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Executive Summary

Two Asessment Units (AUs) of the lower Boise River, Middleton to Indian Creek and Indian
Creek to the mouth, are currently 8303(d)-listed due to excess nutrients in the form of Total
Phosphorus (TP). Idaho DEQ, in consultation with the Environmental Protection Agency (EPA)
and the Lower Boise Watershed Council (LBWC), is currently developing a Total Maximum
Daily Load (TMDL) for the river to address phosphorus-related impairments. During this
process, Idaho DEQ and the LBWC have identified a numeric nuisance aquatic algae target for
the 8303(d)-listed AUs of the lower Boise River: mean benthic chlorophyll a biomass
(periphyton or attached algae) of < 150 mg/m?.

Aquatic biological communities respond to altered physical and«€hemical surroundings, making
it more practical to measure biotic integrity than to measure all of the physical and chemical
factors that can determine ecosystem integrity. The AQUATOX model represents the combined
environmental fate and effects of pollutants such as nutrients i aquatic ecosystems. For the
lower Boise River (LBR) study, this model is used te‘simulate attached algae biomass, or
periphyton, in relation to environmental factors, including nutrient enrichment.

Periphyton and other biotic responses to nutrients often depend on temporally- and spatially-
varying site specific characteristics such as temperature, waterchemistry, light availability, and
other environmental factors. Because thesescomplex interactionsiare also evident on the lower
Boise River, Idaho DEQ is utilizing the AQUATOX model as a means.to effectively and
efficiently help identify the quantitative relationships among site-specific water quality and
ecological response indicators, including attached algae, forthe development of phosphorus
allocations in the TMDL. Theseurrent modeling.effort will aceount for these complex
relationships, while the relationships between nutrients and periphyton will be a primary focus of
this modeling effort.

This model calibration will be used as,a tool to evaluate phosphorus loadings and other
environmental conditions that will helpto achieve'the target of mean benthic chlorophyll a
biomass (pefiphyton ofattached algae) of < 150 mg/m>.

Modeling,goals attained through the'madel calibration include:

e Achieving positive correlations between monthly modeled periphyton simulations and
measured data

e Simulatingsmean monthly and annual periphyton biomass that is reflective of measured
and historical data

e Simulating periphyton community compositions that is reflective of observed data and
conceptual understanding of the biotic community

e Simulating time-series periphyton within the range of measured and historical data

The final model calibration error and goodness-of-fit is evaluated and described using multiple
lines of evidence, including the examination of:

e Absolute mean error (AME) based on 15-day rolling means of the daily model output for
periphyton chlorophyll a (mg/m?)

e R?correlations between monthly mean simulated, measured, and historical periphyton
biomass data
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o Differences in the periphyton monthly mean simulated biomass relative to measured and

historical data were calculated

2014_0203_DDS

Aboslute Mean Error (AME):

Segment 1 3 8 9 13 Overall
August 0.6 52.2 153.2 46.1 43.1 59.0
October 54.0 23.3 21.9 86.3 54.9 48.1
March 3.6 180.6 23.8 72.6 74.4 71.0
Overall 194 96.2 66.3 68.3 57.5 61.5
Periphyton biomass correlations (R%):

Segment 1 3 8 9 13

measured -0.0022 +0.1085 +0.1467 +0.2171 +0.1533

historical +0.1569 +0.0204 +0.0096 +0.1650 +0.0682

Differences between average monthly simulated periphyton biomass, and measured and historical data:

Segment 1 3 8 9 13 Overall
measured 14 187 132 191 112 636
simulation 22 101 168 157 72 520
% difference 57% -46% 27% -18% -36% -18%
historical 10 53 78 284 158 583
simulation 19 59 101 149 94 422
% Difference 90% 11% 29% -48% -41% -28%

Simulated periphyton ranges relative to measured and historical data:

Segment 1 3 8 9 13
January underpredicts underpredicts
February overpredicts  overpredicts underpredicts

March in range underpredicts in range in range underpredicts
April in range in range

May in range in range

June in range in range

July in range In range

August in range in range overpredicts in range in range
September in range in range

October overpredicts in range in range in range in range
November in range in range in range in range in range
December in range in range

*Model simulations were within range of measured and historical data during 28 of 37 (76%) month-segment

combinations available.
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1 Introduction

This report identifies the AQUATOX model setup, calibration, and documentation for use in the
lower Boise River (LBR) total phosphorus (TP) total maximum daily load (TMDL). The
purposes for using AQUATOX in developing the LBR TP TMDL are to do the following:

1. Estimate nutrient-periphyton relationships in the LBR as a tool to help develop
appropriate TP load and wasteload allocations to meet the nuisance aquatic growth target
established to fully support beneficial uses in the two 8303(d)4listedhassessment units
(AUs):

= Boise River—Middleton to Indian Creek (1D17050114SWQ05, 06b)
= Boise River—Indian Creek to mouth (1ID17050114SW001_06)

2. Further inform results obtained in the United States Geelogical Survey (USGS) mass
balance model and report (Etheridge 2013) that were derived primarilyfrom the USGS
synoptic sampling event in the LBR subwatershed during,August 2012, October 2012,
and March 2013

The AQUATOX model application uses existing data as directimodel inputs to assist in model
calibration and refinement. The model setup,required extensive input, review, and revision of the
input data, parameters, coefficients, and assumptions to the model. Thiswork was led by the
Idaho Department of Environmental Quality (DEQ) with extensive consultation and cooperation
from the Lower Boise Watershed Council (LBWC) modeling,worKgroup. In addition, DEQ
contracted with the AQUATOX.model developers—Jonathan Clough (Warren Pinnacle
Consulting) and RicharddPark (EcosModeling)—to provide model calibration review and
oversight and other technical assistance.

1.1 Background

The LBR«Subbasin is‘identified inthe Idaho water quality standards as hydrologic unit code
17050414 with 36 AUs and several site-specific standards described in IDAPA 58.01.02.140.12.
As described in the LBR TMDL (DEQ 1999), the subbasin drains approximately 1,290 square
miles of rangeland, forests, agricultural lands, and urban areas into the Snake River at the
confluence between the cities of Adrian and Nyssa, Oregon. The LBR is a 64-mile stretch of
river that flows through Ada County, Canyon County, and the city of Boise, Idaho. The river
flows in a northwesterly direction from Lucky Peak Dam to its confluence with the Snake River
near Parma, ldaho. Major tributaries include Fifteenmile Creek, Mill Slough, Mason Creek,
Indian Creek, Conway 'Gulch, and Dixie Drain (Figure 1).

Narrative criteria for excess nutrients are described in in the ldaho water quality standards as
follows:

Surface waters of the state shall be free from excess nutrients that can cause visible slime growths or other
nuisance aquatic growths impairing designated beneficial uses. (IDAPA 58.01.02.200.06)

Additionally, in consultation with the LBWC, DEQ has identified a numeric nuisance aquatic
growth target for the impaired AUs of the LBR: mean benthic (periphyton) chlorophyll a
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biomass < 150 milligrams per square meter (mg/m?). Based on results from the AQUATOX
modeling effort, the target location, duration, and frequencies questions will be further refined
and nutrient-periphyton relationships will be used to help develop TP allocations for the TMDL.
In other words, due to the paucity of periphyton data in many parts of the year (e.g. spring,
summer, and winter), the model will help to identify when/where potentially high periphyton
biomass may be occurring and the relationship with nutrients and other environmental factors.
This will also help to inform when and where the target should be applied, and the associated TP
reductions needed to meet that target.
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Lower Boise River Subbasin (HUC 17050114)
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Lower Boise River 4th Field HUC (17050114)
ADB Support 2010 - Water Body Name

wmmms Boise River- Lucky Peak Dam to Diversion Dam
= Boise River- Diversion Dam to River mile SO
Boise River- River Mile 50 to Star Bridge

s Boise River-Star to Middleton

=== Boise River-Middleton to Indian Creek Landstatus
wes Boise River- Indian Creek to mouth
e D1y Creek - 4th order (Spring Valley Creek to mouth) OWNER TYPE
e Fifteenmile Creek - 4th order (Fivemile Creek to mouth) BLM
e Fivemile Creek - 3rd order BOR
= Indian C reek - 4th order below 11th Ave. in Nampa NWR

w— | ake Lowell

Mason Creek - entire watershed OTHER
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wmme Sand Hollow Creek (C-Line Canalto 1-84) STATE
ws Sand Hollow Creek - |-84 to Sharp Road
s Sand Hollow Creek - Shamp Road te Snake River STATEFG
s Tenmile Creek - 3rd order below Blacks Creek R eservoir USFS

Figure 1. 8303(d)-listed assessment units (AUs) of the lower Boise River that will be specifically
addressed in the TMDL addendum with a numeric nuisance algae target (AUs begin with
ID17050114).




LBR Total Phosphorus AQUATOX Model Report

The 2013 Water Environment Research Foundation (WERF) modeling guidance report speaks to
the difficulty in developing nutrient targets:

One of the highest-profile challenges facing states and the regulated community is the development of
scientifically sound nutrient goals, such as TMDLs and site-specific numeric nutrient criteria. Goals must
recognize that receiving water responses to nutrients depend on site specific characteristics

(i.e., morphology, hydrology, turbidity, temperature, etc.), all of which vary in space and time. There is a
need for practical, model-based approaches and guidance for deriving quantitative relationships between
nutrient loads and site-specific water quality and ecological response indicators. (WERF 2013)

As such, QUAL2Kw and AQUATOX were considered two appropriate'models for the analyses
on the LBR. In consultation and coordination with the LBWC, technical advisory committee, and
modeling workgroup, DEQ selected the AQUATOX model to help identify the nutrient-algae
relationships in the LBR for several reasons:

1.

2.

w

o

AQUATOX is able to simulate the eutrophication variables of interest (such as dissolved
oxygen (DO), pH, TP, and bottom-attached algal’'growth).

AQUATOX directly models scour and sloughing of periphyton due toenvironmental
conditions, as well as the direct linkage between periphyton and phytoplankton (sestonic
algae).

AQUATOX is a dynamic versus steady-state model.

DEQ can consult directly with the AQUATOX developers—Jonathan Clough (Warren
Pinnacle Consulting, Inc.) and Richard Park (Eco Modeling)—to assist in model setup
and calibration.

The AQUATOX model software was\developediby the United States Environmental
Protection Agency (EPA).

AQUATOX has beenmused and endorsed.by LBWC members and consultants.
AQUATOX is lesser known, and tested than QUAL2Kw but has been used for water
quality assessments and regulation in various water bodies across the United States. For
example, AQUATOX has been used to evaluaté water quality and identify relationships
among algae growth, nutrients, and.other epvironmental factors for Cahaba River,
phosphorus TMDL in"Alabama, previously used to evaluate water quality objectives for
the'LBR (the'modeling effort, however, did not result in the develop of a TMDL), and a
number of other applications inithesUnited States and abroad (Park et al. 2008).

Table 1 provides a comparison between the QUAL2Kw and AQUATOX models.

Table 1. QUAL2Kwrand AQUATOX model comparison.

MOdg;s;g‘iﬂ'ti‘,“on QUAL2Kw AQUATOX
Attached Stream Algae v
Substrate Limitation v
Dynamic Hydraulics
Intracellular Nutrient Storage v
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Grazers v
Flow Stimulation Effects v
Scour/Sloughing v
Multiple Algal Taxa v
Self-Shading v

Initially, to reduce the number of parameters and model uncertaintyy grazers 'were not included in
the LBR analysis. Additionally, during DEQ’s visual assessment/f the river in June and August
2013, there was little observed influence from grazers. DEQ acknowledges the existence of
grazers in the river but recognized the importance of minimizing the number of model
parameters to the extent practicable, given the limited data regarding their populations and
grazing impacts in the LBR.

1.2 Model Segmentation

A 13-segment linked AQUATOX model,setup was selectedand evaluated for calibration (Figure
2-Figure 4). Pros and cons of more versus fewer model segments (e.g., model complexity, spatial
scale analyses capabilities, and data sources) wereevaluated and identified throughout the setup
process. Ultimately, the 13-segment linked option was Selected, primarily for two reasons:

1. Although DEQ and the modeling workgroup constderedscalibrating the model with as
few as 4 segmentsgthe 13=segment version provided an appropriate localized spatial scale
in which to evaltate periphyton and nutrient relationships and identify the potential
impacts from‘peint and nonpoint sources throughout the main stem LBR.

2. The 13-segment locations were refined to specifically correspond with the USGS sites
used during the August:2012,October,2012, and March 2013 synoptic sampling in the
LBRsubwatershed (Figure,3 and Figure4) (Etheridge 2013).

Through the model setup-and calibration, driving and similar variables that force the system to
behave n certain ways (e.g., total suspended solids [TSS], pH, water temperature, DO, and water
velocity) weresmodeled within the segment from which they were sampled. For example, data
sampled at Veteran’s Bridge (Segment 3) were imported into segment 3 of the model.

Alternatively, observed nutrient, periphyton, and phytoplankton data collected at or near the
upstream end of a segment were compared to model results from the next upstream segment. For
example, observed nutrient data sampled at Veteran’s Bridge (segment 3) were compared to
model output from segment 2. However, all observed data that were not collected at or near an
upstream segment break (i.e., they were collected well within a segment) were imported and
compared to modeled data from within the segment where the data were collected.
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Diversion Dam o
R.M. 61.1

Model Segment

R.M. 58.3

Number Eckert Road N

R.M. =River Mile
Veterans Bridge_ \/_

R.M. 50.2 Lander Street
- & =
Major
Wastewater Glenwood Bridge_ \/,
Treatment Plants R.M. 47.5

- Major ( Head of Eagle

\ Tributaries Island, R.M. 45.1_

: WestBoise
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WWTP

Figure 2. General ma
Boise River.

agram of the 13-segment AQUATOX model setup used for the lower
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Segment USGS River Mile Location Site I.D.

2 58.3 Eckert Road 43.565723 -116.132058 USGS Site ID 13203760
57.5 Bubb
56.8 Meeves
56.4 Rossi Mill
56.1 United Water
55.9 Boise City Canal
52 Settlers
51.8 Fairview Acres
51.5 Boise City Parks y N
51.1 Thurman Mill YV
50.7 Boise Water Corp. ’ -

Farmers Union

6 45.51 LOSS TO NORTH CHANNEL (Head of Eagle Island - channels split) 43.670434 -116.30753 GIS
44.81 Lemp Ditch L ‘
44.5 Warm Springs Ditch ‘ '

7 44,16 Boise WWTP West Boise 43.672714 -116.331657 GIS
43.5 Conway-Hamming .

43.07 Aiken, Thomas

43.07 Mace-Catlin A

42.85 Graham-Gilbert ‘

42.8 South Channel w
42.7 Wroten, Jon '
42.4 Barber Pumps ,
42.02 Seven Suckers 4 '

41.89 Thurman Drain

IDFG Hatchery [S7]
41.78 Boise River abv Phyllis Diversion
41.41 Phyllis Canal

Segment USGS River Mile Site - No Site I.D.

Figure 3. The physical ations of AQUATOX segments 1 through 7, along with notable features
such as USGS sampling locations, major diversions, drains, tributaries, and wastewater treatment
facilities throughout the length of the lower Boise River. River miles are identified according to the
2012 and 2013 USGS synoptic sampling locations (Etheridge 2013).
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Segment USGS River Mile Location Site I.D.

9 31.43 Boise River NR Middleton 43.68703889 -116.5867694 USGS Site ID 13210050 ]
30.31 Fifteen Mile Mouth (includes 5mile and Meridian WWTP + 10mile)
28.84 Boise River at Middleton Rd
27.23 Mill Slough (includes Star WWTP)
27.1 Middleton WWTP

N. Midd. Drain [S9]

S. Midd. Drain [S9]
26.95 Willow Creek @ Middleton
25.57 Mason Slough

Mason Creek - USGS name

Riverside

Hartley (Combined)

Sebree

Campbell

13 8.77 Boise River at HWY 95 Crossing 43.74721111 -116.9124611 USGS Site ID 13212900
8.05 Hass Canal
7.47 Parma Canal
6.33 Island High Line
4.32 Crawforth Pumps
3.91 McConnel Island
END 3.8 Parma 43.78150833 -116.9727944 USGS Site ID 13213000

Figure 4. The physicalxcations of AQUATOX segments 8 through 13, along with notable features
such as USGS sampling locations, major diversions, drains, tributaries, and wastewater treatment
facilities throughout the length of the lower Boise River. River miles are identified according to the
2012 and 2013 USGS synoptic sampling locations (Etheridge 2013).
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1.3 Model Time Frame

The model time frame was selected as January 1, 2012, through April 22, 2013. This 16-month
simulation period was selected, primarily, for the following reasons:

1. The modeling time frame allows for up to a 4-month model spin-up period, if necessary
(January 1-April 22, 2012), while still leaving one full year (April 23, 2012—April 22,
2013) to model nutrient-periphyton relationships.

2. The modeling time frame includes the May 1-September 30 target time frame identified
in the Snake River-Hells Canyon TMDL and nearly all of the'October 1-April 30
nonirrigation season.

3. The modeling time frame focuses on recent conditions.and fully utilizes the data
collected by the USGS during the August 2012, Oc¢teber'2012, and March 2013 synoptic
sampling in the LBR subwatershed (Etheridge 2013).

2 Data Sources and Conditions

The ecosystem model in AQUATOX consists of multiple compenents requiring input data.
Driving variables, such as water temperatureppH, and TSS serve to drive various model
processes (e.g., force the system to behave'in certain,ways). Alternatively, state variables are
simulated by the model and can be comparedto modeledwoutput. Whenever possible, dynamic or
varying time-series data were entered as state'and drivingvariables in the calibrated model.
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2.1 Data Sources and Sample Locations

Each of the input model files is open to the public for review and analyses. The model
calibration, import files, and other documentation are available from DEQ upon request:

1. AQUATOX Model
a. 2014 0203 _ATX LBR_Linked Existing Conditions_DDS.als

2.

Import Files

b.

2014_0124_ATX_LBR_Linked EC_DDS.xls

3. Other data files used in model setup and calibration:

XESC W "D OS3ITRAT T SQ@ RO Q0

LBR_USGS nutrient_sed_chla.xls

USGS_Synoptic_Algae.xlIsx

2013 1127 Copy of BOR parma_watér temp_interpolated.xls

B River water temperatures.xIsx

Dixie data request 090413.xIsx

COB river and plant data_0513b.xIsx

Caldwell WWTP flows 2012 to current.xIsx
Eagle.FH.Water.Use.04.26.13:xls

Middleton WWTP Data for LBR TMDL Modeling 2023 0712.xlsx
LBRWQP 2013 _0627.xlsx

. LBRWQP & NWIS River & Drains.XlIsx

Copy of Hydrauliec,Calcs BCN Edits 04-06.xIsx

Light.xls

Indian‘Creek Flows at Caldwell.xIsx

2013 0925 Site Data_dds.xIsx

LBR Visual Assessment Summary.xisx

2013 0904 ATX LBR_Linked EC_FlowSetup_HDR.xlsx
2013 1012, Depth'Discharge calibration_JSC.xIs

2013 _1011_ATX_ZMeanglmport JSC.xls

2005-2007 Periphyton Community Composition.xls

.»Boise River nr Middleton measurements_Idaho Power.xlsx

Velocity data for LBR HUC.xlIsx

The majority of infermation‘and physical, organic, and inorganic constituent data used in the
model calibration were obtained under two broad categories (Table 2).

1. Previously collected field and laboratory data, including the following:

National Water Information System (NWIS) and other data collected by the USGS,
and DEQ and LBWC-supported sampling conducted by the USGS, including three
synoptic sampling events in the subwatershed in August and October 2012 and March
2013 (Etheridge 2013)

United States Bureau of Reclamation (USBR) AgriMet/HydroMet data

Idaho Department of Water Resources streamflow data

Point source discharge data collected by National Pollutant Discharge Elimination
System (NPDES) permittees (Cities of Boise, Caldwell, and Middleton) using EPA-

10
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approved protocols (e.g., 40 CFR 136) and quality assurance procedures. (Note that
Idaho is not a delegated state; therefore, the NPDES permits are issued by EPA and
mandate EPA-approved sampling and analysis procedures.)

= Data collected by the City of Boise at various locations along the LBR

= Data collected by the Riverside Irrigation District at Indian Creek

2. Best professional judgment by DEQ personnel, modeling workgroup participants, and
DEQ consultants Jonathan Clough and Richard Park, including the following:
= Peer-reviewed scientific literature
= Technical reports and draft or unpublished data
= Best professional judgment based on field, modeling, andéscientific expertise

Numerous types of data were used during the modeling process¢including, but not limited to, the
following:

e Physical constituents—water volume (surface flow), ground waterflow and
concentration, slope and channel widths, dynamic mean depth, water velecity, riffle-run-
pool characteristics, channel substrate, lightywater temperature, wind, and shade

e Inorganic constituents—sediment, pH, nitrogen, phospharus, oxygen, and ¢arbon dioxide

e Organic constituents—algal groups (periphyton, phyteplankton) and detritus

Further documentation of data used in the, AQUATOX modelisavailable in the quality
assurance project plan (DEQ 2014).

11
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Table 2. Primary sampling locations where data were collected and used for the model setup and
calibration time frame from January 1, 2012, through April 22, 2013. Additional historical data are
available depending on the site and parameter but were not used for modeling current conditions.

