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SECTION 2 

2 THE HYDRODYNAMIC AND WATER QUALITY MODELS 
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Table 10.  SJR DWSC Model Settling and Deposition Rates for TSS, Chlorophyll-a and POM (POC, PON, 
POP) - Units in m/d 
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Table 13.  Sediment Submodel Constants 
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Table 14.  Comparison of Data and Model Results 

Parameter SJR Location

Number 
of Data 
Points

Mean 
Data

Number 
of Model 
Points

Mean 
Model

Mean 
Error

Relative 
Mean 

Error (%)
Standard 
Error, SE

Coefficient 
of Variation, 

CV (%)
Temperature © Mossdale 34 22.8 34 22.7 0.14 0.61 0.54 2.36

R1 51 21.0 51 21.1 0.14 0.65 0.83 3.98
R2 63 19.7 63 19.8 0.08 0.39 0.85 4.31
R3 62 20.3 62 20.1 0.18 0.88 0.74 3.66
R4 63 20.3 63 19.9 0.33 1.65 0.82 4.07
R5 58 20.2 58 19.6 0.58 2.86 1.12 5.54
R6 52 21.8 52 21.2 0.61 2.81 0.91 4.18
R7 51 21.9 51 21.5 0.36 1.65 0.88 4.01
R8 52 21.5 52 21.7 0.26 1.21 0.94 4.36

Turning Basin 34 23.3 34 23.7 0.37 1.59 0.79 3.38
Average: 1.43 3.99

S. Cond (mS/cm) Mossdale 34 640.0 34 600.1 39.93 6.24 47.43 7.41
R1 34 632.2 34 598.1 34.06 5.39 43.56 6.89
R2 34 589.3 34 611.8 22.51 3.82 56.79 9.64
R3 68 617.1 68 636.4 19.29 3.13 51.27 8.31
R4 68 628.3 68 636.8 8.50 1.35 47.42 7.55
R5 68 632.1 68 635.0 2.96 0.47 48.05 7.60
R6 68 633.3 68 626.3 7.07 1.12 46.23 7.30
R7 66 586.1 66 558.7 27.38 4.67 73.57 12.55
R8 34 389.6 34 417.4 27.72 7.11 60.62 15.56

Turning Basin 68 639.7 68 640.1 0.48 0.08 73.83 11.54
Average: 3.34 9.44

Chl-a (ug/L) Mossdale 48 31.6 48 36.7 5.11 16.17 25.23 79.79
R1 34 38.1 34 33.8 4.26 11.19 18.73 49.16
R2 34 26.2 34 27.3 1.08 4.11 13.10 50.04
R3 90 16.0 90 18.4 2.40 14.96 11.20 69.91
R4 87 15.8 87 15.7 0.10 0.63 11.35 71.69
R5 286 3.4 286 11.9 8.59 256.12 11.92 355.55
R6 85 9.3 85 9.1 0.22 2.37 6.58 70.59
R7 125 5.0 125 5.8 0.74 14.80 5.91 117.88
R8 36 4.9 36 2.7 2.23 45.33 3.90 79.15

Turning Basin 131 8.0 131 11.5 3.43 42.63 11.34 141.12
Average: 40.83 108.49

DO (mg/L) Mossdale 765 9.7 763 9.3 0.36 3.70 1.07 10.98
R1 51 8.6 51 8.6 0.05 0.54 1.23 14.42
R2 63 7.8 63 8.3 0.47 6.07 1.24 15.94
R3 62 6.7 62 6.9 0.22 3.30 0.94 14.02
R4 63 6.5 63 6.6 0.14 2.18 0.88 13.51
R5 63 6.2 63 6.1 0.06 0.96 0.88 14.31
R6 52 5.6 52 5.3 0.28 5.03 0.84 15.06
R7 51 6.0 51 5.3 0.67 11.20 1.00 16.75
R8 52 6.8 52 6.5 0.35 5.08 0.70 10.22

Turning Basin 34 5.4 34 5.8 0.38 7.01 1.11 20.65
Average: 4.51 14.59

Error Statistics
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Table 14 cont'd.   Comparison of Data and Model Results

Parameter SJR Location

Number 
of Data 
Points

Mean 
Data

Number 
of Model 
Points

Mean 
Model

Mean 
Error

Relative 
Mean 

Error (%)
Standard 
Error, SE

Coefficient 
of Variation, 

CV (%)

DIN (mg/L) Mossdale 50 1.4 50 1.9 0.52 36.54 1.22 86.31
R1 34 1.8 34 1.9 0.09 4.75 0.30 16.73
R2 34 1.8 34 2.1 0.22 11.95 0.41 22.25
R3 68 2.0 68 2.4 0.40 19.91 0.62 30.67
R4 68 2.0 68 2.4 0.39 19.23 0.52 25.61
R5 68 1.9 68 2.3 0.44 23.62 0.55 29.27
R6 68 1.9 68 2.3 0.40 21.56 0.55 29.47
R7 66 1.7 66 1.9 0.26 15.81 0.41 24.64
R8 34 1.0 34 1.2 0.22 21.11 0.35 33.63

Turning Basin 68 1.8 68 2.3 0.44 24.07 0.60 32.85
Average: 19.86 33.14

DIP (mg/L) Mossdale 17 0.1 17 0.1 0.01 9.94 0.03 26.67
R1 17 0.1 17 0.1 0.00 3.47 0.02 18.63
R2 17 0.1 17 0.1 0.03 24.51 0.04 30.87
R3 34 0.1 34 0.1 0.02 15.88 0.03 19.80
R4 34 0.1 34 0.1 0.02 13.19 0.02 15.37
R5 34 0.1 34 0.1 0.01 7.07 0.02 12.37
R6 34 0.1 34 0.1 0.00 0.84 0.01 8.02
R7 32 0.1 32 0.1 0.02 13.00 0.02 16.30
R8 17 0.1 17 0.1 0.01 19.09 0.02 23.30

Turning Basin 34 0.1 34 0.1 0.01 8.29 0.02 18.06
Average: 11.53 18.94

DOC (mg/L) Mossdale 17 3.4 17 3.0 0.41 11.84 0.72 21.08
R1 17 3.5 17 2.8 0.78 21.90 1.18 33.28
R2 17 3.5 17 2.6 0.95 27.16 1.19 34.04
R3 34 3.6 34 2.2 1.41 39.61 1.63 45.74
R4 34 3.3 34 2.0 1.31 39.22 1.56 46.67
R5 34 3.5 34 1.7 1.79 50.70 2.04 57.78
R6 34 3.4 34 1.6 1.88 54.65 2.22 64.33
R7 32 3.5 32 1.5 1.94 55.85 2.13 61.21
R8 17 3.1 17 2.3 0.78 25.14 1.01 32.81

Turning Basin 34 3.4 34 1.4 1.93 57.11 2.09 61.86
Average: 38.32 45.88

TOC (mg/L) Mossdale 34 3.9 34 4.7 0.75 19.05 1.21 30.54
R1 34 4.0 34 4.4 0.37 9.26 0.90 22.57
R2 34 4.1 34 4.0 0.13 3.25 1.07 26.15
R3 68 4.3 68 3.3 0.98 22.98 1.62 37.98
R4 68 4.1 68 3.0 1.12 27.30 1.80 43.87
R5 68 4.2 68 2.5 1.66 39.67 2.27 54.36
R6 68 4.1 68 2.2 1.89 46.39 2.48 60.82
R7 66 4.1 66 2.1 2.02 48.89 2.41 58.24
R8 34 3.4 34 2.7 0.75 21.94 1.29 37.61

Turning Basin 68 4.1 68 2.3 1.72 42.30 2.32 57.06
Average: 28.10 42.92

TSS (mg/L) Mossdale 34 35.0 34 53.1 18.09 51.72 20.25 57.92
R1 34 48.1 34 51.6 3.47 7.21 19.11 39.70
R2 34 50.5 34 45.5 4.98 9.86 23.79 47.14
R3 85 34.6 85 36.4 1.79 5.18 16.99 49.13
R4 85 36.2 85 33.5 2.65 7.34 25.94 71.74
R5 85 29.4 85 31.0 1.55 5.28 15.33 52.13
R6 85 26.4 85 27.3 0.93 3.52 11.97 45.37
R7 83 22.8 83 20.5 2.34 10.27 10.80 47.39
R8 34 15.8 34 15.4 0.40 2.54 5.62 35.68

Turning Basin 85 17.6 85 23.1 5.51 31.25 19.45 110.26
Average: 13.42 55.65

Error Statistics
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SECTION 3 

3 SUMMARY AND CONCLUSIONS 
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Figure 1.  USGS Flow near Vernalis, CA (Gage #11303500)
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Figure 2.   HydroQual 3D Hydrodynamic and Water Quality Model Grid and DSM2 Nodes



SJR at Brandt Bridge
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Figure 3.  Comparison of ECOMSED and DSM2 Water Surface Elevations in the San Joaquin  River,
                                                                        October 1996 



Stockton DWSC near Calaveras River

                               
−1.0

−0.5

0.0

0.5

1.0

1.5

E
le

va
tio

n 
(m

)

5 10 15 20 25 30

Turner Cut

                               
−1.0

−0.5

0.0

0.5

1.0

1.5

E
le

va
tio

n 
(m

)

5 10 15 20 25 30

 Burns Reach

                               
−1.0

−0.5

0.0

0.5

1.0

1.5

E
le

va
tio

n 
(m

)

5 10 15 20 25 30

San Andreas Point

                               
October 1996

−1.0

−0.5

0.0

0.5

1.0

1.5

E
le

va
tio

n 
(m

)

5 10 15 20 25 30
ECOMSED
DSM II

Figure 3. (Continued) Comparison of ECOMSED and DSM2 Water Surface Elevations in the
                                                      San Joaquin River, October 1996 
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 Figure 4.  Comparison of ECOMSED and DSM2 Flux in the San Joaquin River, October 1996
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Figure 5A.  Comparison of ECOMSED, DSM2, and Data Water Surface Elevations in the San Joaquin River DWSC Near R5,
July to September, 2000
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Figure 5B.  Comparison of ECOMSED, DSM2, and Data Water Surface Elevations in the San Joaquin River DWSC Near R5,
July to September, 2001
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Figure 19.  San Joaquin River Data & Model Inputs, 2000 & 2001, Station: Vernalis

Source: J&S Data Atlas
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Figure 20.  San Joaquin River Data & Model Inputs, 2000 & 2001, Station: Mossdale Bridge

Source: J&S Data Atlas
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Figure 21.  San Joaquin River Data & Model Inputs, 2000 & 2001, Station: R6

Source: J&S Data Atlas
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Figure 22.  San Joaquin River Data & Model Inputs, 2000 & 2001, Station: R7

Source: J&S Data Atlas
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Figure 23.  San Joaquin River Data & Model Inputs, 2000 & 2001, Station: R8

Source: J&S Data Atlas
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Figure 24  San Joaquin River Potato Point Data and Model Input
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Line is Model Input
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Figure 25.  Stockton RWCF Effluent Concentrations, 2000 & 2001
Source: J&S Data Atlas
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Figure 26. San Joaquin River Temperature Data and Model Calibration, 2000 & 2001
Symbols=Data,   Line=ModelData Source: J&S Data Atlas, RUN39tc2
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Figure 27-A.  San Joaquin River Model Calibration, 2000 & 2001, Station: Mossdale
Data Source: J&S Data Atlas
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    - Bottom Data
        Surface Model
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Figure 27-B.  San Joaquin River Model Calibration, 2000 & 2001, Station: Mossdale
Data Source: J&S Data Atlas, Lehman, 2004
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        Surface Model
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Figure 27-C.  San Joaquin River Model Calibration, 2000 & 2001, Station: Mossdale
Data Source: J&S Data Atlas, Lehman, 2004
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Figure 28-A.  San Joaquin River Model Calibration, 2000 & 2001, Station: R2
Data Source: J&S Data Atlas

    - Surface Data
    - Mid Data
    - Bottom Data
        Surface Model
        Bottom Model
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Figure 28-B.  San Joaquin River Model Calibration, 2000 & 2001, Station: R2
Data Source: J&S Data Atlas, Lehman, 2004

    - Surface Data
    - Mid Data
    - Bottom Data
        Surface Model
        Bottom Model
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Figure 28-C.  San Joaquin River Model Calibration, 2000 & 2001, Station: R2
Data Source: J&S Data Atlas, Lehman, 2004
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Figure 29-A.  San Joaquin River Model Calibration, 2000 & 2001, Station: Turning Basin
Data Source: J&S Data Atlas

    - Surface Data
    - Mid Data
    - Bottom Data
        Surface Model
        Bottom Model
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Figure 29-B.  San Joaquin River Model Calibration, 2000 & 2001, Station: Turning Basin
Data Source: J&S Data Atlas, Lehman, 2004

    - Surface Data
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    - Bottom Data
        Surface Model
        Bottom Model
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Figure 29-C.  San Joaquin River Model Calibration, 2000 & 2001, Station: Turning Basin
Data Source: J&S Data Atlas, Lehman, 2004
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Figure 30-A.  San Joaquin River Model Calibration, 2000 & 2001, Station: R5
Data Source: J&S Data Atlas

    - Surface Data
    - Mid Data
    - Bottom Data
        Surface Model
        Bottom Model
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Figure 30-B.  San Joaquin River Model Calibration, 2000 & 2001, Station: R5
Data Source: J&S Data Atlas, Lehman, 2004

    - Surface Data
    - Mid Data
    - Bottom Data
        Surface Model
        Bottom Model



0

5

10

15

 D
.O

. (
m

g/
L

)

0

5

10

15

 D
.O

. (
m

g/
L

) DO Sat 

J F M A M J J A S O N D J F M A M J J A S O N D

0

20

40

60

80

100

 C
hl

-a
 (

ug
/L

)

J F M A M J J A S O N D J F M A M J J A S O N D

0

5

10

15

20

 D
O

C
 (

m
g/

L
 a

s 
C

)

