1997
and 1998) using best professional judgement. In each case where data were sparse it was
necessary to interpolate intermediate values for 1-hour model time steps.

43.2.1 Temperature

Reregulating Dam Discharge

Station RM 99 (RK 160) data were used to obtain the boundary condition data for the main
stem/Regulating Dam discharge inputs. Station RM 100.1 (RK 162) data exhibited some
phase shifting that was not present in RM 99 and was not used for the temperature boundary
condition. The datawere taken at approximately hourly intervals and provide an adequate
input data set defining the daily variation in temperature. These data are presented in
Figure 4-2.

Tributaries

Temperature data time series were available only from June, 1998 to August, 1999 for the
White River (WR00) and Trout Creek (TCQ0), but temperature time series were not
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available for either the Warm Springs River or from Shitike Creek. Hence it was necessary
to synthesize data to provide time series required for boundary condition specification.

For the both the White River and Trout Creek, the 1999 data from January to August were
merged with the 1998 data from August to December to provide a continuous time series.
These hourly data were then averaged using a 14-day running average to track the trendsin
temperature. The averaged data were used to specify the respective boundary conditions.

For Shitike Creek, in the absence of any time series data, the Trout Creek data were used with
a 28-day average. For the Warm Springs River, the White River data were used as an
approximation, also with a 28-day average. These are shown in Figure 4-3.

4.3.2.2 Alkalinity and Total Inorganic Carbon

Reregulating Dam Discharge

Few alkalinity data were available for 1999. Since the model considers akalinity to be
conservative, it was set to a constant value of 64.75 mg CaCOs/L (Figure4-2). Thisvaueis
the average of 1998 and 1999 data (4 samples) at station RM 100.1 and RM 99.

Total inorganic carbon (TIC) concentrations were computed from pH data collected during
synoptic surveys 1999 in April 27-29, July 7-9, and October 4-7. The pH for these dates
ranged from 7.41 to 8.45, while the computed TIC ranged from 15.56 to 16.56 mg C/L. Note
that with the relatively low alkalinity, asmall changein TIC causes alarge change in pH
(hydrogen ion concentration). To generate TIC datafor most of the year, the relationship
between computed TIC for the observation periods and temperature was examined.
Significant and well-correlated relationships were found for the April, July, and October
data. The coefficients of the linear regression equations varied between the sampling
periods, so the data were interpolated between the sampling dates using alinear time
weighting for the dope and the intercept. The TIC was generated using the interpolated
regression eguations and measured temperature at the boundary and are shown in Figure 4-2.
The range of TIC concentrations generated was 14.39 to 19.00 mg C/L.

Tributaries

There were also few akalinity and pH datafor the tributaries. Datafor 1998 and 1999 were
used for both the alkalinity and computed TIC values. The ranges of data used are givenin
Table 4-3.
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Table 4-3. Alkalinity and Total Inorganic Carbon Boundary Conditions

Alkalinity Total Inorganic Carbon
Tributary mg CaCOs/L mg C/L
Shitike Creek 30to 63 15.227
Trout Creek 91to 170 33.619
Warm Springs 3lto4l 10.647
River
White River 23t049 9.479

4.3.2.3 Dissolved Oxygen

Reregulating Dam Discharge

Dissolved oxygen time series were collected at RM 100.1 (RK 162) during April, July, and
October, 1999 for diurnal sampling events. The data synthesis procedure started with the
complete annual time series for temperature. For each temperature datum, a saturation
dissolved oxygen value was computed. Next, a 24-hour time series of percent dissolved
oxygen saturation (PDOS) was generated for each diurnal sampling period (April, July, and
October). These generated PDOS values were then applied to the computed saturation
dissolved oxygen values for the periods between the diurnal sampling times. This generated
the estimated dissolved oxygen boundary conditions. Additionaly, the actual dissolved
oxygen values were used for boundary conditions for the actual diurnal sampling times. The
generated values areillustrated in Figure 4-2.

Tributaries

No dissolved oxygen time series data for the tributaries have been collected for use as model
boundary conditions. A few grab sample data were available, but these are too few in
number to use for deriving time series data for awhole year. So, the approach taken was to
compute saturation values from the synthesized temperature data. This approximation
provides the diurnal variation that would be expected from actual tributary data. Figure 4-3
shows the dissolved oxygen time series generated and used for model boundary conditions.
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4.3.2.4 Nutrientsand Chlorophyll a

Reregulating Dam Discharge

For the calibration period, nutrient grab samples were collected during the three diurnal
sampling eventsin April, July, and October, 1999. A sample was aso collected in August
1999. Chlorophyll a datawere only collected in April 1999. Figure 4-2 showsthe time
series generated for ammonia, nitrate, ortho-phosphate, and chlorophyll a and used for model
boundary conditions.

In the case of chlorophyll a, it was necessary to use data from 1997. The same was true for
ammonia and ortho-phosphate. This was done using best professional judgement, especially
in the case where data were not highly variable (ortho-phosphate) or when most of the data
were non-detects (ammonia). For nitrate, 1999 data alone were used, since the 1997 showed
higher valuesin late fall.

Tributaries

For the tributaries, the only nutrient and chlorophyll a data were from grab samplesin 1998
and 1999; there were three sampling events during this period. Hence, it was necessary to
use al the datato develop an annual time series for model boundary conditions. The data are
plotted in Figure 4-3. Ortho-phosphate values were set at the same for each tributary.
Chlorophyll a was set to a constant value of 5-ug chlorophyll a/L in each tributary.

4.3.3 Modd Calibration Data

Data collected during calendar year 1999 were used for comparison with model results
during the calibration process to adjust model parameters for reaching the best reproduction
of observed data. The available data were presented in Section 3. These datainclude time
series for temperature, dissolved oxygen, and pH. Temperature data were available from
two different sampling activities. Long-term temperature data were collected using "hobo"
and "tidbit" sensors. The diurnal data were collected using Hydrolab instruments.

4.3.4 Calibration Procedures

Calibration of the Lower Deschutes River model was accomplished iteratively through
several sweeps. Thefirst sweep was for temperature, and the second sweep was for the
water quality constituents dissolved oxygen, pH, and nitrate. The water quality model
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calibration was achieved using periphyton growth and respiration as the primary mechanisms.
There were datain 1997 for periphyton chlorophyll a, but the dry weight biomass to
chlorophyll aratio is not well documented, making the data highly variable. Periphytonis
also composed of other organisms besides algae:  bacteria, microinvertebrates, and organic
and inorganic detritus. These additional components will affect the production/utilization of
oxygen and carbon dioxide; however, these are not included in the RMA4q periphyton model.
As such, it was necessary to adjust some parameters (particularly the stoichiometry for
oxygen production or respiration) in certain instances to account for other organisms and
achieve a match to dissolved oxygen data.

Temperature calibration required using a lapse rate adjustment of air temperature in the
meteorological input file, as discussed in Meteorological Inputs Section 4.3.10. In addition,
it was necessary to include an additional heating term to account for the large temperature
increases downstream observed in the "hobo" and "tidbit" data. This factor was equivalent to
the amount of heat received from solar radiation and was applied from JD 100 through 264.