Model River USGS Sites and Point-Source
Segment  Mile? Facilities Parameters
1 61.1 13203510 BR Diversion Dam Velocity, TSS, Nutrients, DO
2 58.3° 13203760 BR Eckert Road Temp, pH, TSS, Peri, Phyto, Algae Communities
55.0 BR Marden Bridge Temp
3 50.17 13205642 BR Veteran’s Parkway Velocity, Temp, TSS, Nutrients, DO, Algae Communities
50.01 Lander WWTF Nutrients, DO, BOD,
4 475 13206000 BR Glenwood Bridge nggitégner;“upﬁig:é TSS, Nutrients, DO, Peri, Phyto,
5 42.8 13206300 BR N Channel (Eagle) Velocity, TSS, Nutrients, DO
42.7 13206400 Eagle Drain Nutrients, DO,
41.8 13208600 BR N Channel Middleton Velog€ity, Nutrients, DO,
7 4416 West Boise WWTF Nutrients, DO, B@D,
42.8 13206305 BR S Channel Velocity, Temp, pH, 1SS, Nutrients, DO,
41.89 13208750 Thurman Drain Nutrients;: DO
41.78 13208800 BR Phyllis Diversion Velocity, Nutrients, TSS
41.7°  IDFG Eagle Island Fish Hatchery Nutrients
8 36.4 13210000 BR Star Bridge Veloeity, TSS, Nutrients, DO,
9 31.43 13210050 BR Middleton ngg”& Ine;]“upﬁifi’; TSS, Nutrients, DO, Peri, Phyto,
30.31 13210815 15 mile Creek Nutrients, DO
28.84 13210820 BR Middleton Road Velocity
27.23 132108247 Mill Slough Nutrients, DO
27.1 Middleton WWTE Nutrients, DO, BOD
26.954" 13210835 Willow Creek Nutrients, DO
25,57 13210983 Mason Creek Nutrients, DO
24.43 13210988 Hartley Drain Nutrients, DO
10 2398, 13211000 BR Hwy 20-26 \C/g'r?ﬁr'fznrusef Nutrients, DO, Peri, Phyto, Algae
25.55 % Caldwell WWTHR Nutrients, BOD, DO
22.44 13212445 Indian Creek Nutrients, DO
21.43 13211600,BR Caldwell WWTF Velocity, Nutrients, DO
11 15.66 13212500 BR Notus Bridge Velocity, TSS, Nutrients, DO
14.22 13212550 Conway Gulch Nutrients, DO
12 10.53 13212890 Dixie Drain Nutrients, BOD, DO
13 8.77 13212900 BR Hwy 95 Velocity, TSS, Nutrients, DO
38 13213000 BR Parma Velocity, Temp, pH, TSS, Nutrients, DO, Peri, Phyto,

Algae Communities

Wastewater treatment facility (WWTF); total dissolved solids (TSS); dissolved oxygen (DO); biochemical oxygen demand (BOD)
a. River miles are identified according to the 2012 and 2013 USGS synoptic sampling locations (Etheridge 2013).
b. Estimate-Marden Bridge and IDFG Eagle Island Fish Hatchery not assigned river mile during USGS synoptic sampling 2012-13.
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2.2 Physical Characteristics

Updated site data, including average temperature, temperature range, latitude, altitude, average
light, annual light range, and baseline percent embeddedness are available, including references,
are shown in Table 3 and available in the spreadsheet, “2013 0925 Site Data dds.xlsx”.

13
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Table 3. Site data for the LBR used in the AQUATOX model calibration.

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13
Max length for reach (km) 4506 13.084 4.297 3.203 8.546 2.173 6.373 4 14.114 11.99 13.39 8.143 2.945 7.998
Slope m/m <or blank> 0.0023 0.0024 0.002 @ 0.0025 0.0013 0.0013 0.0023 " 0.0024 0.0015 0.0015 0.0015 0.0015 0.0015
Average temperature (°C) 5.47 5.47 7.99 8.61 8.61 9.27 9.27 9.27 9.6 9.6 9.6 9.6 9.6
Temperature range (°C) 14.08 14.08 18.04 18 18 17.73 17.73 17.73 21.2 21.2 21.2 21.2 21.2
Latitude 43.545  43.566 43.636 43.661 43.670 43670 43.673  43.681 43.687 43.689 43.721 43.732 43.747
Altitude (m) 848 821 802 793 777 787 74 751 726 708 693 684 670
Average light (Langleys/day) 379 379 379 379 379 379 379 379 379 379 379 379 379
Annual light range (Langleys/day) 715 715 715 715 715 715 715 715 715 715 715 715 715
Mean evaporation (in./yr) 630 630 630 630 630 630 630 630 630 630 630 630 630
Baseline percent embeddedness (%) 51 18 8 5 17 4 21 18 15 17 17 18 18
Shade 0.05 0.1 0.15 0.15 015 0.15 0.15 01 0.05 0.05 0.05 0.05 0.05

Descriptions and data sources for Table 3.

Max length for reach (kilometers)

Model schematic Troy#Smith

Slope m/m <or blank>

2013_0715_ATX_LBR_ModellnputGraphs_ExistingCondition_MK.xIsx

Average temperature (°C)

City of Boise Data

Temperature range (°C)

City of Boise Data

Latitude

Model.schematic Troy Smith

Altitude (meters)

DEM 10°'m DSharp

Average light (Langleys/day)

http://www.usbr.gov/pn/agrimet/webarcread.html

Annual light range (Langleys/day)

http://www.usbr.gov/pn/agrimet/webarcread.html, Initial conditions = 187 Ly/d

Mean evaporation (inches per year)

http://www.wrcc.dri.edu/htmlfileS/westevap.final.html

Baseline percent embeddedness (%)

DEQ 2013 visual assessment

Shade

Professional judgment (Troy Smith) based on Freshwater Trust data and Mark Shumar analyses

14
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2.2.1 Initial Conditions

To begin the model setup and calibration initial condition the previous LBR AQUATOX
exercise and report (CH2M Hill et al. 2008) were utilized as a starting point. The AQUATOX
feature, “run model in spin-up mode” was then used to establish initial conditions for biota,
nutrients, and suspended and bed sediments for the 2012 and 2013 current conditions (p. 41
AQUATOX User’s Manual, Park and Clough 2012a). DEQ ran the spin-up mode from 1/1/2012
through 1/1/2013 and the values simulated on the last time-step of the simulation are
automatically overwritten in the input file to be used as initial conditions.

The model setup and calibration allowed for up to a 4-month mogdel spin-up period, if necessary
(January 1-April 22, 2012), while still leaving one full year (April 23, 2012—April 22, 2013) to
model nutrient-periphyton relationships. However, using the spin-up mode.eliminated the need
for a full four month spin-up period. For the final modeldcalibration, DEQ determined that only
a 1-month model spin-up period was necessary and modeled simulations for usein the TMDL
should begin on February 1, 2012. Further, during.the,calibration process, JonathamCleugh
provided the following guote from the soon to be released EPA frequently asked questions
document:

Because stream retention times are generally short, the model is‘notisensitive to initial conditions in
streams, except for the sediments (includingtexicants within the sediments). If you are modeling a stream
the initial conditions in the water column are‘immaterial because upstream,leadings will replace them fairly

rapidly anyway.

The initial conditions in the final model setup‘and ealibratien differ according to segment, which
enhances model performance over,utilizing the same initial conditions for each segment (Table
4).} This table shows the initial conditions for segment 1 only, but these initial conditions vary
in each segment forthe current 2012-2013 model calibration, providing a more realistic starting
point over utilizing the same.default.,conditions for each segment.

! Additionally, DEQ found a heritage issue with the model setup, in that all of the same initial conditions—that
should have been loaded only into model segments 1 through 13—were also loaded into all of the linked sources,
including groundwater and point sources.

15
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Table 4. State variable initial conditions used for AQUATOX model simulations in 2008 (CH2M Hill
et al. 2008) and in the current January 2012—-April 2013 model calibration.

State Variable Name lmtlgloggrl\l/ldolgglqs in Initial CZOOr?I_CéItl\I/IoondSeIIQ 2012- Units
NH3 and NH4+ 0 0.005601101 mg/L
NO3 0.06 0.059606372 mg/L
Tot. Sol. P 0.01 0.009251071 mg/L
Cco2 0.5 0.750296454 mg/L
Oxygen 13 7.96433435 mg/L
TSS 5.15 3.021538781 mg/L
R detr sed 1 0.018598429 g/m?
L detr sed 0.3 0.608978407 g/m2
R detr diss 0.39130434 0.568666274 mg/L
L detr diss 1.56521739 0.379110849 mg/L
R detr part 0.04357826 0063185142 mg/L
L detr part 0.17391304 0.042123428 mo/L
BuryRDetr 2 2 kg/m
BuryLDetr 1 1 kg/m
Peri Low-Nut Diatom 0.0024 1.3 g/m2
Peri High-Nut Diatom 0.22 1.00E-05 g/m?
Phyt High-Nut Diatom 0.02 1.00E-05 mg/L
Phyt Low-Nut Diatom 0.1 0.100119381 mg/L
Cladophora 0.0009 1,00E-05 g/m?
Peri, Green 0.0015 0.0001 g/m?
Phyto, Green 0.015 1.00E-05 mg/L
Phyt, Blue-Greens 0 0.001 g/m?
Peri, Blue-Greens 0 1 g/m?
Temperature 5 2.6 °C
Wind 1 1 m/s
Light 182 187 Ly/d
pH 7.4 7.2 pH

Notes: total dissolved solids (TSS) milligrams per liter (mg/L); grams per square meter (g/m?); kilograms per
cubic meter (kg/m?); cubic meter (m®); meters per second (m/s); Langleys per day (Ly/d)

!Initial conditions were the same for each model segment.

?Initial conditions for medel segment 1. Initial conditions vary for each model segment 2 through 13.

Numerous specific data inputs were used to represent boundary and dynamic conditions for the
AQUATOX model calibration during the January 1, 2012—April 22, 2013 model time frame. The
entire set of inputs, boundary conditions, and observed data can be viewed via the calibrated
model, import spreadsheet, and supporting data (see file list in section 2.1).

2.2.2 Morphometry

2.2.2.1 Water Volume

Volume is a state variable and can be computed in several ways depending on availability of data
and the site dynamics. In the calibrated model, the daily volume values and flow rate calculations

16
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were developed by Michael Kasch (HDR, Inc.) and are available in the spreadsheet,
“2013 0904 _ATX_LBR_Linked_EC_FlowSetup_HDR.xlIsx.”

Data sources for the water balance calculations were obtained from the following:

e National Water Information System: Web Interface, USGS Surface-Water Daily data for
the Nation: http://waterdata.usgs.gov/nwis/dv/?referred_module=sw

e USBR Pacific Northwest Region/ HydroMet/AgriMet System Data Access:
http://www.usbr.gov/pn/hydromet/arcread.htmi

e |daho Department of Water Resources, Water Rights Accounting:
http://maps.idwr.idaho.gov/qWRAccounting/WRA_Select.aspx

In the spreadsheet, water volume in each model segment and the‘flows,into and out of the
segment, are computed for each day. In the model, the volume Is usedfonthe initial condition,
and the flows are included as inflows, withdrawals, or flowhbetween segments. The inflows and
outflows include withdrawals (56), tributaries (4), drains and stoughs (12), andpoint sources (5)
with the total of each shown in parentheses. Four of the segments correspond withithe location of
a USGS gage. For these segments, the differencebetween the upstream flow and USGS record
was included as the unaccounted flow (also generally assumed.@s ground water). The
unaccounted flow was included in the same segment as the location of the gage except for the
gage at Parma. The unaccounted flow based on the Parma gagewas apportioned between the
lowest four segments (10 through 13). The water balance spreadsheet includes over 160 columns
of supporting flow calculations and direct inputs tosthe model. While'the LBR is a complex flow
system, the water balance was determined to provide a representation of the major inflows and
withdrawals based on the available historical data. A'simplified.representation of the flow-
balance structure is provided in'Figure 5, while'Figure 6 and 7 1llustrate model simulated
discharge versus measured flowat Glenwood and\Parma during the modeling time frame.
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KEY TO THIS WORKSHEET

Observation Points or Streamflow Gaging Locations
for references on Data Sources see README tab

Provisional Streamflow Data

Withdraw als

Sum of Withdraw als for Segment

Inputs / Drains

Calculated Flow s due to lack of Gage Data

R.D Schmidt Winter Time Drain Flow Calculations

Segment Inflow or Outflow

Calculated Values, for equations see README tab

Estimated values show n in RED

Segment 1 Upstream Inflow Segment 1 Outflow
Data Source: USGS USBR IDWR IDWR Calc'd IPWR IDWR IDWR Calc'd Calc'd Calc'd

Boise LUC Old New SEh[p=lg®l Suprise  Shake- Riden- Total Volume Segment 1
River Lucky Pen York Valley/ speare baugh Withdraw al Outflow
near Peak Lake = Canal Canal Micron Festival Canal for
Boise near Boise = 2995 3000 3527 3715 3760 Segment 1 (ft3)
Date vear |Julian[13202000] QD  [13202995[13203000 13203527 [ 13203715 13203760 2,650,954
Segment 2
Segment 2 Outflow
IDWR IDWR IDWR IDWR IDWR IDWR IDWR),. IDWR IDWR IDWR IDWR IDWR IDWR Calc'd Calc'd Calc'd
Bubb Herrick  Meeves Rossi River Boise United Settler's Davis Canal Boise City Drainage Thurman Farmers Total Volume Segment 2
Mill Run City Water Fairview Parks District Mill Union  Withdraw al Outflow
Canal Well Canal Canal Canal Canal Canal Acres Canal #3 Canal Canal for
4005 4015 4020 4060 4070 4190 4200 5515 5517 5613 5617 5622 5640  Segment 2 (ft3)
13204005 | 13204015 13204020 [ 13204060 | 13204070 [ 13204190 [ 13204200 [320551] 13205517 [13205613 13205617 [ 13205622 [ 13205640 | 5,664,190
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Segment 3
COB Segment 3 Outflow
Plant Data USGS Calc'd Calc'd Calc'd Calc'd Calc'd Calc'd Calc'd
Lander River River Glenwood Unaccounted (Ground- (Ground- Volume Segment 3
Street @ @ Delta (Ground- w ater) w ater) Outflow
WWTF Glenwood Glenwood calc vs USGS w ater) Input  Withdraw al Withdraw al
USGS calculated % (ft3)
Lander r 13206000 1,857,050
Segment 4
Segment 4 Outflow
IDWR Calc'd Calc'd Calc'd Calc'd
New Dry (Ground- Total Volume Segment 4
Creek water) | Withdrawal Outflow
Canal Input for abv
6090 Segment 4 (ft3) Eagle Island
13206090 | | 1,280,415 [ ell)s
Eagle Island Split Calculations | Segment 6

Segment 6 Outflow

Calc'd Calc'd IDWR IDWR Calc'd Calc'd Calc'd Calc'd
Eagle Island =~ Eagle Island Lemp Warm Total (Ground- Volume Segment 6
S. Channel N. Channel 1&2 Springs Withdrawal w ater) Outflow

split Split Canal Canal for Input
6205 6220 Segment 6 (ft3)
South North  [13206205[13206220| | | 1,179,730
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Segment 7 |

CcoB Segment 7 Outflow
IDWR IDWR IDWR IDWR USGS | Calc'd Calc'd Calc'd Calc'd Calc'd IDWR IDWR  Plant Data 4 IDWR IDWR Calc'd Calc'd Calc'd
Graham- Conway- Thomas Mace- S. Channel S. Channel S. Channel Unaccounted (Ground-  (Ground- Barber Seven West  Thurman IDFG Phyliss Total Volume
Gibert Hamming  Aiken Catlin @ @ Delta (Ground- w ater) w ater) Pumps  Suckers Boise Eagle Fish Withdraw al
Canal Canal Canal Canal Eagle Br  Eagle Br calc. vs USGS w ater) Input Withdraw al Canal WWTF Drain Hatchery Canal for
6260 6270 6290 6292 6305 calculated % 8738 8740 9450 9480  Segment 7 (ft3)
13206260 13206270 [ 13206290 [ 13206292 13206305 | calc. | | | | | 13208738] 13208740 |WB WwTF| 13209450 | 13200480] 2,365,424
Segment 5 |
Segment's Outflow
IDWR IDWR IDWR IDWR IDWR IDWR Calc'd Calc'd Calc'd Calc'd Calc'd
Ballentyne  Mace Eagle Hart Middleton Little Total Volume (Ground- BSEle[ag=lg1e
& Mace Davis Pioneer Withdraw al w ater) Outflow
Canal Canal Drain Canal Canal Canal for Input
6265 6295 6400 8450 8710 9630 Segment 5 (ft3)
13206265 | 13206295 | 13206400 | 13208450 | 13208710 | 13209630 2,105,146
Segment 8
Segment 8 Outflow
IDWR IDWR IDWR Calc'd Calc'd Calc'd Calc'd Calc'd Calc'd Calc'd
Canyon Caldwell Middleton Middleton  Middleton  Unaccounted (Ground- Total Volume Segment 8
County Highline Gage Gage Delta (Ground- w ater) | Withdrawal Quitflow
Canal Canal fromIDWR Calculated calc. vs IDWR w ater) Input for
9990 10005 10050 % Segment 8 (ft3)
13209990 13210005 | 13210050 calc. | | | 5,445,703
Segment 9
Segment 9 Outflow
IDWR IDWR IDWR IDWR IDWR IDWR IDWR IDWR IDWR IDWR IDWR Calc'd Calc'd Calc'd
Fifteenmile  Middleton  Mill Slough Star Long Watts South Willow Mason Mason Riverside  West Hartley  (Ground- Volume Segment 9
Creek WWTF N Middleton Feeder Feeder Check Middleton  Creek Creek Drain Canal Hartley Drain w ater) Outflow
Meridian Drain Drain Gulch Input
WWTF 10824 10826 10828 10829 10831 10835 10849 10980 10984 10986 10988 OTHERS (ft3)
13210824 | 13210826 | 13210828| 13210829 13210831 13210835 13210849| 13210980 |13210984| 13210986 13210988| | 8,754,878
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Segment 10 |
Segment 10 Outflow
IDWR IDWR IDWR IDWR IDWR IDWR Calc'd Calc'd Calc'd Calc'd
Sebree  Campbell Siebenberg Shipley = Wagner  Caldwell Indian Creek (Ground- Total Volume Segment 10
Canal Canal Canal Pumps Pumps WWTF  (blw Riverside div) w ater) Withdraw al Outflow
Nampa WWTF Input for
10992 10993 10994 11001 11003 11445 Segment 10 (ft3)
13210992| 13210993 13210994] 13211001 | 13211003 | 13211445 | | 2,875,304
Segment 11
Segment 11 Outflow
IDWR IDWR IDWR IDWR IDWR IDWR IDWR IDWR Calc'd Calc'd Calc'd Calc'd Calc'd
Simplot  Eureka #2 Upper McManus  Atwell Low er Bowman = Conway Total Volume (Ground-  [SELfy kS
Pumps Canal Center Point and Teater Ditch  Center Point and Swisher  Gulch | Withdraw al w ater) Outflow
Canal Canal Canal Canal for Input
11603 11725 11735 11745 11747 11825 12548 12550 | Segment 11 (ft3)
13211603 13211725| 13211735 |13211745(13211747| 13211825 | 13212548 | 13212550 6,617,482 |
Segment 12 l
Segment 12 Outflow
IDWR IDWR IDWR Calc'd Calc'd Calc'd Calc'd
Baxter Andrews Dixie (Ground- Total Volume Segment 12
Canal Canal Slough w ater) Withdraw al Outflow
Input for
12645 12832 12890 Segment 12 (ft3)
13212645| 13212832/ 13212890 | | 6,406,619
Segment 13
Segment 13 Outflow
IDWR IDWR IDWR IDWR IDWR IDWR USGS Calc'd Calc'd Calc'd Calc'd Calc'd Calc'd Calc'd Calc'd
Mammon  Haas Parma Island Crawforth McConnel Boise River Parma Parma Unaccounted  (Ground- (Ground- Total Volume Segment 13
Pumps Canal Canal Highline  Pumps Island @ Parma Gage Delta (Ground- w ater) water)  Withdraw al Outflow
Canal Canal USGS Flow s| Calculated| calc. vs USGS w ater) Input Withdraw al for
12896 12938 12954 12966 12992 12994 13000 % Segment 12 (ft3)
13212896 13212938| 13212954] 13212966 13212992 13212994| 13213000 | calc. | |

Figure 5. Simplified representation of the‘'water flow balance structure used in the AQUATOX model. The entire flow balance

7,515,775

spreadsheet is available from DEQ as “2013_0904_ATX_LBR_Linked_EC_FlowSetup_HDR.xIsx.”
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Measured Discharge at USGS Station 13206000 (Glenwood)
VsS.
AQUATOX Modeled Discharge for Glenwood
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Figure 6. Model-simulate charge versus

ure(ye at Glenwood during the 2012-2013 model time frame.
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Measured Discharge at USGS Station 13213000 (Parma)
VS.
AQUATOX Modeled Discharge for Parma
25000000
—— AQUATOX Modeled Discharge (m3/d)
——SGS Measured Discharge (m3/d)
20000000
5
I 15000000
E
g
j:; 10000000
2
5000000 _L’rr‘ A
. o
Jan-12 Mar-12 May-12 Jul-12 Sep-12 Nov-12 Jan-13 Mar-13 May-13
Date

Figure 7. Model-simulated

uredV@é at Parma during the 2012-2013 model time frame.
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2.2.2.2 Ground Water

Ground Water Quantity

Ground water quantity in segments 10-13 were allocated according to Alex Etheridge’s (USGS)
best professional judgment and interpolation scenario based on the USGS synoptic survey and
mass balance models (Etheridge 2013):

March 6-April 15: use the USGS March synoptic percentages.

