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Introduction

A water quality model of Lake Whatcom, Washington (see Figure 1 and Figure 2)was developed as part
of a Total Maximum Daily Load Study for the Washington Department of Ecology. Lake Whatcom is a
large natural lake which is listed on the 1998 Washington State 303(d) list of waterbodies which do not
meet the criterion for dissolved oxygen. Located next to the city of Bellingham, it is approximately 10
miles long and has a surface area of approximately 5000 acres and a maximum depth of over 100
meters. Eutrophication processes in the lake have been accelerated in recent years perhaps by the
availability of nutrients from tributary discharges to the basin. Many of these tributaries have accelerated
their nutrient loading to the system as a result of development in the watershed. The lake is being
modeled using the Corps of Engineer's model CE-QUAL-W2, which is a two-dimensional,
hydrodynamic and water quality model.  The project is managed by the Washington Department of
Ecology which plans to make recommendations for reduction and allocation of pollutant |oads.

Figure 1. Lake Whatcom and vicinity.
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The objectives of thisstudy were then to

o Develop ahydrodynamic and water quality model of Lake Whatcom
o Cadlibrate the mode to field data collected from February 2002 through December 2003
0 Usethe model to evaluate strategies for water quality improvement

The model chosen for development was CEQUAL-W2 Version 3.2 (Cole and Wells, 2004). Thisis a
two-dimensional unsteady hydrodynamic, temperature and water quality model that includes typica

eutrophication parameters (algae, nutrients, temperature, organic matter, dissolved oxygen, pH). PSU,
under the support of the Corps of Engineers Waterways Experiment Station, is a center for devel opment
of this modeling tool.

In order to model the system, the following data were required:

Lake Whatcom outflow rates

Tributary inflows, temperatures, and water quality
Groundwater inflows, temperatures, and water quality
Precipitation rates, temperatures, and water quality
Meteorologica conditions

Bathymetry

This report summarizes model development. Information provided in this report was organized in the
following sections:

Model Selection

Model Forcing Data
Hydrodynamic Calibration
Temperature Calibration
Water Quality Calibration
Scenarios

Summary

Also discussed are issues relative to the calibration effort. Calibration focused on model predictions of

hydrodynamics (flow and water level), temperature, and water quality. The model calibration period
was from February 14, 2002 to December 31, 2003.

21



Figure 2. Topography around L ake Whatcom.
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Model Selection

Selection of the appropriate water quality model is a function of properly identifying the water quality
problem ("conceptualization”) and selecting a model which appropriately describes the water quality
changes in the water body, is theoreticaly valid, and can be easily adapted to site-specific physical
characteristics of the water body.

The performance of a mathematical model in predicting the existing and future water quality dynamics
of a system is dependent on the following steps:

) identification of the problem

(i) selection of model type and relationship of model to the problem
(i)  computational representation

(iv)  model response studies or model sensitivity analyses

(v) model calibration

(vi)  application of model to evaluate management strategies

Because there are many water quality models available, a choice of the appropriate model would be
made after considering the following questions. What physical processes are represented in the model
and which are ignored? How are physical processes included in the model? What processes are
represented by model coefficients? For example in defining the problem, the following questions could
be asked:

(i) What are the dominant physical processes at work and can the chosen model represent those
processes? (such as, how does the water move? Is there stratification, wind-driven currents, and/or
selective withdrawal ?)

(if) What are the spatial and temporal scales of these processes and can the model represent them? (such
as, is steady-state representation adequate, is 1-D, 2-D, or 3-D spatial discretization necessary?)

The choice of the proper model is also based on answering

@ site specific questions (physical characteristics of the each system component - river or reservoir
reach, water quality cycles, algal types),

()] management objectives (required accuracy, use for future studies),

3 project resources (data availability, staff constraints, time limitations).

The model chosen for Lake Whatcom was the Corps of Engineers model CE-QUAL-W2 Version 3.2.
CE-QUAL-W2 Version 3.2 is a dynamic 2d (x-z) model developed for stratified water-bodies (Cole
and Wells, 2004). Thisisa Corps of Engineers modification of the Laterally Averaged Reservoir Model
(Edinger and Buchak 1978). CE-QUAL-W2, whose grid is shown in Figure 3, consists of directly
coupled hydrodynamic and water quality transport models. Hydrodynamic computations are influenced
by variable water density caused by temperature, salinity, and dissolved and suspended solids.
Developed for reservoirs and narrow, stratified estuaries, CEEQUAL-W?2 can handle a branched and/or
looped system with flow and/or head boundary conditions. With two dimensions depicted, point and
non-point loading can be spatially distributed. Relative to other 2-D models, CE-QUAL-W?2 is efficient
and cost effective to use. This model alows the user to use the ultimate quickest Numerical Scheme for
improved numerical accuracy.
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In addition to temperature, CE-QUAL-W2 Verson 3.2 can simulate many water quality variables.
Primary physical processes included are surface heat transfer, short-wave and long-wave radiation and
penetration, convective mixing, wind and flow induced mixing, entrainment of ambient water by
pumped-storage inflows, inflow density stratification as impacted by temperature and dissolved and
suspended solids. Major chemical and biological processes in CE-QUAL-W?2 include: the effects of DO
of atmospheric exchange, photosynthesis, respiration, organic matter decomposition, nitrification, and
chemical oxidation of reduced substances; uptake, excretion, and regeneration of phosphorus and
nitrogen and nitrification-denitrification under aerobic and anaerobic conditions; carbon cycling and
alkalinity-pH-CO2 interactions; trophic relationships for total phytoplankton; accumulation and
decomposition of detritus and organic sediment; and coliform bacteria mortality.

CE-QUAL-W2 coordinate system: a>0

Figure 3. Coordinate system for CE-QUAL-W2 Version 3.2.

Models, such as WQRSS (Smith 1978), HEC-5Q (Corps of Engineers 1986), and HSPF (Donigian, et al.
1984), have been developed for river basin modeling but have serious limitations. One issue is that the
HEC-5Q (similar to WQRSS) and HSPF models incorporate a one-dimensional, longitudinal river
modd with a one-dimensional, vertical reservoir model (one-dimensiona for temperature and water
quality and zero dimensional for hydrodynamics). The modeler must choose the location of the
trangition from 1-D longitudinal to 1-D vertical. Besides the limitation of not solving for the velocity
field in the stratified, reservoir system, any point source inputs to the reservoir section are spread over
the entire longitudinal distribution of the reservoir layer.

Also, other one-dimensiona reservoir models, such as the HEC WQRRS (Water Quality River-
Reservoir Simulation) model and the Corpss CE-QUAL-R1, are also not adequate to compute 2D
circulation within pool areas. These models conceptualize a pool as well mixed in each horizontal dab,
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i.e, over the length and the width of the system. By making this assumption, the vertica and
longitudinal circulation patterns within a pool cannot be resolved.

Based on the depth Lake Whatcom, a one-dimensional reservoir model would not be adequate because
of possible longitudinal and vertical gradients in water quality.

For this project, the CE-QUAL-W2 River Basin Model Version 3.2 (as schematized in Figure 4) was the
most appropriate for modeling Lake Whatcom since it contains the following elements:

Two-dimensional, dynamic hydrodynamics and water quality capable of replicating any density
stratified environment.
The mode is a state-of-the-art tool with features not found in other models

River Section Reservoir Section
Slope=S=tanw X

Figure4. Conceptual schematic of river-reservoir connection in CE-QUAL-W2 Version 3.

This model has been under development for many years and is a public-domain code maintained by the
Corps of Engineers, Waterways Experiments Station (WES), located in Vicksburg, Mississippi. Version
3.2 has and is undergoing rigorous testing and has been successfully applied to many river basin
systems. Further information about CE-QUAL-W2 Version 3 isshown at http://www.ce.pdx.edu/w2.

Model Water Quality Constituents
The following water quality constituents were simulated in the Lake Whatcom mode!:
Inorganic Suspended Solids (1SS)
Dissolved Inorganic Phosphorus (PO4-P)
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Ammonia Nitrogen (NH4-N)

Nitrate- nitrite Nitrogen (NOx-N)

Labile Dissolved Organic Matter (LDOM)

Refractory Dissolved Organic Matter (RDOM)

Labile Particulate Organic Matter (LPOM)

Refractory Particulate Organic Matter (RPOM)

3 Algae Compartments

Dissolved Oxygen

Total Inorganic Carbon (TIC)

Alkalinity

L abile Dissolved Organic Matter Phosphorus (LDOM-P)
Refractory Dissolved Organic Matter Phosphorus (RDOM-P)
L abile Particulate Organic Matter Phosphorus (L POM-P)
Refractory Particulate Organic Matter Phosphorus (RPOM-P)
Labile Dissolved Organic Matter Nitrogen (LDOM-N)
Refractory Dissolved Organic Matter Nitrogen (RDOM-N)

L abile Particulate Organic Matter Nitrogen (L POM-N)
Refractory Particulate Organic Matter Nitrogen (RPOM-N)

Water quality cycles are described in the user’'s manua (Cole and Wells, 2004). However, the
phosphorus and nitrogen organic matter compartments (LDOM-P, RDOM-P, LPOM-P, RPOM-P,
LDOM-N, RDOM-N, LPOM-N, RPOM-N) were added specidly to the Lake Whatcom model and
represent the phosphorus and nitrogen mass contained in LDOM, RDOM, LPOM and RPOM. This
allowed the model user to set dynamic values of N and P in all tributaries associated with organic matter
and to track these quantities within the domain of the CEQUAL-W2.

The 3 algae compartments correspond to 3 groups of algae species. Algae group 1 represents
Chrysophyta (mostly diatoms), algae group 2 represents Chlorophyta (greens), and algae group 3 are
Cyanobacteria (blue- greens).

Model Forcing Data and Bathymetry

The model forcing data consists of the boundary conditions for al inflows (flow rate, temperature and
water quality data) and the system meteorology. The model bathymetry is also required to develop a
model grid for the numerical simulation.

Water quality monitoring sites from which data were used for model development were identified in
Figure 5 and were described in Table 1.
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Figure5. Monitoring sitesat L ake Whatcom

Tablel. Monitoring sites

SiteD Description Parameters
LW_ANDO1 Anderson Creek Flow, Temperature, Water Quality
LW_AUSO01 Austin Creek Flow, Temperature, Water Quality
LW_BRAO1 Brannian Creek Flow, Temperature, Water Quality
LW _CARO1 Carpenter Creek Flow, Temperature, Water Quality
LW_EUCO01 Euclid Creek Flow, Temperature, Water Quality
LW_MiILO1 Mill Wheel Flow, Temperature, Water Quality
LW OLS01 Olsen Creek Flow, Temperature, Water Quality
LW_SIL01 Silver Creek Flow, Temperature, Water Quality
LW_SMI01 Smith Creek Flow, Temperature, Water Quality

LW1 Basin 1 Temperature, Water Quality
LW2 Basin 2 Temperature, Water Quality
LW3 Basin 3, north Temperature, Water Quality
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Tablel. Monitoring sites

SitelD Description Parameters
LW4 Basin 3, south Temperature, Water Quality
Intake Basin 2, near water intake Temperature, Water Quality

Model Geometry

Bathymetry
The Lake Whatcom bathymetry, as shown in Figure 6, was developed by the Washington Department of

Ecology. [Data source??|
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Figure 6. Lake Whatcom bathymetry

Grid Layout

A plan view of the CE-QUAL-W2 grid layout, shown in Figure 7, was aso developed from the model
bathymetry by Washington Ecology.
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Figure 7. Plan view of the Lake Whatcom model grid.

The model was divided into five branches and two water bodies. Branches 1 through 3 simulated basin
3 and branches 4 and 5 represented basins 1 and 2. The length of the model segments ranged from 16
meters to 821 meters. Modd layers have athickness of 1 or 3 meters. 3 meter layer thicknesses were
used only in the deeper sections of Basin 3. Moddl layers were shown in Figure 8.
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Lake Whatcom Grid
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Figure8. Layer elevations of Lake Whatcom model. Only layersbelow the full pool elevation are
shown.

In the CEQUAL-W2 model, the model user must specify the characteristics and connectivity of the
moded grid. The following parameters were used in the Lake Whatcom model (see Cole and Wells,
2004, for detailed explanation of model grid characteristics):

IMP (# of segments): 68

KMP (# of vertical layers): 105
NWB (# of water-bodies): 2
NBR (# of branches): 5

The branch layout was specified by these parameters for each branch (as specified in the w2_con.npt
control file — see Cole and Wells, 2004).

Lake Whatcom outflow

The downstream boundary condition was the outflow from Lake Whatcom (Figure 9). Outflow data
were obtained from the City of Bellingham.
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Figure9. Lake Whatcom Outflow
Tributaries

A total of 22 point tributaries of Lake Whatcom were simulated in the model. Table 2 lists these
tributaries and their model inflow segment. The watersheds of the tributaries were shown in Figure 10.
Continuous flow and temperature data were available for the following creeks: Austin, Anderson,
Brannian, Carpenter, Euclid, Mill Wheel, Olsen, Silver, and Smith. Flows for un-gauged watersheds
were estimated by calculating the area proportional flow based on a nearby gauged creek. Figure 11
through Figure 14 show the tributary flow rates.

Temperature files were developed using measured data and a ssimple response temperature model. For
those creeks or watersheds without measured data, the data from an adjacent watershed were used
(Table 3). All temperature probes were removed the first week of November 2003, and afterwards the
tributary temperatures were estimated using a simple response temperature model developed by the
Department of Ecology. October 2003 temperature data were used to calibrate this model and model
absolute mean errors were all less than 1 degree Celsius. Figure 15 through Figure 18 show the tributary
temperatures.

32



Figure 10. Watersheds of L ake Whatcom tributaries.

Table2. Lake Whatcom model point tributaries and inflow segments.




Tributary # | Inflow Segment # | Watershed

5 66 Silver Beach
6 28 Olsen

7 63 Blodel

8 55 Eagle Ridge
9 25 North Shore
10 20 Smith

11 60 Donavan

12 62 Mill Wheel
13 57 Cable

14 49 Strawberry
15 59 Euclid

16 23 Sudden Valley
17 19 Austin

18 5 Blue Canyon
19 11 South Bay
20 2 Anderson

21 2 Fir

22 4 Brannian

Table3. Method tofill in the water sheds without data

No data watershed ngtr;evig:)er:g;]ne%
IAcademy Euclid
IAgate Bay Carpenter
South Bay Brannian
Blodel Mill Wheel
Blue Canyon Smith

Cable Euclid
Donavan Euclid

Eagle Ridge Euclid

Fir Brannian
Hillsdale Silver Beach
North Shore Carpenter
Strawberry Euclid
Sudden Valley Euclid
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Figure 15. Tributary temperatures (data gaps correspond to periods of zero flow).
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Figure 16. Tributary temperatures (data gaps correspond to periods of zero flow).
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Figure17. Tributary temperatures(data gaps correspond to periods of zero flow).
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Figure 18. Tributary temperatures (data gaps correspond to periods of zero flow).
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Constituent data were available for the Anderson, Austin, Brannian, Carpenter, Euclid, Mill Whes!,
Olsen, Silver and Smith watersheds. Constituent files were devel oped from data and using regressions
fitted to the data. These regressions were developed by the Department of Ecology. For watersheds that
lacked data, the constituent file of a smilar watershed was used (Table 3). Constituent concentrations
for the tributaries were shown in Figure 19 through Figure 54.