435 Calibration Results
4.35.1 Calibration Parametersand Coefficients

Water Column

Calibration proceeded with the assumption that the short residence time provided little
opportunity for algae and organic matter to directly affect dissolved oxygen, pH, and
nutrients. Periphyton were assumed to be the primary agent affecting dissolved oxygen and
pH. They are fixed to the bed and accumulate over the growth season. Although not a
dominant mechanism, phytoplankton kinetics in the water column were included because
suspended algae play an indirect role by reducing light penetration. Ammonia concentrations
were so low that any oxidation to nitrite and nitrate has a minimal affect on nitrate
concentrations. Nitrate concentrations are the limiting factor in periphyton growth, so water
column transport isimportant. Thus, the primary water column process considered was
reaeration of both oxygen and carbon dioxide.

Many of the rates specified for the water column were taken from calibration results of the
model CE-QUAL-W2 implemented for Lake Simtustus (Foster Wheeler, April 2001). Other
coefficients were based on various references (Brown and Barnwell, 1987; Jorgenson,
1979). Thetablesin Appendix B (Table C-1, C-2, and C-3) present the values used for the
RMA4q model of the Lower Deschutes River. The capabilities of the model had been
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extended for this project to include computation of pH and the transport of total inorganic
carbon, alkalinity, and labile dissolved organic matter.

Periphyton

With periphyton assumed as the primary agent for changesin dissolved oxygen, pH, and
nutrients, most of the calibration effort involved adjustments of periphyton parameters and rates.
The calibration values derived turned out to be site specific. Thisis not unexpected, since
periphyton are fixed to the substrate and accumulate over periods of weeks and months. Other
components besides periphyton can aso have an impact on CO, production and O, uptake,
namely bacteria, microinvertebrates, and settled detritus. At present, these components are not
in the periphyton model; hence, some parameters, particularly oxygen production and uptake,
were adjusted to reflect overall conditions of periphyton.

Periphyton modeling introduces complexities different from those found in modeling water
column processes only. Because periphyton accumulate, the attainment of significant biomass
was found to be heavily dependent on the respiration rate. If periphyton biomass were
allowed to grow indefinitely, it would attain alarge density at the point of nutrient loading,
causing the removal of al nutrients, which would prevent any growth from occurring
downstream. Thisisnot aredistic solution. To prevent this, an assumption is made that
thereis a habitat limitation on density. Even with ahabitat limitation, large densities can still
occur, so it was also necessary to include a density dependent term for erosion, which was
seen to be quite important for the Lower Deschutes River with its high shear stress. The
effect of biomass density was included via a power function of the biomass; a value of 1.0
gives the standard erosion equation, while values greater than 1.0 increase the rate of erosion
as afunction of biomass.

It was necessary to smulate four different types of periphyton that reflects different
temperature ranges for agae growth. The calibrated parameters and coefficients are
presented in Appendix B (Tables C-4 through C-8).

The following sections present the calibrated model results. Most of the calibration effort
was centered on time series data collected in April, July, and October 1999 for temperature,
dissolved oxygen, and pH. These data were collected for approximately two daysin each
month (see Section 2, Review of Available Data). For temperature, there were also data
collected over the entire year (also presented in Section 2). Ortho-phosphate is not limiting
to periphyton growth and so was not the focus of the current analysis. Ammonia
concentrations are an order of magnitude smaller than the nitrate concentrations and were
considered insignificant to the current analysis. Chlorophyll a was similarly considered to be
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relatively ineffective in causing response of the primary water quality constituents, because
the residence time of theriver is on the order of one day. Thisistoo short atime to produce
significant water quality changes.

4.35.2 Temperature

The temperature calibration was mostly made using the annual data collected at severa
stations in the Lower Deschutes River. Asdiscussed in Calibration Procedures (Section
4.3.4) and Meteorological Data (Section 4.3.1), the use of alapse rate to adjust dry bulb
temperatures was required, especially with the difference in elevation between the various
river reaches and the meteorological station. Additionally, a heat source was required for
element type 4 to approximate canyon conditions during summertime.

For the annual data comparisons, daily average values were used. Figures 4-4 and 4-5 present
the model results and averaged data. At RM 99 (RK 160), the fit is excellent, as expected
because the boundary is located just upstream. This shows that the boundary values are correct.
At downstream locations the model results and data match very well.

Comparing model calibration results with temperature collected by Hydrolab equipment
during diurnal sampling events shows quite good fits at each of the synoptic stations (RM
100.1, RM 88, RM 57, RM 24, and RM 01; RK 162, RK 142, RK 92; RK 39, and RK 02)
(Figures 4-7, 4-9, 4-11, 4-13, and 4-15, respectively). The fact that the Hydrolab diurnal
datafit the RM 01 (RK 02) model results relatively well supports the procedure used for
adjusting meteorological observations.

4.35.3 Periphyton

Figures 4-6, 4-8, 4-10, 4-12, and 4-14 show periphyton biomass time series plotted at each
station. There are no data to calibrate periphyton biomass. As stated previously, the use of
periphyton was a means to affect the water quality constituents of concern; that is, dissolved
oxygen, pH, and nitrate. The four periphyton types are differentiated largely by their growth-
temperature curves (see Appendix B, Table C-4). It was necessary to have at least this many
types of periphyton in order to have growth under the varying temperature regimes present
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in the river and smulated by RMA4q. The growth-temperature curves are set globally.
Locally defined curves would likely provide better control of model response; however, this
effort was not included in this study.

As can be seen in the upstream stations (RM 99 and RM 88; RK 160 and RK 142; Figures 4-6
and 4-8), periphyton growth was predicted throughout the year, with different types growing
at different temperature regimes, as defined by their growth-temperature curves. At these
locations, nitrate isin abundant supply. To prevent excessive growth, high half-saturation
constants for nitrogen were necessary (see Appendix B, Table C-5). Additionally, high scour
exponents and somewhat low maximum biomass densities were required to prevent excessive
growth. Further downstream (RM 57, RM 24, and RM 01; RK 92; RK 39, and RK 02),
because nitrate was utilized, it was necessary to lower the nitrogen half-saturation
coefficients and scour exponent, else little growth occurred (see Appendix B Tables C-4
through C-8; Figures 4-10, 4-12, and 4-14). At RM 57 and RM 01 (RK 92 and RK 02), with
the global growth-temperature settings that provided calibration at RM 99, RM 88, and RM
24 (RK 160, RK 142, and RK 39), it can be seen that mid-year periphyton concentrations
declined to near zero (Figures 4-10 and 4-14).

4.3.5.4 Dissolved Oxygen

The variation in dissolved oxygen is driven by periphyton growth, this supported by the
observation that peak concentrations in data occur after midday, which is opposite the
direction being forced by temperature variations. Higher midday temperatures lower the
dissolved oxygen saturation concentrations.

At RM 99 (RK 160), the model results closely reflect the boundary conditions (Figure 4-6).
At RM 88 (RK 142), the April data set are considered erroneous and are not plotted. The
July and October comparisons show the model is simulating the diurnal oxygen curves well
(Figure 4-8). At RM 57 (RK 92), the April and October model results fit the observations
reasonably well (Figure 4-10). The July predicted values are too high in comparison with the
data and do not show the proper diurnal variation. Note, however, that the observed data are
less than saturation vaues, indicating that either an oxygen sink is present in this region of the
river at thistime or thereisan error in the data. A sink (such as sediment oxygen demand)
would need to be around 5 gm O,/n? per day, which is substantial. Such a sink would have to
derive from organic matter either deposited or generated in place from periphyton.

Deposition of organic material from an external sourceis unlikely even if there was a source,
because the high river velocity and high corresponding bed shear stress would make
deposition unlikely. However, high sediment oxygen can occur because of settling and decay
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of dead algal biomass. The dissolved oxygen comparisons at RM 24 (RK 38) are generaly
good (Figure 4-12). The October data are spotty and may be suspect. At RM 01 (RK 02), the
April and October values fit the dissolved oxygen data well, but the simulated results for
April do not show the proper diurnal variation aswell. This could be owing to proximity to
the Columbia River boundary.