April 15-August 23: interpolate from the March to August syneptic percentages.
August 23—October 31: interpolate from the August to October synoptic percentages.
October 31-March 6: interpolate from the October to MarCh Synoptic percentages.

AQUATOX August October March

Segment (%) (%) (%)
10 45 94 38
11 12 4 5
12 5 2 2
13 38 0 55

Ground Water Concentration

In segments 4-9, ground water phosphorus concentrations were assigned the values identified in
the 2008 LBR Implementation Plan TP (DEQ 2008)«Groundywater values were based on data
collected by USGS monitoringswells along the'main stem of'the LBR in 2001 (MacCoy 2004) as
summarized in the LBRdAmplementation Plan TR (DEQ 2008).

e Segments 4-7= 0.03 mg/L.
e Segment 8 = 0.09'mg/L
e Segment 9 = 0.14 mg/L

In segmenits 10-13, ground, waterphesphorus concentrations were utilized results reported in
Etheridge 2013, Table 7,-and. interpolated between synoptic events. The August phosphorus
concentrations in ground water were derived from unmeasured phosphorus loads and
unmeasured discharge (ground water‘gains) in August 2012. The October and March ground
water concentratiens were derived from average tributary phosphorus concentrations in October
and March, since‘tributaries are thought to drain the shallow aquifer during nonirrigation season
(Fox et al. 2002):

e August =0.22 mg/L
e October =0.16 mg/L
e March=0.12 mg/L

2.2.2.3 Slope and Channel Widths

An extensive survey was conducted by the USGS in cooperation with the Federal Emergency
Management Agency, to obtain stream channel cross-section data and document elevation
reference marks for horizontal and vertical control (Hortness and Werner 1999). In 1997 and
1998, 238 cross sections and 108 elevation reference marks were measured on the Boise River
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between Barber Dam and the Ada/Canyon County boundary. These data were ultimately used to
determine water surface elevations for the 10-, 50-, 100-, and 500-year floods and to define
floodway limits. The USGS has made the data available at the following link:
http://id.water.usgs.gov/projects/BoiseWatershed/boiseriver/index.html and available in the
spreadsheet, “Copy of Hydraulic Calcs BCNB Edits 04-06.xIs.” The Manning’s roughness
coefficient values in this spreadsheet were literature values ranging from 0.043 to 0.03.

City of Boise staff used the data to calculate stream channel slope by measuring the horizontal
and vertical distance between the lowest points of neighboring cross sections. The numbers for
the many cross sections were averaged within general AQUATOX reaches, Stream widths were
approximated using best professional judgment in segments that did not have data available.
USGS stream gage data were used when available.

2.2.2.4 Dynamic Mean Depths

Dynamic mean depths are calculated in the model from inputs provided. Dynamic mean depth is
used in calculating:

Light limitation for photosynthesis

Biotic volumes for sloughing calculations

Sedimentation of suspended particulate detritus to bottom sediments
Oxygen reaeration

The model simulations require depth of water and flowsrate in computing transport, scour, and
deposition. Dynamic mean depth is calculated by thesmadelaccording to Park and Clough
2012b, Equation 5:

¥ = Q - Manning
\JSlope - Width
where:

Y = dynamic mean depth (m)

Q =flow rate (m*/sec)

Manning = Manning’s roughness ¢oefficient (s/m
Slope =slepe of channel(m/m)

Width = channel width (m)

1/ 3)

AQUATOX normallyuses an assumption of unchanging mean depth (i.e., mean over the site

area). However, in the case of streams, the depth of the system can change considerably over

time, which could result'in a significantly different light climate for algae. For this reason, the
option to import mean depth in meters was used.

For the calibrated model, Jonathan Clough (Warren Pinnacle Consulting, Inc.) used the dynamic
volumes (see Volume 2.1.2.1) and calculated dynamic depths, which are available in the
spreadsheet, “2013 1011 Depth Discharge calibration JSC.xls.”

From the output of this spreadsheet, Jonathan Clough created the following spreadsheet:
“2013_1011_ATX_Zmean_Import_JSC.xls,” which is directly imported into the model for the
dynamic depth values for each segment. The depth discharge relationship was developed for
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Diversion, Glenwood, Middleton, and Parma. As a result, the dynamic mean depths were then
interpolated and assigned to the remaining segments, as follows:

Diversion—Segments 1 and 2
Glenwood— Segments 3 through 7
Middleton—Segments 8 through 10
Parma—Segments 11 through 13

2.2.2.5 Velocity

Velocity is calculated as a simple function of flow and cross-sectional areavaccording to Park and
Clough 2012b, Equation 14:

AvgFlow

XSecArea - 86400 1100

Velocity =

where:
Velocity = (cm/s)
AvgFlow = average flow over reach (m®/d)
XSecArea = cross-sectional area (m?)
86400 = s/d
100 =cm/m

For calibration, model velocities were compared to.observed velocities in each river segment,
where available. Model accuracy was considered sufficientwhen model velocities were within
10-20 centimeters per seconds(cm/s) of observed aelocities.

2.2.2.6 DEQ VisualfAssessment Data

Riffle-Run-Pool

AQUATOXuses rivenhabitat preferences in‘three categories: riffle, run, and pool. Calculations
for photesynthesis and.consumption‘are based on the preference of an organism for a specified
habitat. To optimize model function‘andwetrr conceptual understanding of these conditions in the
LBR, DEQ personnel monitored the LBR to identify the correct ratios of riffle, run, and pool
habitat for each,model segment. The data collection occurred on June 20, 21, and August 9 and
12, 2013. The habitat types definitions were derived from the Beneficial Use Reconnaissance
Program protocols (BEQ 2013) and the measured percentages of runs, riffles, and pools are
presented in Table 5and Figure 8.

Riffle—shallow water/with a turbulent water surface; > 50% of the stream width. The turbulence
is caused by completely or partially submerged obstructions, often on the stream bottom.
Cascades are one class of riffle characterized by swift current, exposed rocks and boulders, and
considerable turbulence and consists of stepped drops over steep slopes. Riffles that are swift,
relatively deep, and have considerable surface turbulence, sometimes represented by standing
waves, are called rapids. Rapids at high flow may be confused with runs.

Run—uniform, nonturbulent flow. Runs are deeper than riffles with a faster current velocity
than pools and (typically) glides; the stream bed can be flat beneath a run, and the water surface
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is seldom broken. Surface gradient tends to roughly parallel overall stream gradient, and
substrate particle size can vary but tends to be coarser than in glides.

Pool—reduced water velocity, water deeper than the surrounding areas, and the bottom is often
concave in shape forming a depression in the profile of the stream’s thalweg that would retain
water if there were no flow; > 50% of the stream width. Pools usually occur at outside bends
(e.g., lateral scour) and around large obstructions (e.g., plunge pool). Pocket water pools refer to
groups of small pools often in areas of otherwise fast or turbulent flow, usually caused by eddies
behind boulders or other obstructions. Eddies are also associated with backwater pools. Water
impounded upstream from channel blockage, typically caused by a log'jam,or beaver dam, is
classed as a dammed pool. Flats are actually wide shallow pools oftén confused with glides.
Pools end where the stream bottom approaches the water surface; alsosknown as the pool tail out.

Table 5. Percentages of run, riffle, and pool habitat for each, AQUATOX madel segment.

Segment % .% %
Run Riffle Pool
1 93.0 4.5 2.6
2 72.6 26.5 0.9
3 69.2 30.4 0.5
4 65.5 34.5 0.0
5 72.8 26.1 1.1 Segments 6,and 7 (South Channel) were averaged to estimate
segment 5(North,Channel), which was not assessed
6 62.6 37.4 0.0
7 75.1 23.6 1.3
68.2 29.7 2.0 This represents total for Ssegment 8 (part of 8 was assessed in
June and partiin August)
9 69.5 29.0 15
10 80.4 19.1 0.5
11 72.9 271 0.0
12 75.4 24.6 0.0
13 75.4 24.6 0.0 Segment 12 values were used to estimate segment 13, which

was not assessed
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Figure 8. Percentages of ran, rifflepand pool habitat for each AQUATOX model segment.

Water Depth, Water Clarity, Substrate, Periphyton, and Photo Documentation

During the same monitoring events in 2032 and 2013, DEQ also collected data on water depths,
water visibility; substrate available, and periphyton coverage as indices for each AQUATOX
segment (Table 6 and Figure 9).

Water Depth—Thalweg depth measurements were recorded using a 2-meter rod in riffles, runs,
and pools‘threughout the survey.

Water Visibilrty—\Water visibility was estimated as the visible distance into the water column
from the surface by use of the 2-meter rod in riffles, runs, and pools throughout the survey.

Substrate and Periphyton—Channel bottom substrate available and periphyton abundance
were visually estimated in riffles, runs, and pools throughout the survey: (1) from the boats in
clearer segments, (2) using subsurface viewers in more turbid segments, and (3) physically
picking up substrate in the most turbid segments. The substrate and periphyton estimates
involved a two-tiered assessment:

e Estimate the percent substrate > 2 millimeter (mm) in the channel bottom (as suitable
substrate for periphyton).
e Estimate the percent coverage by periphyton on substrate > 2 mm.
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Photographs—~Photos were taken along with Global Positioning System coordinates to identify
every riffle and pool (the distances in between represent runs), different riparian shading,
substrate types, and drains/diversions throughout the survey.

Measurements for stream depth and water clarity, and visual estimations of bottom substrate and
periphyton coverage for each model segment are provided in Table 6.

Table 6. Periphyton visual assessment for each AQUATOX model segment on the LBR.

Periphyton Total
AQUATOX Visibility Substrate > 2 mm Coverage on Periphyton
Segment (meters) (%)* Substrate > 2.mm Coverage
(%) (%)°
1 1.8 49 9 4
2 1.7 82 20 16
3 15 92 71 65
4 1.3 95 75 71
5 1.1 88 61 52
6 1.3 96 51 49
7 0.9 79 70 55
8 0.9 82 88 72
9 0.5 85 79 67
10 0.4 83 42 35
11 0.1 83 54 45
12 0.1 82 40 33
13° 04 82 40 33

a.  Substrate > 2 millimeter (mm) in the channel bottom

b.  Percent periphyton coverage ‘enly on substrate > 2 mm

c. Percent periphyton coverage on'entire riverbottom (Substrate x Periphyton Coverage)
d." Average of segments 6 and 7

e. Assumed same as segment 12
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* Visibility measurements are multiplied by 100 on this figure forase of representation on axis (e.g., a visibility of 1.8
meters is represented as 180 on the figure; a visibility of0.1 meters is represented as 10 on the figure).

Figure 9. LBR visual assessment results for channel bottom substrate, periphyton converage, and
water visibility for eacht AQUATOX model segment.

2.2.3 Light

Light is impertant asia,controlling,factor for photosynthesis and photolysis. In the model input,
USBR AgriMet weather data were utilized to provide dynamic, or daily varying, light data for
each segment throughout'the,2012—-2013. atodel time frame. These data are available in the
spreadsheet;, “Light.xIsx.”

2.2.4 Shade

The Freshwater Trustprovided shade data that had been analyzed on the LBR for the City of
Boise. Additionally, Mark Shumar (DEQ) provided his professional opinion for interpretation of
the data and his experignce on the LBR. Troy Smith (DEQ) through consultation with the
modeling workgroup used best professional judgment to create a hybrid of the two, which
resulted in the following shading percentages utilized in the model.

Segment 1—5%

Segment 2—10%

Segment 3, 4, 5, 6, 7—15%
Segment 8—10%

Segment 9, 10, 11, 12,13—5%
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2.2.5 Temperature

Temperature is a driving variable within AQUATOX. Virtually all processes are temperature-
dependent, and it is an important controlling factor in the model, including biotic processes such
as decomposition, photosynthesis, consumption, respiration, reproduction, and mortality.

The City of Boise collected and provided water temperature data at Marden, Veteran’s,
Glenwood, Eagle, and Middleton (Table 7). These data are available on the spreadsheet, “B
River water temperatures.xls.” The USGS collects water temperature data near Parma for USBR.
USBR provided this water temperature data, which had not gone throughia quality
assurance/quality control process. DEQ reviewed the data and used.an interpolation process to
alleviate a few spurious data points. These data are available in the spreadsheet,*2013_1127
Copy of BOR Parma_water_temp_interpolated.xls.”

For model calibration, observed temperature loadings were utilized because responses to short-
term variations are of interest. Temperature is an important driving variable'ofithe model
simulation, and Section 3.3 describes how DEQ improved incomplete temperature datasets at
Marden and Parma.

Table 7. Water temperature data sources for each AQUATOX segment. Data at Marden, Veteran’s,
Glenwood, Eagle, and Middleton were collected and provided byithe City of Boise. Data at Parma
were collected by USGS for USBR and provided by USBR.

AQUATOX

Segment Site Dates
1 Marden 1/1/2012-7/25/201:2; 12/3/2012-3/25/2013
2 Marden 1/1/2012-7/25/2012; 12/3/2012—-3/25/2013
3 Veteran’s 1/1/2012-4/1/2013
4 Glenwood 1/1/2012-4/1/2013
5 Eagle 1/1/2012-4/1/2013
6 Eagle 1/1/2012-4/1/2013
7 Eagle 1/1/2012-4/1/2013
8 Middleton 1/1/2012-3/13/2013
9 Middleton 1/1/2012-3/13/2013
10 Middleton 1/1/2012-3/13/2013
11 Parma 3/6/2012-4/22/2013
12 Parma 3/6/2012-4/22/2013
13 Parma 3/6/2012-4/22/2013
2.2.6 Wind

Wind is a driving variable that affects blue-green algal blooms and reaeration or oxygen
exchange. However, wind is not an important driving variable for streams, so a constant rate of 1
meter per second is recommended (Park and Clough 2012a).

For model calibration, observed wind loading was set at a constant rate of 1 meter per second,
the same value that had been used in the previous LBR AQUATOX exercise and report (CH2M
Hill et al. 2008).
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2.3 Inorganic Constituents

2.3.1 Sediment

TSS is a driving variable within AQUATOX. The user can provide loadings of TSS, and the
AQUATOX will back-calculate suspended inorganic sediment concentrations by subtracting the
simulated phytoplankton and suspended detritus concentrations. Due to sparse data during 2012-
2013, historical monthly TSS averages were applied throughout the model time frame. Historical
mean monthly TSS values applied to the current model calibration are ayvailable on the import
spreadsheet. The previous import spreadsheet, dated 2014 0103, still .contains the sparse
measured TSS and SSC data collected during the model simulationferiod for reference. DEQ
recommends for best results to import the average TSS data for the best simulation accuracy.

2.3.2 pH

pH is a driving variable within AQUATOX. Dynamigjor varying, pH data werewtilized when
and where available to drive the model pH levels throughout the model time frame.pH-data were
collected by USGS and the City of Boise and are"available on the model import spreadsheet and
“LBRWQP & NWIS River & Drains.xlsx.”

Model accuracy for pH was considered Sufficient when modeled\values were within 25% of the
range of observed field data.

2.3.3 Nitrogen

In AQUATOX, two nitrogensecempartments, total@mmonia as N (NHs, 4) and nitrate as N (NO,
+ NO3), as N, are modeled. Nitrite accurs in verylow concentrations and is rapidly transformed
through nitrification and\denitrification (Park and'Clough 2012b); therefore, it is modeled with
nitrate. Unionized ammonia,(NHs) IS not modeled asia'separate state variable but is estimated as
a fraction of ammonia.

Dynamic,.or varying, nitrogen dataawere utilized when and where available throughout the
model time frame. Nitrogen,data were.collected by USGS and the municipal wastewater
treatment facilities (WWTES). Data sources are available are available in:

The:medel import spreadsheet
LBR_USGS nutrient sed_chla.xIsx
LBRWQP &NWIS River & Drains.xIsx
Data provided by the municipal facilities

Model accuracy for nigrogen was considered sufficient when modeled concentrations/loads were
within 25% of the range of observed field data.

2.3.4 Phosphorus

AQUATOX simulates total soluble P (identified as total soluble P and/or total P in the model) in
the water column. TP is the sum of dissolved phosphate in the water column as well as phosphate
associated with dissolved and suspended particulate organic matter and phytoplankton.
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Dynamic, or varying, phosphorus data were used when and where available throughout the
model time frame. Phosphorus data were collected by USGS and the municipal WWTFs and are
available in:

The model import spreadsheet
LBR_USGS_nutrient_sed_chla.xlsx
LBRWQP & NWIS River & Drains.xIsx
Data provided by the municipal facilities.

Model accuracy for phosphorus was considered sufficient when modeled,.concentrations/loads
were within 25% of the range of observed field data.

2.3.5 Oxygen

DO is usually simulated as a daily average and does not aceount, for diurnal fluctuations. It is a
function of reaeration, photosynthesis, respiration, decomposition, and nitrification (Park and
Clough 2012b, Equations 186 through 189).

Dynamic, or varying, DO data were utilized when and where available throughoutthe model
time frame. DO data were collected by USGS and the munieipal WWTFs and are available on
the model import spreadsheet, “LBR_USGS nutrient sed chla.xlsx,” and “LBRWQP & NWIS
River & Drains.xlsx,” and in data providediby the municipal facilities.

Model accuracy for DO was considered sufficient when modeled cancentrations were within
2 mg/L of the range of the observed field data.

2.3.6 Carbon Dioxide

Carbon dioxide for the mainstem LBR was modeled under a constant loading scenario of
0.7 mg/L, the same values that had been used in the previous LBR AQUATOX model and report
(CH2M Hill et al. 2008).

2.3.7 Nutrient Mass Balance

AQUATOX nutrient mass‘balance has been verified in linked-mode runs in the past to ensure
that nutrient mass balance isimaintained within an entire linked system. However, there were
some code changes, and some of the accounting variables were not properly updated. When
running with tributary-input loadings, these tributary inputs are not added to the total nutrient
load (accounting variable) in'kilograms. When this was fixed, mass balance was maintained as
shown in Figure 10. In other words, mass balance was still being maintained by the model, but
the accounting variables were not properly showing this (in some types of linked-mode runs
only). After fixing these accounting variables that have no effects on results, other than the
output of mass-balance metrics, the mass-balance check remained constant in all segments (J.
Clough, pers. comm., 2013 and 2014).
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Linked LBR (PERTURBED)
Run on 12-18-13 3:41 PM —— S1: P MB Test (kg)
—— S2: P MB Test (kg)
270.0 — S3: PMB Test (kg)
—— S4: P MB Test (kg)
243.0 S5: P MB Test (kg)
—— S6: P MB Test (kg)
216.0 — S7: P MB Test (kg)
—— S8: P MB Test (kg)
189.0 S9: P MB Test (kg)
—— S10: P MB Test (kg)
162.0 —— S11: P MB Test (kg)
[=)] —— S12: P MB Test (kg)
~ 1350 —— S13: P MB Test (kg)
108.0
81.0
54.0
27.0
T T T T T
6/2/2012 6/9/2012 6/16/2012 6/23/2012 6/30/2012

Figure 10. Mass-balance test for all segmentsindividually, show the P Mass Balance is
maintained and working appropriately in the madel»As identified in thegAQUATOX technical
documentation (Park and Clough 2012b), "Mass Balance,Test = Total Mass + Loss — Load" and
should stay constant.

2.4 Organic Constituents

Based on the best professional judgment and consultation with the modeling workgroup, the
following decisions were made by DEQ.for the maodel setup and calibration:

e Animals and macrophytesiwere not included in model simulations in order to minimize
model parameters and because necessary data were not available to accurate calibrate
these parameters, although itis acknowledged they do occur in the LBR.

¢ Algal groups—an appropriate assemblage of algal groups in the model include:
= Periphyton

= Low-nutrient Diatoms
= High-Nut Diatoms
= Green algae
= Cladophora, a specific genus of green algae
= J«Cyanobacteria, or blue-green algae
= Phytoplankton for each of these groups except for Cladophora.

Even though algal parameters are included in the model for phytoplankton, the model links the
phytoplanktonic groups with the corresponding periphytic groups and the phytoplankton biomass
in the model is mainly sloughed and scoured periphyton, also known as sestonic algae.
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2.4.1 Algal Parameters

Parameters for the algal groups used in the final calibration are presented in Table 8. Settion‘three provides additional detail about
how the algal parameters in the final calibration differ from earlier model iterations (Tables 9 and 10), which parameters were most
important for the final prediction of periphyton chlorophyll a (mg/m?), and how médel‘ertor and bias differs for each parameter set.

Table 8. Select algal parameters employed in the lower Boise River AQUATOX«2012-2013 model calibration.

Parameter Topt Tmax Tresp LightSat Pmax Lightex P Half:sat N Half-sat C Half-sat % ExpMoCo FCrit %Slough
Periphyton
Low-nutrient diatoms 15 39 2 64 0.77 0.03 0.006 0.07 0.054 0.01 0.005 99
High-nutrient diatoms 20 35 1.8 64 2.3 0.02 0.066 0.117 0.054 0.05 0.005 96
Peri Greens 20 42 2 110 1.08 0.22 0.05 0.1 0.054 0.01 0.007 90
Cladophora 15 25 2 135 1.08 0.22 0.0428 0.0586 0.054 0.05 0.008 25
Blue-greens 10.5 50 2.1 33 1.2 0.04 0.034 0.168 0.024 0.01 0.008 90
Phytoplankton
Low-nutrient diatoms 15 39 2 64 0.77 0.03 0.006 0.07 0.054 0.01 NA NA
High-nutrient diatoms 20 35 1.8 64 2.3 0.02 0.055 0.117 0.054 0.05 NA NA
Phyto Greens 20 42 2 110 1:08 0.22 0.0428 0.1 0.054 0.01 NA NA
Blue-greens 10.5 50 2 33 1.2 0.04 0.034 0.168 0.024 0.01 NA NA
Notes:

Topt = optimal temperature (°C)

Tmax = maximum temperature (°C)

Tresp = temperature response slope

LightSat = saturating light (Ly/day)

Pmax = maximum photosynthetic rate (1/day)

Lightex = light extinction coefficient 1/m-g/m3

P half-sat = phosphorus half-saturation constant (mg/L), Michaelis-Menten kinetics
N half-sat = nitrogen half-saturation constant (mg/L), Michaelis-Menten kinetics

C half-sat = inorganic carbon half-saturation constant (mg/L), Michaelis-Menten kinetics
ExpMoCo = exponential mortality coefficient (g/g=day)

Fcrit = critical force for periphyton scour (Newtons)

% Slough = percent periphyton lost in slough event (%)

35



LBR Total Phosphorus AQUATOX Model Report

Table 9. Select algal parameters employed in the AQUATOX default library.