The equations used in developing the constituent files for the tributaries were shown below:
Algae:
é F algae :F algae(total) = F Chl _ a(total) ’ Alg%_to_c hla_ra:io ’ SD&ieS_fr a:tion ( 1)

Algae to_Chla Ratio = 100, thisisthe ratio between algae biomass and chlorophyll a mass

Species fraction = 0.6 for species 1 (diatoms), 0.3 for species group 2(greens), 0.1 for species group 3
(blue-greens)

Total Organic Matter (TOM)

F
FTOM = —TC - é I:algae (2)




d. =0.45, carbon-biomass ratio
F 1oc : Total Organic Carbon, from regression

Dissolved Organic Matter (DOM)

:FDOC

F
DOM d

C
F 5oc : Dissolved Organic Carbon

POM (particulate organic matter) or Detritus.

FPOM :FTOM - FDOM

LDOM (Labile Dissolved Organic Matter)

F LDOM = fLDOM F DOM

f ooy =0.50

RDOM (Refractory Dissolved Organic matter)
F RDOM — (1' fLDOM )F DOM

LPOM (labile particul ate organic matter)

F rom = fieomF pou

flpow =05

RPOM (refractory particul ate organic matter)
F RPOM — (1' fLPOM )F POM

| SS (inorganic suspended solids):

F 1SS = FTNV$

F 1wss  Total nonvolatile suspended solids, from data

Total Inorganic Carbon:
F . = function(F ,, + pH +Temp)

F .. : dkalinity, used regression developed from data

LDOM-P (labile dissolved organic matter — phosphorus):

F LDOM-P — (F TP " F PO4P ~ é. F algae ’ Orgp)/FTOM “F LDOM
orgp : phosphorus fraction of algae, assumed to be 0.005
F - : Total Phosphorus, used regression developed from data
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(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)



F rosp - SOlUble reactive phosphorus, used regression developed from data

RDOM-P (refractory dissolved organic matter phosphorus)
F RDOM- P = (F TP PO4P a F algae Orgp)/ F TOM ’ F RDOM

LPOM-P (labile particul ate organic matter phosphorus)
F LPOM - P = (F TP " PO4P a F algae Orgp)/ F TOM F LPOM

RPOM-P (refractory particulate organic matter phosphorus)
F RPOM- P = (F TP " PO4P a F algae Orgp)/ F TOM F RPOM

LDOM-N (labile dissolved organic matter — nitrogen):
F LDOM-N — (F TPN ~ F NH3 ~ F NO3+NO2 ~ é F algae, Orgn)/F TOM “F LDOM
orgn : phosphorus fraction of agae, assumed to be 0.08
F 1oy : Total Persulfate Nitrogen, used regression developed from data
F \ossno - Nitrite-nitrate, regression developed from data

F 3 : @anmonia, from data

RDOM-N (refractory dissolved organic matter — nitrogen):
[o] , -,
F RDOM-N — (F TPN ~ F NH3 ~ F NO3+NO2 ~ a Falgae Orgn)/FTOM F RDOM

LPOM-N (labile particulate organic matter — nitrogen):
o , I
F LPOM-N — (F TPN ~ F NH3 ~ F NO3+NO2 ~ a F algae orgn)/F TOM F LPOM

RPOM-N (refractory particul ate organic matter — nitrogen):
o - -
F RPOM-N — (F TPN ~ F NH3 ~ F NO3+NO2 ~ a F algae orgn)/F TOM F RPOM

(12)

(13)

(14)

(15

(16)

(17)

(18)
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Figure 19. Constituent Concentrations used for Anderson Creek.
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Figure 20. Constituent Concentrations used for Anderson Creek.

46



10

TIC, mg/L

N B OO

40
30
20
10

Alkalinity, mg/l

0.05
0.04
0.03
0.02
0.01
0.00

LDOM - P, mg/L

RDOM - P, mgl/l
o
o
N

0.05
0.04
0.03
0.02
0.01
0.00

RPOM - P, mg/L

12/31/01 3/21/02 6/9/02 8/28/02 11/16/02 2/4/03 4/25/03 7/14/03 10/2/03 12/21/03

LPOM - P, mg/L
o
o
N
|

T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I 1
0 40 80 120 160 200 240 280 320 360 400 440 480 520 560 600 640 680 720
Julian Day

e VY sy N b

T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I 1
0 40 80 120 160 200 240 280 320 360 400 440 480 520 560 600 640 680 720

0 40 80 120 160 200 240 280 320 360 400 440 480 520 560 600 640 680 720

0 40 80 120 160 200 240 280 320 360 400 440 480 520 560 600 640 680 720

0.01
0.00

0 40 80 120 160 200 240 280 320 360 400 440 480 520 560 600 640 680 720

Figure21. Constituent Concentrationsused for Anderson Creek.
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Constituent Concentrations used for Anderson Creek.
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Figure 23. Constituent Concentrationsused for Austin Creek.
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Figure 24. Constituent Concentrations used for Austin Creek.
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Figure 25. Constituent Concentrations used for Austin Creek.
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Figure 26. Constituent Concentrations used for Austin Creek.
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Figure 27. Constituent Concentrationsused for Brannian Creek.
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Figure 28. Constituent Concentrations used for Brannian Creek.
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Figure 29. Constituent Concentrations used for Brannian Creek.
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Figure 30. Constituent concentrations used for Brannian Creek.
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Figure 31. Constituent concentrationsused for Carpenter Creek.
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Figure 32. Constituent concentrations used for Carpenter Creek.
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Figure 33. Constituent concentrations used for Carpenter Creek.
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Figure 34. Constituent concentrations used for Carpenter Creek.
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Figure 35. Constituent concentrationsused for Euclid Creek.
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Figure 36. Constituent concentrations used for Euclid Creek.
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Figure 37. Constituent concentrations used for Euclid Creek.
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Figure 38. Constituent concentrations used for Euclid Creek.
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Figure 39. Constituent concentrations used for Mill Wheel Creek.
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Figure4l. Constituent concentrations used for Mill Wheel Creek.
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Figure42. Constituent concentrations used for Mill Wheel Creek.
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Figure43. Constituent concentrationsused for Olsen Creek.
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Figure44. Constituent concentrations used for Olsen Creek.
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Figure45. Constituent concentrations used for Olsen Creek.
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Figure 46. Constituent concentrationsused for Olsen Creek.
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Figure47. Constituent concentrations used for Silver Creek.
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Figure50. Constituent concentrations used for Silver Creek.
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Figure51. Constituent concentrations used for Smith Creek.
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Figure52. Constituent concentrations used for Smith Creek.
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Figure53. Constituent concentrations used for Smith Creek.
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Figure54. Constituent concentrations used for Smith Creek.
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Meteorological Data

Meteorological data for the CE-FQUAL-W2 model were measured near Smith Creek and near Brannian
Creek. The model utilizes air and dew point temperature, wind speed and direction, and doud cover

and/or solar radiation.

The Washington Department of Ecology developed he meteorologica data.

Meteorological input files were created for water body 1 (basin 3) and water body 2 (basins 1 and 2).
Table 4 summarizes the data sources of the meteorological inputs.

Table 4. Data sourcesfor meteorological input files.

Meteorological Input

Water Body 1 (file ‘met 1.npt’)

Water Body 2 (file ‘met 2.npt’)

Air Temperature used the average of the two | Used dataat Smith
Stations’
Dew Point Temperature used the average of the two | Used dataat Smith
stations’
Wind direction Used data at Smith Used data at Smith
Wind speed Used data at Smith Used data at Smith
Cloud Cover Cloud cover data are from State | Cloud cover data are from State

Climatologist

Climatologist

Short Wave Solar Radiation

used thf—:- bigger value of the two
stations

used th*e bigger value of the two
stations

"For the time period 10/1/2002 -- 11/10/2002 there was ro data at Brannian, so data at Smith were used.

A time series mode input of air temperature, dew point temperature, wind speed, wind direction, cloud
cover and short wave solar radiation were necessary for each water body and these are shown in Figure
55 to Figure 66. Air temperature for water body 1 and water body 2 are shown in Figure 55 and Figure
56, respectively. Dew point temperatures are shown in Figure 57 and Figure 58.  Figure 59 and Figure
60 show wind speed for these 2 waterbodies, respectively. Figure 61 shows wind directiondata. Cloud
cover data are shown in Figure 63 and Figure 64, and short wave radiation are shown in Figure 65 and
Figure 66 for water body 1 and 2, respectively.
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Figure55. Air temperature for water body 1.
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Figure56. Air temperaturefor water body 2.
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Figure57. Dew point temperature for water body 1.
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Figure 58. Dew point temperature for water body 2.
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Figure59. Wind Speed for water body 1.
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Figure 60. Wind Speed for water body 2.
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Figure61. Wind directionused water body 1.
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Figure 62. Wind direction used water body 2.
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Figure 63. Cloud Cover for water body 1.
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Figure64. Cloud Cover for water body 2.
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Figure65. Short wave solar radiation for water body 1.
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Figure 66. Short wave solar radiation for water body 2.

Groundwater

Groundwater flow rates and water quality were based on the Department of Ecology report “Lake
Whatcom Total Maximum Daily Load Groundwater Study” (Pitz, 2005). Groundwater inflows were
characterized in 3 shoreline sections: Agate Bay shoreline, South Bay/Anderson Creek shoreline, and
the bedrock terrain shoreline which represented all the remaining shoreline area (Figure 67). The
groundwater flow rates of these shoreline areas were listed in Table 5.

Table5. Groundwater flow rates of shoreline ar eas.

Shoreline Area Flow Rate (nv/s)
Agate Bay Shoreline 0.073
South Bay/Anderson Creek Shoreline 0.169
Bedrock Terrane (remain shoreline) 0.147
Total 0.388

The groundwater inflows were characterized using point source tributaries and distributed tributaries in
the model. For the Agate Bay shoreline area, a distributed tributary in branch 3 was qplied. A
distributed tributary in branch 2 and a single tributary into segment 2 were used for the South
Bay/Anderson groundwater inflow. The bedrock terrane inflows were described using a distributed
inflow into branch 4 and 7 point source tributaries in branch 1. Point source tributaries in branch 1 were
used to describe the bedrock terrane inflows because the distributed tributary had been used for the

88




water balance flow. Table 6 lists the point source tributaries and distribut ed tributaries which were used

to characterize the groundwater inflows.

Table 6. Point sourcetributariesand distributed tributaries used to characterize groundwater

inflows.

Type Shoreline Segment or Branch # | Flow rate (m°/s)
Distributed Tributary Agate Bay Branch 3 0.0729
Distributed Tributary South Bay/Anderson Branch 2 0.0843
Point Source Tributary | South Bay/Anderson Segment 2 0.0843
Point Source Tributary | Bedrock Terrane Segment 4 0.0153
Point Source Tributary | Bedrock Terrane Segment 8 0.0153
Point Source Tributary | Bedrock Terrane Segment 12 0.0153
Point Source Tributary | Bedrock Terrane Segment 16 0.0153
Point Source Tributary | Bedrock Terrane Segment 20 0.0153
Point Source Tributary | Bedrock Terrane Segment 24 0.0153
Point Source Tributary | Bedrock Terrane Segment 28 0.0153
Distributed Tributary Bedrock Terrane Branch 4 0.0396

Groundwater constituent concentrations were based on geomeans of data measured in each shoreline
area (Pitz, 2005). Table7 list the constituent concentrations used for each shoreline area.

Table 7. Constituent concentrations used for groundwater inflows

Constituent Unit of Measure Agate Bay South Bay/Anderson Bedrock Terrane
DO mg/L 0.9 0.9 0.9
TDS mg/L 149 86 214
Chloride mg/L 2.89 1.95 7.56
Conductivity uS/cm 204 116 328
Ammonia-N mg/L 0.347 0.259 0.183
Nitrate-N mg/L 0.005 0.005 0.005
oP mg/L 0.082 0.095 0.038
Alkalinity mg/L 20 20 20
Inorganic C mg/L 6.63 6.63 5.72
LDOM P mg/L 0.0465 0.031 0.05
RDOM P mg/L 0.0465 0.031 0.05
LDOM mg/L 9.3 6.2 10
RDOM mg/L 9.3 6.2 10

Groundwater temperatures were estimated using Whatcom remediation site temperatures (Figure 68).
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Figure 67. Flows and Water Quality Based on Ecology’s “L ake Whatcom TMDL Groundwater
Study”, (Pitz, 2005)
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Figure 68. Groundwater temper atures.

Precipitation

Precipitation rates were developed from data collected at the Geneva Gate House, Smith, and Brannian
gauges. Although the precipitation rate files were created for each water body, CE-QUAL-W?2 requires
precipitation files for every branch Table 8 summarizes the steps taken in creating a precipitation rate
file for each water body. The precipitation rates for each water body were shown in Figure 69.

Table 8. Stepstaken in creating precipitation rate files.

Water Body

Inflow file

1 (branches 1, 2,
and 3)

Used the following weighting factors provided by Western Washington University to
calculate precipitation:
Smithgage:  0.4610
Brannian gage: 0.3146

2 (branches 4
and 5)

Used data collected at Geneva Gate House, except for period from 5/2/02 to 5/8/02
when data at Genevawere missing and a regression between Geneva and Smith was

used to fill in the data
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Figure 69. Precipitation ratesfor water body 1 and water body 2.

The precipitation temperature was assumed to be equal to air temperature. The precipitation
temperature for branches 1, 3, 4 and 5 was assumed to be the average of the air temperatures at the
Smith and Brannian meteorological stations. For branch 2 the precipitation was assumed to be equal to
the air temperature measured at Brannian.

Precipitation constituent concentrations varied seasonally and data collected by the USGS National

Atmospheric Deposition Program were used to create the time series input file. Figure 70 through
Figure 73 show the constituent concentrations for precipitation.
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Figure 70. Constituent concentrations for precipitation.
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Figure 73. Constituent concentrations for precipitation (continued).

Withdrawals

Withdrawals smulating the water district 10 intake, the combined City and Georgia Pacific intake, and
the fish hatchery intake were simulated. These withdrawals are listed in Table 9 and their flow rates
were plotted in Figure 74. Flow rate data were obtained from the City of Bellingham.