4355 pH

The growth of periphyton not only produces dissolved oxygen but also utilizes carbon
dioxide. The uptake of carbon dioxide causes the carbonate system to shift to higher pH.
Carbon dioxide is added by periphyton respiration. Atmospheric reaeration also adds or
removes carbon dioxide depending on the water column's degree of saturation.

At the upper most station (RM 99; RK 160), model results track the observed pH time series
in April, July, and October (Figure 4-6). This shows that the model boundary conditions are
correctly set. At RM 88 (RK 142), the model results follow the diurna variations quite well
(Figure 4-8). In April and July, predicted values of pH are dightly higher than observed
data. At RM 57 (RK 92), the April pH data are considered suspect and are not presented.
The July model diurnal variation is somewhat dampened, likely dueto little periphyton
growth at thistime (Figure 4-10). By October, the diurnal variation is larger than April, even
though periphyton biomassis only dightly greater at thislocation. At RM 24 (RK 39), the
July and October pH results from the model show significant diurna variation, while April
does not (even though dissolved oxygen does) (Figure 4-12). The July datafit the
observationsfairly well. The model response at RM 01 (RK 02) are similar to that seen at
RM 24 (Figure 4-14), with larger diurnal ranges occurring during October than at previous
times. That is, the July model results are somewhat dampened in comparison with
observations, though they fall within the observed range.

4.35.6 Nitrate

The range of data available of calibration for nutrients was not as large as for temperature,
dissolved oxygen, and pH. The only datafor the 1999 calibration year were from August,
collected over afour-day period (JD 221 through 224; August 9 though 12, 1999). For
calibration purposes, the model results used were at noon on an intermediate day (JD 223)
(Figure 4-16). The plot shows agood fit to observations. The trend of declining
concentrations as water flows downstream iswell captured. It isthistrend that necessitated
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the use of nitrogen half-saturation coefficients that declined downstream. Otherwisg, little
periphyton growth would occur at downstream locations.
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5. MODEL VERIFICATION

Model verification was done for calendar year 1997. The calibrated model derived from
1999 data was applied without modification of the coefficient. The purpose of this exercise
isto ensure that model development is not limited to the calibration data set only but canin
fact reliably predict water quality with an independent data set.

Three sets of sample data are availablein May, July, and September 1997. These dataare
grab samples taken aong the length of the Lower Deschutes River over three to four day
periods. These samples were not taken synoptically, but were collected at various times
during daylight hours as part of the river surveys. Therefore, no time series data for
dissolved oxygen or pH for 1997 is presented.

51 METEOROLOGICAL INPUTS-1997

Meteorologica data were obtained from the Madras AgriMet Station at latitude 44.69,
longitude 121.16, and altitude 997 meters (3270 ft). The procedures used for construction of
these meteorological data were the same as those used for calibration for 1999. The input
meteorological datafor 1997 conditions are presented in Figure 5-1.

5.2 MODEL BOUNDARY CONDITIONSFOR VERIFICATION

Temperature data time series were available for the period April 18, 1997 through the end of
the year and were applied at the Reregulating Dam boundary location. To complete the
annual data set for the Reregulating Dam boundary condition, the 1998 data for the period of
January 1 through April 17 was used as an approximation. The 1998 data were selected after
comparison of data from 1998 through 2000 and were selected as being the most similar to
1997 data. The resulting composite model input is presented in Figure 5-2.

Nitrate boundary condition data for the Regulating Dam discharge location were assembled
from 1997 grab sample data, as was done for the 1999 input data. These input data are also
presented in Figure 5-2.

Dissolved oxygen boundary condition data were computed using (1) the 1997 temperature
data at the Reregulating Dam location to get saturation dissolved oxygen concentration and
(2) the 1999 percent oxygen saturation values.
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Thetotal organic carbon concentrations were based on the 1999 Reregulating Dam boundary
values, adjusted so the model matched the observed pH at the Reregulating Dam boundary
location (Figure 5-2).

Datafor the tributary boundary conditions were set at the 1999 values, as an approximation.
This assumes year-to-year variation isrelatively small and that the influence of the tributary
loads on the main stem Lower Deschutes water quality is also relatively small.

5.3 VERIFICATION RESULTS

53.1 Temperature

Comparisons of model results to observed data were made on the basis on daily averaged
values. Figures 5-3 through 5-6 present the results from temperature verification. Note that
at most stations, data begin in April 1997.

Model results show excellent fit to daily averaged temperatures data. Below RM 30 (RK
48), the model results exceed observed temperatures dightly during summer. Fine tuning of
the temperature model using local meteorological data likely eliminate this difference and
improve the performance of the model.

Longitudinal comparisons of temperature model results with observations were also made for
the data collected during river surveys (Figure 5-7). Because the observation times were
scattered over severa days during each sampling event, the observations show the effect of
sampling time on data (morning vs. afternoon). Therefore, model results were extracted
corresponding to each sampling time and at each location, and plotted longitudinally. As
show in the figure for temperature, the comparison between predicted temperature and
observed datais quite good for all three sampling periods.

5.3.2 Dissolved Oxygen and pH

The dissolved oxygen data from river surveys was not synoptic. The comparison to model
results was conducted for each sampling time and at each location, and plotted longitudinally
(Figure 5-8). Considering the variability in data because of sampling times, the match is
quite good, especially in regard to the trends in dissolved oxygen.
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53.3 pH

The same type of data comparison was aso made for pH (Figure 5-9). Note that the May
data are inadequate and are not presented. Mode results for July are good for the upper
river, but as shown in the figure, the model-predicted pH values in September are higher than
observed data by approximately 1/2 unit.

As stated previoudly, the amount of datafor constructing boundary conditions for pH kinetics
was inadequate for 1997, and some approximations were required. Thisismost likely the
cause for this observed discrepancy between the model prediction for 1997 and data.
However, in general, the model simulated dissolved oxygen and pH with reasonable
accuracy.

5.3.4 Nitrate

The model results best match the observations during the summer (Figure 5-10). Considering
the declining nitrate concentrations from upstream to downstream, the mode! provided good
performance in showing nitrate consumption by periphyton along the river. Overal, the
model simulations match the data reasonably well.
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6. MODEL APPLICATION

6.1 INTRODUCTION

As described in the Introduction Section 1.0, PGE is evaluating the “ Sel ective Withdrawal”
alternative at Round Butte Dam to enhance downstream passage of salmonids and to improve
compliance with temperature standards. The selective withdrawal alternative was primarily
designed to achieve compliance with temperature by atering the regime of discharged water
to one that closely matches the conditions prior to the construction of the dams. However,
there were concerns that the selective withdrawal alternative, which would require structural
and operational modifications at the Round Butte Dam, would modify the water quality
properties of water discharged into Lake Simtustus. Lake Simtustus would consequently
discharge water that is different from the existing conditions into Reregulating Reservoir and
on to the Lower Deschutes River. Therefore, the primary purpose for development of the
Lower Deschutes River model was to evaluate the effect of proposed modifications on the
water quality downstream of Reregulating Dam.

6.2 APPROACH

The selective withdrawal operation was devel oped through an iterative process which
looked at a number of possible combinations of blending of surface and bottom waters to
meet target temperature conditions immediately below the Reregulating Dam discharge
location. A previous study (Foster Wheeler August 23, 1999) showed that it would be
feasible to meet the temperature criteria at Regulating Dam using an optimum Blending
sequence titled “Blend-13" selective withdrawal scenario (Blend-13).