Parameter Topt Tmax Tresp Lisirt]t Pmax Lightex Hahl‘a-sat Hallf\lsat C Half-sat ic/)l((c? FCrit Slcjﬁgh
Periphyton
Low-nutrient diatoms 20 39 2 64 0.65 0.03 0.006 0.07 0.054 0.01 0.001 90
High-nutrient diatoms 20 35 1.8 22.5 2.3 0.03 0.055 0.2 0.054 0.02, 0.004 60
Peri Greens 25 42 2 70 1.7 0.03 0.1 0.8 0.054 0.01% 0:004 90
Cladophora 15 25 2 270 1.08 0.14 0.04 0.1 0.054 0.05 0)002 25
Blue-greens 30 50 2 45 1.4 0.03 0.03 0.4 0.024 0.01 0.004 90
Phytoplankton
Low-nutrient diatoms 26 39 2 56 1.4 0.14 0.001 0.0154 0.054 0.05 NA NA
High-nutrient diatoms 20 35 1.8 18 1.87 0.14 0.055 0.117 0.054 0.05 NA NA
Phyto Greens 25 42 2 54 3:6 0.144 0.05 0.006 0.054 0.04 NA NA
Blue-greens 27 50 2 60 2.2 0.09 0:03 0.4 0.024 0.12 NA NA

Notes:

Topt = optimal temperature (°C)

Tmax = maximum temperature (°C)

Tresp = temperature response slope

LightSat = saturating light (Ly/day)

Pmax = maximum photosynthetic rate (1/day)

Lightex = light extinction coefficient 1/m-g/m3

P half-sat = phosphorus half-saturation constant (mg/L), Michaelis-Menten kinetics
N half-sat = nitrogen half-saturation constant (mg/L), Michaelis-Menten kinetics

C half-sat = inorganic carbon half-saturation constant (mg/L), Michaelis-Menten kinetics
ExpMoCo = exponential mortality coefficient (g/g-day)

Fcrit = critical force for periphyton scour (Newtons)

% Slough = percent periphyton lost in slough event (%)
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Table 10. Select algal parameters employed in the lower Boise River AQUATOX 2008 model calibration.

. Exp
Light . P N . %
Parameter Topt Tmax Tresp Sat Pmax Lightex Half-sat Half-sat C Half-sat I\C/:I(()) FCrit Slough
Periphyton
Low-nutrient diatoms 20 39 2 128 0.77 0.03 0.006 0.07 0.054 0.05 0.002 25
High-nutrient diatoms 20 35 1.8 45 2.06 0.03 0.2 0.117 0.054 0.05 »,0.002 25
Peri Greens 25 42 2 220 2.00 0.03 0.1 0.8 0.054 0.05 “0.002 25
Cladophora 15 25 2 270 1.08 0.14 0.04 0.1 0.054 0.05 0.002 25
Blue-greens 30 50 2 148 1.40 0.03 0.03 0.4 0.024 0.05 09002 25
Phytoplankton
Low-nutrient diatoms 15 39 2 224 1.00 0.14 0.006 0.0154 0.054 0.05 NA NA
High-nutrient diatoms 20 35 1.8 30 1.87 0.14 0.055 0.117 0.054 0.05 NA NA
Phyto Greens 26 42 2 220 1.65 0.24 0.1 0.8 0.054 0.04 NA NA
Blue-greens 30 50 2 148 2120 0.15 0.03 0.4 0.024 0.12 NA NA

Notes:

Topt = optimal temperature (°C)

Tmax = maximum temperature (°C)

Tresp = temperature response slope

LightSat = saturating light (Ly/day)

Pmax = maximum photosynthetic rate (d/day)

Lightex = light extinction coefficient 2/m-g/m3

P half-sat = phosphorus half-saturation constant (mg/L), Michaelis-Menten kinetics
N half-sat = nitrogen half-saturation constant (mg/L), Michaelis-Menten, kinetics

C half-sat = inorganic carbanhalf-saturation constant (mg/L), Michaelis-Menten kinetics
ExpMoCo = exponential mortality coefficient (g/g-day)

Fcrit = critical force for periphyton scour (Newtons)

% Slough = percent periphyton lost in slough event (%)
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2.4.2 Phytoplankton and Periphyton Chlorophyll a

AQUATOX converts phytoplankton biomass estimates into values for chlorophyll a, and uses a
value of 45 micrograms (ug) C/ug chlorophyll a for cyanobacteria and a value of 28 for other
phytoplankton. The results are presented as total chlorophyll a in micrograms per liter (Park and
Clough 2012b, Equation 78).

Periphyton as chlorophyll a is computed as a conversion from the ash-free dry weight of
periphyton. The conversion factor is based on the observed average ratioxof chlorophyll a to ash-
free dry weight (Park and Clough 2012b, Equation 79).

Phytoplankton periphyton data were utilized when and where available.throughout the model
time frame, typically three data points collected from Eckert,‘Glenwood, Middleton, Highway
20-26, and Parma. These data were collected by USGS and are available in the model import
spreadsheet and “USGS_Synoptic_Algae.xIs” (Table 14).

Table 11. USGS periphyton and phytoplankton data collected on'the lower Boise River during the
model calibration time frame from January 1, 2012, through April 22,2013 (Etheridge 2013).

Week of August 21, 2012

Mean Mean Light
Periphyton Periphyten Phytoplank Water Water Extinction
Biomass Chl-a toh Chl-a Depth Velocity Coefficient

Site ID  River Mile Site Name g/m> mg/m?> ug/L ft ft/s

13203760 58.1 BOISE RIVER AT ECKERT RD NR BOISE ID 3 3 1 1.04 1.47 0.09
13206000 47.5 BOISE RIVER AT GLENWOOD BRIDGE NR BOISE.ID 47 147 3 0.72 1.37 0.04
13210050 314 BOISE RIVER NRIMIDDLETON ID 10 40 6.4 0.43 2.26 0.07
13211000 24.0 BOISE RIVER'AT HWY 20-26 XING NR CALDWELLID 25 108 6.7 0.27 1.67 0.20
13213030 0.0 BOISE RIWER AT MOUTH NR PARMA ID 11 63 10.5 0.26 1.20 0.09

Week of October 29, 2012

Mean Mean Light
Periphyton Periphyton Phytoplank Water Water Extinction
Biomass Chl-a ton Chl-a Depth Velocity Coefficient

Site ID _River Mile Site Name g/m? mg/m? pg/L ft ft/s

13203760, 58.1  BOISE RIVER ATECKERT RD NR BOISE ID 3 4 ND 051 253 0.06
13206000 47.5, BOISE RIVER AT GLENWOOD BRIDGE NR BOISE ID 16 131 3.7 080 182 0.15
13210050  31.4 % BOISE RIVER NR MIDDLETON ID 24 219 6.4 063 222 0.15
13211000  24.0 . BOISE RIVER AT HWY 20-26 XING NR CALDWELL ID 25 255 5.6 057 257 0.14
13213030 0.0  BOISERIVER AT MOUTH NR PARMA ID 32 181 9 0.67 248 0.10

Week of March 4, 2013
Mean Mean Light
Periphyton Periphyton Phytoplank Water Water Extinction

Biomass Chl-a ton Chl-a Depth Velocity Coefficient
Site ID  River Mile Site Name g/m2 mg/m2 ug/L ft ft/s
13203760 58.1 BOISE RIVER AT ECKERT RD NR BOISE ID 14 36 4.8 0.59 1.56 na
13206000 47.5 BOISE RIVER AT GLENWOOD BRIDGE NR BOISE ID 33 283 7.3 1.09 1.80 0.08
13210050 314 BOISE RIVER NR MIDDLETON ID 30 137 19.5 0.53 1.68 0.11
13211000 24.0 BOISE RIVER AT HWY 20-26 XING NR CALDWELL ID 23 211 17.5 0.46 1.87 0.13
13213030 0.0 BOISE RIVER AT MOUTH NR PARMA 1D 16 92 36.2 0.58 2.39 0.13
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2.4.2.1 Sloughing and Loss

AQUATOX technical documentation asserts that periphyton often exhibit a pattern of buildup
and then a sharp decline in biomass due to sloughing (Park and Clough 2012b). Based on
extensive experimental data from Walker Branch, Tennessee (Rosemond 1993), a complex
sloughing formulation, extending the approach of Asaeda and Son (2000), was implemented.
This function was better able to represent a wide range of conditions. Periphyton washout is
calculated according to Park and Clough 2012b, Equation 72:

Washoutyeriphyton = Slough + Dislodgeperrax

where:
Washoutperiphyton = 10ss due to sloughing (g/m®*d)
Slough = loss due to natural causes (g/m>*d), see Equation 75
Dislodgeperi, Tax = l0ss due to toxicant-induced sloughing (gfm>*d)

AQUATOX models natural sloughing as a function of senescéence due to suboptimal conditions
and the drag force of currents acting on exposed biomass, whieh increases drag as both biomass
and velocity increase (Park and Clough 2012b, Equations 72-74).

In AQUATOX, suboptimal light, nutrients, and temperature cause senescence of cells that bind
the periphyton and keep them attached to the'substrate (Parksand Clough 2012b). This effect is
represented by a factor, Suboptimal, which is computed in modeling the effects of environmental
conditions on photosynthesis. Suboptimal decreases the critical force necessary to cause
sloughing. If the dragdorce exceeds the critical force for a given algal group modified by the
Suboptimal factor and an adaptation factor, then sloughing occurs (Park and Clough 2012b,
Equation 75). Suboptimal s calculatedyaccording to Park and Clough 2012b, Equation 76:

Suboptimal ., = NutrLimity,, X LtLimity,q X TCorryg X 20
If Suboptimalorg > 1 then Suboptimalerg = 1

where:
Suboptimalorg = factor for suboptimal nutrient, light, and temperature effect on senescence of
given periphyton group (unitless)
NutrLimitorg = nutrient limitation for a given algal group (unitless) computed by AQUATOX
LtLimitorg = light limitation for a given algal group (unitless) computed by AQUATOX
TCorrorg = temperature limitation for a given algal group (unitless) computed by AQUATOX
20 = factor to desensitize construct

Through modeling periphyton at several sites, it was observed that sloughing appears to be
triggered at greatly differing mean velocities (Park and Clough 2012b). The working hypothesis
is that periphyton adapt to the ambient conditions of a particular channel. Therefore, a factor is
included to adjust for the mean discharge of a given site compared to the reference site in
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Tennessee. It is still necessary to calibrate FCrit for each site to account for intangible
differences in channel and flow conditions, analogous to the calibration of shear stress by
sediment modelers, but the range of calibration needed is reduced by the Adaptation factor (Park
and Clough 2012b, Equation 77).

2.4.3 Detritus

In AQUATOX, the term detritus is used to include all nonliving organic material and associated
decomposers (bacteria and fungi). The concentrations of detritus in the current model setup are
the result of several competing processes (Park and Clough 2012b, Equations 141 through 148)
(Table 12). The initial conditions in the final model setup and calibration differ according to
segment, which enhances model performance over utilizing the same initial conditions for each
segment. This table shows the initial conditions for segment L@nly, but these initial conditions
vary in each segment for the current 2012-2013 model calibration, providing a more realistic
starting point over utilizing the same default conditionsfor each segment.

Table 12. Initial detritus conditions for Segment 1 AQUATOX model simulations on the l\BR.

Detritus Parameter Col?llcg:ﬁlon Units Ii\f)(;%l?rl\egds
Refractory sediment detritus 0.01859843 g/m2 dry 0 - constant
Labile sediment detritus 0.6089784 g/m2 dry 0 - constant
Suspended and dissolved detritus 0.2422097 mg/L dry 0 - constant
Buried refractory detritus 2 kg/m* NA
Buried labile detritus 1 kg/m?® NA

Notes: grams per square metef (g/m?); milligrams per liter (mg/L); kilograms per cubic meter (kg/m)

Through the course of several model iterations, the'proportions of suspended and dissolved
detritus that are labile/refractory and disselved/particulate were refined from the initial default
conditions.
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3 Calibration of Model Simulation to Existing Data

3.1 Background

Aquatic biological communities respond to altered physical and chemical surroundings, making
it more practical to measure biotic integrity than to measure all of the physical and chemical
factors that can determine ecosystem integrity. Previous biological assessments of the LBR
(Mullins 1999; MacCoy 2006) indicate declining trends in instream habitat'quality and biotic
integrity in a downstream direction.

The AQUATOX model represents the combined environmental fate and effects of pollutants
such as nutrients in aquatic ecosystems. The model considers several trophicilevels such as algae,
submerged vegetation, invertebrates, and fish (Park et al. 2008; 2009; Park and Clough 20123,
2012b). However, for purposes of the LBR study, this model’s primary utility 1S imsimulating
attached algae, or periphyton.

Periphyton communities consist of diverse and variable populations of bacteria and algae that are
attached to substrates in surface water. Algae are an important.component of aquatic ecosystems
since they are primary producers, providingfeod for aquatic invertebrates. Being primary
producers, they are directly affected by physical and chemical factorss»This makes them valuable
indicators of water quality, as described in Barbour-et al(1999). Periphyton can be characterized
by standard methods such as biomass and chlarophyll content:

Evaluating total periphyton biomass is a method to identify nutrient enrichment. Excessive
periphyton growth can'serve as an ecological indicator for high water temperatures or excess
nutrient production? Excessive periphyton growth is,defined as growth that is not normal for the
system and that can cause negative loeal.or downstream impacts on recreation, changes in
nutrient cyclinggbielogical and chemical'oxygen demand, and benthic macroinvertebrate
communities (Barbour ebal. 1999).

Assemblages of periphyton pepulations are being used as indicators to measure the habitat
function of the LBR in this Study. Periphyton can respond to changes in temperature, water
chemistry, light,availability, nutrients, and other environmental factors. The current modeling
effort will accountyfor these complex relationships, while the relationships between nutrients and
periphyton will be:a primary/focus of this modeling effort. In consultation with the LBWC,
DEQ has identified a'numeric nuisance aquatic growth target for periphytic chlorophyll a mean
biomass to be less than or equal to 150 mg/m?. This model will evaluate the TP loadings and
other environmental conditions that will allow this target to be achieved.

3.2 Model Advantages and Limitations

Modeling has distinct advantages for stakeholders in the LBR watershed:
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e Model advantages

Continuous simulation—modeling water quality parameters over any time period of
concern saves money. Considerable resources go into establishing sampling plans and
quality assurance project plans, collecting water quality data in the field, paying
laboratory analytical costs, performing data quality assurance and data analysis, and
funding project management and administrative positions necessary to maintain water
quality data. Even after a thorough sampling project, the field data only represent
water quality as a snapshot at the time of data collection. In comparison, labor and
planning costs are much less for a modeling project and the model simulation is
continuous, with a daily or hourly time step for the entireperiochof concern.
Modeling is a relatively inexpensive way to more thoraughly describe the water
quality of a stream.

Predict a future condition—modeling allows testing alternative,management
scenarios with its predictive capacity.

There are also limitations to this modeling effort:
e Model limitations

Managed watershed—the LBR is affected by urbang industrial, and agricultural land
and water uses throughout its length. Land uses have altered the natural sinuosity and
width/depth ratio of the riveriehannel. Flood contralyirrigation, and increased
impervious surfaces—changing thewrainfall/runoff response—have altered the natural
hydrologic patterns. Decreased canopy cover and increased turbidity have changed
the light availability and temperature patternsakinally, agricultural return water,
stormwater runoff, and wastewatertreatment plant éffluent contribute different
chemical constituents'than would oceur without human influences.

Complex aguatic biota/nutrient/pollutant interactions—Ilinking potential pollutants to
biological'tmpairmentsin surface water is a,complex process. Growth and
productivity of aquatic/biota are affected by light and habitat availability,
temperature, organiecand inorganic.constituents, and competition by other life forms.
When human activitiesicause an imbalance in any of these factors, habitat quality
may be impaired, and algal parameters identified in scientific literature for natural
systems may not work aceordingly in managed systems. Algal populations can
become adaptedto local conditions and exhibit different tolerances to changes in
light, temperature; and nutrients than occur in natural habitats. As such, calibrating
the algal simulation to existing data becomes more important than using algal
parameters referenced in scientific literature.

Note on concerns of over-parameterization: AQUATOX as an ecological risk assessment model
was chosen because the managed hydrology of the LBR and the associated aquatic
biota/nutrient/pollutant relationships are so complex. Because multiple parameters can be altered
for each algal group in the simulation, some stakeholders have expressed concerns that the model
is too complex, or over-parameterized, to be useful. DEQ believes that as much as this model
may be highly parameterized, less complex models would likely oversimplify the true
complexity of system and biotic relationships. Therefore, although there is no perfect modeling
tool, the complexity of the current AQUATOX model is appropriate given the complexity of the
river management, biotic simulations, and the river habitats in the modeled reaches.
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e Variability in measured data—the inherent variability of water chemistry is also a known
model limitation. For example, several samples measuring TP were collected near Parma
from 8/20/2012 through 8/24/2012 showing variable TP values. The concentration varied
as much as 0.05 mg/L on the same day at the same location (Figure 11).

Segment 13 Total Phosphorus
USGS 13213000 Parma
8/20/2012 through 8/24/2012
0.34 - Range=0.02 0.04 0.05 0.03 0.02 mg/L
_ 0.33 L 2
% 0.32
E 031 < L 2 4
0 0.3 ¢ ¢ ¢ 2
E 0.29 <& & . L
s 028 . = *
2 o027 ¢
[- %
© 026 " 1otal Range within 5 days=0.27 to 0.33 mg/L
E 0.25
8/19 8/20 8/21 8/22 8/23 8/24 8/25
Date

Figure 11. Water chemistry variability—example of tetal phosphorus concentrations ranging up to
0.05 mg/L on the same day at the same location.

e Variability in river chemistry—the upper réach of LBR In model segment 1 averages less
than 0.01 mg/L TP, but'the lowest reachih model segment 13 averages 0.29 mg/L TP
during the modeled period from 1/1/2012 through 4/22/2013. Similar ranges of variation
occur for total suspended sediment and nitregem concentrations.

e Variability in river-habitat=—riverhabitat characteristics vary widely throughout the
modeledreaches. The'Boise Riverfrom Lucky Peak through Ann Morrison Park has
consistently less periphyton:covering the substrate than in lower reaches. Figure 12
shows the 2- to 8-inch cobblesiin sandy substrate with less than 5% periphyton coverage
in model segment 1. There was no virtually turbidity—visibility was over 2 meters.
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Figure 13. Channel bottom characteristics in the lower portion of model segment 2.

In model segment 12, shown in Figure 14, visibility is 0.1 meters and 30% of the available
habitat is covered with periphyton (not shown in photo).
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Figure 14. Model segment 12 low water clarity.

This corresponds with previous biologicaliassessments of the LBR (Mullins 1999; MacCoy
2006; Etheridge 2013) that indicate declining trendsin,instream hahitat quality and biotic
integrity in a downstream direction.

The AQUATOX model simulates, 13 river segments, averaging the predictions over each model
segment. DEQ believesdthat 13 model segments are sufficient to capture the variability in river
habitats. However, waterguality data are sampled at discrete points within the reach, and this
creates variability between the field data and the reach-averaged model simulation.

The limitations/of'simulating a managed watershed with the inherent complexities of aquatic
biota/nutrient/pollutant interactions'and variable field data and river habitats all contribute to
model uncertainty. Model uncertainty is addressed in the following sections, describing the
accuracy. of the simulation.

3.3 ModelCalibration

Calibration is the adjustment of model parameters to create a better fit of simulated results to
measured data. Accuracy goals for this model are to achieve simulated nutrient and chlorophyll
values within 25% of the range of field data. Simulation accuracy will be described by absolute
mean error (AME), which is calculated using the following:

1
AME = EZ‘|xsim — xobs|

The AQUATOX model simulations are reported on different spatial and temporal scales than
data measurements are collected. The temporal scale of the model is for a continuous simulation
from January 1, 2012, through April 22, 2013; the temporal scale of field data collected during
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the modeled time frame vary from almost daily data for temperature, to three samples for
periphytic chlorophyll a. The spatial scale of this AQUATOX simulation is on a reach-wide
average for each of the 13 segments, whereas the observed data within the Boise River channel
are collected at specific locations as listed in section 1, Table 1. Where possible, gaps in field
data were adjusted to give the model the most complete input datasets possible. To the extent
certain data were developed from interpolation or averaging, temperature and light input were
derived datasets.

Before beginning calibration, DEQ refined certain datasets that were missing data or were
insufficient to describe the daily variation necessary to run the model.

Temperature—the temperature dataloggers at Marden Bridge—in model segment 2—were not
operational between July 25 and December 3, which includes.the portion,of the year including
the season of peak temperatures.