Table9. List of Lake Whatcom withdrawals.

Withdrawal # | Description Model Segment Intake elevation (m)
1 Water District 10 17 74.5
2 City and Georgia Pacific 54 83.5
3 Fish Hatchery 63 94.5
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Figure 74. Lake Whatcom withdrawals.

Hydrodynamic Calibration

Water level data provided by the City of Bellingham were compared with model results were shown in
Figure 75. Table 10 shows water level statistics. Water levels were calibrated by adding a distributed
flow file for branch 1 to compensate for the error in inflow/outflow measurements and to also account

for inflows and/or losses directly into the lake.

Table 10. Water level error statistics.

n, # of data Mean Error Absolute Mean Root Mean Square
comparisons M Error Error
m m
685 -0.014 0.017 0.021
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Figure 75. Water level prediction compared with data for Lake Whatcom.

Temperature Calibration

The primary model parameters affecting temperature calibration was wind sheltering coefficients.
Comparisors between model predictions and temperatures were shown in Appendix B Table 11 list
error statistics between model predictions and data for al the sanpling locations in the lake. The root
mean square error average was less than 1 degrees Celsius for all sites. Figure 76 shows the correlation
between model predictions and data. The r-squared value for model versus data was 0.995.
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Table11. Temperatureprofileerror statistics.

Absolute Mean Error Root Mean Square
Site Mean Error (Celsius) (Celsius) Error (Celsius)
LW1 -0.10 0.67 0.78
LW2 0.03 0.55 0.67
LW3 -0.20 0.47 0.60
LwW4 -0.22 0.58 0.69
Intake -0.19 0.44 0.49
Average -0.14 0.54 0.64
25 — Model - Data scatter plot for Temperature
| FitResults
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Figure 76. Modéd versus data scatter plot for temperature.

Water Quality Calibration

The calibrated water quality coefficients were shown in Table 12.
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Table12. W2 Modd Water Quality Parameters

Initial
Calibrati
Typical on
Variable Description Units values* Values
Hydrodynamics
and
L ongitudinal
Transport
Longitudinal eddy viscosity
AX (for momentum dispersion) mf/sec 1 1
Longitudinal eddy
diffusivity (for dispersion of
DX heat and constituents) nf/sec 1 1
Temperature
Coefficient of bottom heat
CBHE exchange Wn/sec 0.30 0.30
Sediment (ground)
TSED temperature °C 12.8 11.5
WSC Wind sheltering coefficient 0.85 0.8-3.3
Fraction of incident solar
radiation absorbed at the
BETA water surface 0.45 0.45
Water Quality
EXH20 Extinction for water /m 0.25 0.25
Extinction due to inorganic
EXSS suspended solids n/m/g 0.01 0.1
Extinction due to organic
EXOM suspended solids nt/m/g 0.17 0.1
Extinction due to organic
EXA algal type 1 nt/m/g 0.1 0.1
Suspended solids settling
SSS rate m/day 2 15
Algal growth rate for algal
AGl type 1 /day 11 1.65
Alga mortality rate for
AM1 alga type 1 /day 0.01 0.04
Algal excretion rate for
AE1 agd type 1 /day 0.01 0.04
Algal dark respiration rate
AR1 for algal type 1 /day 0.02 0.04
Algal settling rate for alga
ASl type 1 /day 0.14 0.1
ASAT1 Saturation intensity at W/n? 150 50
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Variable

Description

Units

Typical
values*

I nitial
Calibrati
on
Values

maximum photosynthetic
rate for algal type 1

APOM1

Fraction of algal biomass
lost by mortality to detritus
for agal type 1

0.8

0.8

ATI11

Lower temperature for algal
growth for algal type 1

°C

10

AT21

Lower temperature for
maximum algal growth for
algal type 1

°C

30

AT31

Upper temperature for
maximum algal growth for
algal type 1

°C

35

12

AT41

Upper temperature for algal
growth for algal type 1

°C

40

25

AK11

Fraction of agal growth
rate at ALGTL for algal
type 1l

0.1

0.5

AK21

Fraction of maximum algal
growth rate at ALGT2 for
algal type 1

0.99

0.99

AK31

Fraction of maximum algal
growth rate at ALGT3 for
algal type 1

0.99

0.99

AK41

Fraction of agal growth
rate at ALGT4 for algal
typel

0.1

0.1

ALGP-Al

Stoichiometric equivalent
between organic matter and
phosphorus for alga type 1

0.011

0.003

ALGN-Al

Stoichiometric equivalent
between organic matter and
nitrogen for algal type 1

0.08

0.06

ALGC-Al

Stoichiometric equivalent
between organic matter and
carbon for algal type 1

0.45

0.60

AG2

Algal growth rate for algal
type 2

/day

11

1.9

AM?2

Alga mortality rate for
algal type 2

/day

0.01

0.04

AE2

Algal excretion rate for
algal type 2

/day

0.01

0.04

AR2

Algal dark respiration rate
for agal type 2

/day

0.02

0.04
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Variable

Description

Units

Typical
values*

I nitial
Calibrati
on
Values

AS2

Algal settling rate for alga
type 2

/day

0.14

0.1

ASAT2

Saturation intensity at
maximum photosynthetic
rate for algal type 2

W/nt

150

75

APOM2

Fraction of algal biomass
lost by mortality to detritus
for agal type 2

0.8

0.8

AT12

Lower temperature for algal
growth for algal type 2

°C

10

AT22

Lower temperature for
maximum algal growth for

algal type 2

°C

30

12

AT32

Upper temperature for
maximum algal growth for

algal type 2

°C

35

16

AT42

Upper temperature for algal
growth for algal type 2

°C

40

30

AK12

Fraction of agal growth
rateat ALGTL1 for algal

type 2

0.1

0.1

AK22

Fraction of maximum algal
growth rate at ALGT2 for

algal type 2

0.99

0.6

AK32

Fraction of maximum algal
growth rate at ALGT3 for

algal type 2

0.99

0.99

AK42

Fraction of agal growth
rate at ALGT4 for algal

type 2

0.1

0.1

ALGP-A2

Stoichiometric equivalent
between organic matter and
phosphorus for algal type 2

0.011

0.0025

ALGN-A2

Stoichiometric equivalent
between organic matter and
nitrogen for algal type 2

0.08

0.06

ALGC-A2

Stoichiometric equivalent
between organic matter and
carbon for algal type 2

0.45

0.60

AG3

Algal growth rate for algal
type 2

/day

11

2.0

AM3

Alga mortality rate for
algd type 2

/day

0.01

0.04

AE3

Algal excretion rate for

/day

0.01

0.04
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Variable

Description

Units

Typical
values*

I nitial
Calibrati
on
Values

algal type 2

AR3

Algal dark respiration rate
for agal type 2

/day

0.02

0.04

AS3

Algal settling rate for alga
type 2

/day

0.14

0.01

ASAT3

Saturation intensity at
maximum photosynthetic
rate for algal type 2

W/nt

150

130

APOM3

Fraction of algal biomass
lost by mortality to detritus
for algal type 2

0.8

0.8

AT13

Lower temperature for algal
growth for algal type 2

°C

10

AT23

Lower temperature for
maximum algal growth for

algal type 2

°C

30

16

AT33

Upper temperature for
maximum algal growth for

algal type 2

°C

35

20

ATA43

Upper temperature for algd
growth for algal type 2

°C

40

30

AK13

Fraction of algal growth
rateat ALGT1 for algal

type 2

0.1

0.1

AK23

Fraction of maximum algal
growth rate at ALGT2 for

algal type 2

0.99

0.60

AK33

Fraction of maximum algal
growth rate at ALGT3 for

algal type 2

0.99

0.99

AK43

Fraction of algal growth
rate at ALGT4 for algal

type 2

0.1

0.1

ALGP-A3

Stoichiometric equivalent
between organic matter and
phosphorus for algal type 2

0.011

0.002

ALGN-A3

Stoichiometric equivalent
between organic matter and
nitrogen for algal type 2

0.08

0.06

ALGC-A2

Stoichiometric equivalent
between organic matter and
carbon for algal type 2

0.45

0.60

LDOMDK

Labile DOM decay rate

/day

0.12

WB1:0.060
WB2:0.120
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Initial

Calibrati
Typical on
Variable Description Units values* Values
Labileto refractory decay
LRDDK rate /day 0.001 0.01
Maximum refractory decay
RDOMDK rate /day 0.001 0.001
WB1:0.020
LPOMDK Labile Detritus decay rate /day 0.06 WB2:0.040
WB1:1.0
POMS Detritus settling rate m/day 0.35 WB2:0.5
Refractory Detritus decay
RPOMDK rate /day 0.001
Lower temperature for
OMT1 organic matter decay °C 4 2
Lower temperature for
maximum organic matter
OMT2 decay °C 20 20
Fraction of organic matter
OMK1 decay rate at OMT1 0.1 0.4
Fraction of organic matter
OMK?2 decay rate at OMT2 0.99 0.99
WB1:0.001
SEDK Sediment decay rate /day 0.06 WB2:0.004
Phosphorous partitioning
coefficient for suspended
PARTP solids 1.2 0
Algal half-saturation
constant for phosphorous —
AHSP1 algee 1 g/m 0.009 0.002
Algal half-saturation
constant for phosphorous —
AHSP2 algae 2 g/m 0.009 0.0025
Algd haf-saturation
constant for phosphorous —
AHSP3 algae 3 g/m 0.009 0.002
Ammonia decay rate
NH4DK (nitrification rate) /day 0.12 0.3
Algal half-saturation
AHSN constant for anmonia g/n? 0.014 0.014
Lower temperature for
NH4T1 ammonia decay °C 5 5
Lower temperature for
NH4T2 maximum ammonia decay °C 20 25
Fraction of nitrification rate
NH4K1 at NHAT1 0.1 0.1
Fraction of nitrification rate
NH4K 2 at NHAT2 0.99 0.99
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Variable

Description

Units

Typical
values*

I nitial
Calibrati
on
Values

NO3DK

Nitrate decay rate
(denitrification rate)

/day

0.102

0.05

NO3T1

Lower temperature for
nitrate decay

°C

5

NO3T2

Lower temperature for
maximum nitrate decay

°C

20

25

NO3K1

Fraction of denitrification
rate at NO3T1

0.1

0.1

NO3K?2

Fraction of denitrification
rate at NO3T2

0.99

0.99

O2NH4

Oxygen stoichiometric
equivalent for ammonia
decay

4.57

4.57

020M

Oxygen stoichiometric
equivalent for organic
matter decay

14

14

O2AR

Oxygen stoichiometric
equivalent for dark
respiration

14

11

O2AG

Oxygen stoichiometric

equivalent for algal growth

14

1.8

ORGP

Stoichiometric equivalent

between organic matter and

phosphorus

0.011

WB1:0.0002
WB2:0.004

ORGN

Stoichiometric equivalent

between organic matter and

nitrogen

0.08

0.08

ORGC

Stoichiometric equivalent

between organic matter and

carbon

0.45

0.45

O2LIM

Dissolved oxygen
concentration at which
anaerobic processes begin

g/n?

0.05

01

* Cole and Wells (2000)

The constituent model-error statistics for all sites were included in Table 13 through Table 17. Statistics
calculated include mean error (ME), absolute mean error (AMB), and root mean square error (RMS).

The statistics for al the sites were summarized in Table 18. Appendix B contains all the vertical profile
model versus data comparisons. Scatter plots showing the model versus data comparisons were shown

for dissolved oxygen and chlorophyll ain Figure 77 and Figure 78.

The percentage bio-volumes of the 3 algae groups were also compared with vertical profile data
Error! Reference source not found. through Error! Reference source not found. in Appendix B
show the model predicted bio-volumes and data. The algae 1 compartment ssimulates Chrysophyta
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(mostly diatoms), the algae 2 compartment simulates Chlorophyta (greens), and the agae 3
compartment represents cyanobacteria (blue-greens). Algae data were obtained from the Washington
Department of Ecology and Western Washington University (Deluna, 2004).

Table 13. Constituent error statisticsfor site LW 1.

LW1 Mean Error LW1 Absolute Mean Error LW1 Root Mean Square
parameter (segment 61) (segment 61) Error (segment 61)
PO4-P (mg/l) -0.0001 0.0027 0.0032
NH4-N (mg/l) -0.0066 0.0253 0.0314
NOx-N (mg/l) 0.009 0.045 0.048
D. O. (mg/l) 0.267 0.813 1.02
Alkalinity (mg/l) -1.86 1.86 2
TPN (mg/l) -0.056 0.060 0.065
TP (mg/l) -0.0035 0.0054 0.0065
Chlorophyll a 0.54 1.11 1.26
pH_ -0.03 0.26 0.32

Table 14. Constituent error statisticsfor site LW2.

parameter LW2 ME (segment 52) LW2 AME (segment 52) LW2 RMS (segment 52)
PO4-P (mg/l) -0.0009 0.0022 0.0024
NH4-N (mg/l) -0.0069 0.0163 0.0242
NOx-N (mg/l) -0.025 0.049 0.053

D. O. (mg/l) 0.203 0.538 0.624
Alkalinity (mg/l) -1.02 1.09 1.29

TPN (mg/l) -0.085 0.085 0.098

TP (mg/l) -0.0020 0.0037 0.0047
Chlorophyll a 0.21 0.86 1.01

pH -0.01 0.18 0.21

Table 15. Constituent model-error statisticsfor site LWS3.

Parameter LW3 ME (segment 25) LW3 AME (segment 25) LW3 RMS (segment 25)
PO4-P (mg/l) -0.0012 0.0016 0.0018
NH4-N (mg/l) 0.0003 0.0044 0.0055
NOx-N (mg/l) -0.017 0.044 0.050

D. O. (mg/l) 0.409 0.602 0.706
Alkalinity (mg/l) -0.451 0.545 0.616

TPN (mg/l) -0.054 0.063 0.068

TP (mg/l) -0.0016 0.0036 0.0041
Chlorophyll a -0.16 0.91 0.99

pH 0.03 0.14 0.17

Table 16. Constituent modd-error statisticsfor site L WA4.

Parameter LW4 ME (segment 11) LW4 AME (segment 11) LW4 RMS (segment 11)
PO4-P (mg/l) -0.0009 0.0015 0.0017
NH4-N (mg/l) 0.0003 0.0035 0.0044
NOx-N (mg/l) -0.014 0.039 0.045
D. O. (mg/l) 0.44 0.703 0.783
Alkalinity (mg/l) -0.39 0.506 0.597
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Parameter LW4 ME (segment 11) LW4 AME (segment 11) LW4 RMS (segment 11)
TPN (mg/l) -0.051 0.059 0.063
TP (mg/l) -0.0005 0.0033 0.0037
hlorophyll a 0.15 0.85 0.92
pH__ 0.06 0.12 0.14
Table 17. Constituent model-error statisticsfor theintake site.