In order to examine the effect of Blend-13 on the Lower Deschutes River, it is necessary to
evaluate the effect of Blend-13 on Lake Simtustus, compute the modified discharge from Lake
Simtustus through Pelton Dam, and estimate the water quality of discharge at Reregulating
Dam. The effect on the Lower Deschutes River could then be evaluated using the Lower
Deschutes River Model developed in this study. In this study, the evaluation was conducted
through the following steps.

1. Selection of Basdline Conditions: Based on availability of data and completeness of
available information, the year 1995 was selected as the baseline conditions for all
comparisons.
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. Application of Water Quality Moddl of Lake Billy Chinook (BETTER): The BETTER

model of Lake Billy Chinook was applied for the 1995 existing scenario and for the
Blend-13 scenario (Foster Wheeler March 2000; Foster Wheeler February 22, 2001).

. Application of Water Quality Model of Lake Simtustus (CE-QUAL-W?2): The resulting
discharge from Lake Billy Chinook, for the existing 1995 and the Blend-13 conditions,
was routed through Lake Smtustus using the CE-QUAL-W2 model developed as part of
this overall project (Foster Wheeler April 2001)

. Edtimate of Water Quality of Reregulating Dam Discharge: The water quality of Pelton
Dam discharge into the Reregulating Reservoir was correlated to Reregulating Dam
Discharge water quality, using regression analysis. Correlation between Pelton Forebay
(discharge) water quality, and Reregulating Dam Tailrace (discharge) water quality was
developed based on available data (Foster Wheeler May 24, 2000). The regression
equations were used to develop water quality time histories at the Reregulating Dam
boundary for the 1995 existing and Blend 13 conditions.

. Setup and Application of the Lower Deschutes River for 1995 and Blend-13 Conditions:

The Lower Deschutes River Model (calibrated for the 1999 conditions, verified for
1997) was set up to simulate 1995 existing conditions, and applied for the Blend-13
scenario.

The Lower Deschutes River islisted in the Oregon Department of Environmental Quality
303d list as having water quality impairment with respect to temperature, dissolved oxygen,
and pH. These constituents are therefore the focus of this evaluation.

6.3 SETUP OF LOWER DESCHUTESWATER QUALITY MODEL FOR 1995

CONDITIONS, AND THE BLEND-13 SCENARIO

Meteorological datafor the year 1995 were obtained from the Madras AgriMet Station. The
same procedures were used for construction of these meteorological data as was done for the
calibration for 1999. The input data are presented in Figure 6-1. Peak air temperatures, with
lapse rate applied, are lower for calendar year 1995 than for the calibration and verification
years 1999 and 1997, respectively.

Model boundary conditions at the Reregulating Dam discharge location were developed using
model output from the Lake Simtustus model. The minor adjustments in water quality
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during transit through the Reregulating Reservoir were made using regression equations
developed previoudly (Foster Wheeler May 24, 2000).

Water quality boundary condition data for the tributaries were taken from the 1999 data, since
no 1995 water quality data were available for these locations.

Once the Lower Deschutes River was set up for the 1995 exiting condition, its application for
the Blend-13 scenario simply required replacing the existing boundary of Reregulating Dam
discharge to the one corresponding to Blend-13 boundary condition. Note that the boundary
condition data for each congtituent is presented in the time series plots as Reregulating Dam
tailrace at RM 100.1.

6.4 WATER QUALITY MODELING RESULTSFOR 1995, EXISTING
CONDITION AND BLEND-13 SCENARIO

Model results are presented in two fashions: as mean daily time-series plots of each
constituent at representative locations and as longitudinal plots during three different days of
theyear. Thelongitudinal plots are at four-hour intervalsto illustrate the daily variation in
constituent values.

Temperature, dissolved oxygen, pH, nutrients, and suspended algae (chlorophyll a) are
presented in the time-series plots. Only temperature, dissolved oxygen, and pH are shown in
the longitudinal plots, because they are primary constituents of concern.

6.4.1 Temperature

The Reregulating Dam (RM 100.1) discharge temperature time series for the existing and
Blend-13 conditions are presented in Figure 6-2. Also included in the figureis aplot
showing the estimate of temperature corresponding to the condition before the construction of
dams (pre-dam condition) (Huntington et al. 1999). The results show that the Lower
Deschutes River’s response to the blended discharge generally follows the pattern observed
in the previous results observed in Lake Billy Chinook (Foster Wheeler March 2000), where
the spring temperature lies between the existing and pre-dam conditions. By late August, the
existing temperature exceeds the Blended-13 and pre-dam temperatures. The extent of
blending warm surface and cooler bottom waters in Lake Billy Chinook was based on
maintaining the resulting discharge temperature just below the pre-dam temperature as long as
possible so that compliance with temperature criterion is achieved. The applicable
temperature criterion appropriate to the Lower Deschutes River is[10°C (50°F)] based on
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viability of native Oregon bull trout. When the temperatures exceed 10°C, the criterion is
T+0.25 °F, where T is the pre-dam temperature.

Figure 6-2 shows that the beneficial effect of blended water (that is, reduction in summer-
time temperatures, maintaining temperatures below the pre-dam temperatures) are noticeable
in the Lower Deschutes River for several miles. As expected, the temperature for both
existing and Blend 13 conditions increases with distance from the Reregulating Dam because
of warming from direct solar heating of the water and due to possible trapping of heat in the
canyons. At theriver's mouth, the data from the two runs (existing conditions and Blend-13
conditions) are nearly identical, showing the equilibrating effect of heat-exchange processes.

Figure 6-3 shows a sequence of longitudinal temperature plots for the existing condition and
Blend-13 conditions during April 1995. The plot begins at midnight (JD 118.000, April 27,
1995) and ends at 8 p.m., April 27, 1995 (JD 118.833). At the Reregulating Dam boundary
(RM 100.1), the temperature of Blend-13 discharge is higher than for the existing condition,
because in April 100 percent of the discharge is composed of warmer surface waters. Note
that diurna variation in the temperatures of the boundary flow at Reregulating Dam is small
in comparison to the increase in downstream temperatures during the day (as shown during
JD 118.333 through JD 118.667). Even more heating isindicated in the July 1999 plots
(Figure 6-4), though the trends are the same as noted for the April data. Note that the
difference in boundary datais smaller for the July data than in April. By October, thereis
much less heating (Figure 6-5). Also, the boundary temperature for the Blend-13 condition is
lower than the existing condition run, since by this time 100 percent of water discharged from
Lake Billy Chinook is cooler bottom water.