Temperature is a driving variable in AQUATOX. Thatls, it is not simulated, but,the time series
inputs are used to drive other variables in the study«Temperature data were collected by City of
Boise for the study period:

Marden Bridge—applied to model segments 1 and 2

Veteran’s Parkway Bridge—applied to model segment3
Glenwood—applied to model segment 4

Eagle Road, south channel—applied to.model segments 5,6, and 7
Middleton—applied to model segments 8, 9, anc\10

The model linearly interpolates.through missing data, but the simulated algal groups are sensitive
to temperature, and it is_important to more-accurately approximate temperature in these
uppermost model segments. The missing data peried fit well to a 5th-order polynomial curve,
which showed maximum temperatures up to 15.9 °C,iprearly September. This is realistic for the
upstream segments since segment/3 temperatures at Veteran’s Parkway Bridge—10.93 river
miles downstreamsof the beginning of segment 1—reached the maximum of 17.7 °C in early
September

With.these additional data points enteredrinto the model for segments 1 and 2, the model is
utilizing more realistic temperatures for this driving variable than with the linear interpolation
and algal growth increased.

USGS data collected,at Parma'is used for segments 11, 12, and 13. Data were missing from
January 1 through Mareh 26, 2012. DEQ identified a typical January 1 low of 1.4 °C from the 7-
day average of the January 2013 data and linearly interpolated to fill gaps in the missing data.

Light—the model had been displaying problematic light output, dropping to 20 Ly/d in the
winter, which is not realistic.

Two things improved the light simulation. First, instead of using annual mean and range light
loadings, dynamic daily varying data from the nearest AgriMet weather station was used to
create an input file with 5-day moving average daily values. In addition, AQUATOX has a
simplifying assumption for light that assumes ice cover forms when average water temperatures
drop below 3 °C. This is assumption is not valid for the LBR because is too turbulent for a
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continuous ice cover to form that would limit light penetration to the substrate to that extent.
Jonathan Clough programmed a new executable model version that does not factor in light
decreases when stream temperature drops below 3 °C. This change improved the response of
cold-water algae and cyanobacteria.

The light-limitation function in AQUATOX represents both limitation for suboptimal light
intensity and photo-inhibition at high light intensities, and the AQUATOX Technical
Documentation describes the function and related equations (Park and Clough 2012b).

Total Suspended Sediment—this is a driving variable, which means that,the model does not
simulate TSS, but it is used to drive other model simulations. The other driving variables are
temperature and pH, and daily data was available for these two variables. However, TSS data
for the model simulation period was sparse. DEQ considered various methods to establish TSS
regressions with flow data, but none of these methods matched the sparse existing data. What
finally improved model calibration was a dataset utilizing'menthly TSS averages for all of the
historical data. This TSS dataset is incorporated as part of the import spreadsheet.to override the
sparse measured data. The previous import spreadsheet, dated 2014 0103, still contains the
sparse measured TSS and SSC data collected during the model simulation period for reference.
DEQ recommends for best results to import the average TSS.data for the best simulation
accuracy.

3.3.1 Velocity

Water velocity affects periphyton sloughing,'in that fastencurrents seplenish nutrients and carry
away senescent biomass. For calibration, model velocities wereicompared to observed velocities.
AQUATOX calculates velocity from streamflow‘and dynamic mean depth input data. Velocity
values can be further refined by editing Manning’s roughness coefficient in AQUATOX site
data. Model accuracy was,considered sufficient when model velocities were within 10-20 cm/s
of observed velocities. Withithe correct dynamic mean depths, simulated velocities were within
desired accuracy, as shown n Figure 15 through Figure 23. No further velocity calibration was
needed.
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Seg 1 (Control)
Run on 01-6-14 4:35 AM

e RuN Velocity (cm/s)
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Figure 15. Segment 1 velocity simulation accuracy.

Seg 3 (Control)
Run on 01-6-14 4:37 AM
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Figure 16. Segment 3 velocity simulation accuracy.
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Seg 4 (Control)
Run on 01-6-14 4:39 AM
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Figure 17. Segment 4 velocity simulation accuracy.

Seg 5 (Control)
Run on 01-6-14 4:40 AM
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Figure 18. Segment 5 velocity simulation accuracy.
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Seg 7 (Control)
Run on 01-6-14 4:45 AM
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Figure 19. Segment 7 velocity simulation accuracy.

Seg 8 (Control)
Run on 01-6-14 4:46 AM
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Figure 20. Segment 8 velocity simulation accuracy.
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Seg 10 (Control)
Run on 01-6-14 4:50 AM
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Figure 21. Segment 10 velocity simulation accuracy.

Seg 11 (Control)
Run on 01-6-14 4:51 AM
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Figure 22. Segment 11 velocity simulation accuracy.
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Seg 13 (Control)
Run on 01-6-14 4:54 AM
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Figure 23. Segment 13 velocity simulation accuracy.

The average absolute mean error for all of the segments with velacity data is 19 cm/s. The goal
was for the simulation to come within 10-20 cm/s ofiexisting data, so the accuracy is within the
desired range.

3.3.2 Nutrients

The boundary conditionsywere established by utilizing the constituent data for the river water
column, and tributary and ground water inputs. DEQperformed iterative simulations using
AQUATOX to identify the best initial load,for nutrients and organic detritus. DEQ further
optimized thesSimulations of nutrients and organic detritus by running the model in spin-up
mode. ThiS utility predicts,the initiahload by identifying the final predicted value of any given
state variable and overwriting this value,as‘the initial condition.

Whereas the 2008 LBR model used single set of default values for all of the segments and
tributaries, this iterative process used for the current 2012-2013 model identified optimal initial
conditions for eachhsegment individually. Moving from the same initial load for each state
variable to a load tailored for each segment resulted in better accuracy in the nutrient predictions.

Figure 24 through Figure 33 show the accuracy of simulation predictions for TP.
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Seg 1 (Control)
Run on 12-27-13 2:45 PM
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Figure 24. Segment 1 total phosphorus simulation accuracy (lines are modeled values; blue

markers are observed data; red markers are,nondetect observed data).
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Figure 25. Segment 2 total phosphorus simulation accuracy (lines are modele
markers are observed data; red markers are nondetect observed data).
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Seg 3 (Control)
Run on 12-27-13 2:48 PM
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Figure 26. Segment 3 total phosphorus simulation accuracy (lines are modeled values; blue
markers are observed data).
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Figure 27. Segment 5 total phosphorus simulation accuracy (lines are modeled values; blue
markers are observed data).
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Seg 7 (Control)
Run on 12-27-13 3:00 PM
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Figure 28. Segment 7 total phosphorus simulation accuracy (lines are modeled values; blue

markers are observed data).
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Figure 29. Segment 8 total phosphorus simulation accuracy (lines are modeled values; blue
markers are observed data). The phosphorus simulation appears to overpredict existing data in
model segment 8.
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Seg 9 (Control)
Run on 12-27-13 3:06 PM
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Figure 30. Segment 9 total phosphorus simulation accuracy (lines are modeled values; blue

markers are observed data).
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Figure 31. Segment 10 total phosphorus simulation
markers are observed data).

accuracy (lines are modeled values; blue
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Seg 12 (Control)
Run on 12-27-13 3:13 PM
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Figure 32. Segment 12 total phosphorus simulation accuracy (lines are modeled values; blue
markers are observed data).
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Figure 33. Segment 13 total phosphorus simulation accuracy (lines are modeled values; blue
markers are observed data).

Because the variability of field data ranges up to 0.05 mg/L (Figure 11), the TP predictions
appear very accurate. Simulations in model segments 1, 2, 3, 5, 7, and 9 all exhibit less than 0.05
mg/L absolute mean error, so these simulations are acceptably accurate; however, segment 8
appears to overpredict existing data by 0.10 mg/L.
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The simulation accuracy goal is for the model predictions to fall within 25% of the range of field
data. The field data range from 0.0085 mg/L to 0.65 mg/L TP. Twenty-five percent of this range
of field data equals 0.16 mg/L. Since the total data variability and simulation error ranges from
0.006 mg/L to 0.10 mg/L, this model is accurately predicts TP concentrations.

In summary, this model predicts TP concentrations to within an average 0.05 mg/L over the
entire LBR. For each model segment, this model simulates TP concentrations within the
following values of the observed data:

Segment 1—0.006 mg/L
Segment 2—0.007 mg/L
Segment 3—0.03 mg/L
Segment 5—0.03 mg/L
Segment 7—0.04 mg/L
Segment 8—0.10 mg/L
Segment 9—0.05 mg/L
Segment 10—0.08 mg/L
Segment 12—0.07 mg/L
Segment 13—0.07 mg/L

These values contain both the field data variability and the simulation error.

3.3.3 Periphyton

The sum of biomass for the five periphytic algal groups—Hhigh=and low-nutrient diatoms, green
algae, Cladophora, and blue“gfeen algae—equals'the total periphyton chlorophyll a (mg/m?)
biomass. Altering algal{parameterswas the mostimportant action to achieve better fit of
periphyton predictions tomeasured data.

Periphyton data collected during the model simulation period from 1/1/2012 through 4/22/2013
(Table 13) is.sparse:
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Table 133. USGS periphyton and phytoplankton data collected on the lower Boise River during the
model calibration time frame from January 1, 2012, through April 22, 2013 (Etheridge 2013).

Week of August 21, 2012

Mean Mean Light
Periphyton Periphyton Phytoplank Water Water Extinction
Biomass Chl-a ton Chl-a Depth Velocity Coefficient
Site ID  River Mile Site Name g/m? mg/m? ug/L ft ft/s
13203760 58.1 BOISE RIVER AT ECKERT RD NR BOISE ID 3 3 1 1.04 1.47 0.09
13206000 47.5 BOISE RIVER AT GLENWOOD BRIDGE NR BOISE ID 47 147 3 0.72 1.37 0.04
13210050 31.4 BOISE RIVER NR MIDDLETON ID 10 40 6.4 0.43 2.26 0.07
13211000 24.0 BOISE RIVER AT HWY 20-26 XING NR CALDWELL ID 25 108 6.7 0.27 1.67 0.20
13213030 0.0 BOISE RIVER AT MOUTH NR PARMA ID 11 63 10.5 0.26 1.20 0.09
Week of October 29, 2012
Mean Mean Light
Periphytom,Periphyton Phytoplank, Water Water Extinction
Biomass Chl-a ton Chl-a_ Depth Velocity Coefficient
SiteID  River Mile Site Name g/m2 mg/m? ug/L ft ft/s
13203760 58.1 BOISE RIVER AT ECKERT RD NR BOISE ID 3 4 ND 0.51 2.53 0.06
13206000 47.5 BOISE RIVER AT GLENWOOD BRIDGE NR BOISE ID. 16 131 3.7 0.80 1.82 0.15
13210050 31.4 BOISE RIVER NR MIDDLETON ID 24 219 6.4 0.63 2.22 0.15
13211000 24.0 BOISE RIVER AT HWY 20-26 XING NR CALDWELL ID 25 255 5.6 0.57 2.57 0.14
13213030 0.0 BOISE RIVER AT MOUTH NR PARMA ID 32 181 9 0.67 2.48 0.10
Week of March 4, 2013
Mean Mean Light
Periphyton Periphyton Phytoplank Water Water Extinction
Biomass Chl-a ton Chl-a Depth Velocity Coefficient
SiteID  River Mile Site Name g/m? mg/m* ug/L ft ft/s
13203760 58.1 BOISE RIVER ATECKERT RD\NR BOISE ID 14 36 4.8 0.59 1.56 na
13206000 47.5 BOISE RIVERAAT GLENWOOD BRIDGE NR BOISE ID 33 283 7.3 1.09 1.80 0.08
13210050 31.4 BOISE RIVER NR MIDDLETON ID. 30 137 19.5 0.53 1.68 0.11
13211000 24.0 BOISERIVER AT HWY 20-26 XING NR CALDWELL ID 23 211 17.5 0.46 1.87 0.13
13213030 0.0 BOISE RIVER AT MOUTH NR/PARMA 1D 16 92 36.2 0.58 2.39 0.13

Where possible, historical periphyton data (Table 14 ) were also used to inform the calibration

process.

Table 144. Periphyton,chlorophyll a biomass data collected by USGS on the lower Boise River
between 1995 and 2013:

Eckert Glenwood Middleton Caldwell Parma

(mg/m?; (mg/m? (mg/m?; (mg/m? (mg/m?;
Station samples) samples) samples) samples) samples)
January 289.0 1 188.0 1
February 4.2 3 7.8 3 337.0 1
March 36.0 1 283.0 1 137.0 1 211.0 92.0 1
April 8.1 7 11.6 6
May 4.6 2 6.4 2
June 2.0 3 6.7 2
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July 4.9 2 115 2

August 1.0 4 24.6 8 16.2 8 95.9 4 86.7 4
September 3.3 3 78.5 2

October 8.7 23 136.4 27 235.2 17 420.2 13 135.1 13
November 19.8 12 274.2 5 282.6 16 2729 15 219.0 10
December 5.2 4 13.2 4

Notes: The numbers with white background represent the mean chlorophyll a biomass for all samples collected
during that month; the numbers with grey background represent the total number of samples collected during
that month.

Throughout the remainder of the model report the periphyton data that was collected within the
simulation period is referred to as “measured” data and earlier pefiphyton data is referred to as
“historical” data.

3.3.3.1 Community composition data used to calibrate'algal groups

The periphyton community composition analysis indRushforth 2007b reports organism
presence—to genus or species level in most cases—in the Boise/River for study dates in October
2005, September 2006, and March 2007. DEQ categorized,these results into the 5 periphytic
algal groupings used in the AQUATOX model. The Rushforth report categorized algae presence
as:

e Rare—present in <10% of microscope fields
e Common—present in 10-20% of microscope fields
e Abundant—present in >20% of microscope fields

Figure 34 presents these findings grouped according to the AQUATOX model segments.
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Model segment
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Periphyton community composition summarized from Rushforth 2007

River Mile
61.1
Blue-greens
rare
none
none
58.3
Blue-greens
common
abundant
common
50.17
Blue-greens
common
none
abundant

45.51
45.51
44.16
40.2
Blue-greens
none
common
common
31.43
Blue-greens
common
rare
common
23.98
15.66
10.6
8.77
Blue-greens
rare
none
abundant

Site
Diversion
Cladophora
rare
abundant
none
Eckert Road
Cladophora
rare

rare

none
Veteran's Parkway
Cladophora
none
abundant
none

Loss to N Channel

LOSS TO NORTH CHANNEL
Boise WWTP West Boise
GAIN FROM NORTH CHANNEL
Cladophora

common

none

none

Boise River NR Middleton
Cladophora

rare

rare

none

Boise River at HWY 20-26
Boise River at Notus
Above Dixie Drain

Boise River at HWY 95 Crossing
Cladophora

abundant

common

none

Lat

43.54531
Greens
common
common
abundant
43.56572
Greens
common
rare
none
43.63606
Greens
rare
none
abundant

43.67043
43.67043
43.67271
43.68138
Greens
rare
common
rare
43.68704
Greens
rare
rare
rare
43.68898
43.72088
43.73225
43.74721
Greens
rare
common
rare

Long
-116.099469
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Figure 34. Summary of periphytic algal community compositions.

In AQUATOX, the periphytan chlorophyll a (mg/m?) mirrors the sum of biomass for the five
periphytic algal groups.»¥0 help calibrate the final periphyton predictions, DEQ created a visual
display of the community composition by assigning values to algae presence:

e None=0
e Rare=1
e Common=5
e Abundant=8

Even though the Rushforth study did not provide the kind of biomass data that could be used as
input to the model, the charts produced by this method (Figure 35) helped to identify relative
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abundance of the algal groups throughout the model segments in March, September, and
October.

Segment 1 Segment 2

30

25

B Low-nutrient diatoms 20 - B Low-nutrient diatoms

)

B

B High-nutrient diatoms M High-nutrient diatoms
15 +

M Greens M Greens

Cladophora 10 Cladophora

5 | . M Blue-greens

March September October March September October

M Blue-greens

Segment 3 Segment 8

B Low-nutrient diatoms

B High-nutrient diatoms

16
B Low-nutrient diatoms 14 -
W High-nutrient diatoms 12
i B Greens 10 7 H Greens
Cladophora (85 : Cladophora
m Blue-greens 4 H Blue-greens
R —
0 + T T —— T

0 T
March September October March September October
Segment 9 Segment 13
25
20

® Low-nutrient diatoms B Low-nutrient diatoms

15 ~ B High-nutrient diatoms

T B High-nutrient diatoms
B Greens 10 M Greens
Cladophora Cladophora
R M Blue-greens 51— o Blue-greens
:. . 0 M .

March September October

March September October

Figure 35. DEQ visual depiction of algal community composition in all sampled segments, based on previous
analyses in the LBR (Rushforth 2007b).

In this manner, the final periphyton prediction has a better foundation in the algal community
composition that has been shown to exist in the river. For an example of how this community
composition chart was used in calibrating periphyton, Figure 36 shows a chart of the Segment 13
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model prediction of periphyton chlorophyll a (mg/m?) compared with the measured data at
Parma during an earlier phase of the calibration.

Seg 13 (Control)
Run on 01-29-14 9:15 AM

290.0

Peri. Chlorophyll (mg/sq.m)
K Peri Chl a USGS Synoptic 13213000 Parma (mg/sq.m)

261.0

232.0

203.0

174.0

145.0

116.0

87.0

58.0

29.0

1/12/2012 3/12/2012 5/11/2012 7/10/2012 9/8/2012 11/7/2012 1/6/2013 3/7/2013

Figure 36. Model prediction of periphyton chlorophyll a (mg/mz) during an earlier phase of the calibration
process.

Figure 37 shows the mddel prediction of the biomass (g/m? dry) of each of the periphyton groups
that combine to create thexabove periphyton chlorophyll prediction.

In comparing this output to theivisual depietion ofthe algal community composition for Segment
13 (Figure 38), one can,see that the model aceurately predicts that high-nutrient diatoms as
present throughout the'year. However, the model accuracy is questionable due to the presence of
low-nutrient diatoms throughout the yeargbecause the Rushforth analyses only found them
present in September samples., The Cladophora simulation appears correct in magnitude, but it
should have appeared in March and September, as well as throughout the summer period, as
shown in Figure 37. The green algae prediction appears very consistent with the Rushforth 2007
analyses, showing up,mostly/in the September samples. The blue-green algae prediction appears
correct in magnitude, but it'should probably only be seen in the fall months (e.g. October instead
of March).

% Model iteration note: even though this earlier calibration appears to fit pretty well to the measured data and the
community composition is acceptable, the overall calibration for this iteration was a poor fit because all of the other
segments consistently under predicted current and historical data.
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Seg 13 (Control)
Run on 01-29-14 9:15 AM

36

32 Peri Low-Nut Diatom (g/m2 dry)
Peri High-Nut Diatom (g/m2 dry)
Cladophora (g/m2 dry)
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Figure 37. Prediction of periphytic algal groups (g/m* dry) during anarlier phase of the calibration process.
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25
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B Low-nutrient diatoms
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5 M Blue-greens
0 I : :
March September October

Figure 38. Visual depiction of algal community composition in Segment 13.

The next step in the calibration process is to adjust algal parameters—as informed by a
sensitivity analysis—to help/he model prediction align with community composition samples.
The AQUATOX modelhas a function for running a sensitivity analysis, which ranks model
input values in relation'to their relative contributions to model output (p. 17-19 AQUATOX
technical documentation) (Park and Clough 2012b). A summary of the sensitivity analysis of the
lower Boise River model is provided in the next section, showing the variability of the
periphyton chlorophyll (mg/m?) predictions in response to changes in tested parameters.

In one sensitivity run, low-nutrient diatoms were affected by changes in sloughing—the percent
periphyton lost in a slough event. Increasing the sloughing parameter resulted in a decrease for
the overall periphyton chlorophyll prediction. Since the sloughing was set for 90% in the Figure
36 and Figure 37 model run, a new model run was made with the sloughing set for 97%. Low-
nutrient diatoms are also affected by changes in the phosphorus half-saturation constant (mg/L—
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Michaelis-Menten kinetics), where an increase in this parameter resulted in a decrease in
periphyton. Since the P half-sat was set for 0.006 mg/L in the Figure 36 and Figure 37 model
run, the new model run used 0.007 mg/L. The goal is to decrease the overall low-nutrient diatom
prediction since sampling indicates they should only show up in relatively high abundance in or
near fall months (e.g. September). The results of these two changes are shown in Figure 39

Seg 13 (Control)
Run on 01-29-14 12:43 PM

42
Peri Low-Nut Diatom (g/m2 dry)

38 Peri High-Nut Diatom (g/m2 dry)
Cladophora (g/m2 dry)
Peri, Green (g/m2 dry)

34 Peri, Blue-Greens (g/m2 dry)

29

25

21

17

13 /

' /\ /

4/ \/ —_—

1/12/2012 3/12/2012 5/11/2012 7/10/2012 9/8/2012 11/7/12012 1/6/2013 3/7/2013

Figure 39. Prediction of periphytic algal groups (g/m2 dry) after altering two parameters for low-nutrient
diatoms.

This alteration in two parameters for'low.nutrient diatoms did reduce their appearance in May
through Septembergpbut it allowed a greater proliferation of green algae in September, peaking
out at 42 g/im® on September 29, Whereas the previous iteration peaked at 36 g/m?. Also, notice
that the€hanges in two parameters fonlow nutrient diatoms also changed the high nutrient
diatem'simulation in March and Aprilof2013.