INTAKE AME INTAKE
Parameter INTAKE (segment 54) (segment 54) RMS (segment 54)
PO4-P (mg/l) -0.0019 0.0019 0.0019
NH4-N (mg/l) 0.0036 0.0056 0.0058
NOx-N (mg/l) -0.013 0.040 0.041
D. O. (mg/l) 0.203 0.57 0.598
Alkalinity (mg/l) -0.7 0.788 0.794
TPN (mg/l) -0.061 0.061 0.061
TP (mg/l) -0.0007 0.0028 0.0028
Chlorophyll a 0.73 1.04 1.06
pH__ -0.09 0.25 0.26

Table 18. Constituent model-error statistics for all sites.

Parameter Average ME Average AME average RMS
PO4-P (mg/l) -0.0009 0.0015 0.0017
NH4-N (mg/l) 0.0003 0.0035 0.0044
NOx-N (mg/l) -0.014 0.039 0.045

D. O. (mg/l) 0.44 0.703 0.783
Alkalinity (mg/l) -0.39 0.506 0.597
TPN (mg/l) -0.051 0.059 0.063

TP (mg/l) -0.0005 0.0033 0.0037
Chlorophyll a 0.15 0.85 0.92

pH 0.06 0.12 0.14
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16 — Model - Data scatter plot for Dissolved Oxygen
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Figure 77. Model versus data scatter plot for dissolved oxygen.
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10 — Model - Data scatter plot for Chlorophyll a
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Figure 78. Model versus data scatter plot for chlorophyll a.

Scenarios

Model scenarios were simulated to determine the phosphorus loading needed to impact dissolved
oxygen by 0.2 mg/l relative to natura conditions. The mode scenarios were listed in Table 19.
Tributary inputs for water quality, temperature, and flow were developed by the Washington
Department of Ecology. The simulated time period was approximately 5 years from October 1, 1998 to
December 31, 2003. The rollback scenario represented natural conditions and the buildout scenario
corresponded to the loading that would occur if the Lake Whatcom watershed was developed. Partial
rollback scenarios were simulated to determine the phosphorus loading necessary to reduce dissolved
oxygen concentration by 0.2 mg/l at a critical time and point in the reservaoir.

The bottom of basin 1 (segment 60) on 7/22/02 was selected as being the critical point or the time and

location when dissolved oxygen concentration was decreased by a maximum amount relative to the
rollback scenario. This time and location was selected by plotting the difference in dissolved oxygen
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concentrations between the rollback scenario and the base case and determine the time and location
where this difference was greatest.

The phosphorus loading due to tributaries, groundwater inflows, and precipitation for the scenarios were
shownin Table 20. Groundwater and precipitation phosphorus loading was the same for all scenarios.
The tributary loadings were varied to help determine the phosphorus load at which dissolved oxygen
concentration was affected by 0.2 mg/l at the bottom of basin 1 on 7/22/02.

Figure 79 shows the absolute value of dissolved oxygen difference plotted versus phosphorus loading of
the scenarios. At a phosphorus loading of approximately 19000 kg, the dissolved oxygen concentration
at the bottom of basin 1 will be affected by 0.2 mg/l. Table 21 shows the dissolved oxygen difference at
the bottom of basin 1 for al the scenarios. A plot of the dissolved oxygen profile in basin 1 (segment
60) on 7/22/02 for the base case, rollback, buildout, and partial rollback run D was shown in Figure 80.

Table 19. Lake Whatcom scenario descriptions.

Scenario | Name Description Phosphorus Load over
# simulation period (kg)
1 Base Case 5 year model simulation from 22966
October 1, 1998 to December 31,
2003.
2 Rollback Tributary loads “rolled back” to | 17719
natural conditions
3 Buildout Tributary loads increased to build | 26350
out conditions
4 Partial Rollback A | P Load reduced to 18381 kg 18381
5 Partial Rollback B P Load reduced to 19652 kg 19652
6 Partial Rollback C | P Load reduced to 19930 kg 19330
7 Partial Rollback D P Load reduced to 19001 kg 19001

Table 20. Phosphorusloading from tributaries, groundwater, and precipitation for the scenarios.

Scenario Tributaries (kq) Groundwater (kqg) Precipitation (kq) Total (kg)
Rollback 6730.6 9699.4 1288.7 17719
Partial Rollback A 7392.4 9699.4 1288.7 17719
Partial Rollback B 8663.6 9699.4 1288.7 17719
Partial Rollback C 8342.1 9699.4 1288.7 17719
Partial Rollback D 8013.2 9699.4 1288.7 17719
Base 11978.1 9699.4 1288.7 17719
Buildout 15361.7 9699.4 1288.7 17719
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Lake Whatcom P Load versus DO deficit
Bottom of Segment 60 on 7/22/02
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Figure 79. Graph showing DO deficit at bottom layer of Segment 60 (segment in basin 1) relative
toroll back case for different phosphorusloads.

Table 21. Dissolved oxygen difference (relativeto rollback scenario) at bottom of basin 1 (7/22/02)
for scenarios.

Dissolved Oxygen
Alternative Phosphorus load (kg) Difference (mg/l)
Rollback 17719 0
Partial Rollback A 18381 -0.06
Partial Rollback D 19001 -0.23
Partial Rollback C 19330 -0.28
Partial Rollback B 19652 -0.35
Base 22966 -1.66
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Dissolved Oxygen Profiles of Scenarios
for Segment 60 on 7/22/02
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Figure 80. Dissolved Oxygen profiles of rollback, base, buildout, and partial rollback run D
scenariosin basin 1 (segment 60) on 7/22/02.

Summary

A water quality and hydrodynamic model, CE-QUAL-W2 Version 3.2 (Cole and Wells, 2001;
http://www.cee.pdx.edu/w2), was applied to Lake Whatcom Oregon This report summarizes model
development and calibrationfor the CEEQUAL-W2 Version 3.2 model of Lake Whatcom

The system model required that boundary conditions and the topography be determined. Data in support
of this modeling effort were shown in this report. This includes data such as:

Dynamic inflow/discharge rates

Dynamic inflow/discharge temperatures

Dynamic inflow/discharge water quality constituents

Dynamic meteorological data (air temperature, dew point temperature, wind speed, wind
direction and cloud cover or short wave solar radiation)

Model bathymetry

In general, the model reproduces the lake responses to the known boundary conditions. The average

absolute mean error of model predictions was 0.64 degrees Celsius for temperature, 0.70 mg/l for
dissolved oxygen, 0.85 ug/l for chlorophyll a, 0.12 for pH and 0.003 mg/I for total phosphorus.
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Model scenarios were performed in order to understand the dissolved oxygenresponse of the lake. There
were 5 scenarios smulated including the following:

Base case
Roll back
Build out
Partial Roll back A
Partial Roll back B
Partial Roll back C
Partial Roll back D

The phosphorus loading necessary to reduce dissolved oxygen concentration by 0.2 mg/l at a critical
location and time was determined.
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Appendix A: Model Control File

W2 Mbde

TITLE C

VB 1 :
VWB 2 :

Version 3.2

Version 3.2 Whatcom L.
Basin |11
Basin |

Mode

& 11

Jing Liu & Bob Cusinanmo, Departnent of Ecol ogy
Portland State University

Chris Berger

and Scott Wells,

GRI D NV\B NBR I MX KMX
2 5 68 105
| N/ OUTFL NTR NST NI W NVD
30 1 0 3
CONSTI TU NGC NSS NAL NEP
5 1 4 1
M SCELL NDAY
100
TIME CON TMSTRT TMEND YEAR
45. 6000 730. 600 2002
DLT CON NDT DLTM N
3 0.10000
DLT DATE DLTD DLTD DLTD DLTD
45. 6000 370.0 390.0
DLT MAX DLTMAX DLTMAX DLTMAX DLTMAX
300. 000 300.00 300.00
DLT FRN DLTF DLTF DLTF DLTF
0. 20000 0.2 0.2
DLT LIM VI SC CELC
WB 1 ON ON
WB 2 ON ON
BRANCH G us DS UHS DHS
BR1 2 31 0 48
BR2 34 40 0 11
BR3 43 45 0 29
BR4 48 63 31 0
BR5 66 67 0 61
LOCATI ON LAT LONG EBOT BS
WB 1 48. 6921 122.300 -6.0000 1
WB 2 48. 6921 122.300 -6.0000 4

DLTD

DLTMAX

DLTF

000008

g1 wm
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NSP

VSTCH

DLTD

DLTMAX

DLTF

OOOOO§

JBDN

NPI
0

DLTD

DLTMAX

DLTF

NLM

ecNeoNoNoNe

NPU
0

DLTD

DLTMAX

DLTF

SLOPE
. 00000
. 00000
. 00000
. 00000
. 00000

DLTD

DLTMAX

DLTF



INIT CND T2I
WB 1 6. 60000
WB 2 -2.0000
CALCULAT VBC
WB 1 ON
WB 2 ON
DEAD SEA W NDC
WB 1 ON
WB 2 ON

I NTERPOL QN C

BR1 ON
BR2 ON
BR3 ON
BR4 ON
BR5 ON
HEAT EXCH SLHTC
WB 1 TERM
WB 2 TERM
| CE COVE | CEC
WB 1 OFF
WB 2 OFF

TRANSPOR  SLTRC
WB 1 ULTI MATE

WB 2 ULTI MATE
HYD COEF AX
WB 1 1. 00000
WB 2 1. 00000
EDDY VI SC AZC
WB 1 W2N
WB 2 W2N
N STRUC NSTR
BR1 0
BR2 0
BR3 0
BR4 1
BR5 0

STR I NT STRIC
BR 1
BR 2
BR 3
BR 4 ON
BR 5

STR TOP KTSTR
BR1
BR2
BR3
BR4 2
BR5

| CEl
0. 00000
0. 00000

EBC

DTRI C
OFF
OFF
OFF
OFF
OFF

SROC
ON
ON

SLI CEC
DETAI L
DETAI L

THETA
0. 55000
0. 55000

DX

1. 00000
1. 00000
AZSLC

I MP
I MP

STRIC

KTSTR

WI'YPEC
FRESH
FRESH

o 99% 098

22222

ALBEDO
0. 25000
0. 25000

CBHE
7E-08
7E-08

AZMAX
1. 00000
1. 00000

STRIC

KTSTR

PQC EVC PRC
ON ON ON
ON ON ON
HEATC
ON
ON
METI C FETCHC AFW BFW CFW W NDH
N OFF 9.20000 0.46000 2.00000 2.27000
ON OFF 9.20000 0.46000 2.00000 2.27000

HW CE Bl CE GCE ICEMN |CET2
10. 0000 0. 60000 0.07000 0.05000 3.00000
10. 0000 0. 60000 0.07000 0.05000 3.00000

TSED Fl TSEDF FRI CC
11. 5000 0. 01000 1.00000 MANN
11. 5000 0. 01000 1.00000 MANN

=

PHI SET
0.0
0.0

STRIC STRIC STRIC STRIC STRIC STRIC

KTSTR KTSTR KTSTR  KTSTR  KTSTR  KTSTR
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STR BOT KBSTR
BR1
BR2
BR3
BR4 55
BR5

STR SINK  SI NKC
BR1
BR2
BR3
BR4 PO NT
BR5

STR ELEV ESTR
BR1
BR2
BR3
BR4 94. 5000
BR5

STR W DT WSTR
BR1

BR2
BR3
BR4 0. 00000
BR5
Pl PES I UPI

Pl PE UP PUPI C

Pl PE DOWN PDPI C

SPI LLWAY | USP

SPILL UP PUSPC

SPI LL DOWN PDSPC

SPI LL GAS GASSPC

GATES | UGT
WIHLC

GATE WEIR  GTAl

GATE UP PUGTC

KBSTR

SI NKC

ESTR

WSTR

| DPI

ETUPI

ETDPI

| DSP

ETUSP

ETUSP

EQSP

| DGT

GIBl

ETUGT

KBSTR

SI NKC

ESTR

WSTR

EUPI

EBUPI

EBDPI

ESP

EBUSP

EBUSP

AGASSP

EGT

GTA2

EBUGT

KBSTR

SI NKC

ESTR

WSTR

EDPI

KTUPI

KTDPI

A1SP

KTUSP

KTDSP

BGASSP

ALGT

GIB2

KTUGT

KBSTR

SI NKC

ESTR

WSTR

KBUPI

KBDPI

B1SP

KBUSP

KBDSP

CGASSP

B1GT

DYNVAR

KBUGT
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KBSTR

SI NKC

ESTR

WSTR

DLXPI

A2SP

GLGT

KBSTR  KBSTR

SINKC  SI NKC

ESTR ESTR

WSTR WSTR

FPI FM NPI

B2SP  WIHLC

A2GT B2GT

KBSTR

SI NKC

ESTR

WSTR

WIHLC

&GT



GATE DOWN PDGTC

GATE GAS GASGIC

PUMPS 1 I UPU
PUMPS 2 PPUC
VEI R SEG I VR

VEI R TOP KTWR

VEI R BOT KBWR

WD | NT VDI C

WD SEG | VD
17

WD ELEV EVD
74.5000

WD TOP KTWD
2

WD BOT KBWD
74

TRI B PLA PTRC
DI STR
DI STR
DI STR
DI STR

TRI B I NT TRI C
OFF
OFF
OFF
OFF

TRI B SEG I TR
29
20
11
20

TRIB TOP ELTRT

ETDGT

EQGT

| DPU

ETPU

KTWR

KBWR

VDI C

| VD
54

83. 5000

KTWD
2

KBWD
67

PTRC
DENSI TY
DI STR
DI STR
DI STR

TRI C
OFF
OFF
OFF
OFF

I TR
45
60

2
24

ELTRT

EBDGT

AGASGT

94.