6.4.2 Dissolved Oxygen

Thetime series plot of daily average dissolved oxygen valuesis shown in Figure 6-6, starting
from the upstream boundary at the Reregulating Dam (RM 100.1), through various locations
downstream to the river mouth. The figures clearly show the beneficial effect of Blend-13
conditions in terms of improving dissolved oxygen concentrations in the Lower Deschutes
River. Thisbeneficial effect is seen to last a considerable distance downstream of the
boundary at Reregulating Dam. By the time the river flows reach the river mouth, the
difference between existing and Blend-13 dissolved oxygen time seriesis minimal asthe
river tends towards equilibrium. Thismay be explained in terms of the internal production
and consumption of oxygen by periphyton, and the reaeration with the atmosphere driven

\\BELLEVUE\WPROS\WP\2200\13712.DOC - 6/6/01 6'6



uobaiQ ‘puejuod 50000000022 |  sexuoebueyy 1 :GINOIHO qul'|gxe624AT-S6HAT:INYNI I
Auedwo) 21199|3 [eJBUSD pueod

NOILVIIVA TVNANId

‘ON 1O3rodd TO0Z ‘€C YdleW :31va dneyisig 'S INMVHEA d3133HM d3.1S04

NOILVHOdH0D @ IVLNIWNOHIANT

dHL ONIMOHS S66T 11ddV 404

(€TPURIE) [EMRIPUIM BAIIBISS
S11NS3FY FdNLVHIAdINTL NOILVII1ddY uonipuod Bunsixy ——
T13AON d3IAIH STLNHOS3A d9MO7
€-9 34dN9l4
BIIN 1oy SIIN 11y SIIN 11y
0 oz o 09 08 00T 0 oz o 09 08 00T 0 oz o 09 08 00T
1 1 1 1 1 O 1 1 1 1 1 O 1 1 1 1 1 o
L g g -
o
3
Lot Lot o1 &
©
0
~+
L o1 LT LeT S
)
=
L oz L oz Loz O
S1y 00:0¢ = 1 ‘€€8'8TTAC S1Yy 00:9T = 1 :299'QTTdAC SJy 00:2T = 1 -:00S'8TTAC
| | | | | | | | mN | | | | | | | | mN Il Il Il Il Il Il 1 1 nI.J-N
0O 0z Ov 09 08 00T OZT OvT 09T 0O 0z Or 09 08 00T OZT OvT 09T 0O 0z Or 09 08 00T OZT OvT 09T
0 oz o 09 08 00T 0 oz o 09 08 00T 0 oz o 09 08 00T
1 1 1 1 1 O 1 1 1 1 1 O 1 1 1 1 1 o
L g L g -
o
3
E‘ ot } o1 Lot 3
©
0
~+
L o1 L o1 Lst S
)
=
L oz L oz Loz O
Si1y 00:8 = 1 ‘€€€'8TTAC Siy 00 = 1L :29T'8TTdACl Siy 0'0 = 1 :000°8TTAC
| | | | | | | | mN | | | | | | | | mN Il Il Il Il Il Il 1 1 nI.J-N
0O 0z Ov 09 08 00T OZT OvT 09T 0O 0z Or 09 08 00T OZT OvT 09T 0O 0z Or 09 08 00T OZT OvT 09T

1918WO0|[13 Janly 1918WO0|[13] JaAly 1918WO0|[13 Janly

6-7




uoBaiQ ‘puejod 5000700010022 | JexuoeBuey ‘L :gIHOIHD qulIaxe6zHAT-SEIATANYNITH  NOILYHOdHOD TV LNIWNONIANT
\AC.GQEOO U_.:UO_M _.@._OCOO _U_(_.m_toa ‘ON 103rodd T00Z ‘€2 Yyore :31va wdneyielg 'S INMVYA W_MI_M_MI\S@ d31S04
NOILVIIVA TVYNNYId
JHL ONIMOHS S66T ATNC 404 (STPUS|G) [EMRIPYNM SAIIS|9S
S1INS3Y YN LYHIDINTL NOILYOITddY LOnIPUOS BUST —
13dOIN d3AId SALNHOS3IA MO
-9 34N9OI4
SN J9ATY SIIN JoAIY SIIN JoAIY
0 oz ov 09 o8 00T 0 oz ov 09 o8 00T 0 oz ov 09 o8 00T
1 1 1 1 1 O 1 1 1 1 1 O 1 1 1 1 1 o
g g IR
o
3
Lot Lot o1 &
@
o
~+
L st Lot 5
o
=
L oz Loz O
Sy 00:02 = 1 ‘€€8'68TAC 14 00:9T = 1 -£99'68TAC S1y 00:2T = 1 ‘00S°68TAC
| | | | | | | | mN | | | | | | | | mN 1 1 1 1 1 1 1 1 nI.J-N
0O 0z Ov 09 08 00T 0ZT OFT 09T 0O 0z Ov 09 08 00T OZT OFT 09T 0O 0z Ov 09 08 00T OZT OFT 09T
0 oz ov 09 o8 00T 0 oz ov 09 08 00T 0 oz ov 09 o8 00T
1 1 1 1 1 O 1 1 1 1 1 O 1 1 1 1 1 o
g g IR
o
3
Lot Lot o1 &
@
o
~+
L st L oT Lot 5
o
=
L oz L oz Loz O
sS4y 00:8 = 1 ‘€€€'68TAC siy Q0% = 1 ‘29T°'68TAC sS4y 00:0 = 1 :000°'68TAC
| | | | | | | | mN | | | | | | | | mN 1 1 1 1 1 1 1 1 nI.J-N
0O 0z Ov 09 08 00T 0ZT OFT 09T 0O 0z Ov 09 08 00T 0ZT OFT 09T 0O 0z Ov 09 08 00T OZT OFT 09T

1918WO0|[13 Janly

1918WO0|[13] JaAly

1918WO0|[13 Janly

6-8




uobalQ ‘puejod G000°7T000'00Z |  JeduoeBuByY L GINOTHO aliFI0Xe6ZAT-SEHATNYNT I NOLLYHOdHOD W LNINNOHIANT
Auedwiod d1193[3 [eJ3us9 puepiod ‘ON 103r0¥d T00Z ‘€2 Yose :31va dneyiaig ‘s NMvHd mm.ﬁmz?@ 431504
NOILVIAdVA T¥YNdNId
S1TNS3H FHdN1LVH3IdINTL NOILVYOI1ddY uonipuo) Bunsixg ——
T13dON d3AIL SIALNHDOS3A d3aMO
G-9 34dN9ld
3N JoATY SN JOA1Y SN JoA1Y
0 fo¥4 ov 09 08 00T 0 fo¥4 ov 09 08 00T 0 fo¥4 ov 09 08 00T
1 1 1 1 1 O 1 1 1 1 1 O 1 1 1 1 1 o
L g L g - R
o
3
Lot Lot o1 &
@
\uu\“”\ﬂ Wl\f,\\\\\h//“ ,n»l\lxl\\nlllll\/l\/“ 0
~+
L st Lot LsT S
o
=
L oz L oz Loz O
siy 00:02 = 1 :€e8'622dr S1y 00:9T = 1 :299'622drC sS1y 00:2T = 1 ‘00S°6.224C
| | | | | | | | mN | | | | | | | | mN 1 1 1 1 1 1 1 1 nI.J-N
0O 0z OF 09 08 00T 02T OvT 09T 0O 0z OF 09 08 00T 0ZT OvT 09T 0O 0z Oy 09 08 00T 0ZT OvT 09T
0 fo¥4 ov 09 08 00T 0 fo¥4 ov 09 08 00T 0 fo¥4 ov 09 08 00T
1 1 1 1 1 O 1 1 1 1 1 O 1 1 1 1 1 o
L g L g - R
o
3
Lot Lot o1 &
——— e =
T 7 — O ~+
L a1 L a1 Let §
o
=
L oz L oz Loz O
Sly 00:8 =1 ‘ggg'6.2dr SIy 00 =1 :29T'6.2AC Siy 00:0 = 1 :000'6.cAr
| | | | | | | | mN | | | | | | | | mN 1 1 1 1 1 1 1 1 nI.J-N
0z Or 09 08 00T 02T OvT 09T 0O 0z OF 09 08 00T 0ZT OvT 09T 0