This specific.example altering the phosphorus half-saturation constant and sloughing shows that
certain algal groups are in competition for resources such as nutrients and habitat. Other
resources include light and temperature. The algal parameters that are related to each resource
include:
e Nutrients—phaosphorus and nitrogen half-saturation constants
o Habitat—Critical force for periphyton scour; percent periphyton lost in slough event;
percent riffle preference
e Temperature—optimal and maximum temperature, temperature response slope,
exponential mortality coefficient
e Light—saturating light; maximum photosynthetic rate; light extinction

As described in section 2.4.2.1, AQUATOX calculates sloughing and loss through interactions of
stream velocity, drag force, periphyton biomass, nutrient, light, and temperature limitations,
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along with channel adaptation as factors determining sloughing (Park and Clough 2012b).
Figures 40-42 illustrate the potential complex relationships among periphyton sloughing in
relation to biomass, water velocity, along with light, nutrient, temperature and velocity

limitations.

Seq 13 [Control}
Run on 02-4-14 11:51 AM

s Ferl Low -Nut Distom [gim 2 dry )

Parl Low -Mut Distom Sloughing (Parcant)

|96

|54

|60

FICRICR]

1122012 V12 S1z0z THOZ012 aBzMz 1nrzMz 162013 TR

Figure 40. Example ofsperiphyton low-nutrient diatom sloughing (%) relative to biomass (g/m2 dry).
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Seq 13 [Control}
Run on 02-4-14 11:51 AM

Riffie Ve lociy (cmis)

Parl Low -Mut Distom Sloughing (Parcant)

FICRICR]

_ﬁ ________________________________________________

s1z0z THY2012 Va. 1172012

Figure 41. Example of periphyton low-nutrient diatom sloughing (%) relative to water velocity (cm/s).

Seq 13 [Control}
Run on 02-4-14 11:51 AM
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Parl Low -Nut Distom Mutr_LIM [frac)

W

Parl Low -Nut Distom Tem p_LIM (frac)
Parl Low -Nut Distom Vel_LIM [frac)

Parl Low -Mut Distom Sloughing (Parcant)

FICRICR]

mzzoz zzoz s1z0z THOZO012 aBzMz 1172012 162013 TR

Figure 42. Example of periphyton low-nutrient diatom sloughing (%) relative to limitations (frac) from light,
nutrients, temperature, and velocity.
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As a result of sensitivity analyses, these parameter changes were the focus in iterative model runs
to bring the simulated community composition more in line with historic field data.

3.3.3.2 Sensitivity Analysis

For each algal group, AQUATOX has 30 parameters that can be altereddo refine the periphyton
prediction for site-specific conditions. Some of these parameters, suehas percent lipid content,
do not have a wide range of variation in the literature and are not typically altered from the
default. The parameters that exhibit a wide range of literature values based on physical and
chemical conditions of the study site are those parameters most subjecttocalibration changes
during model iterations.

Running AQUATOX in sensitivity mode allows an gvaluation of input assumptions and how
they relate to model output variability. “Sensitivity” refers to the relative importance’of the input
value to the model output. The AQUATOX sensitivity.analysis setup allows the user to select
parameters to be tested, the percent to vary these parametersyand the output variables upon
which to track the effect of the tested parameters.

DEQ tested the sensitivity of the following algalparameters:
e Optimal temperature—Topt (deg C)
Critical force for periphyton scour—fcrit (Newtons)
Light Extinction Coéfficient—Lightex (1/m-g/m®)
Percent periphyton lost in slough event—sloughing (%)
Phosphorus jalf-saturation constant—Phalf=sat (mg/L), Michaelis-Menten Kinetics
Nitrogen half-saturation constant—Phalf-sat (mg/L), Michaelis-Menten Kinetics
Maximum,.photosynthetic rate—Pmaxs(1/day)

DEQ tracked the effectof altering'these algal parameters on the following output variables:

o “NHg and NH4 (mg/L)

NOgz (mg/L)

Total soluble phosphorus (mg/L)
Total phosphorus (mg/L)

Carbon dioxide,(mg/L)

Oxygen (mg/L)

Total Suspended Sediment (mg/L)
Phytoplankton chlorophyll a (ug/L)
Periphyton chlorophyll a (mg/m?)

The entire suite of output files is available from DEQ. The results of these sensitivity runs are
summarized below. A plot showing the relative importance of each parameter to the selected
algal group is followed by text describing the plot.
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Sensitivity of Peri. Chlorophyll (mg/sq.m) to 10% change in tested parameters

36.3% - Peri, Green: Optimal Temperature (deg. C) * Linked * | m

15.8% - Peri High-Nut Diatom: Optimal Temperature (deg. C) * Linked * “
12.8% - Peri Low-Nut Diatom: Optimal Temperature (deg. C) * Linked * | _
11.5% - Peri, Blue-Greens: Optimal Temperature (deg. C) * Linked * _

189 190 191 192 193 194 195 196 197 198 199 200 201 202
Peri. Chlorophyll (mg/sq.m)

Figure 43. Optimal Temperature—Topt (deg C) effects an periphyten chlorophyll a.

Optimal Temperature--Topt (deg C)

Green periphyton )

Increasing Topt by 10% resulted in an averagesoutput value of 188.65as.compared to the baseline result of 193.5
Decreasing Topt by 10% resulted in andverage output,value of 202.68 as compared to the baseline result of 193.5
High nutrient diatoms

Increasing Topt by 10% resulted h‘anaverage output value,.of 190.94 as compared to the baseline result of 193.5
Decreasing Topt by 10% resulted in an average output value of 197,06 as compared to the baseline result of 193.5
Low nutrient diatoms

Increasing Topt by 10% resulted in an average output value of 193.45 as compared to the baseline result of 193.5
Decreasing Topt by 10% resulted in an average output value of 188.61 as compared to the baseline result of 193.5
Blue-greens

Increasing Topt by 10% resulted in an average outputvalue of 197.35 as compared to the baseline result of 193.5
Decreasing Topt by 10% resulted in an average output value of 192.9 as compared to the baseline result of 193.5
Cladophora

No results for Cladophora
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39% - Peri High-Nut Diatom: FCrit, periphyton (newtons) *

6.34% - Peri, Blue-Greens: FCrit, periphyton (newtons) *

4.14% - Peri Low-Nut Diatom: FCrit, periphyton (newtons) *

3.06% - Peri, Green: FCrit, periphyton (newtons) *

0% - Cladophora: FCrit, periphyton (newtons) *

Linked

Linked *

Linked *

Linked *

Linked *
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Figure 44. Critical Force for periphyton scour—fcrit (Newtons) effects on periphyton chlorophyll a.

Critical Force for periphyton scour--fcrit (Newtons)

High nutrient diatoms

Increasing fcrit by 10% resulted in an average output value of 201.71 asicompared‘to the baseline result of 193.5
Decreasing fcrit by 10% resulted in an average output value of 286.64 as compared to the baseline result of 193.5

Blue-greens

Increasing fcrit by 10% resulted infan-average output value of 194.2 asiecompared to the baseline result of 193.5
Decreasing fcrit by 10% resulted in an average output value of 191.75 as compared to the baseline result of 193.5

Low nutrient diatoms

Increasing fcrit by 10% resulted in an average output value/of 192.91 as compared to the baseline result of 193.5
Decreasing fcrit by 10% resulted in an average output value of 192.48 as compared to the baseline result of 193.5

Green periphyton

Decreasing fcrit by 10% resulted in an average output value of 192.31 as compared to the baseline result of 193.5
No results for increasing fcrit for Green periphyton

Cladophora
No results for Cladophora




LBR Total Phosphorus AQUATOX Model Report

Sensitivity of Peri. Chlorophyll (mg/sq.m) to 10% change in tested parameters

36.2% - Peri High-Nut Diatom: Light Extinction (1/m) * Linked * | “

9.58% - Peri, Blue-Greens: Light Extinction (1/m) * Linked * -
9.33% - Peri, Green: Light Extinction (1/m) * Linked * “

7.54% - Peri Low-Nut Diatom: Light Extinction (1/m) * Linked * —

187 188 189 190 191 192 193 194 195 196 197 198 199 200
Peri. Chlorophyll (mg/sq.m)

Figure 45. Light Extinction Coefficient—Lightex (1/m-g/m3) effects on\periphyton chlerophyll a.

Light Extinction Coefficient--Lightex (1/m-g/m3)

High nutrient diatoms

Increasing Lightex by 10% resulted in an average,output value of 186.76.as compared to the baseline result of 193.5
Decreasing Lightex by 10% resulted inanaverage output value 0f,200.77 as compared to the baseline result of 193.5
Blue-greens

Increasing Lightex by 10% resultéd in an average outputivalue of 195.57 as compared to the baseline result of 193.5
Decreasing Lightex by 10% resulted in"an average output value of 195.14 as compared to the baseline result of 193.5
Green periphyton

Increasing Lightex by 10% resulted in an averageoutput value of 191.53 as compared to the baseline result of 193.5
Decreasing Lightex by 10% resulted in an average outputivalue of 195.14 as compared to the baseline result of 193.5
Low nutrient diatoms

Increasing Lightex by 10% resulted in an average output value of 190.6 as compared to the baseline result of 193.5
No results for decreasing Lightex for low nutrient diatoms

Cladophora

No results for Cladophora
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Sensitivity of Peri. Chlorophyll (mg/sq.m) to 10% change in tested parameters

15.7% - Peri Low-Nut Diatom Pct. Lost Slough Event (percent) * Linked * |

10.8% - Peri Low-Nut Diatom: N Half-saturation (mg/L) * Linked *

7.4% - Peri High-Nut Diatom: N Half-saturation (mg/L) * Linked *

6.87% - Peri, Blue-Greens: N Half-saturation (mg/L) * Linked *

SR P OB Rl S B ) ) T ———

4.48% - Peri, Green: N Half-saturation (mg/L) * Linked *

2.74% - Cladophora: N Half-saturation (mg/L) * Linked * —

0% - Peri, Green Pct. Lost Slough Event (percent) * Linked *

0% - Cladophora Pct. Lost Slough Event (percent) * Linked *

191 191.5 192 192.5 193 193.5 194 194.5 195 195.5 196 196.5
Peri. Chlorophyll (mg/sgq.m)

Figure 46. Percent periphyton lost in slough event—=Slaughing (%), and Nitrogen half-saturation constant—N half-sat (mg/L), Michaelis-Menten kinetics effects on
periphyton chlorophyll a.

Percent periphyton lost in slough event--sloughing (%)

Sloughing altered by 10%

Low nutrient diatoms

Increasing sloughing by 10% resulted in an average output value of 190.86 as compared to the baseline result of 193.5
Decreasing sloughing by 10% resulted in‘an average output value of 196.94 as compared to the baseline result of 193.5
High nutrient diatoms

Increasing sloughing by 10% resulted in an averageoutput value of 192.63 as compared to the baseline result of 193.5
Decreasing sloughing by 10% resulted in an average output value of 196.08 as compared to the baseline result of 193.5

No results for blue-greens, greens, or Cladophora
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Nitrogen half-saturation constant--N half-sat (mg/L), Michaelis-Menten kinetics

Low nutrient diatoms

Increasing N half-sat by 10% resulted in an average output value of 195.01 as compared to the baséline result of 193.5
Decreasing N half-sat by 10% resulted in an average output value of 196.16 as compared to thefbaselinexesult of 193.5
High nutrient diatoms

Increasing N half-sat by 10% resulted in an average output value of 193.63 as compared.tothe baseline result of 193.5
Decreasing N half-sat by 10% resulted in an average output value of 196.23 as compafred to the baseline result'of 193.5
Blue-greens

Increasing N half-sat by 10% resulted in an average output value of 195.14 as compared to the baseline result of 193.5
Decreasing N half-sat by 10% resulted in an average output value of 192.48 as compared to'the baseline result of 193.5
Green periphyton

Increasing N half-sat by 10% resulted in an average output value of 194.21vas compared to the'baseline result of 193.5
Decreasing N half-sat by 10% resulted in an average output value of 194.52"as compared to the baselinefresult of 193.5
Cladophora

Increasing N half-sat by 10% resulted in an average output value of 192.93 as comparedto theybaseline result of 193.5
Decreasing N half-sat by 10% resulted in an average output value of 193 as compared to the baseline result of 193.5
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Sensitivity of Peri. Chlorophyll (mg/sq.m) to 55% change in tested parameters

19.4% - Per Low-Nut Diatom Pet. Lost Siough Exent (percent) * Linked *| __
1.4% - Peri HighNut Diatom Pct, Lost Slough Event (percent) * Linked * __
9.1% - Peri, Blue-Greens Pct. Lost Slough Event (percent) * Linked * | _—

0% - Peri, Green Pct. Lost Slough Event (percent) * Linked * (

0% - Cladophora Pct. Lost Slough Event (percent) * Linked * (

130 132 134 136 138 140 142 144 146 148 150 152 154 156 158 160
Peri. Chlorophyll (mg/sq.m)

Figure 47. Percent periphyton lost in slough event—Slaughing (%), altering sloughing by the full range of variation, effects on periphyton chlorophyll a.

Percent periphyton lost in slough event--sloughing (%)

Altering sloughing by 55%--full range of variation in literature/values

Low nutrient diatoms

Increasing sloughing by 55% resulted.di an average output value of 128.97 as compared to the baseline result of 149.14
Decreasing sloughing by 55% resulted in an average output value'of 260477 as compared to the baseline result of 149.14
High nutrient diatoms

Increasing sloughing by 55% resulted in‘an average outputvalue of 131.7 as compared to the baseline result of 149.14
Decreasing sloughing by 55% resulted in an average output value of 155.37 as compared to the baseline result of 149.14
Blue-greens

Increasing sloughing by 55% resulted in an average output value of 139.36 as compared to the baseline result of 149.14
Decreasing sloughing by 55% resulted in an average output value of 154.29 as compared to the baseline result of 149.14

No results for greens or Cladophora
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Sensitivity of Peri. Chlorophyll (mg/sq.m) to 10% change in tested parameters

59.5% - Peri, Green: P Half-saturation (mg/L) * Linked *

14.8% - Peri, Blue-Greens: P Half-saturation (mg/L) * Linked *

8.34% - Peri Low-Nut Diatom: P Half-saturation (mg/L) * Linked *

3.42% - Cladophora: P Half-saturation (mg/L) * Linked *

17.3% - Peri High-Nut Diatom: P Half-saturation (mg/L) * Linked * —

143 144 145 146 147 148 149 150 151 152 153 154
Peri. Chlorophyll (mg/sq.m)

Figure 48. Phosphorus half-saturation constant—P half-sat (mg/L), Michaelis-Mentenkinetics, effects on‘periphyton chlorophyll a.

Phosphorus half-saturation constant--P half-sat (mg/L), Michaelis-Menten kinetics

Green periphyton

Increasing P half-sat by 20% resulted in an average oltput value of 162.65 as compared to the baseline result of 171.13
Decreasing P half-sat by 20% resulted in an average output value of 175.86 as compared to the baseline result of 171.13
High nutrient diatoms

Increasing P half-sat by 20% resulted in an average output valde 0f173.09%as,compared to the baseline result of 171.13
Decreasing P half-sat by 20% resulted infan‘average output valueof 161.7 as compared to the baseline result of 171.13
Low nutrient diatoms

Increasing P half-sat by 20% resulted in an average output value of 163:88 as compared to the baseline result of 171.13
Decreasing P half-sat by 20% resulted'in an average output value of 173.21 as compared to the baseline result of 171.13
Blue-greens

Increasing P half-sat by 20% resulted in an average output value of 173.77 as compared to the baseline result of 171.13
Decreasing P half-sat by 20% resulted in an average output value of 175.56 as compared to the baseline result of 171.13
Cladophora

Increasing P half-sat by 20% resulted in an average output value of 171.92 as compared to the baseline result of 171.13
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Sensitivity of Peri. Chlorophyll (mg/sq.m) to 10% change in tested parameters

33.2% - Peri, Green: Max Photosynthetic Rate (1/d) * Linked * F

10.5% - Peri High-Nut Diatom: Max Photosynthetic Rate (1/d) * Linked *

7.12% - Peri, Blue-Greens: Max Photosynthetic Rate (1/d) * Linked *

7.56% - Peri Low-Nut Diatom: Max Photosynthetic Rate (1/d) * Linked * | _

191 192 193 194 195 196 197 198 199 200 201 202 203
Peri. Chlorophyll (mg/sq.m)

Figure 499. Maximum photosynthetic rate—Pmax (1/day)

Maximum photosynthetic rate--Pmax (1/day)

Green periphyton

Increasing Pmax by 10% resulted in an average output value of 203:29,as compared to the baseline result of 193.5
Decreasing Pmax by 10% resulted in an averageoutput value of 190.43 as.compared to the baseline result of 193.5
High nutrient diatoms

Increasing Pmax by 10% resulted infan average output value of 190.15 as,compared to the baseline result of 193.5
Decreasing Pmax by 10% resulted in.amaverage output value of 194:22 as compared to the baseline result of 193.5
Low nutrient diatoms

Increasing Pmax by 10% resulted in an average output value of 193.35 as compared to the baseline result of 193.5
Decreasing Pmax by 10% resulted in an average output value of 190.72 as compared to the baseline result of 193.5
Blue-greens

Increasing Pmax by 10% resulted in an average outputvalue of 194.69 as compared to the baseline result of 193.5
Decreasing Pmax by 10% resulted in an average output value of 191.93 as compared to the baseline result of 193.5
Cladophora

No results for Cladophora
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Sensitivity of Peri. Chlorophyll (mg/sq.m) to 10% change in tested parameters

4696 - Per! Figh-ut Diatom: Pet in Rifle (f stream 56) * Linked ™ —

0.0919% - Peri, Blue-Greens: Pct in Riffle (if stream %) * Linked * -

0.0675% - Peri Low-Nut Diatom: Pct in Riffle (if stream %) * Linked * |

. e

0% - Peri, Green: Pct in Riffle (if stream %) * Linked * -

0% - Cladophora: Pct in Riffle (if stream %) * Linked * ‘

193.5 193.6 193.7 193.8 193.9 194 194.1 194.2 194.3 194.4 194.5 194.6 194.7 194.8 194.9 195 195.1 195.2 195.3 195.4
Peri. Chlorophyll (mg/sg.m)

Figure 50. Preference of organism to riffle habitat—% Riffle effects on periphyton.chlorophyll a.

Preference of organism to riffle habitat--% Riffle

High nutrient diatoms

Increasing % riffle by 10% resulted in an averageoutput value of{195.42 as compared to the baseline result of 193.5
Decreasing % riffle by 10% resulted in an average output value of 195.24 as compared to the baseline result of 193.5

No real results for blue-greens, low nutrient diatoms;greens, or'Cladophora

Note: the above results‘indicate:

Optimal temperature has the greatest effect an green algae and secondarily on high-nutrient diatoms.

Critical force and light extinctiomcoefficient have the greatest effect on high-nutrient diatoms.

Sloughing has the largest effect on lew-nutrient diatoms and high-nutrient diatoms.

N half-sat has very little effect on any ofithe algal groups.

P half-sat has an effect on blue-green algae.

Maximum photosynthetic rate has the greatest effect on green algae and a lesser effect on high-nutrient diatoms.
Changes in the parameter for preference to riffle habitat had very little effect on any of the algal groups.
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The above results show how changes in algal parameters for each group can alter the total periphyton chlorophyll a (mg/m?)
prediction. Another very interesting way to use the sensitivity function in AQUATOX is to identify how changes in the significant
parameters for one group can affect other groups. This exemplifies the competition for resources among the algal groups. For
instance, low-nutrient diatoms are very difficult to calibrate. They occupy a unique habitat, tn, that low phosphorus levels are ideal, so
they proliferate more in the upper reaches of the model where total phosphorus averages 0.01 mg/L in segment 1 and 0.018mg/L in
segment 2. The sensitivity analysis shows that a low phosphorus half-saturation censtantiappears to effect the low-nutrient diatom
calibration far more than other parameters. When earlier model iterations showed unrealistic proliferation of low-nutrient diatoms and
changes in the algal parameters for them were made, the calibration of remaining algal groups would then become imbalanced. The
following plots show how changing parameters on one algal group can change the predictions of other algal groups, as well.

Sensitivity of Peri Low-Nut Diatom (g/m2 dry) to 10% change in tested parameters

5619 - Peri LowsNut Diatom Pct. Lost Slough Event (percent) * Linked * __

388% - Peri Low-Nut Diatom: FCrit, periphyton (newtons) * Linked *

302% - Peri Low-Nut Diatom: Saturating Light (Ly/d) * Linked * —

285% - Peri Low-Nut Diatom: Max Photosynthetic Rate (1/d) * Linked *

117% - Peri Low-Nut Diatom: Optimal Temperature (deg. C) * Linked *

55.2% - Peri Low-Nut Diatom: P Half-saturation (mg/L) * Linked *

1 1.5 2 5] 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5
Peri Low-Nut Diatom (g/m2 dry)

Figure 51. Changes in low-nutrient diatom sloughing and critical force affect low-nutrient diatom biomass.
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Sensitivity of Peri High-Nut Diatom (g/m2 dry) to 10% change in tested parameters

60.4% - Peri Low-Nut Diatom: Saturating Light (Ly/d) * Linked * f

14.4% - Peri Low-Nut Diatom Pct. Lost Slough Event (percent) * Linked * —
9.28% - Peri Low-Nut Diatom: Optimal Temperature (deg. C) * Linked * h
9.07% - Peri Low-Nut Diatom: Max Photosynthetic Rate (1/d) * Linked * d
7.95% - Peri Low-Nut Diatom: FCrit, periphyton (newtons) * Linked * q
6.46% - Peri Low-Nut Diatom: P Half-saturation (mg/L) * Linked * H

7.05 7.1 7.15 7.2 7.25 7.3 7.35 7.4 7.45 7 7.55 7.6 7.65 7.7 7.75 7.8 7.85 7.9
Peri High-Nut Diatom (g/m2 dry)

Figure 52. Changes to low-nutrient diatoms saturating-light affect high-nutrient diatom biomass.
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Sensitivity of Cladophora (g/m2 dry) to 10% change in tested parameters

87.4% - Peri Low-Nut Diatom: FCrit, periphyton (newtons) * Linked * |

et s s e _.