EPU

EBPU

KTWR

KBWR

VDI C

| VD
63

5000

KTWD
2

KBWD
61

PTRC
DI STR
DI STR
DI STR
DI STR

TRI C
OFF
OFF
OFF
OFF

I TR
66
62

2
28

ELTRT

0. 00000 0.00000 0.00000
0. 00000 0. 00000 0.00000
0. 00000 0. 00000 0.00000

KTDGT

BGASGT

STRTPU

KTPU

I VR

KTWR

KBWR

VDI C

KTWD

KBWD

PTRC
DI STR
DI STR
DI STR

TRI C
OFF
OFF
OFF

I TR
60
57

4

ELTRT
0. 00000
0. 00000
0. 00000

KBDGT

CGASGT

ENDPU

KBPU

KTWR

KBWR

KTWD

KBWD

PTRC

DI STR
DI STR
DI STR

TRI C
OFF
OFF
OFF

I TR
66
49

2

ELTRT
0. 00000 0. 00000
0. 00000 0. 00000
0. 00000 0. 00000
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EONPU

KTWR

KBVWR

VDI C

KTWD

KBWD

PTRC
DI STR
DI STR
DI STR

TRI C
OFF
OFF
OFF

I TR
28
59

4

ELTRT

EOFFPU

KTWR

KBWR

VDI C

KTWD

KBWD

PTRC
DI STR
DI STR
DI STR

TRI C
OFF
OFF
OFF

I TR
63
23

8

ELTRT

KTWR

KBWR

KTWD

KBWD

PTRC
DI STR
DI STR
DI STR

TRI C
OFF
OFF
OFF

I TR
55
19
12

ELTRT

WIHLC

KTWR

KBWR

VDI C

KTWD

KBWD

PTRC
DI STR
DI STR
DI STR

TRI C
OFF
OFF
OFF

I TR
25

5
16

ELTRT

0. 00000 0. 00000 0.00000
0. 00000 0. 00000 0.00000
0. 00000 0. 00000 0.00000



0. 00000

TRI B BOT ELTRB
. 00000
. 00000
. 00000
. 00000

[oNeNeNe)

DST TRI B DTRC

BR 1 ON
BR 2 ON
BR 3 ON
BR 4 ON
BR 5 ON
PUMPBACK JBG

0
PRI NTER LJC

(Y
HYD PRIN HPRWBC
NVI OL ON
U ON
W ON
T ON
RHO OFF
AZ OFF
SHEAR OFF
ST OFF
SB OFF
ADMX OFF
DM OFF
HDG OFF
ADMZ OFF
HPG OFF
GRAV OFF
SNP PRI NT SNPC
WB 1 ON
WB 2 ON
SNP DATE SNPD
WB 1 45. 6000
WB 2 45. 6000
SNP FREQ SNPF
WB 1 1. 00000
WB 2 1. 00000
SNP SEG I SNP
WB 1 2
WB 2 48

60
SCR PRI NT SCRC
WB 1 OFF
WB 2 ON

0. 00000

ELTRB
. 00000
. 00000
. 00000
. 00000

[oNeNeNe)

DTRC

KTG

NSNP
3
3

SNPD
53. 6000
53. 6000

SNPF
0. 10000
0. 10000

I SNP
5
49
61

NSCR
1
1

0. 00000

ELTRB
. 00000
. 00000
. 00000
. 00000

[oNeNeNe)

DTRC

KBG

HPRWBC

NI SNP
9
15

SNPD
54. 6000
54. 6000

SNPF
3. 00000
3. 00000

I SNP
11
50
62

ELTRB ELTRB
0. 00000 0.00000 0.00000 0.00000 0.00000 0.00000
0. 00000 0.00000 0.00000 0.00000 0.00000 0.00000
0. 00000 0.00000 0.00000 0.00000 0.00000 0.00000

DTRC

JBP
0

DTRC

KTP
0

ELTRB

DTRC

KBP
0

ELTRB

DTRC

ELTRB

DTRC

ELTRB

DTRC

HPRWBC HPRWBC HPRWBC HPRWBC HPRWBC HPRWBC

SNPD

SNPF

I SNP
15
51
63
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SNPD

SNPF

I SNP
20
52
66

SNPD

SNPF

I SNP
24
53
67

SNPD

SNPF

I SNP
25
54

SNPD

SNPF

I SNP
26
55

SNPD

SNPF

I SNP
31
56



SCR DATE
WB 1
WB 2

SCRD
1. 00000
1. 00000

SCRF
0. 50000
0. 50000

SCR FREQ
W8 1
W8 2

PRF PLOT
WB 1
WB 2

PRFC
ON
ON

PRF DATE
WB 1

PRFD
43. 4000
191. 400
281. 400
456. 400
556. 400
612. 400
711. 400
43. 4000
191. 400
281. 400
456. 400
556. 400
612. 400
711. 400

PRF FREQ
WB 1

PRFF
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000

PRF SEG
WB 1
WB 2

| PRF
11
48

SPR PLOT
WB 1
WB 2

SPRC
OFF
OFF

SPR DATE
WB 1

SPRD
43. 6000
191. 600
248. 600
339. 600
519. 600
584. 600

SCRD

SCRF

NPRF
55
55

PRFD
45. 4000
196. 400
283. 400
458. 400
561. 400
617. 600

45. 4000
196. 400
283. 400
458. 400
561. 400
617. 600

PRFF
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000

900.
900.
900.
900.
900.
900.

000
000
000
000
000
000

| PRF
24
52

NSPR
59
59

SPRD
45. 6000
196. 540
259. 470
400. 600
521. 600
596. 460

SCRD

SCRF

NI PRF
5
7

PRFD
92. 4000
218. 400
309. 400
491. 400
575. 600
631. 400

92. 4000
218. 400
309. 400
491. 400
575. 600
631. 400

PRFF
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000

900.
900.
900.
900.
900.
900.

000
000
000
000
000
000

| PRF
25
54

NI SPR
5
6

SPRD
92. 6000
196. 660
259. 530
402. 600
526. 470
596. 600

SCRD

SCRF

PRFD
94. 4000
220. 400
311. 400
493. 400
582. 400
645. 400

94. 4000
220. 400
311. 400
493. 400
582. 400
645. 400

PRFF
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000

900.
900.
900.
900.
900.
900.

000
000
000
000
000
000

| PRF
26
56

SPRD
94. 6000
218. 600
281. 600
456. 600
526. 540
610. 600

SCRD

SCRF

PRFD
127. 400
222. 400
317. 400
512. 400
584. 400
647. 400

127.
222.
317.
512.
584.
647.

400
400
400
400
400
400

PRFF
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000

900.
900.
900.
900.
900.
900.

000
000
000
000
000
000

| PRF
31
60

SPRD
127. 600
220. 600
283. 600
458. 600
554. 600
612. 600
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SCRD

SCRF

PRFD
129. 400
225. 400
337. 400
519. 400
591. 400
673. 400

129.
225.
337.
519.
591.
673.

400
400
400
400
400
400

PRFF
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000

900.
900.
900.
900.
900.
900.

000
000
000
000
000
000

| PRF

61

SPRD
129. 600
222. 600
309. 600
491. 600
556. 600
631. 470

SCRD

SCRF

PRFD
155. 400
246. 400
339. 400
521. 400
596. 400
675. 400

155.
246.
339.
521.
596.
675.

400
400
400
400
400
400

PRFF
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000

900.
900.
900.
900.
900.
900.

000
000
000
000
000
000

| PRF

62

SPRD
155. 600
225. 490
311. 600
493. 600
561. 470
631. 540

SCRD

SCRF

PRFD
165. 400
248. 400
400. 400
526. 400
603. 600
703. 400

165.
248.
400.
526.
603.
7083.

400
400
400
400
600
400

PRFF
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000

900.
900.
900.
900.
900.
900.

000
000
000
000
000
000

| PRF

SPRD
165. 600
225. 580
317. 600
512. 490
561. 530
645. 600

SCRD

SCRF

PRFD
183. 400
259. 400
402. 400
554. 400
610. 400
708. 400

183.
259.
402.
554.
610.
708.

400
400
400
400
400
400

PRFF
900. 000
900. 000
900. 000
900. 000
900. 000
900. 000

900.
900.
900.
900.
900.
900.

000
000
000
000
000
000

| PRF

SPRD
183. 600
246. 600
337. 600
512. 550
582. 600
647. 600



SPR FREQ

WB 1

WB 2

SPR SEG
WB 1
WB 2

VPL PLOT
WB 1
WB 2

VPL DATE
WB 1
WB 2

VPL FREQ

WB 1
WB 2

CPL PLOT
WB 1
WB 2

CPL DATE
WB 1
WB 2

CPL FREQ

WB 1
WB 2

FLUXES
WB 1
WB 2

FLX DATE
WB 1

673
43.

191.
248.
339.
519.
584.
673.

900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.

63.
63.

1.0
1.0

45.
45.

1.0
1.0

. 600
6000
600
600
600
600
600
600

SPRF
000
000
000
000
000
000
000
000
000
000
000
000
000
000

I SPR
11
48

VPLC
OFF
OFF

VPLD
5000
5000

VPLF
0000
0000

CPLC
ON
ON

CPLD
5000
5000

CPLF
0000
0000

FLXC
ON
ON

FLXD
45. 6

675
45.

196.
259.
400.
521.
596.
675.

900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.

. 600
6000
540
470
600
600
460
600

SPRF
000
000
000
000
000
000
000
000
000
000
000
000
000
000

| SPR
24
52

NVPL
1
1

VPLD

VPLF

NCPL

CPLD

CPLF

NFLX

FLXD

703
92.

196.
259.
402.
526.
596.
7083.

900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.

. 600
6000
660
530
600
470
600
600

SPRF
000
000
000
000
000
000
000
000
000
000
000
000
000
000

I SPR
25
56

VPLD

VPLF

CPLD

CPLF

FLXD

708
94.

218.
281.
456.
526.
610.
708.

900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.

. 600
6000
600
600
600
540
600
600

SPRF
000
000
000
000
000
000
000
000
000
000
000
000
000
000

I SPR
26
60

VPLD

VPLF

CPLD

CPLF

FLXD

711.

127

220.
283.
458.
554.
612.
711.

900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.
900.

120

600
. 600
600
600
600
600
600
600

SPRF
000
000
000
000
000
000
000
000
000
000
000
000
000
000

I SPR
31
61

VPLD

VPLF

CPLD

CPLF

FLXD

129.
222.
309.
491.
556.
631.

900.
900.
900.
900.
900.
900.

900.
900.
900.
900.
900.
900.

600
600
600
600
600
470

SPRF
000
000
000
000
000
000

000
000
000
000
000
000

I SPR

62

VPLD

VPLF

CPLD

CPLF

FLXD

155.
225.
311.
493.
561.
631.

900.
900.
900.
900.
900.
900.

900.
900.
900.
900.
900.
900.

600
490
600
600
470
540

SPRF
000
000
000
000
000
000

000
000
000
000
000
000

I SPR

VPLD

VPLF

CPLD

CPLF

FLXD

165.
225.
317.
512.
561.
645.

900.
900.
900.
900.
900.
900.

900.
900.
900.
900.
900.
900.

600
580
600
490
530
600

SPRF
000
000
000
000
000
000

000
000
000
000
000
000

I SPR

VPLD

VPLF

CPLD

CPLF

FLXD

183.
246.
337.
512.
582.
647.

900.
900.
900.
900.
900.
900.

900.
900.
900.
900.
900.
900.

600
600
600
550
600
600

SPRF
000
000
000
000
000
000

000
000
000
000
000
000

I SPR

VPLD

VPLF

CPLD

CPLF

FLXD



WB 2

FLX FREQ

WB 1

WB 2

TSR PLOT

TSR DATE

TSR FREQ

TSR SEG

TSR LAYE

W TH OUT

W TH DAT

W TH FRE

W TH SEG

RESTART

RSO DATE

RSO FREQ

CST COow

45. 6

FLXF
30.0
30.0

TSRC
ON

TSRD
45. 0000

TSRF
0. 10000

I TSR
2

ETSR
1. 00000

WDOC
OFF

WDOD
1. 00000

WDOF
1. 00000

| VDO
4

RSOC
ON

RSOD
45. 600

RSOF
30. 000

CccC
ON

CST ACTI VE CAC

TDS
Genl
Gen2
Gen3
Gen4
Genb
| SS1
PO4
NH4
NG3
DSl

PSI

FE

OFF
OFF
OFF
OFF
OFF

ON
ON
ON
ON
OFF
OFF
OFF

FLXF

NTSR

TSRD

TSRF

I TSR

54

ETSR
3. 00000

NWDO
1

WDOD

| WDO

NRSO

RSOD

RSOF

FLXF

NI TSR

TSRD

TSRF

I TSR

61

ETSR
0. 00000

NI WDO
3

WDOD

WDOF

| WDO
15

RSI C
OFF

RSOD

RSOF

CUF
10

FLXF

TSRD

TSRF

I TSR

63

ETSR

0. 00000

| WDO

RSOD

RSOF

FLXF

TSRD

TSRF

I TSR

63

ETSR

0. 000
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| WDO

RSOD

RSOF

FLXF

TSRD

TSRF

I TSR

ETSR

| WDO

RSOD

RSOF

FLXF

TSRD

TSRF

I TSR

ETSR

| WDO

RSOD

RSOF

FLXF

TSRD

TSRF

I TSR

ETSR

| WDO

RSOD

RSOF

FLXF

TSRD

TSRF

I TSR

ETSR

| WDO

RSOD

RSOF



LDOM ON

RDOM ON

LPOM ON

RPOM ON

BOD1 OFF

ALGL ON

ALG2 ON

ALG3 ON

ALGA OFF

DO ON

TIC ON

ALK ON

CST DERI CDWBC CDWBC CDWBC CDWBC CDWBC CDWBC CDWBC CDWBC  CDWBC
DOC ON ON
POC OFF OFF
TOC ON ON
DON OFF OFF
PON OFF OFF
TON OFF OFF
TKN ON ON
TN ON ON
DOP OFF OFF
POP OFF OFF
TOP OFF OFF
TP ON ON
APR OFF OFF
CHLA ON ON
ATOT OFF OFF
%00 OFF OFF
TSS ON ON
TI SS OFF OFF
CBOD OFF OFF
pH ON ON
coz OFF OFF
HCO3 OFF OFF
ca3 OFF OFF

CST FLUX CFWBC CFWBC CFWBC CFWBC CFWBC CFWBC CFWBC  CFWBC  CFWBC
TI SSI N OFF OFF

TI SSOUT OFF OFF
PO4AR OFF OFF
POAAG OFF OFF
POAAP OFF OFF
PAER OFF OFF
POAEG OFF OFF
PO4EP OFF OFF
POAPOM OFF OFF
PO4ADOM OFF OFF
PO4OM OFF OFF
PO4SED OFF OFF
PO4SCD OFF OFF
POASET OFF OFF
NHANI TR OFF OFF
NH4 AR OFF OFF
NHAAG OFF OFF
NH4AAP OFF OFF
NHAER OFF OFF
NH4AEG OFF OFF
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NH4EP
NH4 POM
NH4 DOM
NH4 OM
NH4 SED
NH4 SCD
NG3DEN
NGBAG
NGBEG
NG3SED
DSl AG
DSl EG
DSI PI'S
DSI SED
DSI SCD
DSI SET
PSI AM
PSI NET
PSI DK
FESET
FESED
LDOVDK
LRDOM
RDOVDK
L DOVAP
L DOVEP
LPOVDK
LRPOM
RPOVDK
LPOVAP
LPOVEP
LPOVSET
RPOVSET
CBODDK
DOAP
DOAR
DOEP
DCER
DOPOM
DODOM
DOOM
DONI TR
DOCBCD
DOREAR
DOSED
DOSOD
TI CAG
TI CEG
SEDDK
SEDAS
SEDLPOM
SEDSET
SODDK