J F M A M J J A S O N D J F M A M J J A S O N D

Figure 30-C.  San Joaquin River Model Calibration, 2000 & 2001, Station: R5
Data Source: J&S Data Atlas, Lehman, 2004
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Figure 31. San Joaquin River Spatial Model Calibration and Data, June - October, 2000
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Figure 32. San Joaquin River Spatial Model Calibration and Data, June - October, 2000

Data Source: J&S Data Atlas
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Figure 33. San Joaquin River Spatial Model Calibration and Data, June - October, 2001

DATE:  5/03/2006 TIME: 11:42:26  
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Figure 34. San Joaquin River Spatial Model Calibration and Data, June - October, 2001

DATE:  5/03/2006 TIME: 11:42:26  
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Figure 35.  San Joaquin River Sediment Model and SOD Data at Mossdale & R2 
Run=39v4Q
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Figure 36.  San Joaquin River Sediment Model and SOD Data at Turning Basin & R3, Lt. 48 
Run=39v4Q
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Figure 37.  San Joaquin River Sediment Model and SOD Data at Lt. 43 & R2, Lt. 38
Run=39v4Q
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Figure 38. San Joaquin River at Turning Basin Data and Model Temperature Vertical Profiles, June-October 2000

vertdo.gdp, RUN39v4Q
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Figure 39. San Joaquin River at R5 Data and Model Temperature Vertical Profiles, June-October 2000

vertdo.gdp, RUN39v4Q
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Figure 40. San Joaquin River at Turning Basin Data and Model Dissolved Oxygen Vertical Profiles, June-October 2000

vertdo.gdp, RUN39v4Q
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Figure 41. San Joaquin River at R5 Data and Model Dissolved Oxygen Vertical Profiles, June-October 2000
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Figure 42. San Joaquin River Stratification, August-September 2000  Station: Turning Basin
Data Source: J&S Data Atlas
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Figure 43. San Joaquin River Stratification, August-September 2000  Station: R5
Data Source: J&S Data Atlas
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Figure 44. San Joaquin River Dissolved Oxygen Sources & Sinks at Turning Basin and R5: July 18, 2000
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Figure 45.  San Joaquin River Depth Averaged Dissolved Oxygen Deficit Components, TB         Surface Model
        Bottom Model
        DO Source
        DO Sink
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Figure 46.  San Joaquin River Depth Averaged Dissolved Oxygen Deficit Components, R5         Surface Model
        Bottom Model
        DO Source
        DO Sink

DATE:  5/01/2006 TIME: 15:44:48  
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Figure 47.  San Joaquin River, Model & Data Comparisons: SJR at Turning Basin

   -  Data    -  Model

DATE:  5/02/2006 TIME:  9:10: 2  
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Figure 48.  San Joaquin River, Model & Data Comparisons: SJR at R5

   -  Data    -  Model
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� �+% +����"� $��$,0��0,��5!%�5�0�(�=�(+5'��2���0���((��:��678>�!�� ����"����0� �� $��/� ���<+�(! ,�5�0�(
-��-��(,��������(!�! ,� $��������������% !���.!�� !%��!���(��0:�!�:� $�,�����%������� !�����$�����������0!��% 
��+�%�������!�.���"���(!�! ,:�� $��� $����!���9%$��2��/! $� $��5�0�(�'�+�0��!�������!��"���$/� ���0!(+ !��
���+( !�2�"��5�/�� �/� ��� ��� 5�� �"�%!(! ,�0!�%$��2��:�	���:�� %���0�"��5�"���$/� ����!�����0��!�!�2�!� �
 $��/� ��'�0,

�!2+����4��-����� �� $��-�!�%!-�(�.!�� !%�!� ���% !����"��� $���+ �!�� �%,%(�����0�0!���(��0��9,2��
��� $��-$��-$��+���,� �5�.!�� !%�:�0!���(��0�!���2��!%�-$��-$��+��=���>�!��+ !(!F�0�',�-$, �-(��. ���"��
2��/ $� � �$��-$��+�� !�� �� +���0� "��5�  $�� -$, �-(��. ��� '!�5���� -��(�  ��  $�� ���!�+�� 0!���(��0� ��0
-�� !%+(� ����2��!%�-$��-$��+��-��(����0� ������ $��+2$���0�2���+�����-!�� !�����0�-��0� ��,�2��F!�2
�$�����!�+��"��5���"���2��!%�-$��-$��+������%����� �0� ������� ��� �5-��� +���0�-��0�� ��� �

�$��.!�� !%���"� $���! ��2����-�%!�������"+�0�5�� �((,� $����5����� $��.!�� !%���"� $��-$��-$��+�
�,� �5���55��!����0��! �! ��?��! �� ������+��0�',�-$, �-(��. ���"���2��/ $���55��!��!�� $��-��"����0
"��5��"� !���2��!%��! ��2���"����(2�(�2��/ $:�'+ �-$, �-(��. ���/!((�+ !(!F���! �! ��?��! �� ���! ��2�����
�55��!��%��%�� �� !����'�%�5��0�-(� �0��
! ��2���!���� +���0�"��5��(2�(�'!�5������0�"�((�/��-� $/�,�
 $� ����� �!5!(���  ��  $�����"�-$��-$��+�� ���2��!%��! ��2��� !��%����� �0�  ���55��!�� � � ��  �5-��� +��
0�-��0�� ��� �:���0��55��!�� !��  $���%����� �0� ���! �! ��?��! �� ��=�! �!"!%� !��>�� ��� �5-��� +�����0
�9,2���0�-��0�� ��� ���
! �! ��?��! �� ��5�,�'��%����� �0� ���! ��2���2���=0��! �!"!%� !��>�!�� $���'���%�
�"��9,2���� ��� �5-��� +���0�-��0�� ��� �

���!(�'(�� �!(!%�� !�� + !(!F�0� ',� 0!� �5� -$, �-(��. ��� 0+�!�2� 2��/ $� � �!(!%�� !�� �� +���0�  ��  $�
+����!(�'(���!(!%��-��(�0+�!�2����-!�� !�����0�-��0� !�����0�5+� �+�0��2��5!����(!F� !���-��%������'�"���
'�%�5!�2����!(�'(��"���-$, �-(��. ���2��/ $

�!���(��0��9,2���!��%�+-(�0� �� $��� $���� � �����!�'(�����$����+�%����"��9,2���%���!0���0����
������ !�����0��(2�(�-$� ��,� $��!����$���!�.���"��9,2��������(2�(����-!�� !��:��9!0� !����"�0� �! �(�%��'��
��0�%��'���%��+��5� ��!�(�"��5�/�� �/� ��� ��� 5�� �-(�� ��""(+�� ����0����-�!� �0!�%$��2��:��! �!"!%� !��
��0����

��2��!%�%��'�����+�%���!�%(+0���� $��-�2��!%�!�-+ ����0� $��',4-��0+% ���"�-�!5��,�-��0+% !��
��0�F��-(��. ���2��F!�2���$��.!�� !%��+'��+ !����(���!�%��-��� ��� /��$!2$(,����% !�����2��!%�%��'���-��(�
 $� �%���'��+��0� ����-����� ���2��!%�%��'���!�-+ ��"��5�%�5'!��0���/�������"(�/��=	���>���0@���/�� �
/� ��� ��� 5�� �-(�� ��=�����>�/! $�-���� ��� 5�� �-��"��5��%����$���!�.��"���2��!%�%��'���!���!�
'�% ��!�(�0�%�5-��! !�������9!0� !�����-�%!"!%�0� �!(��"��� $���'�������% !��������-����� �0�'�(�/
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�## �$, �-(��. ������/ $���0�������!�� !%��

�$��%+���� �!5-(�5�� � !����"��	��-��5! �� $��+���� ���!5+(� ��+-� �� $����"+�% !���(��(2�(�2��+-�
�$�,�5�,���-����� ���/!� ���0!� �5�2��+-:����+55���5!9�0�����5'(�2�:���"�((�5!9�0�����5'(�2����� $�,
5�,���-����� ���/!� ���0!� �5�2��+-:���(� ���-�!�2@�+55���2�����2��+-:���0���(� ���+55���'(+�42����
�-�%!���=�+%$��������	�
��������������>���$��+���:�$�/����:�0����$���� $���- !����"�!5-(�5�� !�2����:� /�:
��� $����2��+-������%���:���,�.!�� !%�"��5�/��.��5-(�,�0�"����((� $����"+�% !���(��(2�(�2��+-��!�� $����5�:
��(,� $��%$�!%���"�5�0�(�%��""!%!�� ��!��0!""���� ��� �!��%�����!�� � ���9-����� $��.!�� !%���+�%�� ��5�"��
-$, �-(��. ��:���:���� $��0!""����%��'� /���� $��-$, �-(��. ���2��/ $��� �:���:���0� $��(������ �:������$� 
!�B

=�4*>p p pS (G D )P= −

/$������!�� $���-$, �-(��. ���'!�5����=!��+�! ���"�%��'��>:����0�/$���������0����$����+�! ��=0�,4�>���$�
'�(��%��'� /���� $��5�2�! +0���"� $��2��/ $��� ����0� $��(������ ��= �2� $���/! $� $�� ����-�� ���0�5!9!�2>
0� ��5!���� $���� ��� �/$!%$�-$, �-(��. ���5����!��%��� �0�=���(�� >�!����%$���(+5���(�5�� 

�$�� 2��/ $� �� �� �"� �� -�-+(� !����"� -$, �-(��. ��� !�� �� �� +��(� ���!���5�� � !�� �� %�5-(!%� �0
"+�% !����"� $���-�%!����"�-$, �-(��. ���-����� ���0� $�!��0!""��!�2����% !���� ����(�����0!� !��:� �5-��� +��:
��0� $��'�(��%��'� /�����+ �!�� ����!(�'!(! ,���0��+ �!�� ���<+!��5�� ��������0��� ��%��� �+% ���2��/ $
"+�% !��:����!5-(!"!�0��--���%$�!��"�((�/�0���� $��� $���%���!0��� $��-��'(�5��"�0!""���� ��-�%!�����0� $�!�
����%!� �0� ���!���5�� �(� ��0� �+ �!�� � ��<+!��5�� �:�  $�� -�-+(� !��� !�� %$���% ��!F�0� ��� �� /$�(�� ',� �
5���+��5�� ��"� $��'!�5�����"� $��-$, �-(��. ���-����� 

�����!�2(���-�%!��:� $��0!��% �5���+����"� $��-�-+(� !����!F��!�� $���+5'����"�%�((��-���+�! ���(+5�
	�((�%�+� ���"����!�2(���-�%!���5�,�'���' �!��0�"�!�(,����0!(,�!����/�((4%�� ��((�0�(�'��� ��,����!���5�� 
��/����:�!���� +��((,��%%+��!�2�-�-+(� !���:� $!��5���+���5�,�'����5�/$� ��5'!2+�+���� �!���" ���0!""!%+( 
 ��0!� !�2+!�$�'� /�����!�'(����0����4�!�'(��%�((�:���0�%�(��!F!�2��-�%!��� ��0� ��-������-��'(�5�'�%�+��
%�+� ��+�+�((,�0���� �0!� !�2+!�$�!�0!�!0+�(�%�((�:���0� $���!F����"� $��%�(��!�������<+! �����!�'(�

�$���+5��"� $���+5'�����"���%$��-�%!��:� $�� � �(�%�+� :�%�+(0�'��+��0� ��%$���% ��!F��'!�5���:�'+ 
�!�%��%�((��!F�����!����+'� �� !�((,:� $��-!%�4-$, �-(��. ���/�+(0�0�5!�� ���+%$�����22��2� !��������%%�+� 
"��� $!�:� $�� � �(�'!�4��(+5�:����/� �/�!2$ ��"�-$, �-(��. ��:����+5!�2�+�! �0���! ,:�%���'��%�(%+(� �0�+�!�2
%$���% ��!� !%���(+5���"�����%$�!0�� !"!�0��-�%!������"�� +�� �(,:���(+5���%������,��--��%!�'(,������"+�% !��
�"��+ �!�� ����!(�'!(! ,� �	������!���  ��-$, �-(��. ���0�,�/�!2$ ���0�%��'��� !���(���� "+� $��� �-�%!��4
0�-��0�� � %��� �� �:� /$!%$� ���� �(��� �+ �!�� � 0�-��0�� :� ��0:�  $���"���:� ���� �+'G�% �  �� ���!� !��� ��0
+�%�� �!� ,���$+�:��( $�+2$� $��+����"�-$, �-(��. ���0�,�/�!2$ ����%��'���%��%�� �� !���!������--��(!�2
��(+ !��� �� $��!��+���"��22��2� !��:�! ��+""����"��5���5��-��% !%�(�0!""!%+( !��

����( ���� !����--���%$� �� $!��-��'(�5�!�� ��5���+�����-���5� ���/$!%$�!��%$���% ��!� !%��"��((
-$, �-(��. ��:���5�(,:�%$(���-$,((4��=%$(4�>:���0� ��+���  $!�����  $���22��2� �0����!�'(�� ��$��-�!�%!-�(
�0��� �2��� ����  $� �  $��5���+��5�� � !��0!��% :� ! � !� �2�� ���%�((�  ,-�����0��2�:� ��0� ! � �%%�+� �� "���%�((
�!�'!(! ,� ��$��-�!�%!-�(�0!��0��� �2��� ����  $� � ! � !�� �� %�55+�! ,�5���+��5�� �/! $����0!""���� !� !��
'� /����"+�% !���(�2��+-��="����9�5-(�:�0!� �5�����'(+�42������(2��>:���0� ! � !���� ���%�����!(,���2��0
5���+��5�� ��"� � ��0!�2�%��-� !��0�,�/�!2$ ����%��'���+�! �:� �!�%��  $��%$(���-$,((�  ��0�,�/�!2$ � ��0
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%$(���-$,((� ��%��'����� !����������!�'(�:���0����4�% !���%$(���-$,((�=-$���4-!25�� �>�5+� �'��5���+��0
 ��0� ��5!����!�'(��%$(���-$,((�%��%�� �� !���

���%���'�������"��5� $���'����0!�%+��!��:�����!5-(���22��2� ��5���+��5�� �!���� !��(,��� !�"�% ��,
���5���$!� ��!%�(���0�-��% !%�(�-�!� ��"��!�/:�  $�����!(�'!(! ,��"��9 ���!���%$(���-$,((4��0� ��"���5��,
/� ��'�0!��� ����� !�((,� 0!% � ��� ! �� +��� ���  $�� �22��2� �� 5���+��� �"�  $�� -$, �-(��. ��� -�-+(� !��:� ��
'!�5���:�"���%�(!'�� !�����0����!"!%� !���-+�-��������/����:�"���!� ����(�%�5-+ � !���:� $���+ ��-$!%� !��
5�0�(�+����-$, �-(��. ���%��'��������5���+����"��(2�(�'!�5������$����������"���%$���!�2�-$, �-(��. ��
%��'��:��� $��� $���%$(4����� $��!� ����(�� � �����!�'(�:����� /�"�(0���$��"!�� ���"(�% �� $��"�% � $� �5���+���
�"�-�!5��,�-��0+% !���=���!5-�� �� �5���+����"�%��'���"!9� !������2��/ $>�����5�0��!��%��'���+�! ����$�
��%��0��������!�� $� � $��+����"�-$, �-(��. ���%��'���2��� (,�"�%!(! � ��� $��5�0�(�%�5-+ � !����"��9,2��4
0�5��0!�2�5� ��!�(�0�-��! �0� �� $����0!5�� �'�0��!����  (!�2

�##� � ��0��0��(2�(����/ $���0�(

� � $��%+���� � !5�:��,0��A+�(�+���������"� /���(2�(�2��/ $�5�0�(�"��5+(� !������$��"!�� ��"� $���
= ��'�� ��"����0�  �� ���  $��J� ��0��0K��(2�(� 2��/ $�5�0�(� "��5+(� !��>�0� ��� '�%.�  ��  $�� ���(,�/��.��"
�!����:��L	�����:���0��$�5������� $����%��5�� �4����M��<+!���!�����,� �5�=�!������ ��(:��68�>:� $�
���� ���.���=�!�������0��� ,� !.:��67�:��!�������0�	����((,:��67�>:���0� $���� �5�%��� +��,�=�$�5���
� ��(:��68*:��$�5������0��! F-� �!%.:��67#>���$����%��0��(2�(�2��/ $�5�0�(�= ��'����"����0� ����� $����/�
��0�	$�(+-�5�0�(>�!��'���0���� $��5�0�(�0���(�-�0�',���/����0�	$�(+-�=�66�>���0��--(!�0�',��,0��A+�(
=�661>� �� $�������%$+��  ����,���,� �5

���0� �:� $��� ��0��0�5�0�(�$���'�����--(!�0�',��,0��A+�(� ��5����� +0!��� $���$��� $����/����0
	$�(+-�5�0�(:�'+ �/��"��(� $����!��5��! �!��5�.!�2�'� $�����!�����"� $���(2�(�2��/ $�5�0�(����!(�'(�� �� $�
+������$��0� �!(���"� $��� ��0��0�5�0�(�/!((�'��-����� �0�"!�� :�"�((�/�0�',� $����/����0�	$�(+-�5�0�(
�$����!�� +���/!((�'��"�((�/�0�',���0��%�!- !����"� $���+ �!�� ���0�0!���(��0��9,2���.!�� !%�

�! $� $��%$�!%���"�'!�5����+�! ���� �'(!�$�0:�!�:���%��'���'���0��,� �5�=52�	@�����25�	@5)>:��
2��/ $��� �:�/$!%$��9-������� $���� ���"�-��0+% !����"�'!�5���������"+�% !����"� $��!5-�� �� ����!���5�� �(
���!�'(��:� �5-��� +��:�(!2$ ���0��+ �!�� �:�5�,�'��0���(�-�0���$���-�%!"!%�2��/ $��� �:���:�!����(� �0� �
��5�9:� $��5�9!5+5�2��/ $��� ��� ��- !5+5�(!2$ :� �5-��� +�����0��+ �!�� �:��!�� $��"�((�/!�2��<+� !��B

=�41>p P max T I NG G G (T) G (I) G (N)= ⋅ ⋅ ⋅
 �5-��� +�� (!2$ �+ �!�� �

/$���
��=�>�!�� $���""�% ��"� �5-��� +��:���=�>�!�� $��(!2$ ��  ��+� !���2!����',

=�43>I eG (I) g(I, f , H, k )=

��0��
=
>�!�� $���+ �!�� �(!5! � !���2!����',

=�48>NG (N) g(DIP, DIN,Si)=
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/$������!�� $���5'!�� �/� ��� �5-��� +��H���!�� $��!�%!0�� ���(�����0!� !��H�"�!�� $��"��% !����"�0�,(!2$ H��
!�� $��0�- $��"� $��/� ���%�(+5�H�.��!�� $���9 !�% !������(!2$ ��  ��+� !���%��""!%!�� H���0����:���
���0��!
���� $�����!(�'(���+ �!�� ����<+!��0�"���2��/ $:�0!���(��0�!���2��!%�-$��-$��+��=�� $�4-$��-$� �>:�0!���(��0
!���2��!%��! ��2���=�55��!��-(+���! �! �@�! �� �>���0�0!���(��0����!(�'(���!(!%�:����-�% !��(,

��! !�(��� !5� ����"���5�9�����2�����((,�'���0�+-��� $��(! ��� +�����0@���-���!�+��5�0�(!�2�� +0!��
��0������+'��<+�� (,���"!��0�0+�!�2� $��%�(!'�� !���-��%������+�!�2� $���!5+(� !��:� $����(�% �0�5�9!5+5
2��/ $��� ������� �5-��� +���%����% �0�+�!�2��-� !�((,40�-��0�� :� !5�40�-��0�� �/� ���%�(+5�� �5-��� +��
��(+������%�5-+ �0�',� $��$,0��0,��5!%�5�0�(���$�� �5-��� +���%����% �0�2��/ $��� ��!��%�5-+ �0�+�!�2
�����"� $�� /��"�((�/!�2��<+� !���:�/$!%$���(� �����5�9=�>:� $��2��/ $��� ��� ��5'!�� � �5-��� +��:��:� �
��5�9=�#�>� $��2��/ $��� ��� �#��	�=�!���<+� !���=�47�>>���� ����5�9=��- >:� $��2��/ $��� ��� � $���- !5�(
 �5-��� +��:���- �=�!���<+� !����=�47'>���0�=�47%>>B

=�47�>T 20
P max P max 20G (T) G (T ) −= θ

=�47'>
2

1 opt(T T)
P max P max optG (T) G e T T−β −= ≤

��

=�47%>
2

2 opt(T T )
P max P max optG (T) G e T T−β −= >

/$������ !��  $�������$!+��  �5-��� +���%��""!%!�� :���0������0��#������$�-!�2�%��""!%!�� �� ��$���+�!�2
�<+� !�����47'���0��47%� �� �5-��� +���%����% ���5�9:����- �$�����5+%$�(�/�����(+��"���/!� ���0!� �5�� $��
/�+(0�'��+��0�"��� $���+55���5!9�0�����5'(�2���� �!���+22�� �0� ��+ !(!F�� $�������$!+��"��5+(� !���/$��
5�0�(!�2�����"+�% !���(��(2�(�2��+-���0� $���$�-�0�"��5+(� !���/$���5�0�(!�2� /�����5����"+�% !���(
2��+-�

�!2+����4#�-����� ��%�5-��!������"� $�� /�� �5-��� +���%����% !���"��5+(� !���������!2+����4#�:
 $�����5�(!F�0�2��/ $��� �������%�5-���0�"��� $�������$!+��=���5�(!F�0� �� $��#��	�2��/ $��� ������+�� $�
�$�-�0�"��5+(� !���=���5�(!F�0� �� $��5�9!5+5�2��/ $��� ��� � $���- !5+5� �5-��� +��>�"�����/!� ��
 �5-��� +����- !5+5��"�7�	���0����+55��� �5-��� +����- !5+5��"�#*�	���!2+����4#'�-����� �����!5!(��
%�5-��!����'+ �"���J�% +�(K�2��/ $��� ����"��8:�##:���0�)��0�,�"��� $�������$!+�:�/!� ��4�$�-�0:���0
�+55��4�$�-�0�"��5+(� !������$�� �5-��� +���%����% �0�2��/ $��� ��!�� $����0G+� �0� ����"(�% ��""�% ��0+�
 ���5'!�� �(!2$ ���0��+ �!�� �(���(�

��� $���� +��(����!���5�� :� $��(!2$ � !� ���! ,� ��/$!%$� $��-$, �-(��. ��������9-���0�!���� 
+�!"��5(,�� � $���- !5+5���(+���� � $���+�"�%����0�����4�+�"�%���"� $���!�4/� ���!� ��"�%�:�-$� �4!�$!'! !��
%����%%+��0+�� ��$!2$�(!2$ �!� ���! !��:�/$!(��� �0�- $��'�(�/� $���+-$� !%�F���:�(!2$ �!���� ����!(�'(��"��
-$� ��,� $��!��0+�� ���� +��(���0��(2�(���(� �0� +�'!0! ,���$��(!2$ �"��5+(� !���!�%(+0�0�!�� $��� ��0��0
�	��5�0�(!�2�"��5�/��.��9 ��0��"��5���(!2$ �%+�������(,�!��',�� ��(��=�63#>���0��%%�+� ��"���'� $� $�
�""�% ���"��� +�� !�2�(!2$ �!� ���! !�����0�(!2$ ��  ��+� !��� $��+2$� $��/� ���%�(+5����$��0�- $4�����2�0
(!2$ ��  ��+� �0�2��/ $��� ��"�% ��:���=�>:�!��-����� �0�!���<+� !����46���0�!���' �!��0�',�!� �2�� !�2� $�
�-�%!"!%�2��/ $��� �������0�- $B

/$���B
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=�46>ek Ho o
I

e s s

I (t) I (t)e
G (I) exp e exp

k H I I
−� 	� �− −

= −
 �� �

 �� �� 

� C #8�7
� C  $��/� ���%�(+5��0�- $���� $!%.������"� $��/� ���%�((������25�� �=5>:
.� C  $�� � �(��9 !�% !���%��""!%!�� :�.�'���?�.%��%$(4��%�5-+ �0�"��5� $���+5��"� $��'���:����4

�(2�(���(� �0:�(!2$ ��  ��+� !��:�.�'���:���0� $����("4�$�0!�2��  ��+� !���0+�� �� $���5'!�� 
-$, �-(��. ���-�-+(� !���.%�%$(4��=5

4�>:
.% C  $���(2�(���(� �0��9 !�% !���%��""!%!�� �-���+�! ��"�%$(���-$,((�=5#@52�%$(4�>:
�%$(4� C  $���5'!�� �-$, �-(��. ���-�-+(� !������%$(���-$,((�=52�%$(4�@�>:� �/$�����%$(4��C

�%@�%%$(

�% C  $���5'!�� �-$, �-(��. ���-�-+(� !������%��'���=52�	@�>:�
�%%$( C  $���� !���"��(2�(�%��'��� ���(2�(�%$(���-$,((�=52�	@52�%$(4�>:
�� C  $��!�%!0�� �(!2$ �!� ���! ,�� � $����25�� ��+�"�%��=(,@0�,>:�
�� C  $���� +�� !�2�(!2$ �!� ���! ,�=(,@0�,>

�$����(+���"����� � $��/� ����+�"�%�:���+�":�5�,�'�����(+� �0�� ���,� !5�:� :�/! $!�� $��0�,�+�!�2� $��"�((�/!�2
"��5+(�B

=�4��>tot d sunrise
surf

I (t t )
I (t) sin

0.635f f
π −� 	= 
 �
� 

/$���
� � C  � �(�0�!(,�!�%!0�� ���(�����0!� !���=(,@0�,>:
" C "��% !����"�0�,(!2$ �=0�,(!2$ �$�+��@#*>:
 0 C  !5���"�0�,:
 �+��!���C  !5���"��+��!��

����%%�+� �"��� $���""�% ��"����!� !�����"����!(�'(��(!2$ ������"+�% !����"�0�- $:� $��(!2$ �!� ���! ,:
���=�>:�� ���,�0�- $:��:�!����(� �0� �� $��!�%!0�� ��+�"�%��!� ���! ,:���+�":��!�� $���9 !�% !���%��""!%!�� :�.�

 $��+2$� $��"��5+(�

=�4��>
ek H

o surfI (H) I exp−=

�$�� �""�% �� �"� ���!�+�� �+ �!�� � %��%�� �� !���� ���  $�� 2��/ $� �"� -$, �-(��. ��� $���� '���
!���� !2� �0:� ��0�  $�� ���+( �� ���� <+! �� %�5-(�9� � ��� �� "!�� � �--��9!5� !���  ��  $�� �""�% � �"� �+ �!�� 
%��%�� �� !������ $��2��/ $��� �:� ! � !�����+5�0� $� � $��-$, �-(��. ���-�-+(� !���!��<+�� !���"�((�/�
����0�2��/ $�.!�� !%��/! $����-�% � �� $��!5-�� �� ��+ �!�� ����$� �!�:�� �����0�<+� ��(���(��"��+ �!�� 
%��%�� �� !��:�  $�� 2��/ $� �� �� -��%��0�� � �  $�� �� +�� �0� �� �� "���  $�� �5'!�� �  �5-��� +��� ��0� (!2$ 
%��0! !���� ���/����:�� � (�/��+ �!�� �%��%�� �� !��:�  $��2��/ $��� ��'�%�5��� (!����(,�-��-�� !���(�  �
�+ �!�� �%��%�� �� !�����$+�:�"������+ �!�� �/! $�%��%�� �� !���
G�!�� $��G $���25�� :� $��"�% ���',�/$!%$
 $���� +�� �0�2��/ $��� ��!����0+%�0�!�� $��G $���25�� �!��
G@=�5�?�
G>���$��%��� �� :��5:�/$!%$�!��%�((�0
 $���!%$��(!�����$�("4�� +�� !���%��� �� :�!�� $���+ �!�� �%��%�� �� !���� �/$!%$� $��2��/ $��� ��!��$�("� $�
�� +�� �0�2��/ $��� ����!�%�� $�������� $�����+ �!�� �:��! ��2��:�-$��-$��+����0��!(!%�:�%���!0���0�!�� $!�
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"��5�/��.:�  $���!%$��(!�4��� ����9-����!��� !�����(+� �0� "�����%$��+ �!�� ���0�  $��5!�!5+5���(+�� !�
%$����� ����0+%�� $���� +�� �0�2��/ $��� �:

=�4�#>N
mN mP mSi

DIN DIP Si
G (N) Min , ,

K DIN K DIP K Si
� �

= � �+ + +� �


+5���+��5�%$��!�5��$����'����-��-���0�/$!%$�%�� �!'+ �� �� $��0�� $��� ���"�-$, �-(��. ��B
��0�2���+�����-!�� !��:�2��F!�2�',�$��'!����+��F��-(��. ��:��!�.!�2������  (!�2�"��5� $��/� ���%�(+5����0
-����! !F� !��� =��22:� �631>� � �$�� "!�� �  $���� 5�%$��!�5�� $���� '���� !�%(+0�0� !�� -���!�+�� 5�0�(�� "��
-$, �-(��. ���0,��5!%����0� $�,�$����'�����$�/�� ��'���"�2�����(�!5-�� ��%������� $!������!����"� $�
!� �2�� �0��+ ��-$!%� !���5�0�(:���(,���0�2���+�����-!�� !�����0���  (!�2�$����'�����9-(!%! (,�!�%(+0�0�!�
 $��5�0�(!�2� "��5�/��.� ��$�� �""�% ��"�F��-(��. ���2��F!�2� !�� !�%(+0�0� !�0!��% (,�+�!�2� �� "!�� 4��0��
 �5-��� +���%����% �0��(2�(�(������ �

�$����0�2���+�����-!�� !����� ���"�-$, �-(��. ���!�� $���� ��� �/$!%$� $��-$, �-(��. ����9!0!F�
 $�!����2��!%�%��'��� ��%��'���0!�9!0��-���+�! �/�!2$ ��"�-$, �-(��. �����2��!%�%��'�������-!�� !���!�� $�
�������� �"�  $��-$� ��,� $��!�� -��%���:� ��0� ��� �+%$:� %�� �!'+ ���  ��  $�� (���� �� �� �"�  $��-$, �-(��. ��
-�-+(� !�����"� $�����-!�� !����� ���"� $��-$, �-(��. ��:������/$�(�:�!��2��� ��� $��� $��2��/ $��� �:� $���
!������ �(�����"�-$, �-(��. ���%��'������'!�5������$����0�2���+�����-!�� !����� ��$���'�����$�/�� ��'�
 �5-��� +���0�-��0�� �=�!(�,�� ��(:��6*6>���0�$!� ��!%�((,�$���'����!�%(+0�0�!���+ ��-$!%� !���5�0�(��+�!�2
�<+� !����4�)�:

=�4�)�>o (T 20)
PR PR PRk (T) k (20 C) −= ⋅θ

/$����.���=#�N	>�!�� $����0�2���+�����-!�� !����� ��� �#�N	:���0�.��=�>�!�� $�� �5-��� +���%����% �0��� �
�$��+�! ���"�.�������0�,4�

��/����:�5������%�� (,� $��(! ��� +���=��/����0�����!� ��:��67�:���/����0�	$�(+-:��66�>��+22�� �
 $� ��(2�(����-!�� !����$�+(0�'��0!�!0�0�!� �� /��%�5-���� ��4�'���(������� !�2����-!�� !�����0����-!�� ��,
(����������%!� �0�/! $�-$� ��,� $��!����$!��5�,�'��/�!  ���5� $�5� !%�((,����"�((�/�B

=�4�)'>T 20
PR g P b PRk (T) r G r −= + θ

/$�����2�!�� $��"��% !����"� $���(2�(�2��/ $�=��>�(�� � �� $������2,�%�� ��"�-$� ��,� $��!����0��'�!�� $��'���(
���-!�� !����� ���
� �:� $��+����%�����(�% ��! $���"��5��"� $�����-!�� !����� ���<+� !���/$���-��"��5!�2��
�!5+(� !�����"� $��+����/!�$��� ��+��� $��"!�� �"��5+(� !���=�<+� !����4�)�>� $����� ��2��<+�(� ��F������0�+��
����--��-�!� ����(+��"����'�=O��4�)@0�,>���"� $��+����/!���� ��+��� $��(�  ���"��5�=�<+� !����4�)'>� $����� 
�2� �������4F������(+��=��4�)>���0�+�����(�/�����(+��=���4��)@0�,>�"����'

�$���!�.!�2������  (!�2��"�-$, �-(��. ���!�����!5-�� �� �%�� �!'+ !��� �� $�������((�5�� �(! ,��"
 $��-$, �-(��. ���-�-+(� !��:�-�� !%+(��(,�!��(�.�����0�%��� �(��%���!%�/� ������+'(!�$�0���(+����"� $�
�!�.!�2���(�%! ,��"�-$, �-(��. ��:�5�� (,�!��<+!��%�� �(�'��� ��,�%��0! !���:����2��"��5���� ���7��5@0�,
��/����:�!����5��!�� ��%���"���%�� �!���-�%!��:��+%$����0!��"(�2�((� ������'+�,��%,4�� +(� !�2�'(+�42�����:
 $����  (!�2���(�%! ,�5�,�'��F���������2� !��� ��+� $��5���:��% +�(���  (!�2��� ��� !���� +��(�/� ���������
%�5-(�9�-$���5����:��""�% �0�',���� !%�(� +�'+(��%�:�0���! ,�2��0!�� ����0� $��-$,�!�(�2!%�(�� � ���"� $�
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0!""���� ��-�%!����"�-$, �-(��. �������!5-�� �� �"�% ���0� ��5!�!�2� $��-$,�!�(�2!%�(�� � ���"��(2���!�
�+ �!�� � ���!(�'!(! ,� ��!��"��2�� ��(�=�67#>�5���+��0��!�.!�2� �� �� ���-������"� "�+��5��!���0!� �5��  �
0�-(� !����"��! �� �:�-$��-$� ����0��!(!%� ����((�"�+���-�%!����$�/�0��!2�!"!%�� �!�%������!���!�.!�2��� ��+�0��
%��0! !�����"��!(!%��0�-(� !��H������-�%!����$�/�0�!�%�����0���  (!�2��� ��+�0����! �� ��(!5! � !���������(,�!�
�"�"!�(0��9-��!5�� ��',�	+(������0��5! $�=�676>�!�0!%� �0� $� �(�/�%��%�� �� !�����"��! �� �:����/�((����(!2$ 
���!(�'!(! ,:��""�% �0�0!� �5���  (!�2��� �����( $�+2$� $���""�% !�����  (!�2��� ���"�-$, �-(��. ���!��2��� (,
��0+%�0�!������(� !��(,��$�((�/:�/�((45!9�0��!��������� +��,:�0+�� ����� !%�(� +�'+(��%�:�! �� !((�%���%�� �!'+ �
 �� $�������((�5�� �(! ,��"� $���(2�(�-�-+(� !��������00! !��:� $����  (!�2�-$, �-(��. ���%���'�����!2�!"!%�� 
��+�%���"��+ �!�� �� �� $����0!5�� ����0�%���-(�,����!5-�� �� ���(��!�� $��2����� !����"���������� $���
�������:��� �5-��� +��4�0�-��0�� � ��5���-����� !�2�-$, �4-(��. �����  (!�2�$���'����!�%(+0�0�!�� $���(2�(
5�� �(! ,��9-����!��:���0�5�,�'��/�!  ������"�((�/�B

=�4�*>( ) (T 20)sPb sPn
sP N base

V V
k 1 G (N)

H H
−� 	= + ⋅ − ⋅θ
 �

� 

/$���� .��� !��  $���� � �""�% !��� �(2�(� (���� �� �� 0+��  �� ��  (!�2�=0�,4�>:� ���'� !��  $��'���� ��  (!�2� ��(�%! ,��"
-$, �-(��. ���=5@0�,>:������!�� $���+ �!�� �0�-��0�� ���  (!�2��� �:�=5@0�,>:��
=
>�!��0�"!��0�',��<+� !��
�4�#:���0���!�� $��0�- $��"� $����25�� :�=5>

P��-(��. ���2��F!�2�5�,:�0�-��0!�2�+-��� !5���"� $��,������0�F��-(��. ���'!�5����(���(�:�'�
���!5-�� �� �(������ ��"���-$, �-(��. �����$��(���� ��5�+��0� ����-����� �F��-(��. ���2��F!�2�!�����"�((�/�B

=�4�1>o (T 20)
grz grz grzk (T) k (20 C) −= ⋅θ

/$���� .2�F=�>� !��  $��  �5-��� +��� %����% �0� (���� �� �� 0+��  �� F��-(��. ��� 2��F!�2� ��0� .2�F=#�N	>� !��  $�
-��0� !����� ��� �#�N	���$��+�! ���"�.2�F�����0�,4�

�$�� � �(�(������ ��"���-$, �-(��. ���!�� $���+5��"� $�� $����(������ ���0��%�!'�0��'���B

=�4�3>P PR sP grzD k (T) k k (T)= + +

�$!��%�5-(� ��� $���-�%!"!%� !����"� $��2��/ $���0�0�� $��� ���"���-$, �-(��. ���="��� $��� ��0��0
�(2�(�2��/ $�5�0�(>�!�� ��5���"� $��-$,�!%�(����!�'(��B��(!2$ :� �5-��� +�����0����!(�'(���+ �!�� �����'(���4�
�+55��!F��� $���<+� !������0�5�0�(�%��""!%!�� ��+��0�!�� $��� ��0��0�����!����"� $���+ ��-$!%� ���5�0�(
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�������4������
�������Q�����
���
���������A�����
�

�$, �-(��. ���
� ����/ $��� �

( )p P max T I N PR sP grz cS G G (T) G (I) G (N) k (T) k k (T) P= ⋅ ⋅ ⋅ − − − ⋅

��5-��� +���	����% !��

�����$!+��&���!��

(T 20)
Pmax Pmax PG (T) G −= θ

�- !5+5���5-��� +���&���!��
2

1 opt(T T )
Pmax Pmax optG (T) G e T T−β −= ≤

2
2 opt(T T)

Pmax Pmax optG (T) G e T T−β −= >

�!2$ ���0+% !��

ek Ho o
I

e s s

I (t) I (t)e
G (I) exp e exp

k H I I
−� 	� �− −

= −
 �� �

 �� �� 

basee e c cchl ck k k a P= + ⋅ ⋅


+ �!�� ��- �.�

N
mN mP mSi

DIN DIP Si
G (N) Min , ,

K DIN K DIP K Si
� �

= � �+ + +� �

��
 C 0!���(��0�!���2��!%��! ��2���C�
�*�?�
�#?
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�### ��/�4	$�(+-��(2�(����/ $���0�(

�$����%��0��(2�(�2��/ $�5�0�(����!(�'(�� !��  $!����(������"��	��0��/��0!��% (,�"��5���/����0
	$�(+-�=�66�>���0�������(!���5�0�(!�2�"��5�/��.�0���(�-�0�',��$+ ���=�686>���$��"�((�/!�2�-���2��-$�
-���!0�� ��� �����!�/� �"�  $�� ��/�4	$�(+-� 5�0�(� � ���  $�� ��/�4	$�(+-� 5�0�(:�  $�� %��'��� !��  $�
-$, �-(��. ���%�((�!��%���!0���0� ��'��"�+�0�!�������"�"�+��%�5-�� 5�� �B�� �+% +��(�%��'���=�>:��������!�
���� ���2��%��'���=�>:�%��'�������%!� ��/! $� $��(!2$ ����% !����=-$� �%$�5!%�(����% !���>��"�-$� ��,� $��!�
=�>:����%��'�������%!� �0�/! $� $��0��.����% !����=%��'�$,0�� ��-��0+% !�����0�-�� �!����0�(!-!0��,� $��!�>
�"�-$� ��,� $��!��=�>�����%�:� � �(�%�((�%��'��:�	�C���?���?���?����	$(���-$,((�!�����+5�0� ���9!� ���(,
!�� $����-�� !����"� $��%�((� �
+ �!�� ��=�! ��2��:�-$��-$��+�:���0��!(!%�>�����"�+�0�!�� $���:��:���0��
-�� !�����"� $��%�((���0��������+5�0� ��'��"�+�0�!�� $����5���� !���!����%$��"� $����-��(�����!�����+5�0� �
%���!� ��� !��(,��"�	�� ���2��-��0+% ��=%��'�$,0�� �����0�(!-!0�>���0�$��%��%�� �!�������+ �!�� ����$�
"��% !����"�	��((�%� �0� ��� �+% +��(�-+�-�����=�@	>�!�����+5�0� ��'��%��� �� ���0�!�0�-��0�� ��"�2��/ $
%��0! !���

�$��� ��0,4� � ��2�����-$� ��,� $� !%��� ��-���%�((�=�>�!��0��%�!'�0�',

=�4�8>prl prdG L I G Dρ = =

/$������!�� $��!�%!0�� �!���0!��%�H��-�0�!�� $��2�����-$� ��,� $� !%��� ��-���+�! �����0�!����%��� �� H���0��-�(

!�� $��2������� ���"�-$� ��,� $��!��-���+�! ���-���+�! �(!2$ �!� ���! ,���0�!����"+�% !����"����!���5�� �(
%��0! !��������-!�� !���(�������������+5�0� ��'��0��%�!'�0�',