1918WO0|[13 Janly

1918WO0|[13] JaAly

0 Or 09 08 00T OCT OvT 09T

1918WO0|[13 Janly

6-9




CO@@._O __u_.:m_u._On_ mooo.._“ooo.ooww =Nv_comm_._ﬁ_.?_.._.“n_m_v_om:._oQ:._._memm:u_.mmw_n_._”m__\,_,,.\Zm_n__u_ ZO_._.<W_On_W_OO |_<._.Zm__>_ZOW__>Zm_
\ACMQEOO JL109|3 |elaua9) pue|liod d37133IHM d31S0d

S3IF3S FNIL NIDAXO dIA10SSId

‘ON 1O3rodd TO0Z ‘€ |0y :31va dneyieig 'S INMVHEA

ATIVA NVIN ONIMOHS
G66T 404 S1TNS3IH NOILVIIlddV
13dON d3aAIFd S31NHOSIA d3aMO'1

sanjeA abelane Ajiep ase asay) 910N (ETpuBIg) remelpylIAN BAIN0B|8S
uonipuod bunsixz ——

9-9 34N9Id
Aeq uelng Aeq uelng Aeq uelng
09€ 00g€ Oz 08T 02T 09 0 09€ 00g€ Oz 08T 02T 09 0 09€ 00€ Oz 08T 02T 09 0
| | | | | | | | | | Il Il Il Il Il
)
9 -9 -9 =
0
Qo
L - <
8 8 8 3
Q
Lot Lot - 0T m
<
Q
)
- 2T - 2T 2T S
~
3
Q
LT LT YT =
Nr
| | | | Il Il Il Il Il
TOWYA PZINY LSINY
09€ 00g€ Oz 08T 02T 09 0 09€ 00€ OvZ 08T 02T 09 0 09€ 00€ OvZ 08T 0CT 09 0
| | | | | | | | | | Il Il Il Il Il
)
9 -9 -9 =
0
Qo
I L <
8 8 8 3
Q
Lot Lot - 0T m
<
Q
[}
- 2T - 2T -2t S
~
3
Q
LT LT YT =
| | | | Il Il Il Il Il ~

88N 66N OOTINY - @2oel|ie] Baiay

6-10




by the tendency towards oxygen saturation in the water column. The fall spike resulting from
overturn of Lake Simtustus is evident at the Reregulating Dam boundary (RM 100.1) and RM
99 but much lessso at RM 88. By RM 57, internal processes have removed this effect. At
RM 01, the daily average dissolved oxygen is seen to have a minimum in mid-summer for
both the existing and Blend-13 conditions.

The April 1999 longitudinal plot (Figure 6-7) shows that the boundary values of dissolved
oxygen for Blend-13 conditions are greater than those for the existing condition. They also
show little diurnal variation. However, in the upper reaches of the modeled river domain
(RM 99 to about RM 70), nighttime oxygen lows and daytime oxygen highs are evident.
These result from the nighttime respiration by periphyton and daytime growth of periphyton,
with growth resulting in oxygen production. The Blend-13 condition carries higher dissolved
oxygen through most of the year and follows the diurnal variation observed in the existing
condition. The improvement in dissolved oxygen concentrations is highest at the boundary,
which reduces asymptotically to match the existing condition at the river mouth.

6.43 pH

Time series plots of pH for the existing condition and Blend-13 conditions are presented as
daily average valuesin Figure 6-10. The plot at the boundary location RM 100.1 shows that
the pH in the Blend-13 condition is dightly higher than the existing condition by 0 to 0.5 units.
However, as water proceeds downstream, the difference in pH values declines relatively
quickly. The differenceis small by RM 88 and is negligible below RM 57. This movement
toward equilibrium is expected, because pH is governed by carbon dioxide concentrations
that in turn are produced by periphyton respiration and consumed by periphyton growth.
Additionally, carbon dioxide is subject to reaeration similarly to dissolved oxygen, and its
saturation values vary with water temperature.

The longitudinal plots of pH aso show (Figures 6-11 through 6-13) that the pH values are
dightly higher for the Blend-13 conditions relative to existing conditions, with the difference
varying from 0 to 0.5 units. For the April 28th diurnal plots (Figure 6-11), the onset of
daylight and periphyton growth can be seen to increase pH as carbon dioxide is consumed.
Thisis particularly evident in the upper reaches of the river (RM 99 - RM 70). The effect of
tributary inflows produces pronounced decreasesin pH at thistime. By July 8th (JD 189),
periphyton growth has amajor effect on pH (via carbon dioxide uptake during
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growth) (Figure 6-12). The differences between the existing condition and the Blend-13
condition are small throughout most of the system, with the largest differences generated by
the boundary values from the Regulating Dam discharge.

6.4.4 Nutrientsand Chlorophyll a

The primary nutrient affecting water quality changesis nitrate. Ammonia concentrations are
an order of magnitude lower than nitrate values and consequently do not have as much of an
affect on periphyton growth as nitrate. Ortho-phosphate isin abundant supply, as indicated by
the boundary condition N:P molar ratio of 6.3. These nutrients are presented here for a
qualitative comparison between the existing and Blend-13 conditions, as are chlorophyll a
concentrations. Chlorophyll a is not likely to be to an inportant factor because its mass
changes little over the river length and is transported out. Thisis expected with aresidence
time of about 24 hours.

Figure 6-14 clearly shows the decline in nitrate concentrations as the river flows
downstream. Nitrate is used by periphyton for growth. The plot at the boundary location
(RM 100.1) also shows nitrate values early in the year are higher for the Blend-13 condition
than for the existing condition. However, after March, nitrate concentrations in the Blend-13
condition discharged by the Reregulating Dam are lower than the existing condition values.

Ammoniavalues are plotted (Figure 6-15) at the same scale to show the low values of
ammoniarelative to nitrate concentrations. Even at the small values, anmoniais used by
periphyton, and concentrations decline as water flows downstream.

Ortho-phosphate remains relatively constant over the year (Figure 6-16). Blend-13
conditions result in values that are dightly lower than existing values at the boundary. Uptake
by periphyton is evident as concentrations decline as water flows downstream.

Chlorophyll a remains nearly unchanged as river water travels downstream from the
Regulating Dam discharge to the mouth (Figure 6-17). The fall spike in chlorophyll a travels
downstream undiminished. The travel time through the system is not long enough for
suspended algae to have time to grow and so has little impact on water quality. It is be noted
that the periphyton model does not include the addition of periphytic agae by scour into the
water column, nor does the model include filtering of suspended algae by aquatic
invertebrates. Both these processes affect the dynamics of water column chlorophyll a, but
examination of the small amount of data available suggest that these effects are relatively
small and the concentrations predicted by the present model are reasonable.
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7. CONCLUSIONSAND RECOMMENDATIONS

A water quality model of the Lower Deschutes River has been implemented using the models
RMAZ2 and RMA4q. The Lower Deschutes River was smulated in the 1D dynamic mode and
focused on temperature, dissolved oxygen, and pH as the constituents of interest. Other
simulated constituents included nitrate, ammonia, ortho-phosphate, alkalinity, total inorganic
carbon, |abile dissolved organic matter, and chlorophyll a. They were simulated as part of
the complete eutrophication cycle. Model calibration was performed using synoptic data
collected in the year 1999. Thisyear had the best set of data for defining boundary conditions
and for comparing with model results. The calibration process revealed that conventional
water column phytoplankton kinetics could not describe the observed behavior, and that
periphyton kinetics were likely the dominant mechanism controlling water quality in the
Lower Deschutes River. Suspended algae added to the river from the Regulating Dam
discharge had little effect on water quality, because the residence time of theriver isvery
short (on the order of 1 day). Nitrogen was found to be the primary limiting nutrient, as
expected from low N:P molar ratios (around a value of 6) so that nitrate and ammoniawere
used by periphyton and declined downstream. Ortho-phosphate passed through the system
with little change, similar to chlorophyll a in the water column.