CST | CON
TDS
Genl
Gen2
Gen3

eNeoloNe]

OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

C21 VB

. 00000
. 00000
. 00000
. 00000

eNeoloNe]

OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF

C21 VB

. 00000
. 00000
. 00000
. 00000

2w G22I &2IwvB G22I C2Iwvs 21w C2IVB
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Gen4 0. 00000 0. 00000
Gen5 0. 00000 0. 00000
| SS1 0. 00000 0. 00000
P4 0. 00050 0.00150
NH4 0. 00300 0.00300
NG3 0. 40000 0. 40000
DSI 0. 00000 0. 00000
PSI 0. 00000 0. 00000
FE 0. 00000 0. 00000
LDOM 0. 10000 0. 10000
RDOM 0. 40000 0. 40000
LPOM 0. 20000 0. 20000
RPOM 0. 50000 0. 50000
BOD1 0. 00000 0. 00000
ALGL 0. 05000 0. 05000
ALG2 0. 01000 0. 01000
ALG3 0. 00000 0. 00000
ALGA 0. 00000 0. 00000
DO 13. 0000 13. 0000
TIC 5.03000 4. 77000
ALK 18. 0000 18. 5000

CST PRIN CPRWBC CPRWBC CPRWBC CPRWBC CPRWBC CPRWBC CPRWBC CPRWBC CPRWBC
TDS OFF OFF

Genl OFF OFF

Gen2 OFF OFF

Gen3 OFF OFF

Gen4 OFF OFF

Gen5 OFF OFF

| SS1
PO4
NH4
NG3
DSl
PSI
FE
LDOM
RDOM
LPOM
RPOM
BOD1
ALGL
ALG2
ALG3
ALGA
DO
TIC
ALK

ON
ON
ON
ON
OFF

OFF
OFF

22

2222222222

CIN CON
TDS
Genl
Gen2
Gen3
Gen4
Genb

| SS1
P4

NH4

CINBRC CINBRC CINBRC CINBRC CINBRC CINBRC CINBRC CINBRC

0
09992998928 2292922992299 38%09299

0992999799
0992999799
0992999799
0992999799
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84} 5655t66555655

84} 5655t66555655

OFF
OFF

8156556655555
8156556655555

8156556655555

NG3
DSl
PSI
FE
LDOM
RDOM
LPOM
RPOM
BOD1
ALGL
ALG2
ALG3
ALGA
DO
TIC
ALK

R666 666 iy 666 666 5666 666 666 5666 5656 i
5

R666 666 iy 666 666 5666 666 666 5666 5656 i
5

R666 666 iy 666 666 5666 666 666 5666 5656 i
5

R666 666 iy 666 666 5666 666 666 5666 5656 |
5

R666 666 iy 666 666 5666 666 666 5666 5656 |
5

R666 666 iy 666 666 5666 666 666 5666 5656 i
5
mmmmmmmmmwwwwmmmmmmmmmmmmmmmmmmmmmmmmmmmmw
5
mmmmmmmmmwwwwmmmmmmmmmmmmmmmmmmmmmmmmmmmmw
5

666666066 6666656666666666666666666665664%
5

5 . s e e e g

8 & & & & & ¢ % % &8 g
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126

i LhE LiiL 666 666 666 666 [ii 666 666 666 666 666 666 666
i LhE LiiL 666 666 666 666 [ii 666 666 666 666 666 666 666
i LhE LiiL 666 666 666 666 [ii 666 666 666 666 666 666 666
i LhE LiiL 666 666 666 666 [ii 666 666 666 666 666 666 666
i LhE LiiL 666 666 666 666 [ii 666 666 666 666 666 666 666
i LhE LiiL 666 666 666 666 [ii 666 666 666 666 666 666 666

L S i66666666656666666LLii666566666665666666666666666666

OFF

L L i66666666656666666LLii666566666666666666666656666666

L S i6666666666666666LLii666566666665666666666666666666

OFF

PSI
FE
LDOM
RDOM
LPOV
RPOM
BOD1
ALGL
ALG2
ALG3
ALGA
DO
TIC
ALK



CDT CON  CDTBRC CDTBRC CDTBRC CDTBRC CDTBRC CDTBRC CDTBRC CDTBRC CDTBRC

TDS ON ON ON ON
Genl ON ON ON ON
Gen2 OFF OFF OFF OFF
Gen3 ON ON ON ON
Gen4 ON ON ON ON
Gen5 ON ON ON ON
| SS1 ON ON ON ON
P4 ON ON ON ON
NH4 ON ON ON ON
NG3 ON ON ON ON
DSI OFF OFF OFF OFF
PSI OFF OFF OFF OFF
FE OFF OFF OFF OFF
LDOM ON ON ON ON
RDOM ON ON ON ON
LPOM ON ON ON ON
RPOM ON ON ON ON
BOD1 OFF OFF OFF OFF
ALGL ON ON ON ON
ALG2 ON ON ON ON
ALG3 ON ON ON ON
ALGA ON ON ON ON
DO ON ON ON ON
TIC ON ON ON ON
ALK ON ON ON ON

CPR CON  CPRBR

O

CPRBRC CPRBR

O

CPRBRC

TDS ON ON ON ON
Genl ON ON ON ON
Gen2 OFF OFF OFF OFF
Gen3 ON ON ON ON
Gen4 ON ON ON ON
Gen5 ON ON ON ON
| SS1 ON ON ON ON
P4 ON ON ON ON
NH4 ON ON ON ON
NG3 ON ON ON ON
DSI OFF OFF OFF OFF
PSI OFF OFF OFF OFF
FE OFF OFF OFF OFF
LDOM ON ON ON ON
RDOM ON ON ON ON
LPOM ON ON ON ON
RPOM ON ON ON ON
BOD1 OFF OFF OFF OFF
ALGL ON ON ON ON
ALG2 ON ON ON ON
ALG3 ON ON ON ON
ALGA ON ON ON ON
DO ON ON ON ON
TIC ON ON ON ON
ALK ON ON ON ON

EX COEF EXH20 EXSS EXOM BETA
WB 1 0. 25000 0. 10000 0. 10000 0.45000
WB 2 0. 28000 0.10000 0.08000 0.45000

CPRBR
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Z 2999999799993 7%%9299992799

2292992979292 3%%2929299729

CPRBRC CPRBRC CPRBRC CPRBRC

EXI C
OFF
OFF



ALG EX EXA

0. 10000
GENERI C CGQL0
CG 1 0. 00000
CG 2 0. 00000
CG 3 0. 00000
CG 4 1. 04000
CG 5 0. 00000
S SOLI BS SSS
SS# 1 1. 50000
ALGAL RATE AG
ALGL 1. 65000
ALG2 1. 90000
ALG3 2. 00000
ALGA 0. 00000
ALGAL TEMP  AT1
ALGL 1. 00000
ALG2 8. 00000
ALG3 8. 00000
ALGL 1. 00000
ALG STO ALGP
ALGL 0. 00300
ALG2 0. 00250
ALG3 0. 00200
ALGL 0. 00500
EPI PHYTE EPI C
EPI 1 OFF
EPI PRIN EPRC
EPI 1 OFF
EPI INIT EPI CI
EPI 1 20. 0000
EPI RATE EG
EPI 1 1. 50000
EPI HALF ESAT
EPI 1 150. 000
EPI TEMP ET1
EPI 1 1. 00000
EPI STO EP
EPI 1 0. 00500
DOM L DOVDK
WB 1 0. 06000
WB 2 0. 12000
POM LPOVDK
WB 1 0. 02000
WB 2 0. 04000

EXA
0. 10000

CQ0DK
0. 00000
0. 00000
-1. 0000
0. 00000
0. 00000

SEDRC
OFF

AR
. 04000
. 04000
. 04000
. 10000

[eNeoNeNe)

AT2
3. 0000
12. 0000
16. 0000
3. 0000

ALGN
0. 06000
0. 06000
0. 06000
0. 08000

EPI C
OFF

EPRC
OFF

EPI CI
20. 0000

ER
0. 04000

EHS
15. 0000

ET2
3. 00000

EN
0. 08000

RDOVDK
0. 00100
0. 00100

RPOVDK
0. 00100
0. 00100

EXA EXA
0. 10000 0. 10000
CGLDK CGS
0. 00000 0. 00000
0. 00000 0. 00000
0. 00000 0. 00000
0. 50000 0. 00000
0. 00000 0. 00000
TAUCR
. 15E- 04
AE AM
0. 04000 0. 04000
0. 04000 0. 04000
0. 04000 0. 04000
0. 04000 0. 10000
AT3 AT4
12. 0000 25. 0000
16. 0000 30. 0000
20. 0000 30. 0000
12. 0000 25. 0000
ALGCC  ALGSI
0. 60000 0. 00000
0. 60000 0. 00000
0. 60000 0. 00000
0. 60000 0. 00000
EPI C EPI C
EPRC EPRC
EPI CI EPI CI
EE EM
0. 04000 0. 10000
ENEQN ENPR
2 0. 00100
ET3 ET4
20. 0000 30. 0000
EC ESI
0. 45000 0. 00000
LRDDK
0. 01000
0. 01000
LRPDK POMS
0. 01000 1.00000

. 01000 0. 50000

EXA

AS
. 10000
. 10000
. 01000
. 10000

[eNeoNeNe)

AK1
. 50000
. 10000
. 10000
. 50000

[eoNeNoNe]

ACHLA
150. 000
90. 000
120. 000
130. 000

EPI C

EPRC

EPI CI

EB

0. 00100

EK1
0. 10000

ECHLA
65. 0000
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EXA

AHSP
. 00200
. 00250
. 00200
. 00200

[eNeoNeNe)

AK2
. 99000
. 60000
. 60000
. 99000

[eoNeNoNe]

ALPOM
. 80000
. 80000
. 80000
. 80000

[oNeNeNe)

EPI C

EPRC

EPI CI

EHSP

0. 00300

EK2

AHSN
. 01400
. 01400
. 01400
. 01400

AK3
0. 99000
0. 99000
0. 99000
0. 99000

ANEQN

1
1
1
1
EPI C
EPRC
EPI Cl
EHSN

0. 01400

EK3

[eoNeNoNe] [eNeoNeNe)

[oNeoNeNe)

0.

AHSSI ASAT

. 00000 50. 0000
. 00000 75.0000
. 00000 130. 000
. 00000 30. 0000

AK4

. 10000
. 10000
. 10000
. 10000

ANPR

. 00100
. 00100
. 00100
. 00100

EPI C EPI C

EPRC EPRC
EPI CI EPI CI
EHSSI
00000

EK4

0. 99000 0.99000 0. 10000

EPOM
0. 80000



oM STO C ORGP
WB 1 0. 00020
WB 2 0. 00400
OM RATE oMri
WB 1 2. 00000
WB 2 2. 00000
CBOD KBOD
BOD 1 0. 04180

CBOD STO C BODP
BOD 1 0. 00500

PHOSPHOR  PO4R

WB 1 . 10E- 05
WB 2 . 50E- 03
AMVONI UM NHAR
WB 1 0. 04000
WB 2 0. 04000
NH4 RATE NHAT1
WB 1 5. 00000
WB 2 5. 00000
NI TRATE NO3DK
WB 1 0. 05000
WB 2 0. 05000
NG3 RATE NG3T1
WB 1 5. 00000
WB 2 5. 00000
SILI CA DSI R
WB 1 0. 10000
WB 2 0. 10000
| RON FER
WB 1 0. 10000
WB 2 0. 10000
SED CQO2 CO2R
WB 1 0. 70000
WB 2 0. 40000
STOCH 1 G2NH4
WB 1 4.57000
WB 2 4.57000
STO CH 2 G2AR
ALGL 1. 10000
ALG2 1. 10000
ALG3 1. 10000
ALGA 1. 10000

STO CH 3 C2ER
EPI 1 1.10000

ORGN
0. 08000
0. 08000

oMr2
20. 0000
20. 0000

TBOD
1.01470

BODN
0. 08000

PARTP
0. 00000
0. 00000

NH4 DK
0. 30000
0. 30000

NHAT2
25. 0000
25. 0000

NG3S
0. 10000
0. 10000

NG3T2
25. 0000
25. 0000

PSI S
0. 00000
0. 00000

FES
0. 00000
0. 00000

10240\%
. 40000
. 40000

e

Q2AG
. 80000
. 80000
. 80000
. 80000

el

Q2EG
1. 40000

ORGC

. 45000
. 45000

oW1

. 40000
. 40000

RBOD

. 00000

BODC

. 45000

NH4AK1

. 10000
. 10000

NG3K1

. 10000
. 10000

PSI DK

. 30000
. 30000

ORGSI
0. 18000
0. 18000

owK2
0. 99000
0. 99000

NH4 K2
0. 99000
0. 99000

NGB K2
0. 99000
0. 99000

PARTSI
0. 20000
0. 20000
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2 LIMT

SEDI MENT
WB 1
WB 2

SOD RATE
WB 1
WB 2

[20¢)]

S DEMAND

[eNeoNeoloNeoNolNoeNol

SHD FILE. .. ... .

LI M

. 10000

SEDC

SODT1

. 00000
. 00000

SOD

. 80000
. 80000
. 80000
. 80000
. 70000
. 45000
. 45000
. 60000

TYPE
LAKE
LAKE

shade. npt

BTH FILE. . ... .
bt h_1 coarse. npt
bt h_2_coarsed. npt

WB 1
WB 2

MET FILE. . ...

WB 1
WB 2

EXT FILE. . ... .

WB 1
WB 2

ext
ext

VPR FILE. ... ...

WB 1
WB 2

vpr
vpr

LPR FILE. . ... . .

WB 1

1.
2.

1.
2.

SEDPRC
ON- 2.
ON- 2.

SODT2
20. 0000 O.
20. 0000 O.

SOD
. 80000
. 80000
. 80000
. 80000
. 70000
. 45000
. 45000
. 60000

[eNeoNeoloNeoNolNoeNol
[eNeoNeoloNeoNolNoeNel

SEDC
00000
00000

SODK1
10000
10000

SOD

. 80000
. 80000
. 80000
. 80000
. 70000
. 45000
. 45000
. 60000

CCEF1

. 00000
. 00000

[eNeoNeoloNeoNolNoeNol

SEDK

. 00100
. 00400

SODK2

. 99000
. 99000

SOD

. 80000
. 80000
. 80000
. 80000
. 70000
. 45000
. 60000
. 60000

CCEF2

. 00000
. 00000

FSOD
. 00000
1. 00000

=

R e R

=

[eNeoNeoloNeloNe]

FSED

. 00000
. 00000

SOD

. 80000
. 80000
. 80000
. 70000
. 70000
. 45000
. 60000

CCEF4

. 00000
. 00000

[eNeoNeoloNeloNe]

SOD

. 80000
. 80000
. 80000
. 70000
. 70000
. 45000
. 60000

[eNoNeoloNeloNe]

SOD

. 80000
. 80000
. 80000
. 70000
. 70000
. 45000
. 60000

[eNoNeoloNeloNe]

SOD

. 80000
. 80000
. 80000
. 70000
. 70000
. 45000
. 60000



WB 2 [ pr_2. npt

QAN FILE. © oottt

TIN FILE ...