=�4�7>PR RB RG prdk k k G D= +

/$����.���!�� $��'���(����-!�� !����� ��-���%�((:�!�:� $���� ����<+!��0� ��5�!� �!�� $��%�((�!�� $���'���%���"
2��/ $:���0�.��� !��  $��2��/ $4�� �40�-��0�� ����-!�� !���%��""!%!�� �=��/����0�����!� ��:��67�>� ��$�
�+'� �� ��"������-!�� !���!�����+5�0� ��%�5��"��5� $����-��(

���5� $��"���2�!�2����+5- !���:�! �"�((�/�� $� � $���� ���"��+ �!�� ����!5!(� !���"
�!��%��� ��!��0
',

=�4�6>( ) Nx N

d
S L D W f

dt
+ + =

/$�����
9�!�� $���� !���"�	� ���+ �!�� �9�=�! $����! ��2��:�-$��-$��+������!(!%�>��� ��(���"�((�/�� $� 

=�4#�>prd RB RG prd

dC
G D k k G D

dt
= − −

��0���%��0! !�����"�'�(��%�0�2��/ $�! �5+� �'�� �+�� $� �"�����,�%�5-���� �;��"� $��%�((:

=�4#�>
1 dX
X dt

µ =

/$����R�!�� $��2��/ $��� ��!��+�! ���"�!������� !5���	�5'!�!�2��<+� !����=�4#�>���0�=�4#�>�,!�(0�
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=�4##>prd RB RG prdC G D k k G Dµ = − −

��/����0�	$�(+-��(���0�"!��� $�����+5- !������0�%��0! !����+�0���/$!%$����+ �!�� ��� +�� �0�����!����"
�<+� !����4##�%���'��0���(�-�0���$���+ �!�� ��� +�� �0�2��/ $��� �:�R�5�9:�!���"� $��"��5

=�4#)>
( )( )prd RG RB

P max
prd prls

G 1 k 1 S / C I k
I G / G C

− −
µ = −

+
/$�����-�(�� !��  $���+ �!�� 4�� +�� �0���(+���"��-�(� ���/����0�	$�(+-� $����%%�+� �"���  $����(� !���$!-
'� /����(!2$ ���0��-�(��',�+����"��<+� !���=�4#*>

=�4#*>prlo
prls

s

G
G

1 I / I
=

+

/$�����-�(��!�� $����(+���"��-�(��/$�����C��:���0����!�� $����(+���"���/$����-�(��C��1�-�(�

���0��%�!'�0�!����% !����##��� ��0��0��(2�(����/ $���0�(:�!�� $���� +��(����!���5�� :� $��(!2$ 
!� ���! ,����!�%!0�� �!���0!��%�:��:� ��/$!%$� $��-$, �-(��. ��������9-���0�!���� �+�!"��5(,�� � $���- !5+5
��(+����$�����!� !����!��(!2$ ��9-��+��� $� �-$, �-(��. ��������9-���0� ��0+�� ��-��! !���!�� $��/� ��
%�(+5����0�0�!(,����!� !���� ����(�����0!� !��� $� �/����0� �!(�0�!����% !����##���(����--(,�!�� $����/�4
	$�(+-�2��/ $�5�0�(���<+� !����=�4��>���0�=�4��>�����+��0� ��0� ��5!��� $��0!+���(����!� !���!����(��
��0!� !���� � $���+�"�%���"� $��/� ���%�(+5�:�2!���� $�� � �(���(�����0!� !��:���0�! ���  ��+� !��� $��+2$� $�
/� ���%�(+5�:����-�% !��(,

�����00! !���(�-���5� ��!F� !��� $� �!��!�%��-��� �0�!�� $����/�4	$�(+-�"��5+(� !���!��-$� �4
�0�- � !���',�-$, �-(��. �����$, �-(��. ���$����'�����$�/�� ��'���'(�� ���0�- � �����!� !����!��(!2$ 
!� ���! ,�=� ��5����
!�(����� ��(:��63#H�� ��5����
!�(������0����.:��63*H�����(�� ��(��678>���9-��!5�� �(
0� ��$����!�0!%� �0� $� �-$, �-(��. ���5�,� �.��������(�$�+��� �� /�� ��"�+��0�,�� ���0�- � ��%$��2���!�
(!2$ �!� ���! ,���$���"���:� $����(+���"���:�!���<+� !����4#*�!��-��5!  �0� ��%$��2�������"+�% !����"� $�
�� �%�0�� �(!2$ �$!� ��,:��%%��0!�2� �� $��"��5+(�B

=�4#1>( )
n 3 n 2 n 1s tot tot totI I I I / 3

− − −
= + +

/$���B
� � �4) C  � �(���(�����0!� !��� $����0�,��-��%�0!�2�%+���� �5�0�(�0�,:
� � �4# C  � �(���(�����0!� !��� /��0�,��-��%�0!�2�%+���� �5�0�(�0�,:
� � �4� C  � �(���(�����0!� !�������0�,�-��%�0!�2�%+���� �5�0�(�0�,


� �B� $��+����"� $��-$� �4�0�- � !���"��5+(��!���- !���(���"� $��+����/!�$��� ��!�%(+0��-$� �4�0�- � !��
 $���$����� �$�� �$�+(0� �� �  $�� �--��-�!� �� ��� � !��  $��J	��� �� �K� ��% !����"�  $��5�0�(� !�-+ �  ��F���
� $��/!��:�!"������4F������(+��"������ �!���-�%!"!�0� $���-$� �4�0�- � !���!��!2����0� $��+�����-�%!"!�0���(+�
"������ �!���--(!�0�!���<+� !����=�46>����=�4#*>
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0�-��0�� ���(+����"��5'!�� �/� ���%�(+5�� �5-��� +������%�5-+ �0�',� $��$,0��0,��5!%�5�0�(���$�
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µ = µ ⋅ >
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ave

e

I (t)
I 1 e
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= −
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� �π −
� �= � �⋅ � �
� �
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− − −
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=�4#7>P max RB RG prd

chl

1 (1 QF) (1 / ) S / C ( k / C) / (1 k ) G
Chl : C

W

� 	− − − µ µ − − µ + −� =

{ }P max RB RG prd chl P max1 S / C ( k C) / (1 k ) G / W when� 	= − − µ + − µ = µ� 
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Saturating recycle : k(T) k (20 C)
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TABLE 1-15.  SAMPLE EUTROPHICATION INPUT DATASET
C N2DPARAM
         6              
C   Scale1    Scale2    Scale3    Scale4
    0.3048       1.0       1.0       1.0
kL                                                                              
    0.0000    0.0000    0.0000
    0.0000    0.7870    0.0000
    0.0000    0.0000    0.0000
Vsnet1 - algal group 1
    0.0000    0.0000    0.0000
    0.0000    1.0000    0.0000
    0.0000    0.0000    0.0000
Vsnet2 - algal group 2
    0.0000    0.0000    0.0000
    0.0000    1.0000    0.0000
    0.0000    0.0000    0.0000
Vsnet3 - algal group 3
    0.0000    0.0000    0.0000
    0.0000    1.0000    0.0000
    0.0000    0.0000    0.0000
Vsnet4 - pom
    0.0000    0.0000    0.0000
    0.0000    1.0000    0.0000
    0.0000    0.0000    0.0000
KEbs
    0.0000    0.0000    0.0000
    0.0000    0.0000    0.0000
    0.0000    0.0000    0.0000
C N3DPARAM
    1                                    number of 3D parameters
C   SCALE1
   1.0E-20
SS (mg/L)                                                                       
      0.01      0.01      0.01
      0.01      0.01      0.01
      0.01      0.01      0.01           Layer #1
      0.01      0.01      0.01
      0.01      0.01      0.01
      0.01      0.01      0.01           Layer #2
C    NCONS
       180                                   number of constants     
     AGOPT    ACTALG     KAOPT     KEOPT    Unused    Unused    Unused    Unused
        0.        2.        1.        2.                    
     TOPT1   K1BETA1   K2BETA2       K1C       K1T       IS1      KMN1      KMP1
      3.50      .004      .006     2.500     1.068   150.000     0.010     0.001
      KMS1      K1RB      K1RT      K1RG     K1GZC     K1GZT     CCHL1     CPR11
     0.020     0.075     1.047       0.0     0.100      1.10      30.0      40.0
     CPR12     CPR13     CNR11     CNR12     CNR13     CSR11     CSR12     CSR13
       0.0       0.0     5.670       0.0       0.0       5.0      10.0       0.0
      XKC1    VSBAS1    VSNTR1    Unused    Unused    Unused    Unused    Unused
     0.017       0.2       0.5
     TOPT2   K2BETA1   K2BETA2       K2C       K2T       IS2      KMN2      KMP2
       22.      .004      .006     2.400     1.068     350.0     0.010     0.001
      KMS2      K2RB      K2RT      K2RG     K2GZC     K2GRT     CCHL2     CPR21
     0.002     0.075     1.047       0.0     0.120     1.100      80.0      40.0
     CPR22     CPR23     CNR21     CNR22     CNR23     CSR21     CSR22     CSR23
       0.0       0.0     5.670       0.0       0.0       8.0       0.0       0.0
      XKC2    VSBAS2    VSNTR2    Unused    Unused    Unused    Unused    Unused
     0.017       0.5       0.2
     TOPT3   K3BETA1   K3BETA2       K3C       K3T       IS3      KMN3      KMP3
        0.        0.        0.        0.        0.        0.        0.        0.
      KMS3      K3RB      K3RT      K3RG     K3GZC     K3GRT     CCHL3     CPR31
        0.        0.        0.        0.        0.        0.        0.        0.
     CPR32     CPR33     CNR31     CNR32     CNR33     CSR31     CSR32     CSR33
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TABLE 1-15.  SAMPLE EUTROPHICATION INPUT DATASET (Cont.)
        0.        0.        0.        0.        0.        0.        0.        0.
      XKC3    VSBAS3    VSNTR3    Unused    Unused    Unused    Unused    Unused
        0.        0.        0.
     KMPHY     FRPOP     FLPOP     FRDOP     FLDOP      FPO4     FRPON     FLPON
     0.050     0.100     0.250     0.100     0.100     0.450     0.001     0.399
     FRDON     FLDON      FNH4     FRPOC     FLPOC     FRDOC     FLDOC      K57C
     0.125     0.125     0.350     0.001     0.449     0.100     0.450     0.010
      K57T      K68C      K68T      K79C      K79T      K89C      K89T    K1012C
     1.080     0.070     1.080     0.020     1.080     0.090    1.080      0.010
    K1012T    K1113C    K1113T    K1214C    K1214T    K1314C    K1314T    K1415C
     1.080     0.050     1.080     0.010     1.080     0.075    1.080      0.040
    K1415T      KNIT     K150C     K150T      KNO3    K1617C    K1617T    K1820C
     1.040     1.500     0.050     1.045     0.010      0.10     1.080     0.010
    K1820T    K1921C    K1921T     K200C     K200T     K210C     K210T    KMLDOC
     1.080     0.070     1.080     0.010     1.080     0.150     1.047     0.100
      KDOC     K220C     K220T    FLOCEX    K2324C    K2324T     K24OC     K24OT
     0.200     0.120     1.047       0.0      0.35     1.047     0.100     1.080
   CTOPCSO   CTONCSO     K25OC     K25OT     KO2EQ     KLMIN     DIFUS       KAT
       35.       6.0     0.150     1.080     0.100       2.0      0.00     1.024
    VSBAST     VSPOM     VSPMT    VSSEDT     BVCSO     CRCSO    KADPO4     KADSI
     1.000     0.750      1.00       1.0       2.0       10.       6.0       6.0
     VSPIM   KECONST
       0.0       0.0
C    NOTVF  TVPWLOPT
         4         1                 number of time functions
C    PNAME     NOBRK  TWARPTVF
      ITOT        13      DAYS       TOTAL DAILY RADIATION
      118.        0.      168.       11.      218.       59.      318.       90.
      418.      120.      468.      151.      518.      181.      468.      212.
      418.      243.      318.      273.      218.      304.      168.      335.
      118.      365.
C    PNAME     NOBRK  TWARPTVF
     F DAY        13      DAYS       FRACTION OF DAYLIGHT
      0.37        0.      0.42       31.      0.46       59.      0.52       90.
      0.58      120.      0.61      151.      0.63      181.      0.59      212.
      0.54      243.      0.49      273.      0.43      304.      0.40      335.
      0.37      365.
C    PNAME     NOBRK  TWARPTVF
      Wind         2      DAYS       Wind Speed (m/sec)
      000.        0.      000.     9999. 
C    PNAME     NOBRK  TWARPTVF
        KE        13      DAYS       Extinction coefficient (/m)
      0.70        0.      0.65       31.      0.60       59.      0.55       90.
      0.73      120.      0.96      151.      1.12      181.      0.74      212.
      0.57      243.      0.57      273.      0.51      304.      0.63      335.
      0.67      365.
C NOKINFIL                           Number of kinetic subroutine specific files
         1
sed.inp
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Settling Rate as a Function of Concentration and Beta 
(Cref=10 mg/L)
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#��� ������������������������
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#� �����!�/��"���0�(����5�/��.
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�*�#�=�;:�Q> C ��,���#��55��!�:�
�*:�=52@5)>

�)�#�=�;:�Q> C ��,���)��! �� �:�
�):�=52@5)>
�#��#�=�;:�Q>� C ��,���#�$,0��2����+("!0��=!���9,2����<+!��(�� �>:��#�:�=52

�#@5)>
���#�=�;:�Q> C ��,���#��!(!%�:�=52@5)>
�
�������=�;:�Q>� C ��� $!%�� ����
��*���=�;:�Q> C ��,������� $�-$��-$� �:���*:�=52@5)>

