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Presentation Topics

*EASY (GIS) and AquaModel Overview
*Brief review of Model Components
Examples of Validation Conducted

*Hubbs-SeaWorld Research Institute Offshore Site

Simulation Example Model Run




Uses of AquaModel

Government regulators or coastal managers
to assess single or multiple site effects, educate decision
makers & the public. Far field versions being developed.

Mariculturists and consultants
to evaluate potential sites, plan operations , obtain permits,
look for site interactions.

Researchers

to provide a home for their data and means to test and
visualize their submodels using the modeling within GIS
features
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» Three dimensional GIS for marine applications
« Compatible with other GIS (ESRI Arc-Info)
* Interfaces for models, spreadsheets, databases, and Internet

» Accepts plug in models like AquaModel that we will focus on today




EASy = Environmental Assessment System (O3

Gulf of Maine: Species richness relative to bathymetry, water
density differentials & bottom temperature

) cmbis - EASY

17.72 Deg.C |
13.77 Deg.C
9.33 Deg.C
5.349 Deg.C
1.94 Deg.C

k.

[ dbensity |

101d 1noju0D

cate_Awqg ws kSt 366

(9p]
)
L=

o

(7p]

(¢B)
=

[¢B]
w

(¢B]
=
|_

10|d 10]02 as|e4

S101d 9|qgqnd

Transect vertical contour
plots

Depth profile plots

O 09f30/00 [Display [ | mum [
Tsontos, V. M. and D. A. Kiefer. 2000. Oceanography 13(3): 25-30.

|]aued |0U02 uonRINWIS




AquaModel Components
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Hydrodynamic Module

- multibox L x W x D 3D grid

- Inputs: Single point current meter or ADCP,
Regional 3D data

- diffusivity based on data from pens
- coupling to existing 3D models

- multiple ADCP current meter input system
planned (Quasi-3D)
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AgquaModel 3-D Features

Fish Cages W

2-D or 3-D ———F—F ——~——F—~ Dissolved Material Arrays
Currents Oxygen

Nitrogen

Phytoplankton
Zooplankton

Waste Streams
Feed, Fecal

Suspended Layer
Feed, Fecal, Oxygen

Sediment Layer
Feed, Fecal, Oxygen
Aerobic, Anaerobic Organisms
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Bathymetry

 Have used JPL 3D data sets for far field version of model

» AquaModel now generates current ellipses (vector summaries)
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Fish Physiology Module

FARM
Fish metabolism

- Growth, metabolism and waste production simulation

- We parameterized laboratory measurements to create
a virtual fish population

- Carbon, oxygen and nutrient (N&P) based
- Linked with fish activity level, temperature, ration, etc.

- Measured assimilation, respiration, excretion and fecal
settling rates




DO consumption (mg/1/kg)

Cobia Respiration rate vs swimming speed

y = 0.214%" - 4.6076x +
490,585

R = 0.697
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Fish fecal settling rate




Mass Balance Carbon/Nitrogen/Oxygen Metabolism
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Sediment

benthic respiration

2 Diffusion coefficient Porosity (02[water] - 02[sediment])
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Rates of
Respiration &
Diffusion
(mg*m>*day™)

Behavior of benthic subroutine:
Steady state conditions at low & high rates of organic carbon loading.
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Diffusion
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Organic Loading= 1mg C *m-2*day-.
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Hubbs SeaWorld Research Institute Offshore Demonstration Farm
100 m deep, 5 miles offshore of San Diego, 3000 MT, 24 cages,