CINFILE ...

BR4 what com cr eek- g_hourly. npt

BR1 gi n_br1. npt
BR2 gi n_br 2. npt
BR3 gi n_br 3. npt
BR4 gi n_br 4. npt
BR5 gi n_br5. npt
BR1 tin_brl. npt
BR2 tin_br2. npt
BR3 tin_br3. npt
BR4 tin_br4. npt
BR5 tin_br5. npt
BR1 cin_bri. npt
BR2 ci n_br 2. npt
BR3 ci n_br 3. npt
BR4 ci n_br 4. npt
BR5 cin_br5. npt
BR1 got _br1. npt
BR2 got _br 2. npt
BR3 got _br 3. npt
BR5 got _br5. npt
TR1 qtr_aga. npt
TR2 gtr_car. npt
TR3 gtr_hil.npt
TR4 gtr_aca. npt
TR5 gtr_sil.npt
TR6 gtr_ol s. npt
TR7 gtr_bl o. npt
TR8 gtr_eag. npt
TR9 gtr_nsh. npt
TR10 gtr_sm . npt
TR11 gt r _don. npt
TR12 gtr_m . npt
TR13 gt r _cab. npt
TR14 gtr_str.npt
TR15 qtr_euc. npt
TR16 gtr_sud. npt
TR17 gtr_aus. npt
TR18 gtr_bl u. npt
TR19 gt r _bay. npt
TR20 gt r _and. npt
TR21 gtr_fir.npt
TR22 gtr_bra. npt
tr23 gtr_gw2. npt
tr24 gt r_gw4d. npt
tr25 gtr_gw8. npt

tr26 gtr_gwl2. npt
tr27 qtr_gwl6. npt
tr28 gt r _gw20. npt

131



tr29 gt r _gw24. npt
tr30 gt r_gw28. npt

TTR FILE. . .. TTREN. . ..
TR1 ttr_aga. npt
TR2 ttr_car.npt
TR3 ttr_hil.npt
TR4 ttr_aca. npt
TR5 ttr_sil.npt
TR6 ttr_ols. npt
TR7 ttr_bl o. npt
TR8 ttr_eag. npt
TR9 ttr_nsh. npt

TR10 ttr_sm . npt
TR11 ttr_don. npt
TR12 ttr_ml.npt
TR13 ttr_cab. npt
TR14 ttr_str.npt
TR15 ttr_euc. npt
TR16 ttr_sud. npt
TR17 ttr_aus. npt
TR18 ttr_blu. npt
TR19 ttr_bay. npt
TR20 ttr_and. npt
TR21 ttr_fir.npt
TR22 ttr_bra. npt
tr23 ttr_gw2. npt
tr24 ttr_gwd. npt
tr25 ttr_gw8. npt
tr26 ttr_gwl2. npt
tr27 ttr_gwl6. npt
tr28 ttr_gw20. npt
tr29 ttr_gw24. npt
tr30 ttr_gw28. npt

CTR FILE. ... CTREN. . ..
TR1 ctr_aga. npt
TR2 ctr_car. npt
TR3 ctr_hil.npt
TR4 ctr_aca. npt
TR5 ctr_sil.npt
TR6 ctr_ols. npt
TR7 ctr_bl o. npt
TR8 ctr_eag. npt
TR9 ctr_nsh. npt

TR10 ctr_sm . npt
TR11 ctr_don. npt
TR12 ctr_m |l .npt
TR13 ctr_cab. npt
TR14 ctr_str. npt
TR15 ctr_euc. npt
TR16 ctr_sud. npt
TR17 ctr_aus. npt
TR18 ctr_bl u. npt
TR19 ctr_bay. npt
TR20 ctr_and. npt
TR21 ctr_fir.npt
TR22 ctr_bra. npt
tr23 ctr_gw2. npt
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tr24
tr25
tr26
tr27
tr28
tr29
tr30

QDT
BRL
BR2
BR3
BR4
BR5

TDT
BR1
BR2
BR3
BR4
BR5

CDT
BR1
BR2
BR3
BR4
BR5

PRE
BR1
BR2
BR3
BR4
BR5

TPR
BR1
BR2
BR3
BR4
BR5

CPR
BR1
BR2
BR3
BR4
BR5

EUH
BR1
BR2
BR3
BR4
BR5

TUH
BR1

ctr_gwd.
ctr_gws.

npt
npt

ctr_gwl2. npt
ctr_gwl6. npt
ctr_gw20. npt
ctr_gw24. npt
ctr_gw28. npt

tdt_brl.
tdt _br2.
tdt _br3.
tdt_br4.
tdt _brb.

cdt _br2.
cdt _br 3.
cdt _br4.
cdt _br5.

euh_br1.
euh_br 2.
euh_br 3.
euh_br 4.
euh_br5.



BR2 tuh_br 2. npt

BR3 tuh_br 3. npt

BR4 t uh_br 4. npt

BR5 tuh_br5. npt

CUH FILE. ... CUHFN
BR1 cuh_br 1. npt

BR2 cuh_br 2. npt

BR3 cuh_br 3. npt

BR4 cuh_br 4. npt

BR5 cuh_br5. npt

EDH FILE. . ... . e EDHFN
BR1 edh_br 1. npt

BR2 edh_br 2. npt

BR3 edh_br 3. npt

BR4 edh_br 4. npt

BR5 edh_br 5. npt

TDH FILE. .. .. e TDHFN
BR1 tdh_br 1. npt

BR2 tdh_br 2. npt

BR3 tdh_br 3. npt

BR4 tdh_br 4. npt

BR5 tdh_br5. npt

CDH FILE. ... CDHFN
BR1 cdh_br 1. npt

BR2 cdh_br 2. npt

BR3 cdh_br 3. npt

BR4 cdh_br 4. npt

BR5 cdh_br5. npt

SNP FILE. ... SNPFN
WB 1 snpl. opt

WB 2 snp2. opt

PRE FILE. .. ... . e PRFFN
WB 1 prfl. opt

WB 2 prf 2. opt
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Appendix B: Vertical Profiles of Model Predictions and data
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Figure8l. Vertical profilesof TEMPERATURE compared with data for 2/14/2002.
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Figure82. Vertical profilesof TEMPERATURE compared with data for 4/ 2/2002.
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Figure 83. Vertical profilesof TEMPERATURE compared with data for 4/ 4/2002.
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Figure 84. Vertical profilesof TEMPERATURE compared with data for 5/ 7/2002.
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Figure 85. Vertical profilesof TEMPERATURE compared with data for 5/ 9/2002.
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Figure 86. Vertical profilesof TEMPERATURE compared with data for 6/ 4/2002.
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Figure87. Vertical profilesof TEMPERATURE compared with data for 6/14/2002.
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Figure 88. Vertical profilesof TEMPERATURE compared with data for 7/ 2/2002.
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Figure 89. Vertical profilesof TEMPERATURE compared with data for 7/10/2002.
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Figure 90. Vertical profilesof TEMPERATURE compared with data for 7/15/2002.
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Figure91. Vertical profilesof TEMPERATURE compared with data for 8/ 6/2002.
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Figure92. Vertical profilesof TEMPERATURE compared with datafor 8/ 8/2002.
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Figure93. Vertical profilesof TEMPERATURE compared with data for 8/10/2002.
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Figure94. Vertical profilesof TEMPERATURE compared with data for 8/13/2002.
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Figure 95. Vertical profilesof TEMPERATURE compared with data for 9/ 3/2002.
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Figure 96. Vertical profilesof TEMPERATURE compared with data for 9/ 5/2002.
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Figure97. Vertical profilesof TEMPERATURE compared with data for 9/16/2002.
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Figure98. Vertical profilesof TEMPERATURE compared with data for 10/ 8/2002.
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Figure99. Vertical profilesof TEMPERATURE compared with data for 10/10/2002.
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Figure 100. Vertical profilesof TEM PERATURE compared with data for 11/ 5/2002.
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Figure 101. Vertical profilesof TEM PERATURE compared with data for 11/ 7/2002.
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Figure 102. Vertical profilesof TEM PERATURE compared with data for 11/13/2002.
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Figure 103. Vertical profilesof TEM PERATURE compared with data for 12/ 3/2002.
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Figure 104. Vertical profilesof TEMPERATURE compared with data for 12/ 5/2002.
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Figure 105. Vertical profilesof TEM PERATURE compared with data for 2/ 4/2003.
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Figure 106. Vertical profilesof TEM PERATURE compared with data for
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Figure 107. Vertical profilesof TEM PERATURE compared with data for 4/ 1/2003.
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Figure 108. Vertical profilesof TEM PERATURE compared with data for 4/ 3/2003.

163



——— Model JD= 4914 ——— ModelJD= 491.4 ——— Model JD= 491.4

or or or /
20— 20 20—
@40_— @4°f @\40_—
L+ o L+
o L ° [ o |
Eoof- Esof- Esof-
= [ < [ = [
a [ 8 r 2 [
] = ) - o) -
0O gol- O gol- Ogol-
100 . - 100 .
- Sitel Julian Day 491 4 1oor Site 2 Julian Day 491 .4 L Intake Julian Day 491 .4
[ Segment6l  g:35 5/6/2003 - Segment52  g:35 5/6/2003 [ Segment54  9:35 5/6/2003
TN EEETE NN NN NN | _||||||||||||||||||||||||| NN ETENE SR NN NN |
o5 10 15 20 25 %G 5 10 15 20 25 2% _5 10 15 20 25
Temperature (Celsius) Temperature (Celsius) Temperature (Celsius)
——— Model JD= 491.4 ——— Model JD= 491.4
© Data JD= 491 © Data JD= 491
or o
20 20
24 o
s+ s+
o L o
Eeol 2 Eeol
s [ s [
Q. B [oR B
o > o | o
0O gof ME=-.56 0 gof ME=-.61
C AME=0.76 C S AME= 1.0
o RMS=0.84 - RMS=1.2
100 . 100~ .
Fsite 3 Julian Day 491.4 FSite 4 Julian Day 491.4
[ Segment25 9:35 5/6/2003 [Segment1l 9:35 5/6/2003
prerbreer beven e bl per e brr e b e b bl
1205 5 1 20 25 12055 10 20 25
Temperature (Celsius) Temperature (Celsius)

Figure 109. Vertical profilesof TEM PERATURE compared with data for 5/ 6/2003.
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Figure 110. Vertical profilesof TEM PERATURE compared with data for 5/ 8/2003.
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Figure 111. Vertical profilesof TEMPERATURE compared with data for 5/27/2003.
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Figure 112. Vertical profilesof TEM PERATURE compared with data for 6/ 3/2003.
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Figure 113. Vertical profilesof TEM PERATURE compared with data for 6/ 5/2003.
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Figure 114. Vertical profilesof TEM PERATURE compared with data for 6/10/2003.
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Figure 115. Vertical profilesof TEM PERATURE compared with data for 7/ 8/2003.

170



——— Model JD= 556.4 ——— ModelJD= 556.4 ——— Model JD= 556.4
[ Data JD= 556 < DataJD= 556 o Data JD= 556

o o o j
20— 20 20—
@40_— @4°f @\40_—
L L 2 L L
o L ° [ o |
Eoof- Esol- Eeof-
s [ < [ s [
o [ s [ o I
] = ) - o) -
0 gol ME= 0.51 Ogol ME= 0.30 Ogok ME = -.44E-01
C AME=0.75 C AME=0.64 i AME=0.60
- RMS=0.88 o RMS=0.71 - RMS=0.66
100 . - 100 .
- Sitel Julian Day 556 4 1oor Site 2 Julian Day 556 .4 L Intake Julian Day 556 .4
[ Segment6l  g9:35 7/10/2003 - Segment52 935 7/10/2003 [ Segment54  9:36 7/10/2003
NENENENTE NN NNl RN | _||||||||||||||||||||||||| NENE NIRRT AN AN |
P95 10 15 20 25 %0 s 10 15 20 25 %0 _5 10 15 20 25
Temperature (Celsius) Temperature (Celsius) Temperature (Celsius)
——— Model JD= 556.4 ——— Model JD= 556.4
or or
20 20
24 o
s+ s+
o | o
Eeol Eeol
s [ s [
Q. B [oR B
(0] - (0] -
O gol- O 8o~
100 . 100~ .
Fsite 3 Julian Day 556.4 FSite 4 Julian Day 556.4
[ Segment 25 9:36 7/10/2003 [ Segment1l 9:36 7/10/2003
prerbreer beven e bl per e brr e b e b bl
1205 5 1 20 25 12055 10 20 25
Temperature (Celsius) Temperature (Celsius)

Figure 116. Vertical profilesof TEM PERATURE compared with data for 7/10/2003.
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Figure 117. Vertical profilesof TEM PERATURE compared with data for 7/15/2003.
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Figure 118. Vertical profilesof TEM PERATURE compared with data for 7/29/2003.
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Figure 119. Vertical profilesof TEM PERATURE compared with data for 8/ 5/2003.
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Figure 120. Vertical profilesof TEM PERATURE compared with data for 8/ 7/2003.
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Figure 121. Vertical profilesof TEM PERATURE compared with data for 8/14/2003.
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Figure 122. Vertical profilesof TEM PERATURE compared with data for 8/19/2003.
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Figure 123. Vertical profilesof TEMPERATURE compared with data for 8/26/2003.
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Figure 124. Vertical profilesof TEM PERATURE compared with data for 9/ 2/2003.
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Figure 125. Vertical profilesof TEM PERATURE compared with data for 9/ 4/2003.
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Figure 126. Vertical profilesof TEM PERATURE compared with data for 9/ 9/2003.
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Figure 127. Vertical profilesof TEM PERATURE compared with data for 9/23/2003.
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Figure 128. Vertical profilesof TEMPERATURE compared with data for 10/ 7/2003.
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Figure 129. Vertical profilesof TEM PERATURE compared with data for 10/ 9/2003.
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Figure 130. Vertical profilesof TEMPERATURE compared with data for 11/ 4/2003.