�*���=�;:�Q>� C ��,������55��!�:�
�*:�=52@5)>
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�)���=�;:�Q> C ��,������! �� ��
�):�=52@5)>
�����=�;:�Q> C ��,������!(!%�:�=52@5)>
�#����=�;:�Q>� C ��,�����$,0��2����+("!0��=!���9,2����<+!��(�� �>:��#�:�=52

�#@5)>
	�*���=�;:�Q> C ��,��� ��  � �(� 5� $���� =!�� �9,2��� �<+!��(�� �>:�	�*:

=52�#@5)>
	�*�#=�;:�Q> C ��,��� #� �� �(� �� $���� =!�� �9,2��� �<+!��(�� �>:� 	�*:

=52�#@5)>
��*�#�=�;:�Q> C ��,��� #�  � �(� �+("� �� =!�� �9,2��� �<+!��(�� �>:���*:

=52�#@5)>

�* ��5-��� +����!""+�!���	��""!%!�� :���	�5-���� ����% !������0��!�2����!�
�� ��

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

                        10
                DIFFT
FORMAT (F10.0)

����� C �� ��� %�(+5�4��0!5�� � (�,���  �5-��� +��� 0!""+�!��
%��""!%!�� �=%5#@��%>

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

                       10
            SALTSW
FORMAT(F10.0)

������ C ��(!�! ,�%��%�� �� !��� "���0� ��5!�!�2�/$� $��� ��( /� �����
"���$/� ����! �!"!%� !�����0�0��! �!"!%� !����� ��������--(!�0
=�"���(!�! ,�!��2��� ��� $���������� $�����( /� �����(+������
�--(!�0

80

Comment

FORMAT (A80)
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	�55�� C 	�55�� �(!���=!2����0�',��	�>

              10                   20                  30
FRPPH1(1)    FRPPH1(2)    FRPPH1(3)

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

              10                   20                  30
FRPPH2(1)    FRPPH2(2)    FRPPH2(3)

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

              10                   20                  30
FRPPH3(1)    FRPPH3(2)    FRPPH3(3)
FORMAT(3F10.0)

������=�> C "��% !�����"��(2�(�-$��-$��+��2�!�2� ����:��#:��)���0!5�� 
��2��!%�-$��-$��+��"����(2�(�2��+-��

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

            10                 20                 30
FRPOP(1)    FRPOP(2)    FRPOP(3)
FORMAT(3F10.0)

�����=�> C "��% !��� �"� ���4�(2�(@0� �! �(� ���� 2�!�2�  �� ��:� �#:� �)

��0!5�� ���2��!%�-$��-$��+�
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80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

               10                  20                   30
FRNPH1(1)    FRNPH1(2)    FRNPH1(3)

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

               10                  20                   30
FRNPH2(1)    FRNPH2(2)    FRNPH2(3)

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

               10                  20                   30
FRNPH3(1)    FRNPH3(2)    FRNPH3(3)
FORMAT(3F10.0)

��
���=�> C "��% !����"��(2�(��! ��2���2�!�2� ����:��#:���0��)���0!5�� 
��2��!%��! ��2���"����(2�(�2��+-��

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

             10                  20                  30
FRPON(1)      FRPON(2)    FRPON(3)
FORMAT(3F10.0)

����
=�> C� "��% !����"����4�(2�(@0� �! �(���
�2�!�2� ����:��#:���0��)

��0!5�� ���2��!%��! ��2��
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80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

               10                  20                   30
FRCPH1(1)    FRCPH1(2)    FRCPH1(3)

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

               10                  20                   30
FRCPH2(1)    FRCPH2(2)    FRCPH2(3)

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

              10                   20                   30
FRCPH3(1)    FRCPH3(2)    FRCPH3(3)
FORMAT(3F10.0)

��	���=�> C "��% !����"� �(2�(� %��'���2�!�2�  ����:��#:� ��0��)� ��0!5�� 
��2��!%�%��'���"��5��(2�(�2��+-��

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

             10                  20                  30
FRPOC(1)      FRPOC(2)    FRPOC(3)
FORMAT(3F10.0)

����	=�> C� "��% !����"����4�(2�(@0� �! �(���	�2�!�2� ����:��#:���0��)

��0!5�� ���2��!%�%��'��
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80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

               10                     20                    30                    40                   50                     60
KPDIAG(1)        DPTHTA(1)      KPDIAG(2)     DPTHTA(2)     KPDIAG(3)       DPTHTA(3)
FORMAT(6F10.0)

������=�> C 0!�2����!�����% !����� ���"���������:��#���0��):����-�% !��(,:
=�@0�,>

������=�> C  �5-��� +���%��""!%!�� ��"���������:��#���0��):����-�% !��(,

                10                     20                     30                     40                    50                      60
KNDIAG(1)        DNTHTA(1)       KNDIAG(2)      DNTHTA(2)      KNDIAG(3)        DNTHTA(3)
FORMAT(6F10.0)

�
����=�> C 0!�2����!�����% !����� ���"�����
���:��#���0��):����-�% !��(,:
=�@0�,>

�
����=�> C  �5-��� +���%��""!%!�� ��"�����
���:��#���0��):����-�% !��(,

                10                    20                    30                     40                    50                     60
KCDIAG(1)       DCTHTA(1)       KCDIAG(2)      DCTHTA(2)      KCDIAG(3)      DCTHTA(3)
FORMAT(6F10.0)

�	����=�> C 0!�2����!�����% !����� ���"�����	���:��#���0��):����-�% !��(,:
=�@0�,>

�	����=�> C  �5-��� +���%��""!%!�� ��"�����	���:��#���0��):����-�% !��(,

�10             20
KSI    THTASI
FORMAT(2F10.0)

��� C �!�2����!�����% !����� ��"����!:�=�@0�,>
������ C ��5-��� +���%��""!%!�� �"����!

�1 ��0!5�� � !�����0���� !%(���!9!�2��� ��

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>



Appendix A User’s Guide for RCA
Release 3.0

79

                   10                       20                                 80
VECTOR(1,1)      VECTOR(2,1)      ...    VECTOR(NX,1)

.

.

.
                     10                                    80
VECTOR(1,NY)     ...    VECTOR(NX,NY)
FORMAT(8E10.2)

	�55�� ���0�&�	���=�;:�Q>�������-�� �0�"��� $��"�((�/!�2����!�'(��B

&���=�;:�Q> C ��0!5�� � !�����(�%! ,:�=%5@,�>
&���;=�;:�Q> C ��(!04-$����5!9!�2��� �:�=5#@0�,>�4��-

&���;=�;:�Q> C 0!���(��04-$����5!9!�2��� �:�=5#@0�,>�4��0

�3 ��0!5�� ���0�(�	��� �� �

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

             10                 20                    30
M1M2OPT    PIESIOPT    PIEPO4OPT
FORMAT(3F10.0)

���#��� C ��:�#�!�-+ ��- !���
C �: �����0��#������-� !�((,�%��� �� 
C �: �����0��#������-� !�((,����!�'(�

�������� C ������!�-+ ��- !��
C �:� �!�-�� ! !���%��""!%!�� �������-� !�((,�%��� �� 
C �: �!�-�� ! !���%��""!%!�� �������-� !�((,����!�'(�

�����*��� C �����*�!�-+ ��- !��
C �: ��*�-�� ! !���%��""!%!�� �������-� !�((,�%��� �� 
C �: ��*�-�� ! !���%��""!%!�� �������-� !�((,����!�'(��

�"����#����C���=�-� !�((,�%��� �� ������0��#>

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

 10     20             30              40
M1    M2    THTADp    THTADd
FORMAT(4F10.0)
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�� C ����'!%�(�,�����(!0��%��%�� �� !��:�=.2@(>
�# C ������'!%�(�,�����(!0��%��%�� �� !��:�=.2@(>
�����- C  �5-��� +���%��""!%!�� �"����-

�����0 C  �5-��� +���%��""!%!�� �"����0

�"����#����C���=�-� !�((,����!�'(�������0��#>

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

10

SCALE

FORMAT (F10.0)

�	��� C �%�(��"�% ���

      10                  20                      80
M1(1,1)          M1(2,1)   . . .   M1(NX,1)

.

.

.
M1(1,NY)       M1(2,NY) . . . M1(NX,NY)
FORMAT(8F10.0)

��=�;:�Q> C ����'!%�(�,�����(!0��%��%�� �� !���"�����0!5�� ���25�� ��;:�Q
=.2@�>

10

SCALE

FORMAT (F10.0)

�	��� C �%�(��"�% ���

                                                        80
M2(1,1)          M2(2,1)   . . .   M2(NX,1)

.

.

.
M2(1,NY)       M2(2,NY) . . . M2(NX,NY)
FORMAT(8F10.0)

�#=�;:�Q> C �������'!%� (�,�����(!0��%��%�� �� !���"�����0!5�� ���25�� 
�;:�Q�=.2@�>



Appendix A User’s Guide for RCA
Release 3.0

81

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

�� 20

THTADp THTADd

FORMAT (2F10.0)

�����- C  �5-��� +���%��""!%!�� �"����-

�����0 C  �5-��� +���%��""!%!�� �"����0

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

   10                 20
Dd0      THTADd0
FORMAT(2F10.0)

�0� C 5!�!5+5�-����/� ���0!""+�!���%��""!%!�� �=5#@0�,>
�����0� C  �5-��� +���%��""!%!�� �"����0�

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

               10                20                     30             40                         50                    60
KAPPNH4S       PIENH4      THTANH4S     KMNH4       THTAKMNH4       KMNH4O2
FORMAT(6F10.0)

����
�*� C �! �!"!%� !�����(�%! ,�!����( /� ��:�=5@0>
���
�* C -�� ! !���%��""!%!�� �"����! ��2��:�=�@.2>
����
�*� C �! �!"!%� !��� �5-��� +���%��""!%!�� �!����( /� ��
��
* C �55��!��$�("��� +�� !���%��� �� :�=52�
@�>
������
* C  �5-��� +���%��""!%!�� 
��
�*�# C �9,2���$�("��� +�� !���%��� �� :�=52��#@�>
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80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

               10                     20
KAPPNH4F       THTANH4F
FORMAT(2F10.0)

����
�*� C �! �!"!%� !�����(�%! ,�!��"���$/� ��:�=5@0>
����
�*� C �! �!"!%� !��� �5-��� +���%��""!%!�� �!��"���$/� ��

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

                 10                20                     30
KAPP1NO3S      K2NO3S      THTANO3S
FORMAT(3F10.0)

�����
�)� C ����'!%�0��! �!"!%� !�����(�%! ,�!�����/� ��:�=5@0>
�#
�)� C ������'!%�(�,���0��! �!"!%� !����� ��"������/� ��:�=�@0>
����
�)� C 0!�2����!�� �5-��� +���%��""!%!�� �!�����/� ��

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

                  10                20                     30
KAPP1NO3F         K2NO3F      THTANO3F
FORMAT(3F10.0)

�����
�)� C ����'!%�0��! �!"!%� !�����(�%! ,�!��"���$/� ��:�=5@0>
�#
�)� C ������'!%�(�,���0��! �!"!%� !����� ��"���"���$/� ��:�=�@0>
����
�)� C 0!�2����!�� �5-��� +���%��""!%!�� �!��"���$/� ��

80

Comment

FORMAT (A80)
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	�55�� C 	�55�� �(!���=!2����0�',��	�>

          10              20          30          40                 50                 60
KAPPD1    KAPPP1    PIE1S    PIE2S     THTAPD1      KMHSO2
FORMAT(6F10.0)

������ C ���% !�����(�%! ,�"���0!���(��0��+("!0���9!0� !���!�� $������'!%
(�,��:�=5@0�,>

������ C ���% !�����(�%! ,�"���-�� !%+(� ���+("!0���9!0� !���!�� $������'!%
(�,��:�=5@0�,>

����� C -�� ! !���%��""!%!�� �"����+("!0��!�� $������'!%�(�,��:�=�@.2>
���#� C -�� ! !���%��""!%!�� �"����+("!0��!�� $������'!%�(�,��:�=�@.2>
������� C  �5-��� +���%��""!%!�� �"����+("!0���9!0� !��

�����# C �+("!0�� �9!0� !��� ���5�(!F� !��� %��� �� � "��� �9,2��:
=52�#@�>

�"����������C��=���������0����#��������-� !�((,�%��� �� >

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

         10             20            30      40              50            60               70                80
CSISAT      PIE1SI    PIE2SI     KSI     THTASI     KMPSI     OCRITSI     JSIDETR
FORMAT(8F10.0)

	����� C �!(!%���� +�� !���%��%�� �� !��:�=52��!@�>
������ C -�� ! !���%��""!%!�� �"����!(!%��!������'!%�(�,���:�=�@.2>
���#�� C -�� ! !���%��""!%!�� �"����!(!%��!��������'!%�(�,��:�=�@.2>
��� C "!�� ���0������% !����� �:�=�@0�,>
������ C  �5-��� +���%��""!%!�� 
����� C $�("��� +�� !���%��� �� :�=52��!@2>
�#	����� C ����(,!�2�/� ����9,2���%��%�� �� !���� �/$!%$�����'!%�(�,��

!�%��5�� �(:�-�� ! !��!�2�� �� �� ��0�%������=52��#@�>
M������ C "(+9��"�0� �! �(��!(!%�:�=52��!@5#�4�0>

�"����������C��=���������0����#��������-� !�((,����!�'(�>

80

Comment

FORMAT (A80)
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	�55�� C 	�55�� �(!���=!2����0�',��	�>

10

SCALE

FORMAT (F10.0)

�	��� C �%�(��"�% ���

               10                 20                          80
PIE1SI(1,1)   PIE1SI(2,1) . . .   PIE1SI(NX,1)

.

.

.
               10                                   80
PIE1SI(1,NY)    . . .   PIE1SI(NX,NY)

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

10

SCALE

FORMAT (F10.0)

�	��� C �%�(��"�% ���

               10                 20                          80
PIE2SI(1,1)   PIE2SI(2,1) . . .   PIE2SI(NX,1)

.

.

