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Introduction

The CH3D hydrodynamic model requires surface heat exchange and wind speed inputs to
compute water temperature and wind-driven water circulation. The CE-QUAL-ICM water
quality model requires similar inputs to compute water temperature, algal production, and
reaeration. A FORTRAN program developed by ACOE-ERDC for the development of the Lake
Washington model (Cerco and Noel 2004) was modified to use observed solar radiation in the
calculation of equilibrium surface heat exchange values and write out required wind and heat
exchange files for CH3D and the meteorological file for CE-QUAL-ICM. The program was also
modified to scale the observed wind speed to the appropriate heights for use in the evaporation
and surface wind shear stress algorithms and implement that use of a Wind Adjustment Factor
(WAF) in model calibration.

The WAF (sometimes referred to as a wind sheltering factor) has been used in many lake and
reservoir temperature modeling applications (see p. 460 of Martin and McCutcheon 1999).
Available meteorological data are often only available from an offsite location and may not be
representative of local lake conditions. Even on-site data may not be completely representative
of the conditions over the entire lake, especially winds experienced over large lakes and/or lakes
with complex configurations.

Surface heat exchange (Hn) is the result of the balance among incident short wave solar radiation
(Hs), long wave atmospheric radiation (Ha), which are independent of the temperature of the
water, and heat exchange resulting from evaporation (He), conduction (Hc), and long wave
black-body radiation (Hb) emitted radiated back to the atmosphere from the water. The latter 3
heat exchange mechanisms are dependent on the temperature of the water. A small portion of
the incoming short and long wave radiation is also reflected from the water surface (Hsr and Har,
respectively). The overall heat balance can be formulated as:

Hn = Hs + Ha + Hb — (Hsr + Har + Hb)

Mathematical formulations have been developed for each of these terms, which allows for an
explicit calculation of the net surface heat exchange (sometimes referred to as a “term-by-term”
approach) during each model time step. However, an analytical solution was developed in the
early 1970s that eliminated the water-dependent terms and allows for the calculation of
equilibrium temperature and heat exchange coefficients that can be used as the model inputs for
temperature modeling (Edinger et al. 1974). This “Equilibrium Temperature” approach is
currently the one used in the CH3D and CE-QUAL-ICM models.

The Equilibrium Temperature approach requires inputs for solar radiation, air temperature, dew
point temperature, wind speed and cloud cover in tenths. Hourly data are readily available from
local meteorological stations and were considered to be the appropriate frequency for the
development of these models.

Hourly solar radiation can be calculated with using the solar constant, algorithms that provide the
position of sun at any time of day and year, and the reduction of the solar radiation at the edge of
the atmosphere due to absorption and scattering due to particulates, aerosols, and clouds. The
hourly solar radiation predicted by the ACOE-ERDC heat exchange program was compared to
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local observations and was found to over-predict solar radiation by about 30 % on average.
Since local solar radiation data were readily available for the selected calibration period, the
program was modified to allow use of observed rather than predicted values. The original solar
radiation algorithms were also replaced by the one used in CE-QUAL-W2 (Cole and Wells
2003), which was found to be capable of predicting local solar radiation to within 3 % on a clear
summer day. An algorithm was also added to the program to calculate the amount of short wave
radiation reflected from the water surface as a function of the position of the sun above the
horizon. Previously, a constant value of 6 % had been used.

There are a number of approaches to calculating long wave atmospheric radiation (Pelletier and
Chapra 2004). Cloud cover and air temperature are used In the current program long wave
atmospheric radiation is calculated using “Swinbank’s formula,” including the additional
radiation emitted from clouds.

Ha = 0.937x10°(1+0.17 C?) Tabs®

Where,

Ha = atmospheric radiation (kJ m-2 h-1)

c = Stefan-Boltzman constant (2.04x10-7 kJ m-2 h-1 °K-4)
Tabs = absolute air temperature 2 m above water surface (°K)

A constant value of 3% of the incoming long wave radiation is assumed to be reflected from the
water surface.

The current program uses the wind function formulation preferred by Edinger et al. (1974),
which was developed by Brady et al. (1969).
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Figure B1. Modeled (solid lines) vs. observed (open circles) temperature profiles — Station M621, 1995
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Figure B2. Modeled (solid lines) vs. observed (open circles) temperature profiles — Station 0611, 1995
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Figure B3. Modeled (solid lines) vs. observed (open circles) temperature profiles — Station 0614, 1995
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Figure B4. Modeled (solid lines) vs. observed (open circles) temperature profiles — Station 0617, 1995
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Figure B5. Modeled (solid lines) vs. observed (open circles) temperature profiles — Station 0622, 1995
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Figure B6. Modeled (solid lines) vs. observed (open circles) temperature profiles — Station 0612, 1995
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)

CH3D 0617
22-Jan-1997 05-Feb-1997 03-Mar-1997 02-Apr-1997 23-Apr-1997 07-May-1997 02-Jun-1997
0 0 0 0 0 0 0
5 5 5 5 5 5 5
10 110 110 110 110 110 110
E
< 15 115 115 115 115 115 115
g
20 120 120 120 120 120 120
25 125 125 125 125 125 125
bias =-0.161 bias =0.297 bias =-0.189 bias =-0,269 bias =-0.195 bias =-0.314
Fimse ~0.181 e 0.3 Fimse 20,159 fimse ~0.54 Finse 0512 Finse <052
30l =gl R gp L SRy L gl 3ol SRS gp L S
0 10 20 0 10 20 0 10 20 0 10 20 0 10 20 0 10 20 0 10 20

Temperature (°C)

Temperature (°C)

Temperature (°C)

Temperature (°C)

Temperature (°C)

Temperature (°C)

Temperature (°C)

02-Jul-1997 06-Aug-1997 02-Sep-1997 01-Oct-1997 08-Oct-1997 05-Nov-1997 03-Dec-1997
0 0 0 0 0 o 0 0
5 15 5 15 15 O 5 5
10 110 110 110 100 9 Jiof 10
E
< 15 115 115 115 115 115 115
o
- 20 120 120 120 120 120 120
25 125 125 125 125 125 125
bias =0.087 bias =-1.5 bias =-0.776 bias =0.286 bias =0.931 bias =-0.476 bias =-0,187
Fimse <0.269 Fimse £ Fimse 20,197 Fimse <0546 s 0636 s 0478 s 0,192
30 TEgp L MRS Iggl MR Tgg L MEERRIgg L MEERRgg L Mg L e
0 10 20 0 10 20 0 10 20 0 10 20 0 10 20 0 10 20 0 10 20
Temperature (°C)  Temperature (°C)  Temperature (°C)  Temperature (°C)  Temperature (°C)  Temperature (°C)  Temperature (°C)
King County Appendix B, Page B-10 November 2008



Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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Development of a 3-Dimensional Hydrodynamic Model of Lake Sammamish (Version 1.0)
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