In genera, very good calibration was achieved. Temperature results from the model match
the observations throughout most of the system. The model results in the lower reaches could
be further improved with local meteorological information. Dissolved oxygen and pH also
generally match the diurnal time series observations well, considering the large diurnal
variations observed in this fast-flowing shallow river.

Data available for model verification were river survey data (unlike synoptic data for
calibration) and, therefore, the verification objective was to ensure that observed data fell
within the diurnal variation predicted at each location. In the absence of data, boundary
values for many constituents were assumed the same as for calibration. Even with these
limitations the model results generally gave good matches and the same trends as seenin
observations. These results indicate the robustness of the model.

The model was then applied to simulate 1995 conditions and the “ sel ective withdrawal”
Blend-13 conditions. The boundary conditions were taken from Lake Simtustus withdrawal
data computed by the model CE-QUAL-W2. These withdrawal data were then used to
compute water quality at Reregulating Dam using regressions previously developed to
account for the effect of the Reregulating Reservoir. Thisformed the baseline condition for
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comparison with modified discharges. The model was then applied for the Blend-13
scenario. Lake Billy Chinook discharge for the Blend-13 condition, smulated by the
BETTER modd, was routed through Lake Simtustus using the CE-QUAL-W2 model. The
Lower Deschutes River model was then applied for the Blend-13 boundary conditions. The
results can be summarized as follows:

Selective withdrawal results in modifying the temperatures in the Lower Deschutes
River so that the river is cooler during the peak summer months. The study showed
that it isfeasible to alter the temperatures in the Lower Deschutes River through
modifications at Lake Billy Chinook.

The effect of selective withdrawal (Blend-13 condition) on temperature persists
several miles downstream, evident at least to RM 57; but by the mouth, the difference
in daily average temperature between existing and modified Blend-13 conditionsis
not readily apparent.

Selective withdrawal (Blend-13 conditions) results in dissolved oxygen
concentrations that are generally higher than under existing conditions. This
improvement is a so apparent through about RM 57, with differences approaching
zero near the mouth.

pH levels are dlightly elevated the Blend-13 scenario, in comparison with existing
conditions. Asin the case of pH and dissolved oxygen, the difference between the
two scenarios becomes very small by RM 88 and is negligible by RM 55 and below.

Nitrate concentrations, which drive periphyton growth, start higher in selective
withdrawal because of the discharge of surface watersin the spring. However, by
early summer nitrate concentrations are less for the Blend-13 sel ective withdrawal
scenario than for the existing condition.

Model calibration and verification of the Lower Deschutes River was completed
successfully. A predictive tool which may be used to evaluate various alternatives of
operationa and structural modification for fish passage or for meeting 401 water quality
certification requirementsis now available. The model calibrations will likely be
improved as PGE completes the Y ear 2000 systemwide water quality sampling program
that will provide a consistent set of datafor all waterbodies.
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MEASURED CROSS SECTION FIGURES
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CALIBRATED MODEL PARAMETERSAND COEFFICIENTS
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APPENDIX B - CALIBRATED MODEL PARAMETERSAND
COEFFICIENTS
Table B-1. Suspended Algae Input Values for the Coefficients and Parameters of RMA4q

Global Suspended Algae

Parameters and Coefficients Value Comment
Ratio of chlorophyll a to algal biomass 50.0 From CE-QUAL-W2
model of Lake Simtustus
Fraction of algal biomassthat is carbon 0.45 From CE-QUAL-W?2
model of Lake Simtustus
Fraction of algal biomassthat is nitrogen 0.08 From CE-QUAL-W?2
model of Lake Simtustus
Fraction of algal biomass that is phosphate 0.005 From CE-QUAL-W?2
model of Lake Simtustus
Oxygen production per unit of algal growth 14 From CE-QUAL-W?2
model of Lake Simtustus
Oxygen uptake per unit of algal respiration 1.1 From CE-QUAL-W?2
model of Lake Simtustus
Temperature correction for algal growth 1.047 Default value
Temperature correction for algal respiration 1.047 Default value
Temperature correction for algal settling 1.047 Default value
Preference for ammoniaN over nitrate-N 0.6 Default value
Monod half-saturation coefficient for light (Ly/sec) 0.01 From CE-QUAL-W?2
model of Lake Simtustus
Monod half-saturation coefficient for nitrogen (mg N/L) 0.014 From CE-QUAL-W?2
model of Lake Simtustus
Monod half-saturation coefficient for phosphate (mg P/L) 0.003 From CE-QUAL-W?2
model of Lake Simtustus
Non-algal light extinction coefficient (1/m) 0.25 Default value
Linear algal self-shading light coefficient (1/m-ug chla) 0.02 Default value
Non-Linear algal self-shading light coefficient (1/m-ug chl&) 0.0

Note: These data are for water column transport processes.
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Table B-2. Nutrient, Dissolved Oxygen, and pH Constituent Input Values for the Coefficients

and Parameters of RMAA4q

Global Nutrient, Dissolved Oxygen, and pH

Parameters and Coefficients Value Comment

Oxygen uptake per unit of ammonia oxidation (nitrification) 2.28 Default value
Oxygen uptake per unit of nitrite oxidation 1.14 Default value
Temperature correction for ammonia oxidation 1.047 Default value
Temperature correction for nitrite oxidation 1.047 Default value
1st order nitrification inhibition coefficient 0.01 Default value
Temperature correction for reaeration rate 1.047 Default value
Oxygen stoichiometry for SOD 1.0 Default value
Temperature correction coefficient for CO, reaeration 1.047 Default value
Temperature correction coefficient for LDOM decay 1.047 Default value

Oxygen uptake per unit of LDOM decay (gmO2/gmLDOM) 0.53 From CE-QUAL-W2

model of Lake Simtustus

Note: These data are for water column transport processes.
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Table B-3. Nutrient, Dissolved Oxygen, and pH Constituent Input Vaues for the Coefficients

and Parameters of RMAA4q

Nutrient, Dissolved Oxygen, and pH
Parameters and Coefficients Applied to each

Element Type Value Comment
Method for computing CO, reaeration 4 4= Langbien & Durum
(1967)
Method for computing oxygen reaeration 4 4= Langbien & Durum
(1967)
Rate of biological oxidation ammoniato nitrite 0.01 Units = 1/day
Rate of biological oxidation of nitrite to nitrate 0.01 Units = 1/day
Suspended algae maximum specific growth rate 2.0 Units= 1/day. From
CE-QUAL-W2 model of
Lake Simtustus
Suspended algae respiration rate 0.01 Units= 1/day. From
CE-QUAL-W2 model of
Lake Simtustus
Suspended algae settling rate 0.04 Units= 1/day. From
CE-QUAL-W2 model of
Lake Simtustus
Labile DOM (LDOM) decay rate 1.0 Units= V/day. From

CE-QUAL-W2 model of
Lake Simtustus. Note
that LDOM usesthe
same stoichiometry as
specified for algae to
compute mineralization
ratesfor N and P.

Note: These data are for water column transport processes.

Source: Langbien, W.B. and W.H. Durum. 1967. The Aeration Capacity of Streams. Circ. 542. U.S. Geologica Survey.