.
               10                                  80
PIE2SI(1,NY)   . . .   PIE2SI(NX,NY)

������=�;:�Q> C ����'!%�(�,����!�-�� ! !���%��""!%!�� �=�@.2>
���#��=�;:�Q> C ������'!%�(�,����!�-�� ! !���%��""!%!�� �=�@.2>

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>
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         10        20            30          40                  50             60
CSISAT      KSI    THTASI   KMPSI    O2CRITSI   JSIDETR

	����� C �!(!%���� +�� !���%��%�� �� !��:�=52��!@�>
��� C "!�� ���0������% !����� �:�=�@0�,>
������ C  �5-��� +���%��""!%!�� 
����� C $�("��� +�� !���%��� �� :�=52��!@2>
�#	����� C ����(,!�2� /� ��� �9,2��� %��%�� �� !��� � � /$!%$

����'!%� (�,��� !�%��5�� �(:� -�� ! !��!�2� � �� ��  �
0�%������=52��#@�>

M������ C "(+9��"�0� �! �(��!(!%�:�=52��!@5#�4�0>

�"������*����C��=������*����0�������*
������-� !�((,�%��� �� >

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

              10                   20              30                40
PIE1PO4M      PIE1PO4N     O2CRIT      KMO2DP
FORMAT(4F10.0)

������*� C !�%��5�� �(� -�� ! !��� %��""!%!�� � "��� -$��-$� �� !�
����'!%�(�,��:�=�@.2>

������*
 C -�� ! !���%��""!%!�� �"���-$��-$� �� !�� $��������'!%
(�,��:�=�@.2>

�#	��� C ����(,!�2� /� ��� �9,2��� %��%�� �� !��� � � /$!%$
����'!%� (�,��� !�%��5�� �(� -�� ! !��!�2� � �� ��  �
0�%�����:�=52��#@�>

���#�� C $�("��� +�� !���%��� �� :�=52��!@2>

�"������*����C���=������*���0����#��*������-� !�((,����!�'(�>

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

10

SCALE

FORMAT (F10.0)
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�	��� C �%�(��"�% ���

                  10                     20                               80
PIE1PO4(1,1)   PIE1PO4(2,1) . . .   PIE1PO4(NX,1)

.

.

.
                     10                                    80
PIE1PO4(1,NY)    . . .   PIE1PO4(NX,NY)

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

10

SCALE

FORMAT (F10.0)

�	��� C �%�(��"�% ���

                  10                     20                               80
PIE2PO4(1,1)   PIE2PO4(2,1) . . .   PIE2PO4(NX,1)

.

.

.
                     10                                   80
PIE2PO4(1,NY)   . . .   PIE2PO4(NX,NY)

������*=�;:�Q> C ����'!%�(�,�����*�-�� ! !���%��""!%!�� �=�@.2>
���#��*=�;:�Q> C ������'!%�(�,�����*�-�� ! !���%��""!%!�� �=�@.2>

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

         10               20 
02CRIT      KMO2DP

�#	��� C ����(,!�2�/� ����9,2���%��%�� �� !���� �/$!%$�����'!%�(�,��
!�%��5�� �(�-�� ! !��!�2�� �� �� ��0�%������=52��#@�>

���#�- C $�("��� +�� !���%��� �� �"���-�� !%(��5!9!�2�=52�#@�>
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80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

                  10                     20                 30             40
TEMPBNTH        KBNTHSTR       KLBNTH      DPMIN
FORMAT(4F10.0)

�����
�� C '�� $!%� �5-��� +����/! %$�=�	>
��
����� C '�� $!%�� �����0�%�,��� ��%��� �� �=�@0�,>
���
�� C '�� $!%�� �������$��%�5�� �%��� �� 
����
 C 5!�!5+5���(+��"���-$,�!%�(�'�� $!%�5!9!�2:�=5#@0�,>

80

Comment

FORMAT (A80)

	�55�� C 	�55�� �(!���=!2����0�',��	�>

              10                   20                 30              40                 50
KAPPCH4        THTACH4     KMCH402     KMSO4      SO4OMG
FORMAT(5F10.0)

����	�* C ���% !�����(�%! ,�"���5� $����-��0+% !���=XX@0�,>
����	�* C  �5-��� +���%��""!%!�� �"���5� $����-��0+% !��
��	�*�# C $�("� �� +�� !��� %��""!%!�� � "��� 5� $���� -��0+% !��

=52��#@�>
����* C $�("��� +�� !���%��""!%!�� �"����+("� ��=52@�>
��*��� C ����(,!�2�/� ����+("� ��%��%�� �� !���=52��@�>

��'(��#4#�-����� ������5-(��!�-+ �0�%.�"��� $����0!5�� �5�0�(�%��""!%!�� ��� 
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TABLE 2-2.  SAMPLE INPUT DECK FOR THE SEDIMENT MODEL COEFFICIENT SET
C ISEDPRNT  IPRNTSED  TWARPSED IGDSEDOPT
         0    864000      SECS         1    
C  Sediment depths (cm)
       0.       0.00       0.0       0.0
       0.      10.00      10.0       0.0
       0.      10.00      10.0       0.0
       0.       0.00       0.0       0.0
C  scale factor / temperature initial conditions (Deg C)
 0.100E+01    
       0.0       0.0       0.0       0.0
       0.0       3.2       3.2       0.0
       0.0       3.2       3.2       0.0
       0.0       0.0       0.0       0.0
C  scale factor / G1 POP initial conditions (mg P/m**3)
 0.100E+01     
       0.0       0.0       0.0       0.0
       0.0     1320.     1320.       0.0
       0.0     1320.     1320.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / G1 PON initial conditions (mg N/m**3)
 0.100E+01    
       0.0       0.0       0.0       0.0
       0.0    12400.    12400.       0.0
       0.0    12400.    12400.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / G1 POC initial conditions (mg C/m**3)
 0.100E+01      
       0.0       0.0       0.0       0.0
       0.0    61400.    61400.       0.0
       0.0    61400.    61400.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / G2 POP initial conditions (mg P/m**3)
 0.100E+01     
       0.0       0.0       0.0       0.0
       0.0     8680.     8680.       0.0
       0.0     8680.     8680.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / G2 PON initial conditions (mg N/m**3)
 0.100E+01       
       0.0       0.0       0.0       0.0
       0.0    92700.    92700.       0.0
       0.0    92700.    92700.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / G2 POC initial conditions (mg C/m**3)
 0.100E+01   
       0.0       0.0       0.0       0.0
       0.0   410000.   410000.       0.0
       0.0   410000.   410000.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / G3 POP initial conditions (mg P/m**3)
 0.100E+01                 
       0.0       0.0       0.0       0.0
       0.0    58100.    58100.       0.0
       0.0    58100.    58100.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / G3 PON initial conditions (mg N/m**3)
 0.100E+01                 
       0.0       0.0       0.0       0.0
       0.0   480000.   480000.       0.0
       0.0   480000.   480000.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / G3 POC initial conditions (mg C/m**3)
 0.100E+01                  
       0.0       0.0       0.0       0.0
       0.0  4210000.  4210000.       0.0
       0.0  4210000.  4210000.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / Biogenic Si initial conditions (mg Si/m**3)
 0.100E+01            
       0.0       0.0       0.0       0.0
       0.0  5470000.  5470000.       0.0
       0.0  5470000.  5470000.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / Layer 2 Total Inorganic PO4 (mg P/m**3)
 0.100E+01           
       0.0       0.0       0.0       0.0
       0.0    11500.    11500.       0.0
       0.0    11500.    11500.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / Layer 2 Total NH4 (mg N/m**3)
 0.100E+01          
       0.0       0.0       0.0       0.0
       0.0     8770.     8770.       0.0
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TABLE 2-2.  SAMPLE INPUT DECK FOR THE SEDIMENT MODEL COEFFICIENT SET (Cont.).
      0.0     8770.     8770.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / Layer 2 Nitrate (mg N/m**3)
 0.100E+01          
       0.0       0.0       0.0       0.0
       0.0      250.      250.       0.0

       0.0      250.      250.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / Layer 2 Total Sulfide (as O2 equivalents) (mg O2/m**3)
 0.100E+01         
       0.0       0.0       0.0       0.0
       0.0     1180.     1180.       0.0
       0.0     1180.     1180.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / Layer 2 Total Inorganic Si (mg Si/m**3)
 0.100E+01          
       0.0       0.0       0.0       0.0
       0.0    22700.    22700.       0.0
       0.0    22700.    22700.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / Benthic Stress initial conditions
 0.100E+01                     
       0.       0.00       0.0       0.0
       0.      11.00      11.0       0.0
       0.      11.00      11.0       0.0
       0.       0.00       0.0       0.0
C  scale factor / Layer 1 Total Inorganic PO4 (mg P/m**3)
 0.100E+01              
       0.0       0.0       0.0       0.0
       0.0    16000.    16000.       0.0
       0.0    16000.    16000.       0.0
       0.0       0.0       0.0       0.0
C  scale factor / Layer 1 Total Inorganic NH4 (mg N/m**3)
 0.100E+01              
       0.        0.0       0.0       0.0
       0.       35.0       35.       0.0
       0.       35.0       35.       0.0
       0.        0.0       0.0       0.0
C  scale factor / Layer 1 NO3 (mg N/m**3)
 0.100E+01              
       0.        0.0       0.0       0.0
       0.       343.      343.       0.0
       0.       343.      343.       0.0
       0.        0.0       0.0       0.0
C  scale factor / Layer 1 Total Inorganic Si (mg Si/m**3)
 0.100E+01              
       0.        0.0       0.0       0.0
       0.      8000.     8000.       0.0
       0.      8000.     8000.       0.0
       0.        0.0       0.0       0.0
C  scale factor / Layer 1 Sulfide (in oxygen equivalents) (mg O2/m**3)
 0.100E+01              
       0.        0.0       0.0       0.0
       0.       0.02      0.02       0.0
       0.       0.02      0.02       0.0
       0.        0.0       0.0       0.0
C  scale factor / Layer 1 Methane (in oxygen equivalents) (mg O2/m**3)
 0.100E+01              
       0.        0.0       0.0       0.0
       0.       0.02      0.02       0.0
       0.       0.02      0.02       0.0
       0.        0.0       0.0       0.0
C  scale factor / Layer 2 Methane (in oxygen equivalents) (mg O2/m**3)
 0.100E+01              
       0.        0.0       0.0       0.0
       0.        5.0       5.0       0.0
       0.        5.0       5.0       0.0
       0.        0.0       0.0       0.0
C  scale factor / Layer 2 Sulfate (in oxygen equivalents) (mg O2/m**3)
 0.100E+01              
       0.        0.0       0.0       0.0
       0.        0.9       0.9       0.0
       0.        0.9       0.9       0.0
       0.        0.0       0.0       0.0
C    Difft
   0.00180
C   SALTSW
      0.00                         SALTSW         
C FRPPH1-G1 FRPPH1-G2 FRPPH1-G3    fractions to G1, G2, G3 P for Algal Group 1
     0.650     0.200     0.150     FRPPH1 (G1,G2,G3)  
C FRPPH2-G1 FRPPH2-G2 FRPPH2-G3    fractions to G1, G2, G3 P for Algal Group 2
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TABLE 2-2.  SAMPLE INPUT DECK FOR THE SEDIMENT MODEL COEFFICIENT SET (Cont.).
     0.650     0.200     0.150     FRPPH2 (G1,G2,G3) 
C FRPPH3-G1 FRPPH3-G2 FRPPH3-G3    fractions to G1, G2, G3 P for Algal Group 3
     0.650     0.200     0.150     FRPPH2 (G1,G2,G3) 
C FRPOP-G1  FRPOP-G2  FRPOP-G3    fractions to G1, G2, G3 P for detrital POP
     0.650     0.200     0.150     FRPOP (G1,G2,G3) 
C FRNPH1-G1 FRNPH1-G2 FRNPH1-G3    fractions to G1, G2, G3 N for Algal Group 1
     0.650     0.250     0.100     FRNPH1 (G1,G2,G3)
C FRNPH2-G1 FRNPH2-G2 FRNPH2-G3    fractions to G1, G2, G3 N for Algal Group 2
     0.650     0.250     0.100     FRNPH2 (G1,G2,G3)
C FRNPH3-G1 FRNPH3-G2 FRNPH3-G3    fractions to G1, G2, G3 N for Algal Group 3
     0.650     0.250     0.100     FRNPH2 (G1,G2,G3)
C FRPON-G1  FRPON-G2  FRPON-G3    fractions to G1, G2, G3 N for detrital PON
     0.650     0.250     0.100     FRPON (G1,G2,G3)
C FRCPH1-G1 FRCPH1-G2 FRCPH1-G3    fractions to G1, G2, G3 C for Algal Group 1
     0.650     0.200     0.150     FRCPH1 (G1,G2,G3)
C FRCPH2-G1 FRCPH2-G2 FRCPH2-G3    fractions to G1, G2, G3 C for Algal Group 2
     0.650     0.200     0.150     FRCPH2 (G1,G2,G3)
C FRCPH3-G1 FRCPH3-G2 FRCPH3-G3    fractions to G1, G2, G3 C for Algal Group 3
     0.650     0.200     0.150     FRCPH2 (G1,G2,G3)
C FRPOC-G1  FRPOC-G2  FRPOC-G3    fractions to G1, G2, G3 C for detrital POC
     0.650     0.200     0.150     FRPOC (G1,G2,G3)
C KPDIAGG1   THETAG1  KPDIAGG2   THETAG2  KPDIAGG3   THETAG3    POP Diag Rates
 0.0350000     1.100 0.0018000     1.150 0.0000010     1.170
C KNDIAGG1   THETAG1  KNDIAGG2   THETAG2  KNDIAGG3   THETAG3    PON Diag Rates
 0.0350000     1.100 0.0018000     1.150 0.0000010     1.170
C KCDIAGG1   THETAG1  KCDIAGG2   THETAG2  KCDIAGG3   THETAG3    POC Diag Rates
 0.0350000     1.100 0.0018000     1.150 0.0000010     1.170
C  KSiDiag     THETA                                        Biogenic Diag Rate
     0.500     1.100
C   Sedimentation or Burial Rates  (cm/yr)
C Scale Factor
 0.100E+01
       0.       0.00       0.0       0.0
       0.      0.250      0.25       0.0
       0.      0.250      0.25       0.0
       0.       0.00       0.0       0.0
C   Particle or solid phase mixing rate (m2/day)
C Scale Factor
 0.100E+01
       0.0       0.0       0.0       0.0
       0.0 0.120E-03 0.120E-03       0.0
       0.0 0.120E-03 0.120E-03       0.0
       0.0       0.0       0.0       0.0
C   Dissolved phase mixing rate (m2/day)
C Scale Factor
 0.100E+01
       0.0       0.0       0.0       0.0
       0.0 0.100E-02 0.100E-02       0.0
       0.0 0.100E-02 0.100E-02       0.0
       0.0        0.0      0.0       0.0
C  M1M2OPT  PIESIOPT PIEPO4OPT   (0=spatially constant,1=variable)
         0         0         0
C       M1        M2   ThetaDp   ThetaDd
     0.500     0.500    1.1500    1.1500
C      Ddo  ThetaDdo
    0.0010    1.0800
C KappNH4S    PIENH4 ThetaNH4S     KMNH4 ThtaKmNH4   KMNH4O2    (saltwater values)
    0.1313    1.0000    1.0800  728.0000    1.1250    0.7400
C KappNH4F ThetaNH4F    (freshwater values)
    0.2000    1.0800
C KappNO3S    K2NO3S ThetaNO3S    (saltwater values)
    0.0500    0.1000    1.3000              
C KappNO3F    K2NO3F ThetaNO3F    (freshwater values)
    0.1000    0.2500    1.0800             
C   Kappd1    Kappp1     PIE1S     PIE2S  ThetaPD1    KMHSO2
    0.2000    0.4000  100.0000  100.0000    1.0800    4.0000
C   CSiSat    PIE1Si    PIE2Si       KSi   ThetaSi     KMPSi  O2CritSi   JsiDetr
40000.0000    15.000    100.00    0.5000    1.1000   5.0E+07    2.0000      060.
C  PIEPO4M  PIE1PO4N    O2Crit    KMO2Dp
      20.0      20.0      2.00      4.00
C TempBnth  KBnthStr    KlBnth     Dpmin
   10.0000    0.0300    0.0000    0.0000
C  KappCh4  ThetaCh4   KMCH4O2     KMSO4
      0.20      1.08      0.20      0.10
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San Andreas Point (RSAN032)
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Threemile Slough (SLTRM004)
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Figure C1-A.  San Joaquin River Model Calibration, 2000 & 2001, Station: Vernalis
UCD (Dahlgren, 2004)  - filled diamond
USGS (Kratzer et al., 2004)  - filled square 
Lehman, 2004 - filled triangle 