65% - Peri Low-Nut Diatom: Max Photosynthetic Rate (1/d) * Linked *

55% - Peri Low-Nut Diatom Pct. Lost Slough Event (percent) * Linked *

54% - Peri Low-Nut Diatom: Optimal Temperature (deg. C) * Linked *

1.39% - Peri Low-Nut Diatom: P Half-saturation (mg/L) * Linked * F

0.96 0.97 098 0.99 1 101 102 103 104 105 106 107 108 1.09 11 111 112 113 114 115 116 1.17 118 1.19
Cladophora (g/m2 dry)

Figure 53. Changes to low-nutrient diatom critical force, saturating light, and sloughing,affect Cladophora biomass.
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Sensitivity of Peri, Green (g/m2 dry) to 10% change in tested parameters

291% - Peri Low-Nut Diatom: FCrit, periphyton (newtons) * Linked *

179% - Peri Low-Nut Diatom Pct. Lost Slough Event (percent) * Linked *

124% - Peri Low-Nut Diatom: P Half-saturation (mg/L) * Linked *

80.4% - Peri Low-Nut Diatom: Optimal Temperature (deg. C) * Linked *

60.1% - Peri Low-Nut Diatom: Max Photosynthetic Rate (1/d) * Linked *

s SRR —

3.2 3.4 3.6 3.8 4 4.2 4.4 4.6 4.8 5 5.2 5.4 5.6 5.8 6 6.2 6.4 6.6 6.8 7
Peri, Green (g/m2 dry)

Figure 54. Changes to low-nutrient diatom sloughing affect green algae biomass.
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Sensitivity of Peri, Blue-Greens (g/m2 dry) to 10% change in tested parameters

§3.8% - Peri Lowut Diatom Pt Lost Siough Event (percent) * Linked * —
58% - Peri Low-Nut Diatom: Saturating Light (Ly/d) * Linked * h
43.9% - Peri Low-Nut Diatom: FCrit, periphyton (newtons) * Linked * —

25.1% - Peri Low-Nut Diatom: Optimal Temperature (deg. C) * Linked *

40.2% - Peri Low-Nut Diatom: Max Photosynthetic Rate (1/d) * Linked * —

14.9% - Peri Low-Nut Diatom: P Half-saturation (mg/L) * Linked * h

228 23 232 234 236 238 24

242 244 246 248 25 252 254 256 258 26 262 264 266 268 27 272 274 276 278
Peri, Blue-Greens (g/m2 dry)

Figure 55. Changes to low-nutrient diatom saturating lightiaffect blue-green algae biomass.
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Sensitivity of Peri. Chlorophyll (mg/sq.m) to 10% change in tested parameters

77.4% - Peri Low-Nut Diatom Pct. Lost Slough Event (percent) * Linked * “
73.2% - Peri Low-Nut Diatom: Max Photosynthetic Rate (1/d) * Linked * —
63.8% - Peri Low-Nut Diatom: FCrit, periphyton (newtons) * Linked * f
30% - Peri Low-Nut Diatom: Optimal Temperature (deg. C) * Linked * —
17.9% - Peri Low-Nut Diatom: P Half-saturation (mg/L) * Linked * d
12.5% - Peri Low-Nut Diatom: Saturating Light (Ly/d) * Linked * F

98 100 102 104 106 108 110 112 114 116 118 120
Peri. Chlorophyll (mg/sg.m)

Figure 56. Changes to low-nutrient diatom sloughing and critical force affect periphytan chlorophyll a coverage.

Results from these sensitivity analyses illustrate how the algal.groups/nteract and compete for resources. During the calibration
process, these results were used«o refine,the AQUATOX predictions for each algal group to better reflect the periphyton community
composition analysis reportedin Rushforth 2007b.
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3.3.3.3 Calibration Process

Altering algal parameters—as informed by the sensitivity analysis and historical community,.composition data—was the most
important action to achieve a better calibration of modeled periphyton predictions to méasured'data. As described earlier in this
report, DEQ altered some heritage issues in the model setup to improve model function:

e Where critical input datasets were incomplete, DEQ created derived datasets to improve accuracy

e The original AQUATOX executable model was programmed to formdce cover when surface water temperatures fell below
3°C; upon DEQ’s request, the model developers edited the source gdde toscorrect this

e Initial conditions were being loaded into every model source—including groundwater, hatcheries, and wastewater treatment
facilities—that included incorrect constituents

Although DEQ made the final algal parameter selections, DEQ consulted withhRichard Park (Eco Modeling), Chris Mebane (USGS),
and other members of the modeling workgroup during the modeling process, and\who provided assistance toward refining algal
parameters where necessary to approach a better fit of the simulation to the existing data.

For the current 2012-2013 AQUATOX simulation, DEQ completed a sequence of model iterations while working with the modeling
workgroup and the model developers. Once the model setup and datasets were optimized, DEQ ran AQUATOX with algal parameter
sets from the earlier LBR studies to help understand how key algal paframeters-affect timing and biomass of the periphyton
predictions. The following section providesdhese and other versions of the algal parameters, followed by plots of the resultant
periphyton simulation compared with measured and-historical periphyton data. As previously mentioned, “measured” refers to the
periphyton data collected during the model simulation period, and “historical” refers to all of the other periphyton data.

Comments on the calibration for the earlier 1999-2001 parameter set:

The earliest algal parameterset applied to the,L BR wasicompleted based on an extensive calibration exercise for three rivers in
Minnesota and publisheddn Park, et al. 2009, A 1999-200:,AQUATOX simulation for LBR was based on this parameter set (CH2M
Hill 2008). DEQ applied the 2999-2002 algal ‘parameter set to the current 2012-2013 model calibration to evaluate the model
differences. Applying 1991-2001 algal parameter set to current conditions, consistently underestimated periphyton biomass and high-
nutrient diatoms were the predominant algal group that contributed to the simulation (Table 15; Figures 57-61).
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Table 155. Select algal parameters employed in the lower Boise River AQUATOX 1999-2001 model calibration.

Algal Parameters in the lower Boise River 2008 AQUATOX model

, Exp
Light . P N . %
Parameter Topt Tmax Tresp Sat Pmax Lightex Half-sat  Half-sat C'Half-sat I\C/:I;) FCrit Slough
Periphyton
Low-nutrient diatoms 20 39 2 128 0.77 0.03 0.006 0.07 0.054 0.05 '0.002 25
High-nutrient diatoms 20 35 1.8 45 2.06 0.03 0.2 0.117 0.054 0.05 0:002 25
Peri Greens 25 42 2 220 2.00 0.03 0.1 0.8 0.054 0.05 04002 25
Cladophora 15 25 2 270 1.08 0.14 0.04 0.1 0.054 0.05 0.002 25
Blue-greens 30 50 2 148 1.40 0.03 0.03 0.4 0.024 0.05 0.002 25
Phytoplankton
Low-nutrient diatoms 15 39 2 224 1.00 0.14 0.006 0:0154 0.054 0.05 NA NA
High-nutrient diatoms 20 35 1.8 30 1.87 0.14 0:055 0.117 0.054 0.05 NA NA
Phyto Greens 26 42 2 220 165 0.24 0.1 0.8 0.054 0.04 NA NA
Blue-greens 30 50 2 148 2.20 0.15 0.03 04 0.024 0.12 NA NA

Notes:

Topt = optimal temperature (°C)

Tmax = maximum temperature (°C)

Tresp = temperature response slope

LightSat = saturating light (Ly/day)

Pmax = maximum photosynthetiC rate (1/day)

Lightex = light extinction coefficient,1/m-g/m3

P half-sat = phosphorus half-saturation constant (mg/L), Michaelis-Menten kinetics
N half-sat = nitrogen half-saturation‘constant (mg/L), Michaelis-Menten kinetics

C half-sat = inorganic carbon half-saturation constant (mg/L), Michaelis-Menten kinetics
ExpMoCo = exponential mortality coefficient (g/g-day)

Fcrit = critical force for periphyton scour (Newtons)

% Slough = percent periphyton lost in slough event, (%)
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Segment 1 Periphyton Model Fit - 2001 Parameters
Measured and Historic Data at USGS 13203760 Eckert
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Figure 57. Model prediction of periphyton chlorophyll a (mg/mz) at Eckert using the 1999-2001 algal parameters (CH2MHill et al. 2008).
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Segment 3 Periphyton Model Fit - 2001 Parameters
Measured and Historic Data at USGS 13206000 at Glenwood
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Figure 58. Model prediction of periphyton chlorophyll a (mg/mz) at Glenwood using the 1999-2001 algal parameters (CH2MHill et al. 2008).
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Segment 8 Periphyton Model Fit - 2001 Parameters
Measured and Historic Data at USGS 13210050 at Middleton
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Figure 59. Model prediction of periphyton chlorophyll a (mg/mz) at Middleton using the 1999-2001 algal parameters (CH2MHill et al. 2008).
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Segment 9 Periphyton Model Fit - 2001 Parameters
Measured and Historic Data at USGS 13211000 at Hwy 20-26
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Figure 60. Model prediction of periphyton chlorophyll a (mg/m?) at Caldwell using the 1999-2001 algal parameters (CH2MHill et al. 2008).
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Segment 13 Periphyton Model Fit 2001 - Parameters
Measured and Historic Data at USGS 13213000 at Parma
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Figure 61. Model prediction of periphyton chlorophyll a (mg/mz) at Parma using the 1999-2001 algal parameters (CH2MHill et al. 2008).
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Comments on the calibration for the earlier 2013 0925 parameter set:

This DEQ parameter set raised concerns that “spikiness” of the periphyton predictions in the model calibration (Table 16; Figures 62-
66) reflected unnatural sloughing patterns and did not allow biomass to match the high March value at Glenwood in segment 3. Since
this version, DEQ has observed that diatoms typically show spiky growth pattern and that this simulation only reflected high-nutrient
diatoms. Note that this calibration best matches the low growth through the summer‘peried that is reflected in historical data.

Table 166. Select algal parameters employed in the lower Boise River AQUATOX 2013_0925 model calibration.

Algal Parameters in the lower Boise River AQUATOX model--2013_0925 Calibration

Light P Half- N\Half- CHalf- Exp %
Parameter Topt Tmax Tresp Sat Pmax Lightex sat sat sat Mo Co FCrit Slough

Periphyton
Low-nutrient diatoms 20 39 2 64 0.77 0.03 | 0.006°| 0.07 | 0.054 | 0.05 | 0.002 25
High-nutrient diatoms 20 35 1.8 22.5 2.06 0.03 0.2 0.127 | 0.054 | 0.05 | 0.002 25
Peri Greens 25 42 2 110 2 0.03 0.1 0.8 07054 | 0.05 | 0.002 25
Cladophora 15 25 2 270 1.08 0.14 0:04 0.1 0.054 | 0.05 | 0.002 25
Blue-greens 30 50 2 110 1.4 0.03 0.03 04 0.024 | 0.05 | 0.002 25
Phytoplankton
Low-nutrient diatoms 15 39 2 224 1 0.14 | 0.006 |0.0154| 0.054 | 0.05 na na
High-nutrient diatoms 20 35 1.8 45 1.87 0.14 ,40.055 | 0.117 | 0.054 | 0.05 na na
Phyto Greens 26 42 2 220 1.65 0.24 0.01 0.8 0.054 | 0.04 na na
Blue-greens 30 50 2 45 2.2 0.15 0.03 0.4 0.024 | 0.12 na na

Topt = optimal temperature (deg C)

Tmax = maximum temperature (deg C)

Tresp = temperature response slope

LightSat = saturating light (Ly/day)

Pmax = maximum photosynthetic rate (1/day)

Lightex = light extinction coefficient 1/m-g/m3

P half-sat = phosphorus half-saturation constant (mg/L), Michaelis-Menten kinetics
N half-sat = nitrogen half-saturation constant (g/L), Michaelis-Mentenkinetics

C half-sat = inorganic carbon half-saturation constant (mg/L). Michaélis-Menten kinetics
ExpMoCo = exponential mortality coefficient (g/g-day)

Fcrit = critical force for periphyton scour (Newtons)

%Slough = percent periphyton lost in slough event (%)
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Segment 1 Periphyton Model Fit - 2013_0925 Parameters
Measured and Historic Data at USGS 13203760 Eckert
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Figure 62. Model prediction of periphyton chlorophyll a (mg/mz) at Eckert using the 2013_0925 algal parameters.
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Segment 3 Periphyton Model Fit - 2013_0925 Parameters
Measured and Historic Data at USGS 13206000 at Glenwood
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Figure 63. Model prediction of periphyton chlorophyll a (mg/mz) at Glenwood using the 2013_0925 algal parameters.
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Segment 8 Periphyton Model Fit - 2013_0925 Parameters
Measured and Historic Data at USGS 13210050 at Middleton
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Figure 64. Model prediction of periphyton chlorophyll a (mg/mz) at Middleton using the 2013_0925 algal parameters.
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Segment 9 Periphyton Model Fit - 2013_0925 Parameters
Measured and Historic Data at USGS 13211000 at Hwy 20-26
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Figure 65. Model prediction of periphyton chlorophyll a (mg/mz) at Caldwell using the 2013_0925 algal parameters.
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Segment 13 Periphyton Model Fit 2013_0925 Parameters
Measured and Historic Data at USGS 13213000 at Parma
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Figure 66. Model prediction of periphyton chlorophyll a (mg/mz) at Parma using the 2013_0925 algal parameters.
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Comments on the calibration for the 2013 1209 RAP parameter set:

This parameter set from Richard Park, a developer of the AQUATOX model and consultant to DEQ, was the first effort to reflect a
community composition of all of the algal groups, not just high-nutrient diatoms (Table 27; Figures 67-71). Changing the parameters
for blue-green algae to make it cold-tolerant was a significant improvement. One weakness of this calibration was over-prediction of
periphyton throughout the summer season, especially August.

Table 177. Select algal parameters employed in the lower Boise River AQUATOX 2013_1209 RAP model calibration.

Algal Parameters in the lower Boise River AQUATOX model--2013_1209 RAP Calibration

Light P Half- N'Half- CHalf- Exp %
Parameter Topt Tmax Tresp Sat Pmax Lightex " sat sat sat Mo Co FCrit Slough

Periphyton
Low-nutrient diatoms 15 39 2 64 027 | 0.03 | 0.006 | 0:07 | 0.054 | 0.01 | 0.007 90
High-nutrient diatoms 20 35 1.8 64 23 0.03 | 0.055 | 0.117,| 0.054 | 0.05 | 0.009 25
Peri Greens 25 42 2 110 1.7 0.03 }0.0093| 0.1% | 0.054 | 0.01 | 0.007 90
Cladophora 15 25 2 270 1.08 1,0.22 4 0.01»,,(0.0586| 0.054 | 0.05 | 0.008 25
Blue-greens 10 50 2.1 33 1.2 0.03" | 0.006 0.168 | 0.024 | 0.01 | 0.008 90
Phytoplankton
Low-nutrient diatoms 15 39 2 224 0.7 0.14, | 0.006 |0.0154| 0.054 | 0.05 na na
High-nutrient diatoms 20 35 1.8 45 1.87 0.14] }'0.055 | 0.117 | 0.054 | 0.05 na na
Phyto Greens 26 42 2 220 1.5 0:24 |10.0093| 0.1 0.054 | 0.04 na na
Blue-greens 27 50 2 45 2.2 0.099 | 0.006 | 0.168 | 0.024 | 0.12 na na

Topt = optimal temperature (deg C)

Tmax = maximum temperature (deg«C)

Tresp = temperature response slope

LightSat = saturating light (Ly/day)

Pmax = maximum photosynthetic rate (1/day)

Lightex = light extinction coefficient 1/m-g/m3

P half-sat = phosphorus half-saturation constant (mg/L), Michaelis-Mehten kinetics
N half-sat = nitrogen half-saturation constant (g/L), Michaelis-Mentén kinetics

C half-sat = inorganic carbon half-saturation constant (mg/L). Michaelis-Menten kinetics
ExpMoCo = exponential mortality coefficient (g/g-day)

Fcrit = critical force for periphyton scour (Newtons)

%Slough = percent periphyton lost in slough event (%)
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Segment 1 Periphyton Model Fit - 2013_1209 RAP Parameters
Measured and Historic Data at USGS 13203760 Eckert
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Figure 67. Model prediction of periphyton chlorophyll a (mg/mz) at Eckert using the 2013_1209 RAP algal parameters.
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Segment 3 Periphyton Model Fit - 2013_1209 RAP Parameters
Measured and Historic Data at USGS 13206000 at Glenwood
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Figure 68. Model prediction of periphyton chlorophyll a (mg/mz) at Glenwood using the 2013_1209 RAP algal parameters.
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Segment 8 Periphyton Model Fit - 2013_1209 RAP Parameters

Measured and Historic Data at

USGS 13210050 at Middleton
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Figure 69. Model prediction of periphyton chlorophyll a (mg/mz) at Middleton using the 2013_1209 RAP algal parameters.
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Segment 9 Periphyton Model Fit - 2013_1209 RAP Parameters
Measured and Historic Data at USGS 13211000 at Hwy 20-26
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Figure 70. Model prediction of periphyton chlorophyll a (mg/mz) at Caldwell using the 2013_1209 RAP algal parameters.
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Segment 13 Periphyton Model Fit 2013_1209 RAP Parameters
Measured and Historic Data at USGS 13213000 at Parma
800
Modeled Daily Data
X Measured

700 - ® Historic Monthly Avg and Std Dev
0l
£
g 600 -f
®
L3
£
& 500 -
S
S
s
s 400 -
=
=
k;

300 -

200

pecl B T X

X
0 -+ T T T T = T T T = ; |
Dec-11 Feb-12 Apr-12 May-12 Jul-12 Aug-12 Oct-12 Dec-12 Jan-13 Mar-13 May-13
Date

>

Figure 71. Model prediction of periphyton chlorophyll a (mg/mz) at Parma using the 2013_1209 RAP algal parameters.
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Comments on the calibration for the 2014 0103 parameter set:

This DEQ parameter set incorporated some P and N half-saturation constants suggested by.Chris Mebane, USGS (2010) utilizing
experimental research and data in Idaho streams (Table 18; Figures 72-76). This parametér set showed a good community
composition, but resulted in consistent periphyton growth overpredictions in summergrelative to historical and measured August data.

Table 188. Select algal parameters employed in the lower Boise River AQUATOX 2014 _0103‘model‘calibration.

Algal Parameters in the lower Boise River AQUATOX.2014.0103 calibration
Light P Half~ N Half- C Half-) Exp Mo %
Parameter Topt Tmax Tresp Sat Pmax Lightéex sat sat sat Co FCrit Slough

Periphyton
Low-nutrient diatoms 15 39 2 64 0.77 | 0.03 ["0.006¢4| 0.07 | 0.054 | <0.01 | 0.007 90
High-nutrient diatoms 20 35 1.8 64 2.3 0.03 | 0.055,( 0.117 | 0.054 | 0.01 | 0.009 25
Greens 25 42 2 110 1.7 0.03 |0.0428| »0.1 0.054 | 0.01 | 0.007 90
Cladophora 15 25 2 135 1.08 | %0.22 |0.0428|0.0586 [»0.054 | 0.05 | 0.008 25
Blue-greens 10 50 2.1 33 1.2 0.03 »,,0.034 | 0.168 | 0.024 | 0.01 | 0.008 90
Phytoplankton
Low-nutrient diatoms 15 39 2 224 0.7 0f14 | 0.006 [ 0.07 | 0.054 0.05 na na
High-nutrient diatoms 20 35 1.8 45 1.87 0.14 | 0.055 | 0.117 | 0.054 0.05 na na
Greens 26 42 2 220 1.5 024 |0.0428| 0.1 0.054 | 0.04 na na
Blue-greens 27 50 2 60 2.2 0.099| 0.034 | 0.168 | 0.024 0.12 na na

Topt = optimal temperature (deg C)

Tmax = maximum temperature (deg C)

Tresp = temperature response slope

LightSat = saturating light (Ly/day)

Pmax = maximum photosyntheti€rate (1/day)

Lightex = light extinction coefficient 1/m-g/m3

P half-sat = phosphorus half-saturation constant (mg/L), Michaelis-Menten kinetics
N half-sat = nitrogen half-saturation constant(g/L);Michaelis-Menten kinetics

C half-sat = inorganic carbon half-saturation constant (mg/L). Michaelis-Menten kinetics
ExpMoCo = exponential mortality coefficient (g/g-day)

Fcrit = critical force for periphyton scour (Newtons)

%Slough = percent periphyton lost in slough event (%)
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Segment 1 Periphyton Model Fit - 2014_0103 Parameters
Measured and Historic Data at USGS 13203760 Eckert
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Figure 72. Model prediction of periphyton chlorophyll a (mg/mz) at Eckert using the 2014_0103 algal parameters.
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Segment 3 Periphyton Model Fit - 2014_1103 Parameters
Measured and Historic Data at USGS 13206000 at Glenwood
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Figure 73. Model prediction of periphyton chlorophyll a (mg/mz) at Glenwood using the 2014_0103 algal parameters.
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Segment 8 Periphyton Model Fit - 2014_0103 Parameters
Measured and Historic Data at USGS 13210050 at Middleton
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Figure 74. Model prediction of periphyton chlorophyll a (mg/mz) at Middleton using the 2014_0103 algal parameters.
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Segment 9 Periphyton Model Fit - 2014_0103 Parameters
Measured and Historic Data at USGS 13211000 at Hwy 20-26
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Figure 75. Model prediction of periphyton chlorophyll a (mg/mz) at Caldwell using the 2014_0103 algal parameters.
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Segment 13 Periphyton Model Fit 2014_0103 Parameters
Measured and Historic Data at USGS 13213000 at Parma
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Figure 76. Model prediction of periphyton chlorophyll a (mg/mz) at Parma using the 2014_0103 algal parameters.
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3.3.3.4 Final Calibration

Goals for the final calibration include:

e To achieve positive correlations between simulated monthly averages and existing data
e Simulating an average biomass reflective of observed and historical data

e The simulation time-series lies within the range of observed and historical data

e Realistic community composition

The error for the final calibration is described using absolute mean<rror based on a 15-day
rolling mean of the daily model output for periphyton chlorophylla (mg/m?).