185



——— Model JD= 675.4
& Data JD= 675

Or
20~
@40_—
g [
o [
E 601
= r
= f
() -
0 gol- ME=0.11
C AME=0.12
- RMS=0.15
100__Sitel Julian Day 675.4
[ Segment6l  9:35 11/6/2003
IIIIIIIIIIIIIIIIIIIIIIIII
250 15 20 25

Temperature (Celsius)

——— Model JD= 675.4

Depth (meters)
3 ] )
T T T 117 1

@
o

100
- Site 3
- Segment 25

Julian Day 675.4

9:36 11/6/2003

i b b biv bl
1200 5 25

1 20
Temperature (Celsius)

——— ModelJD= 675.4
< DataJD= 675

O_
20
2*r
w -
o |
Eso
s r
5
(] -
0 gol ME=0.19
B AME=0.19
o RMS=0.20
100 R Site 2 Julian Day 675.4
[ Segment52  9:35 11/6/2003
piar v erabvera by laaial
1200 5 10 15 20 25

Temperature (Celsius)

——— Model JD= 675.4

o
1

20

o
1S
T T T T T 7T

Depth (meters)
(2]
o

[e}
o

100
-Site 4
rSegment 11

Julian Day 675.4

9:36 11/6/2003
it by by breea bl
1200 5

10 20 25
Temperature (Celsius)

——— Model JD= 675.4
o Data JD= 675

T ‘
20
@40_—
o
o |
Esol-
=
= |
q_) -
Qgol ME = 0.38E-01
B AME=0.67E-01
= RMS=0.97E-01
100-_Intake Julian Day 675.4
[ Segment 54 9:36 11/6/2003
IIIIIIIIIIIIIIIIIIIIIIIII
1205 5 10 15 20 25

Temperature (Celsius)

Figure 131. Vertical profilesof TEM PERATURE compared with data for 11/ 6/2003.
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Figure 132. Vertical profilesof TEM PERATURE compared with data for 12/ 4/2003.
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Figure 133. Vertical profilesof TEM PERATURE compared with data for 12/ 9/2003.
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Figure 134. Vertical profilesof TEMPERATURE compared with data for 12/12/2003.
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Figure 135. Vertical profiles of PO4-P compared with data for 2/14/2002.
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Figure 136. Vertical profiles of PO4-P compared with data for 4/ 2/2002.
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Figure 137. Vertical profiles of PO4-P compared with data for 4/ 4/2002.
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Figure 138. Vertical profiles of PO4-P compared with data for 5/ 7/2002.
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Figure 139. Vertical profiles of PO4-P compared with data for 5/ 9/2002.
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Figure 140. Vertical profilesof PO4-P compared with data for 6/ 4/2002.
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Figure 141. Vertical profiles of PO4-P compared with data for 6/14/2002.
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Figure 142. Vertical profiles of PO4-P compared with data for 7/ 2/2002.
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Figure 143. Vertical profiles of PO4-P compared with data for 7/10/2002.
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Figure 144. Vertical profiles of PO4-P compared with data for 7/15/2002.
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Figure 145. Vertical profiles of PO4-P compared with data for 8/ 6/2002.
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Figure 146. Vertical profiles of PO4-P compared with data for 8/ 8/2002.
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Figure 147. Vertical profiles of PO4-P compared with data for 8/10/2002.
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Figure 148. Vertical profiles of PO4-P compared with data for 8/13/2002.
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Figure 149. Vertical profiles of PO4-P compared with data for 9/ 3/2002.
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Figure 150. Vertical profiles of PO4-P compared with data for 9/ 5/2002.
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Figure 151. Vertical profiles of PO4-P compared with data for 9/16/2002.

206



——— Model JD= 281.4

0
201~
@40_—
s L
] -
E60l-
s r
= L
() -
0 gol-
100__Sitel Julian Day 281.4
[ Segment6l  9:35 10/8/2002
IIIIIIIIIIIIIIIIIIII
120O 0.005 0.01 0.015 0.02
PO4-P (mg/l)
——— Model JD= 281.4
<© Data JD= 281
oo
o
<
20
@40_—
s L
(O S
éGO—
<
sk
() -
0O gof ME=-.10E-02
r AME=0.10E-02
B RMS=0.11E-02
100-Site3 Julian Day 281.4
[ Segment 25 9:35 10/8/2002
TN T I O T T A I A A |
1200 0.005 001 0.015 0.02

——— ModelJD= 281.4

0
20
2*r
w -
o |
Eso
s r
5
(] -
0 gol
100 R Site 2 Julian Day 281.4
[ Segment52  9:35 10/8/2002
TN T T T T O O I I |
1200 0005 0.01 0.015 0.02
PO4-P (mg/l)
——— Model JD= 281.4
© Data JD= 281
Org ©
[
<
20 <
@\40?
o L
o |
560—
s r
=+
o) -
0 gof ME= -.93E-03
B o AME=0.93E-03
- RMS=0.11E-02
100~ .
FSite 4 Julian Day 281.4
[ Segment1l 9:35 10/ 8/2002
TN T T N T A O I T A |
1200 0005 0.01 0.015 0.02
PO4-P (mg/l)

——— Model JD= 281.4

0.02

oi
20
@40_—
o |
o [
E 6ol
=
= |
() -
0O gol-
100-_Intake Julian Day 281.4
[ Segment54  9:35 10/8/2002
20IIII|IIII|IIII|IIII|
0 0005 0.01 0.015
PO4-P (mg/l)

Figure 152. Vertical profiles of PO4-P compared with data for 10/ 8/2002.
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Figure 153. Vertical profiles of PO4-P compared with data for 10/10/2002.
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Figure 154. Vertical profiles of PO4-P compared with data for 11/ 5/2002.
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Figure 155. Vertical profiles of PO4-P compared with data for 11/ 7/2002.
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Figure 156. Vertical profiles of PO4-P compared with data for 11/13/2002.
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Figure 157. Vertical profiles of PO4-P compared with data for 12/ 3/2002.
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Figure 158. Vertical profiles of PO4-P compared with data for 12/ 5/2002.
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Figure 159. Vertical profiles of PO4-P compared with data for 2/ 4/2003.
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Figure 160. Vertical profiles of PO4-P compared with data for 2/ 6/2003.
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Figure 161. Vertical profiles of PO4-P compared with data for 4/ 1/2003.
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Figure 162. Vertical profiles of PO4-P compared with data for 4/ 3/2003.
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Figure 163. Vertical profiles of PO4-P compared with data for 5/ 6/2003.
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Figure 164. Vertical profiles of PO4-P compared with data for 5/ 8/2003.
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Figure 165. Vertical profiles of PO4-P compared with data for 5/27/2003.
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Figure 166. Vertical profiles of PO4-P compared with data for 6/ 3/2003.
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Figure 167. Vertical profiles of PO4-P compared with data for 6/ 5/2003.
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Figure 168. Vertical profiles of PO4-P compared with data for 6/10/2003.
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Figure 169. Vertical profiles of PO4-P compared with data for 7/ 8/2003.
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Figure 170. Vertical profiles of PO4-P compared with data for 7/10/2003.
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Figure 171. Vertical profiles of PO4-P compared with data for 7/15/2003.
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Figure 172. Vertical profiles of PO4-P compared with data for 7/29/2003.
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Figure 173. Vertical profiles of PO4-P compared with data for 8/ 5/2003.
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Figure 174. Vertical profiles of PO4-P compared with data for 8/ 7/2003.
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Figure 175. Vertical profiles of PO4-P compared with data for 8/14/2003.
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Figure 176. Vertical profiles of PO4-P compared with data for 8/19/2003.
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Figure 177. Vertical profiles of PO4-P compared with data for 8/26/2003.
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Figure 178. Vertical profiles of PO4-P compared with data for 9/ 2/2003.
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Figure 179. Vertical profiles of PO4-P compared with data for 9/ 4/2003.
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Figure 180. Vertical profiles of PO4-P compared with data for 9/ 9/2003.
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Figure 181. Vertical profiles of PO4-P compared with data for 9/23/2003.
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Figure 182. Vertical profiles of PO4-P compared with data for 10/ 7/2003.
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Figure 183. Vertical profiles of PO4-P compared with data for 10/ 9/2003.
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Figure 184. Vertical profiles of PO4-P compared with data for 11/ 4/2003.
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Figure 185. Vertical profiles of PO4-P compared with data for 11/ 6/2003.

240



——— Model JD= 703 .4
[ Data JD= 703

o- ©
- 2
- ©
- <
20~ ©
@40_—
g [
o [
E 601
= r
= f
() -
O gol- ME = 0.20E-02
C AME=0.20E-02
- RMS=0.21E-02
100__Sitel Julian Day 703.4
[ Segment6l  9:35 12/4/2003
IIIIIIIIIIIIIIIIIIII
1205 ~"0005 001 0015 002
PO4-P (mg/l)

——— Model JD= 703.4

B N
o o
LI I I o e

Depth (meters)
D
o

@
o

100
Site 3
FSegment 25

120||||I|||

Julian Day 703.4
9:36 12/4/2003

0 0.005

001 0.015 0.02

——— ModelJD= 703.4
< DataJD=703

O_
20
2*r
w -
o |
Eeol-
c F
=
w -
Qgok ME= -.32E-03
: AME=0.69E-03
o RMS=0.78E-03
100 R Site 2 Julian Day 703.4
[ Segment52  9:35 12/4/2003
TN T T T T O O I I |
1200 0005 0.01 0.015 0.02
PO4-P (mg/l)

——— Model JD= 703.4

O_
20
@\40?
o L
o
560—
s T
= |
o) -
0 gof

100 s Julian Day 703.4

[ Segment1l 9:36 12/4/2003

T T T A Y O I A A I A A |

1200 0005 0.01 0.015 0.2

PO4-P (mg/l)

——— Model JD= 703.4

S
o
LIS B N B R B B |

Depth (meters)
[ec] D
o o

=

00

o] Data JD= 703

!

ME=-.32E-03

AME=0.32E-03

RMS=0.33E-03
Intake Julian Day 703.4
Segment 54 9:36 12/4/2003

2

0005 0.01 0.015 0.02
PO4-P (mg/l)

Figure 186. Vertical profiles of PO4-P compared with data for 12/ 4/2003.
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Figure 187. Vertical profiles of PO4-P compared with data for 12/ 9/2003.
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Figure 188. Vertical profiles of PO4-P compared with data for 12/12/2003.
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Figure 189. Vertical profiles of NH4-N compared with data for 2/14/2002.
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Figure 190. Vertical profilesof NH4-N compared with data for 4/ 2/2002.
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Figure 191. Vertical profilesof NH4-N compared with data for 4/ 4/2002.
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Figure 192. Vertical profilesof NH4-N compared with data for 5/ 7/2002.
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Figure 193. Vertical profilesof NH4-N compared with data for 5/ 9/2002.
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Figure 194. Vertical profilesof NH4-N compared with data for 6/ 4/2002.
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Figure 195. Vertical profiles of NH4-N compared with data for 6/14/2002.
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Figure 196. Vertical profilesof NH4-N compared with data for 7/ 2/2002.
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Figure 197. Vertical profiles of NH4-N compared with data for 7/10/2002.
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Figure 198. Vertical profiles of NH4-N compared with data for 7/15/2002.
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Figure 199. Vertical profilesof NH4-N compared with data for 8/ 6/2002.
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Figure 200. Vertical profilesof NH4-N compared with data for 8/ 8/2002.
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Figure201. Vertical profiles of NH4-N compared with data for 8/10/2002.
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Figure 202. Vertical profiles of NH4-N compared with data for 8/13/2002.
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Figure 203. Vertical profilesof NH4-N compared with data for 9/ 3/2002.
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Figure204. Vertical profilesof NH4-N compared with data for 9/ 5/2002.
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Figure 205. Vertical profilesof NH4-N compared with data for 9/16/2002.
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Figure 206. Vertical profiles of NH4-N compared with data for 10/ 8/2002.
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Figure 207. Vertical profiles of NH4-N compared with data for 10/10/2002.
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Figure 208. Vertical profiles of NH4-N compared with data for 11/ 5/2002.
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Figure 209. Vertical profiles of NH4-N compared with data for 11/ 7/2002.
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Figure 210. Vertical profiles of NH4-N compared with data for 11/13/2002.
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Figure211. Vertical profiles of NH4-N compared with data for 12/ 3/2002.
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Figure212. Vertical profiles of NH4-N compared with data for 12/ 5/2002.
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Figure 213. Vertical profilesof NH4-N compared with data for 2/ 4/2003.
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Figure 214. Vertical profilesof NH4-N compared with data for 2/ 6/2003.
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Figure 215. Vertical profilesof NH4-N compared with data for 4/ 1/2003.
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Figure 216. Vertical profilesof NH4-N compared with data for 4/ 3/2003.
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Figure217. Vertical profilesof NH4-N compared with data for 5/ 6/2003.

272



——— Model JD= 4934
[ Data JD= 493

0
©
2010
’@40_—
s L
d') -
Eeol
=
= |
) L
0O go- ME= 0.16E-01
B AME=0.16E-01
r RMS=0.17E-01
100—_Sitel Julian Day 493.4
[ Segmentél  g:35 5/8/2003
|III|IIII|IIIIIIII||
1205 Lo L J

NH4-N (mg/l)

——— Model JD= 493.4

20

N
o

Depth (meters)
D
o

™
o
T T T Topomaobo

100 )
Fsite 3 Julian Day 493.4

[ Segment 25 9:35 5/8/2003
TN T I O T T A I A A |
1200 2

0.1 0.2
NH4-N

—+—— ModelJD= 493.4
< DataJD= 493

0
b
lo

20f

2*r

w -

o |

Eeol-

s r

s |

w -

Qgof ME=0.20E-01
: AME=0.20E-01
= RMS=0.21E-01

100 R Site 2 Julian Day 493.4
[ Segment52  9:35 5/8/2003
TN T T T T O O I I |
1200 04

0.1 0.2 03
NH4-N (mg/l)

——— Model JD= 493.4

20

Depth (meters)
[o2] B
o o

[e}
o

100 '
Site 4 Julian Day 493.4

Segment 11 9:35 5/8/2003
TN T T N T A O I T A |
1200 0

} 0.2 0.3 0.4
NH4-N (mg/l)

——— Model JD= 493.4

° Data JD= 493
0
E\
201~
@40_—
s L
o |
Eesol-
=
= |
() =
Qgol ME= 0.17E-01
B AME=0.17E-01
- RMS=0.18E-01
100__ Intake Julian Day 493.4
[ Segment54  9:35 5/8/2003
IIIIIIIIIIIIIIIIIIII
1205 0.1 02 03 04

NH4-N (mg/l)

Figure 218. Vertical profilesof NH4-N compared with data for 5/ 8/2003.
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Figure 219. Vertical profiles of NH4-N compared with data for 5/27/2003.
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Figure 220. Vertical profilesof NH4-N compared with data for 6/ 3/2003.
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Figure221. Vertical profilesof NH4-N compared with data for 6/ 5/2003.
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Figure 222. Vertical profiles of NH4-N compared with data for 6/10/2003.
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Figure 223. Vertical profiles of NH4-N compared with data for 7/ 8/2003.
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