All other data from J&S Data Atlas, (DO & Conductivity  denoted by + is at Mossdale RSAN087)

    - Surface Data
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    - Bottom Data
        Surface Model
        Bottom Model
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Figure C1-B.  San Joaquin River Model Calibration, 2000 & 2001, Station: Vernalis
UCD (Dahlgren, 2004)  - filled diamond
USGS (Kratzer et al., 2004)  - filled square 
Lehman, 2004 - filled triangle 

All other data from J&S Data Atlas, (DO & Conductivity  denoted by + is at Mossdale RSAN087)

    - Surface Data
    - Mid Data
    - Bottom Data
        Surface Model
        Bottom Model
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Figure C1-C.  San Joaquin River Model Calibration, 2000 & 2001, Station: Vernalis
UCD (Dahlgren, 2004)  - filled diamond
USGS (Kratzer et al., 2004)  - filled square 
Lehman, 2004 - filled triangle 

All other data from J&S Data Atlas, (DO & Conductivity  denoted by + is at Mossdale RSAN087)

    - Surface Data
    - Mid Data
    - Bottom Data
        Surface Model
        Bottom Model
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Figure C2-A.  San Joaquin River Model Calibration, 2000 & 2001, Station: R1
Data Source: J&S Data Atlas
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Figure C2-B.  San Joaquin River Model Calibration, 2000 & 2001, Station: R1
Data Source: J&S Data Atlas, Lehman, 2004
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Figure C2-C.  San Joaquin River Model Calibration, 2000 & 2001, Station: R1
Data Source: J&S Data Atlas, Lehman, 2004
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Figure C3-A.  San Joaquin River Model Calibration, 2000 & 2001, Station: R3
Data Source: J&S Data Atlas
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Figure C3-B.  San Joaquin River Model Calibration, 2000 & 2001, Station: R3
Data Source: J&S Data Atlas, Lehman, 2004
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Figure C3-C.  San Joaquin River Model Calibration, 2000 & 2001, Station: R3
Data Source: J&S Data Atlas, Lehman, 2004
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Figure C4-A.  San Joaquin River Model Calibration, 2000 & 2001, Station: R4
Data Source: J&S Data Atlas
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Figure C4-B.  San Joaquin River Model Calibration, 2000 & 2001, Station: R4
Data Source: J&S Data Atlas, Lehman, 2004
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Figure C4-C.  San Joaquin River Model Calibration, 2000 & 2001, Station: R4
Data Source: J&S Data Atlas, Lehman, 2004
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Figure C5-A.  San Joaquin River Model Calibration, 2000 & 2001, Station: R6
Data Source: J&S Data Atlas
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Figure C5-B.  San Joaquin River Model Calibration, 2000 & 2001, Station: R6
Data Source: J&S Data Atlas, Lehman, 2004

    - Surface Data
    - Mid Data
    - Bottom Data
        Surface Model
        Bottom Model



0

5

10

15

 D
.O

. (
m

g/
L

)

0

5

10

15

 D
.O

. (
m

g/
L

) DO Sat 

J F M A M J J A S O N D J F M A M J J A S O N D

0

20

40

60

80

100

 C
hl

-a
 (

ug
/L

)

J F M A M J J A S O N D J F M A M J J A S O N D

0

5

10

15

20

 D
O

C
 (

m
g/

L
 a

s 
C

)

J F M A M J J A S O N D J F M A M J J A S O N D

Figure C5-C.  San Joaquin River Model Calibration, 2000 & 2001, Station: R6
Data Source: J&S Data Atlas, Lehman, 2004
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Figure C6-A.  San Joaquin River Model Calibration, 2000 & 2001, Station: R7
Data Source: J&S Data Atlas
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Figure C6-B.  San Joaquin River Model Calibration, 2000 & 2001, Station: R7
Data Source: J&S Data Atlas, Lehman, 2004
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Figure C6-C.  San Joaquin River Model Calibration, 2000 & 2001, Station: R7
Data Source: J&S Data Atlas, Lehman, 2004
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Figure C7-A.  San Joaquin River Model Calibration, 2000 & 2001, Station: R8
Data Source: J&S Data Atlas
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Figure C7-B.  San Joaquin River Model Calibration, 2000 & 2001, Station: R8
Data Source: J&S Data Atlas, Lehman, 2004
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Figure C7-C.  San Joaquin River Model Calibration, 2000 & 2001, Station: R8
Data Source: J&S Data Atlas, Lehman, 2004
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Figure C8. San Joaquin River at Turning Basin Data and Model Temperature Vertical Profiles, June-October 2001
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Figure C10. San Joaquin River at R3 Data and Model Temperature Vertical Profiles, June-October 2001
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Figure C11. San Joaquin River at R4 Data and Model Temperature Vertical Profiles, June-October 2000
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Figure C12. San Joaquin River at R4 Data and Model Temperature Vertical Profiles, June-October 2001
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Figure C13. San Joaquin River at R5 Data and Model Temperature Vertical Profiles, June-October 2001
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Figure C14. San Joaquin River at R6 Data and Model Temperature Vertical Profiles, June-October 2000
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Figure C15. San Joaquin River at R6 Data and Model Temperature Vertical Profiles, June-October 2001
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Figure C16. San Joaquin River at R7 Data and Model Temperature Vertical Profiles, June-October 2000
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Figure C17. San Joaquin River at R7 Data and Model Temperature Vertical Profiles, June-October 2001
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Figure C18. San Joaquin River at Turning Basin Data and Model Dissolved Oxygen Vertical Profiles, June-October 2001
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Figure C19. San Joaquin River at R3 Data and Model Dissolved Oxygen Vertical Profiles, June-October 2000

vertdo.gdp, RUN39v4Q
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Figure C20. San Joaquin River at R3 Data and Model Dissolved Oxygen Vertical Profiles, June-October 2001

vertdo.gdp, RUN39v4Q
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Figure C21. San Joaquin River at R4 Data and Model Dissolved Oxygen Vertical Profiles, June-October 2000

vertdo.gdp, RUN39v4Q
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Figure C22. San Joaquin River at R4 Data and Model Dissolved Oxygen Vertical Profiles, June-October 2001
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Figure C23. San Joaquin River at R5 Data and Model Dissolved Oxygen Vertical Profiles, June-October 2001

vertdo.gdp, RUN39v4Q



40

32

24

16

8

0

0 3 6 9 12 15

D
ep

th
 (

ft
)

June 20
40

32

24

16

8

0

0 3 6 9 12 15

June 27
40

32

24

16

8

0

0 3 6 9 12 15

July 11
40

32

24

16

8

0

0 3 6 9 12 15

July 18
40

32

24

16

8

0

0 3 6 9 12 15

July 25
40

32

24

16

8

0

0 3 6 9 12 15

Aug 1

40

32

24

16

8

0

0 3 6 9 12 15

D
ep

th
 (

ft
)

Aug 8
40

32

24

16

8

0

0 3 6 9 12 15

Aug 15
40

32

24

16

8

0

0 3 6 9 12 15

Aug 22
40

32

24

16

8

0

0 3 6 9 12 15

Aug 29
40

32

24

16

8

0

0 3 6 9 12 15

Sept 12
40

32

24

16

8

0

0 3 6 9 12 15

 

D.O. (mg/l)

Sept 19

40

32

24

16

8

0

0 3 6 9 12 15

D
ep

th
 (

ft
)

D.O. (mg/l)

Sept 26
40

32

24

16

8

0

0 3 6 9 12 15

D.O. (mg/l)

Oct 3
40

32

24

16

8

0

0 3 6 9 12 15

D.O. (mg/l)

Oct 17
40

32

24

16

8

0

0 3 6 9 12 15

D.O. (mg/l)

Oct 24
40

32

24

16

8

0

0 3 6 9 12 15

D.O. (mg/l)

Oct 31

Data Model: Mean & Range

Figure C24. San Joaquin River at R6 Data and Model Dissolved Oxygen Vertical Profiles, June-October 2000

vertdo.gdp, RUN39v4Q
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Figure C25. San Joaquin River at R6 Data and Model Dissolved Oxygen Vertical Profiles, June-October 2001

vertdo.gdp, RUN39v4Q
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Figure C26. San Joaquin River at R7 Data and Model Dissolved Oxygen Vertical Profiles, June-October 2000

vertdo.gdp, RUN39v4Q
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Figure C27. San Joaquin River at R7 Data and Model Dissolved Oxygen Vertical Profiles, June-October 2001

vertdo.gdp, RUN39v4Q



15

20

25

30

 T
em

pe
ra

tu
re

 (
C

)
     Surface Data
     Bottom Data
     Surface Model
     Bottom Model

0

5

10

15

 D
.O

. (
m

g/
L

)

-0.5

0.0

0.5

1.0

1.5

 E
le

va
tio

n 
(m

)

0.0

2.0

4.0

6.0

8.0

10.0

 W
in

d 
Sp

ee
d 

(m
/s

) Wind Speed 27Ft above RRI dock

A S

Figure C28. San Joaquin River Stratification, August-September 2001  Station: Turning Basin
Data Source: J&S Data Atlas
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Figure C29. San Joaquin River Stratification, August-September 2000  Station: R3
Data Source: J&S Data Atlas
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Figure C30. San Joaquin River Stratification, August-September 2001  Station: R3
Data Source: J&S Data Atlas
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Figure C31. San Joaquin River Stratification, August-September 2000  Station: R4
Data Source: J&S Data Atlas
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Figure C32. San Joaquin River Stratification, August-September 2001  Station: R4
Data Source: J&S Data Atlas
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Figure C33. San Joaquin River Stratification, August-September 2001  Station: R5
Data Source: J&S Data Atlas
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Figure C34.  San Joaquin River, Model & Data Comparisons: SJR at Mossdale

   -  Data    -  Model

DATE:  5/02/2006 TIME:  9: 9:19  
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Figure C35.  San Joaquin River, Model & Data Comparisons: SJR at R1

   -  Data    -  Model

DATE:  5/02/2006 TIME:  9:10:45  
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Figure C36.  San Joaquin River, Model & Data Comparisons: SJR at R2

   -  Data    -  Model

DATE:  5/02/2006 TIME:  9:11:29  
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Figure C37.  San Joaquin River, Model & Data Comparisons: SJR at R3

   -  Data    -  Model

DATE:  5/02/2006 TIME:  9:12:12  
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Figure C38.  San Joaquin River, Model & Data Comparisons: SJR at R4

   -  Data    -  Model

DATE:  5/02/2006 TIME:  9:12:56  
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Figure C39.  San Joaquin River, Model & Data Comparisons: SJR at R6

   -  Data    -  Model

DATE:  5/02/2006 TIME:  9:14:22  
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Figure C40.  San Joaquin River, Model & Data Comparisons: SJR at R7

   -  Data    -  Model

DATE:  5/02/2006 TIME:  9: 8:35  
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Figure C41.  San Joaquin River, Model & Data Comparisons: SJR at R8

   -  Data    -  Model

DATE:  5/02/2006 TIME:  9:15: 5  