DEQ emphasizes that some over- and under-predictions are quite likelyand,reasonable to some
extent with all of the observed periphyton values. That is; thessampled data‘are,believed to be
accurate, but were taken at specific locations at specific times; whereas the modelis predicting
average periphyton values for each segment. Therefore, even under a perfect calibration, we
would not expect the model to match the observed periphyton dataperfectly. Similarly, given the
sparse and wide variability in observed and historical periphyton data on the LBR, it is difficult
to determine the extent to which the model is over- or under-predicting periphyton for each
segment or specific sampling locations.

The following section provides:

e the algal parameters for the final calibration (Table 19)

e time series plots of thesdaily model output«€ompared with measured data, all of the
historical data, and the average and standard deviation of the historical data.

e Descriptive erfor statisticsfor the simulation
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Table 199. Algal parameters in the lower Boise River AQUATOX 2014 0203 model calibration.

Parameter Topt Tmax Tresp LightSat Pmax Lightex P Half-sat N Half-sat C Half-sat, ExpMoCo FCrit %Slough
Periphyton
Low-nutrient diatoms 15 39 2 64 0.77 0.03 0.006 0.07 0.054 0.01 0.005 99
High-nutrient diatoms 20 35 1.8 64 2.3 0.02 0.066 0.117 0.054 0.05 0.005 96
Peri Greens 20 42 2 110 1.08 0.22 0.05 0.1 0.054 0.01 0.007 90
Cladophora 15 25 2 135 1.08 0.22 0.0428 0.0586 0.054 0.05 0.008 25
Blue-greens 10.5 50 2.1 33 1.2 0.04 0.034 0.168 0.024 0.01 0.008 90
Phytoplankton
Low-nutrient diatoms 15 39 2 64 0.77 0.03 0.006 0.07 0.054 0.01 NA NA
High-nutrient diatoms 20 35 1.8 64 2.3 0.02 0.055 0.117 0.054 0.05 NA NA
Phyto Greens 20 42 2 110 1.08 0.22 0.0428 0.1 0:054 0.01 NA NA
Blue-greens 10.5 50 2 33 1.2 0.04 0.034 0.168 0.024 0.01 NA NA
DDS 20140203
Mebane, USGS

Mebane, plus calibration

Notes:

Topt = optimal temperature (°C)

Tmax = maximum temperature (°C)

Tresp = temperature response slope

LightSat = saturating light (Ly/day)

Pmax = maximum photosynthetic rate (1/dag)

Lightex = light extinction coefficient 1/m-g/m

P half-sat = phosphorus half-saturation€onstant (mg/L), Michaelis:Menten kinetics
N half-sat = nitrogen half-saturation eonstanti(mg/L), Michaelis-Menten kinetics

C half-sat = inorganic carbon half-saturation.constant (mg/L), Michaelis-Menten kinetics
ExpMoCo = exponential mortality coefficient (g/g-day)

Fcrit = critical force for periphyton scour (Newtons)

% Slough = percent periphyton lost in slough event(%)
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This DEQ parameter set incorporated P half-sat values for green algae, including Cladophora,
suggested by research on Idaho streams by Chris Mebane (USGS). The excerpt below is from an
E-mail from dated 12/31/2013:

“You might consider some of the following assumptions to fill in the blanks. Lee and others
(2012) reported that periphyton in 8 streams in S. Idaho sampled seasonally throughout one year
were dominated by blue-green algae, except for the most nutrient rich site which had roughly even
split between blue-greens and diatoms. From this, one might assume that the undifferentiated
periphyton growth in the ISU experiments consisted mostly of blue-greens and “low nutrient”
diatoms. Because the default Km for P for high nutrient diatoms was higher than anything |
estimated, you might just want to keep that. The highest Km estimate for Némight be a reasonable
guess for “high nutrient diatoms”. I don’t know how you estimate the relative abundances of
“low-" and “high-nutrient diatoms” in the Boise River since I think you just had presence/absence
data from Sam Rushforth.

Since Cladophora is a green algae, absent better rationale, one might just assumeithat the
Selenastrum estimate could be estimate a high range for Cladophera too. Neitherof my N half sat
estimates were very strong because the in situ data werefstrongly leveraged by one point; and for
the ISU lab test, the Michalis-Menton model was a poor fit. Thus, hecause the defaultsforN had
higher half sat for blue greens (which are N fixersfanyway; but that’s'a separate can of worms),
one might use the higher N Km estimate for blue greens.<Alkthis assuming and guessing,might
lead to the following inputs for your modeling:

P N
Cladophora 0.043 0.27
Green algae 0.043 0.27
High-nutrient'diatoms 0.055 0.57
Low-nutrient diatoms 0.034 0.27
Blue-green algae 0.034 0.57

Lee, K.E.zDsL. Lorenz, J.C. Petersen, and J.BuGreene. 2012. Seasonal patterns in nutrients,
carbon, and-algal responses in wadeable streams within three geographically distinct areas of the
United States, 2007-08:, U.S. Geological Survey, Reston, VA. Accessed from
http://pubs.usgs.gov/sir/2012/5086/ «

During attempts to incorporate these suggestions, DEQ found that using the above N half-sat
constants made the nitrogen simulation incorrect and that some of the P half-sat constants
resulted in excess biomass throughout the system. The final calibration (2014_0203) found that
the suggested P half-sat constants were a good fit for Cladophora, but green algae needed a final
adjustment to 0.05 mg/L:
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The DEQ final parameter set for the calibration incorporates results from extensive model
iterations supported by the sensitivity analyses presented above, where:

e Optimal temperature (Topt) has the greatest effect on green algae and secondarily on
high-nutrient diatoms. Topt was important for seasonality of blue-green algal bloom.
The 2013_1209 RAP calibration from Richard Park identified the best set of optimal
temperatures, but DEQ calibrated a final adjustment on blue-greens.

e Changes in critical force and sloughing were required to control system-wide
proliferation of low- and high-nutrient diatoms.

e N half-sat has very little effect on any of the algal groups.

e P half-sat was the most sensitive parameter for calibrating total biomass predictions.

e Maximum photosynthetic rate (Pmax) has the greatest efféct on green algae and a lesser
effect on high-nutrient diatoms. The 2013_1209 RAPalibration from Richard Park
identified the best set of Pmax for this model setup.

The next pages (Figures 77-81; Table 20) show time séeries plots of the daily model output
compared with measured data, historical data, and the,average and standard deviatien of the
historical data. Additionally, Figures 72-86 illustrate thesmodeledyperiphyton simulations as a 15-
day rolling mean and the corresponding overall AME for eachisegment.
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Segment 1 Periphyton Model Fit - 2014_0203 Parameters
Measured and Historic Data at USGS 13203760 Eckert
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Figure 77. Daily model prediction of periphyton chlor

a (mg/mz) at Eckert using the 2014_0203 algal parameters.
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Segment 3 Periphyton Model Fit - 2014_0203 Parameters
Measured and Historic Data at USGS 13206000 at Glenwood
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Figure 78. Daily model prediction of periphyton chly(mg/mz) at Glenwood using the 2014_0203 algal parameters.
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Segment 8 Periphyton Model Fit - 2014_0203 Parameters
Measured and Historic Data at USGS 13210050 at Middleton
800
Modeled Daily Data
700 # Historic Monthly Avg and Std Dev
o ® Al historic data
£ [ |
— a
E 600 .
@
=
5 500
[=]
§ [ |
6 a
§ 400 m
= [ |
s a3
't [ |
o
W ae o
[ |
200 /
M / B L/V*h
[ ]
X
/ i
3 2
0 ' T T \. T l__ . T 1
Dec-11 Feb-12 Apr-12 May-12 Jul-12 Aug-12 Oct-12 Mar-13 May-13
Date
Figure 79. Daily model prediction of periphyton chly(mg/mz) at Middleton using the 2014 0203 algal parameters.
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Segment 9 Periphyton Model Fit - 2014_0203 Parameters
Measured and Historic Data at USGS 13211000 at Hwy 20-26
800
] Modeled Daily Data
* Measured

700 ® Historic Monthly Avg and Std Dev
—_ [ |
2‘ m  All historic data
E
& 600
E =
7
=
& 500
=]
5
5 o I [ |
c [ ]
=] 400 0
z
3 [ |
s e [ |
& 300 n u

L ]
I X
200
1 - |
0 T T T T T T T T T 1
Dec-11 Feb-12 Apr-12 May-12 Jul-12 Aug-12 Oct-12 Dec-12 Jan-13 Mar-13 May-13
Date
Figure 80. Daily model prediction of periphyton chly(mg/mz) at Caldwell using the 2014_0203 algal parameters.
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Segment 13 Periphyton Model Fit 2014_0203 Parameters
Measured and Historic Data at USGS 13213000 at Parma
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Figure 81. Daily model prediction of periphyton chIM(mg/mz) at Parma using the 2014_0203 algal parameters.
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Segment 1 Periphyton Model Fit - 2014_0203 Parameters
Measured and Historic Data at USGS 13203760 Eckert
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Figure 82. Modeled 15-day rolling mean periphyton chlorophyll a (mg/mz) at Eckert, using the 2014_0203 algal parameters. The green band represents the overall
segment AME (19.4) for modeled simulations relative to measured data, and applied to the segment over the complete model timeframe.
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Segment 3 Periphyton Model Fit - 2014_0203 Parameters
Measured and Historic Data at USGS 13206000 at Glenwood
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Figure 83. Modeled 15-day rolling mean periphyton chlorophyll a (mg/mz) at Glenwood, using the 2014 0203 algal parameters. The green band represents the overall
segment AME (96.2) for modeled simulations relative to measured data, and applied to the segment over the complete model timeframe.
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Segment 8 Periphyton Model Fit - 2014_0203 Parameters
Measured and Historic Data at USGS 13210050 at Middleton
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Figure 844. Modeled 15-day rolling mean periphyton chlorophyll a (mglmz) at Middleton, using the 2014 0203 algal parameters. The green band represents the overall
segment AME (66.3) for modeled simulations relative to measured data, and applied to the segment over the complete model timeframe.
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Segment 9 Periphyton Model Fit - 2014_0203 Parameters
Measured and Historic Data at USGS 13211000 at Hwy 20-26
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Figure 85. Modeled 15-day rolling mean periphyton chlorophyll a (mg/mz) at Caldwell, using the 2014_0203 algal parameters. The green band represents the overall
segment AME (68.3) for modeled simulations relative to measured data, and applied to the segment over the complete model timeframe.
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Segment 13 Periphyton Model Fit 2014_0203 Parameters
Measured and Historic Data at USGS 13213000 at Parma
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Figure 86. Modeled 15-day rolling mean periphyton chlorophyll a (mg/mz) at Parma, using the 2014_0203 algal parameters. The green band represents the overall
segment AME (57.5) for modeled simulations relative to measured data, and applied to the segment over the complete model timeframe.
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Table 200. Periphyton simulations under the lower Boise River AQUATOX 2014 _0203 model
calibration.

2014_0203_DDS
Absolute Mean Error (AME) for 15-day rolling model mean vs. measured data:

Segment 1 3 8 9 13 Overall
August 0.6 52.2 153.2 46.1 43.1 59.0
October 54.0 23.3 219 86.3 54.9 48.1
March 3.6 180.6 23.8 72.6 74.4 71.0
Overall 19.4 96.2 66.3 68.3 57.5 61.5

2014_0203_DDS
Periphyton biomass correlations (R?):

Segment 1 3 8 9 13
measured -0.0022 +0.1085 +0.1467 +0.2171 +0.1533
historical +0.1569 +0.0204 +0.0096 +0.1650 +0.0682

Differences between average monthly simulated periphyton biomass, and measured and historical data:

Segment 1 3 8 9 13 Overall
measured 14 187 132 191 112 636
simulation 22 101 168 157 72 520
% difference 57% -46% 27% -18% -36% -18%
historical 10 53 78 284 158 583
simulation 19 59 101 149 94 422
% Difference 90% 11% 29% -48% -41% -28%

Simulated periphyton ranges relative to measured and historical data:

Segment 1 3 8 9 13
January underpredicts underpredicts
February overpredicts  overpredicts underpredicts

March in range underpredicts in range in range underpredicts
April in range in range

May in range in range

June in range in range

July in range In range

August in range in range overpredicts in range in range
September in range in range

October overpredicts in range in range in range in range
November in range in range in range in range in range
December in range in range

*Model simulations were within range of measured and historical data during 28 of 37 (76%) month-segment
combinations available.
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Tables 20 and 21, Figures 77-86, and the section below, identify and describe the results of
statistics and other analyses performed to help understand the strengths and limitations of the
model predictions for periphyton. DEQ acknowledges that with limited measured data points for
comparison, each individual statistic should be interpreted cautiously; however, when considered
collectively, these analyses provide a clearer picture regarding how the model is functioning
relative to previous model calibrations, and current measured and historical data.

AME

The AMEs for periphyton biomass are calculated as a 15-day rolling mean for simulation results
relative to, and centered on, measured data. That is, the modeled rolling mean includes
simulation results 7 days before and 7 days after after the corresponding measured data. For the
final model calibration (2014_0203_DDS), the overall AME for‘all'segment-season
combinations with measured periphyton data is 61.5, which is within the stated accuracy
objective of 71. By model segment, AMEs range from 19 at segment 1, up,to 96.2 in segment
3. Additionally, by season, the overall AMEs for August, March, and October ranged from 48.1
to 71.

In comparing the final model calibration (2014_0203 "DDS) to prewious calibration versions, the
final calibration has the best (lowest) overall AME (Table 21). Although other calibration
versions perform better in some segments, the final calibrationresults in the lowest AME for 21
of the 25 (84%) model-segment combinations.

Table 211. Absolute mean errors (AME) for model'simulations with a 15-day rolling means relative
to measured data for the final (2014 _0203_DDS) and previous model/calibrations.

AME for each Model Segment

Model Version 1 3 8 9 13 Overall AME
2001 Parameters 23.3 133.1 106.7 127.1 62.7 90.6
2013_0925_DDS 28.1 86.8 83.7 105.2 42.7 69.4
2013_1209_RAP 38.2 108.5 74.8 50.2 116.2 77.6
2014_0103_DDS 29.0 123.0 75.8 52.0 117.9 79.5
2014_0203_DDS 19.4 96.2 66.3 68.3 57.5 61.5

R2

R? correlations forperiphyton biomass were also performed between monthly mean simulated,
measured, and historical data. The correlations between monthly simulations and historical data
are positive for all segmefts, with R? values ranging from 0.0096 to 0.165. Similarly,
correlations between monthly simulations and measured data are positive for all segments,
except segment 1, with R? values ranging from 0.1085 to 0.2171. The segment 1 negative
correlation is -0.0022.

Monthly Biomass

Differences in the periphyton monthly mean simulated biomass relative to measured and
historical data were calculated. Overall, monthly biomass simulations were 18% lower than
measured data, and 28% lower when compared to historical data. For each model segment,
model simulations ranged from overpredicting measured data by up to 57% in segment 1 down
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to underpredicting measured data by 46% in segment 3. Alternatively, model simulations ranged
from overpredicting historical data by 90% in segment 1 down to underpredicting historical data
by 48% in segment 9.

Overall Assessment

The data, tables, and figures illustrate the performance and fit of modeled periphyton biomass
simulations relative to measured and historical data. Overall, the results indicate that rolling 15-
day model simulations for periphyton biomass are within the DEQ pre-determined accuracy goal
of 71 AME. The model simulations were positively correlated, albeit uncertain in some cases,
with measured and historical data in all segments, except segment 1 for measured data.
Differences between simulated monthly periphyton biomass, measdred data, and historical data
ranged by segment, but overall model simulations were 18 and.28% lower than measured and
historical data, respectively. Finally, in comparing the 15-day‘rolling mean model simulations to
measured and historical data the model simulations fall within range of the measured and
historical data of 28 of 37 (76%) month-segment combinations. As with any model, additional
data and further calibration could potentially improve the model fit. However, thiswersion of the
LBR AQUATOX model calibration has largely metthe,DEQ aceuracy goals and model
simulations frequently fall within the range of measured and historieal data.

3.3.3.5 Uncertainty

Some notes on model uncertainty in the light'of the unpredictability of periphyton populations:

e A lot of work went in to attempting to,reflect thesRushforth (2007) community
composition. However, those data were just@ snapshot.at’three points in time and not a
comprehensive studyoficommunity competition and succession. This is a known
limitation.

e The plots shown in the sensitivity analysis'were only for Segment 13. The results
actually vary for'each segment. This was another complicating factor in achieving a
closer calibration: when, thealgal'parameters and community composition were adjusted
for better alignment in‘one,segment, biotic and environmental factors in the model
simulations wouldalter the alignment in other segments (often for worse).

e ( Conceptually, from historical datay it appears that the biomass slowly falls off through the
winter, a limited spring bloom jappears in March, biomass is very low through the
summer, months, and it gradually builds up through August and into the fall season.
However,in both the measured and historical periphyton data on the LBR is too sparse,
due to the'many gaps/in locations and months, to show a realistic and consistent pattern
of biomass throughout the year.

e The complex seasonal hydrology and management of the LBR increases the difficulty of
developing and verifying a conceptual framework for algal growth in the river, as well as
verifying modeled relationships. However, in light of additional monitoring data needed
to clearly quantify and qualify algal growth patterns in the LBR, this model-based
approach that utilizes the plethora of site-specific environmental data to estimate
relationships between site-specific environmental factors (including nutrients) and algae
is likely among the most practical and defensible options.

e Through observations and reasoning, the low growth through the summer months is
likely due to the higher water volume, velocity, and turbidity of the LBR. One limitation
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of the AQUATOX maodel is that it does not perform hydraulic simulations such as shear
stress. However, AQUATOX does encapsulate the effects of stream velocity, drag force,
periphyton biomass, nutrient, light, and temperature limitations, along with channel
adaptation as factors determining sloughing (Park and Clough 2012b). Altering these
algal parameters can help identify total biomass throughout the model simulation period,
but does not reflect how stream forces can differ seasonally.

3.4 Conclusions and Recommendations

AQUATOX is an excellent choice to model the periphyton groups that make up the total
periphyton chlorophyll a (mg/m?) biomass. It simulates the compétition for resources among the
algal groups by estimating how changes in algal parameters affect otherspecies as well as the
total periphyton prediction.

Recommendations for future monitoring include:

Further study to identify the actual community, composition —it would be very.
enlightening to collect additional samples’(temporally andispatially) through an entire
water year in river segments 1, 3, 8, 9, and 13 tobetterencapsulate species competition
and succession.

Once better speciation and biomass,are quantified and'qualified, further sensitivity
analyses could be performed with this AQUATOX calibration to.more clearly identify
species interactions and competion for resourees.

Collect an additional validation dataset of periphyton.biomass that better characterizes
seasonal differences among model segments 1, 3, 8,9, and 13.
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Appendix A. Additional Model Calibration Figures

Select Model Results — All Segme
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Select Model Results and Measured Data — ent 1
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Select Model Results and Measured Data — ent 2
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Select Model Results and Measured Data — ent 3
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report

Select Model Results and Measured Data — ent 4
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
Seg 4 (Control)
Run on 02-4-14 11:31 AM
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LBR Total Phosphorus AQUATOX Model Report

Select Model Results and Measured Data — ent5
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LBR Total Phosphorus AQUATOX Model Report
Seg 5 (Control)
Run on 02-4-14 11:33 AM
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report

Select Model Results and Measured Data — ent 6
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report

Select Model Results and Measured Data — ent 7
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
Seg 7 (Control)
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report

Select Model Results and Measured Data — ent 8
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LBR Total Phosphorus AQUATOX Model Report
Seg 8 (Control)
Run on 02-4-14 11:41 AM
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report

Select Model Results and Measured Data — ent 9
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LBR Total Phosphorus AQUATOX Model Report
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Seg 9 (Control)
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
Seg 9 (Control)
Run on 02-4-14 11:44 AM
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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Seg 9 (Control)
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LBR Total Phosphorus AQUATOX Model Report

Select Model Results and Measured Data —
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
Seg 10 (Control)
Run on 02-4-14 11:46 AM
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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Select Model Results and Measured Data —
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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Run on 02-4-14 11:47 AM
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report

Select Model Results and Measured Data —
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
Seg 12 (Control)
Run on 02-4-14 11:50 AM
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LBR Total Phosphorus AQUATOX Model Report

mg/L
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LBR Total Phosphorus AQUATOX Model Report

g/m2 dry

Seg 12 (Control)
Run on 02-4-14 11:50 AM
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report

Select Model Results and Measured Data —
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
Seg 13 (Control)
Run on 02-4-14 11:51 AM
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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LBR Total Phosphorus AQUATOX Model Report
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