Washington, D.C.
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Table B-4. Globa Periphyton Input Parameters Used to Achieve Model Calibration

Global Periphyton
Parametersand
Coefficients

Periphyton

2 3

Comment

Fraction of benthic
algal biomassthat is
carbon

Fraction of benthic
algal biomassthat is
nitrogen

Fraction of benthic
algal biomassthat is
phosphate

Fraction of mortality
that produces
refractory DOM

Preference for
ammoniaN over
nitrate-N by benthic
agee

Temperature function
coefficient - 1

Temperature function
coefficient - 2

Temperature function
coefficient - 3

Temperature function
coefficient - 4

Temperature function
breakpoint -1

Temperature function
breakpoint -2

Temperature function
breakpoint -3

Temperature function
breakpoint -4

Temperature scaling
factor for respiration
and mortality

0.450

0.030

0.004

0.1

0.6

0.10

0.99

0.99

0.01

4.0

13.0

14.0

20.0

1.0

0.450 0.450

0.030 0.072

0.004 0.004

0.1 0.1

0.6 0.6

0.10 0.10

0.99 0.99

0.99 0.99

0.01 0.01

10.0 2.0

30.0 4.0

35.0 5.0

40.0 15.0

1.0 2.0

0.450

0.030

0.004

0.1

0.6

0.10

0.99

0.99

0.01

4.0

10.0

15.0

20.0

15

The remainder
of mortality
produces labile
DOM

range 0.0-1.0

Used to scale
growth,
respiration,
and mortality
by

temperature

Adjusts
respiration
and mortality
curves.
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Table B-5. Periphyton Input Parameters for Node Type 1 Used to Achieve Model Calibration

Nodal
Periphyton
Par ameters Nodal Type 1
and Periphyton
Coefficients 1 2 3 4 Comment
Effective surface 1.2 1.2 1.2 1.2
area
Maximum 1.20 1.50 2.00 0.0 Unit = 1/day
specific growth
Respiration rate 0.05 0.05 0.30 — Unit = 1/day
Mortality rate 0.01 0.01 0.01 - Unit = 1/day
Light half 0.00011 0.00011 0.00011 - Unit = Ly/sec
saturation
constant
Nitrogen half 0.18 0.14 0.18 — Units=mg N/L
saturation
constant
Phosphorus half 0.005 0.005 0.005 — Units=mg P/L
saturation
constant
Maximum density | 30.0 30.0 30. — Units = gm/n?’
dlowed by the
habitat
Scour coefficient 5.0e-4 5.0e-4 5.0e-4 — Units= 1/day
Critical shear 0.8 0.8 0.8 - Units = N/n?
stressfor erosion
Erosion exponent 3.0 3.0 3.0 -
for biomass
density
Oxygen 15 15 15 -
production per
unit of benthic
agae growth
Oxygen uptake 2.0 2.0 2.0 -
per unit of benthic
algae respiration
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Table B-6. Periphyton Input Parameters for Node Type 3 Used to Achieve Model Calibration

Nodal
Periphyton
Parameters NF())dal ;ype 3
and eriphyton
Cosfficients 1 2 3 4 Comment
Effective surface 1.2 1.2 1.2 1.2
area
Maximum 1.20 — 1.50 — Unit = Y/day
specific growth
Respiration rate 0.30 — 0.20 — Unit = Y/day
Mortality rate 0.01 — 0.01 — Unit = Y/day
Light half 0.00011 — 0.00011 — Unit = Ly/sec
saturation
constant
Nitrogen half 0.10 — 0.10 — Units=mg N/L
saturation
constant
Phosphorus half 0.005 — 0.005 — Units=mg P/L
saturation
constant
Maximumdensity | 30.0 - 30.0 — Units = gm/n?’
alowed by the
habitat
Scour coefficient 5.0e-4 — 5.0e4 — Units = 1/day
Critical shear 0.8 — 0.8 - Units = N/n??
stress for erosion
Erosion exponent 2.0 - 2.0 -
for biomass
density
Oxygen 15 — 0.5 —
production per
unit of benthic
algae growth
Oxygen upteke 2.0 - 4.0 -
per unit of benthic
algae respiration
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Table B-7. Periphyton Input Parameters for Node Type 4 Used to Achieve Model Calibration

Nodal
Periphyton
Parameters Nodal Type 4
and Periphyton
Coefficients 1 2 3 4 Comment
Effective surface 1.2 1.2 1.2 1.2
area
Maximum - 1.00 1.50 0.90 Unit = V/day
specific growth
Respiration rate - 0.20 0.20 0.15 | Unit=1/day
Mortality rate - 0.01 0.01 0.01 Unit = V/day
Light half - 0.00011 0.00011 0.00011 | Unit=Ly/sec
saturation
constant
Nitrogen half - 0.05 0.05 0.05 Units = mg N/L
saturation
constant
Phosphorus hal f - 0.005 0.005 0.005 | Units=mg P/L
saturation
constant
Maximum density - 30.0 30.0 30.0 Units = gm/n?
dlowed by the
habitat
Scour coefficient - 5.0e4 5.0e4 5.0e4 | Units=1/day
Critical shear | — 0.8 0.8 0.8 | Units=N/m?
stressfor erosion
Erosion exponent — 25 1.5 2.5
for biomass
density
Oxygen — 25 1.5 2.0
production per
unit of benthic
agae growth
Oxygen uptake - 2.0 4.0 2.0
per unit of benthic
algae respiration
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Table B-8. Periphyton Input Parameters for Node Type 5 Used to Achieve Model Calibration

Nodal
Periphyton
Parameters

and
Cosfficients 1 2 3 4

Nodal Type5
Periphyton Comment

Effective surface 1.2 1.2 1.2 1.2
area

Maximum 1.00 — — 1.50 Unit = Y/day
specific growth
Respiration rate 0.20 — — 0.20 Unit = 1/day

Mortality rate 0.01 — — 0.01 Unit = Y/day

Light half 0.00011 - - 0.00011 | Unit=Ly/sec
saturation
constant

Nitrogen half 0.05 — — 0.18 Units=mg N/L
saturation
constant

Phosphorus half 0.005 — — 0.005 | Units=mgP/L
saturation
constant

Maximumdensity | 30.0 - - 30.0 Units = gm/n?’
alowed by the
habitat

Scour coefficient 5.0e-4 — — 5.0e4 | Units= 1/day

Critical shear 0.8 - - 0.8 Units = N/m?
stress for erosion

Erosion exponent 20 — — 2.0
for biomass
density

Oxygen 2.0 - - 2.0
production per
unit of benthic
algae growth

Oxygen uptake 15 — — 2.0
per unit of benthic
algae respiration
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PERIPHYTON NODAL TYPE INPUT TRENDS

Examination of the periphyton nodal type inputs (Tables C-4 through C-8) reveals afew
trends in periphyton model inputs. In general, the half-saturation values for nitrogen
decreased from upstream to downstream. The biomass erosion exponent also exhibited a
downstream decrease. Maximum specific growth rate also showed some decreases from
upstream to downstream. Nitrate-nitrogen, which made up the bulk of inorganic nitrogen
content, decreases from upstream to downstream, because it is being used for periphytic algae
growth. With lower concentrations downstream, it was necessary to lower half-saturation
values for nitrogen to attain adequate periphyton growth. Diminished nitrate-nitrogen
concentrations also necessitated lower growth rates and lower biomass erosion exponents to
prevent too much growth with the lower half-saturation values.
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