mean bottom current of 8 cm/s, bidirectional. immeasurable sediment effects

@ EASy - HswriCurrentBenthic
File Edit View Zoom Process Window Help ( | Sediment Anaerobic Profile =B | | [ = Sediment Aerobic Profile | = | =] R .|’|_
Dzldlgl mlalael [=|4] 2el|. . ;
— - - = E =
(@) Sediment Sulfide Profile =[] = | % §2 B
; B0g :
& o0 E 8:4 5 8'.-1 0.007 fractian
; B oz Bo3 0.007
025 g0 U 0.007
Bgazg = i3 < B 0.006
B ois 0.0 0.z 0.4 0.6 0.8 1.0 0.0 0.z 0.4 0.6 08 10 :
= 0n Distance(km] Distancelkm] 0.006
2 0os A § oo0s —
Soool
& oo 0z 0.4 0E 0.8 1.0
Oistance(km)
' B
@) i = |
. | Sediment Oxygen Profile | - = = | 2 Surface/Bottom Flow Velocities |‘:'7|
E - 32
238 ]
§ 500 -E 24
Bic g
S 425 £ 13
122 :
E 4770 g / ]
E oooz Digt-;‘nce[kﬂf & 1o 2807 I122‘|E':ﬁ?e Mz@EooT 128107
& i B W W & L
(©) Sediment Total Fractional Profile =@ % | - .
z
8
B m
£ o.0085 ]
E 00083 .. .. i u U B Simulation Control Options ﬁ
= 0.0080
E o0 0.z 0.4 0E 0.2 1.0 Simulation / Real Time ]
Distance(km) st [127122007 14000 {000 Hoas o
. Curent [12/31/2007 17.000 {1713 =
" End [12712/2008 00000 |l [36542
Delta [~ Real Time I'ISEI jMinutes j
I
& ol S0 1 A o M| teoy | corcel |
. 250m 500m, NORMAL Retain days|333
For Help, press F1 +32.775159 |-117.365411 100000 | 1.2km 180° [12/31/2007 Display |# NUM
p play

l‘} m Eﬂ Eﬂ o @ ' Eﬂ ' ﬂ 3 | Eﬂ el ' 3 Windows Explorer _m HawnCurrentBenthr... . EASy - HswriCurrent... 'EE' pre day 18 v2.doc[C... < 'E *!l@l‘!] 12:10 PM




@ EASy - NearshoreFinal

File Edit View Zoom Process Window Help

_|_|_|@| rl@lale| [ #| ?MI : |

S ; 2]
) Oxygen Profile | =@ =% | ) Oxygen Transact =[] =z ] Simulation Control Options S T
DscygenimgiL] Distance(m] Simulation / Feal Time |

0 :4.8 :5.0 :5.2 :5.4 :5.8 :5.8 :B.D :8.2 :8.4 : o g :1 :2 :3 :4 :5 :S :T :8 :9 : Start |12.-"'| 42007 14:00:[ﬁ ID.DU jDays LI 4.6

4 4

M M - Cunent [12/17/2007 00:50.C <l [2.45 = 4.9
Ee En . 5 51
£ £ End 0320200800000 (M (642 .
Egg Egg Deta [~ Real Time [10 “HMinutes | 2.4

28 28 ! 5-6 [

DUE D W AP M sowp | concel | 59

2 Pen 1 Growth Rate =[@] % | NORMAL Retain days[333 6.1
T 0005 i 6.4
Foooal 6.6
?5 [aaluicH
% oooz]
T 0001 m——
§ o008 :12.l"15.l'0? :‘12.l"1?.l'0? :12119)0? :
: oo 0o o
L[]
= N -117.373 -117.371 -117.370 = ~
5) Surface/Bottom Flow Velocities = | =1 | %2 | |3 & Q g () Sediment Sulfide Profile =l=] = ]

. . .
003 008 0 008 040 043
Distance (km)

- Sediment Total Fractional Profile |='_|E||£Fu-j-- Sediment Oxygen Profile =@] = |

Sulfide (moles'ml)
o o o o o o o T o Y
L0 i - 00!

=
=1
=1

Velocity(cmisec)

. f . . Suspended Total Profile = E
VzesaT ziTaoT zi9m07 ! 2 0005 248
Tirne = T 55
B 0006 a0
4.5 000ET
E 4.0 = 0006g S 3.
Eas 0.0059, &z4
& 3. E 00055 16
Toa E guua E 08
E 18 T 8383 oo
50m 1l]l]m| os W pon 003 008 008 040 043 3 Do0 003 008 008 040 043
| A -E o Distance (km) I Distance (km)
n DoD 003 005 008 010 043
Oistance [km)
|+3z 779027 |-117.371462 [100000 |99999999.9MM [360% [12/17/2007 |Display |# [MURM |

;} .- | EERBocBR@e@-cEm "™ @A'Il"mcn_:sn:lf't... /@ BC intended ... || i Hargrave et a... n 5 Windows... = T seriola_febru... J @ EASy - Nears... | € - Y!||f‘ 113 AM



@ EASy - NearshoreFinal
File Edit View | Zoom | Process Window Help

Dlsldlg| ajalaje] P 2| 2]

- = N i Simulation Control Options l )
(@) Oxygen Profile @@A (@) Oxygen Transact = |E] & | Pt
Dcwgen{mg/L] Distance|m] Simulation / Real Time 1 T
D@48 50 52 54 56 58 50 62 B4 o p 4 2 3 4 5 5 7 5 8 stat [12/14/2007 14:00:C <=l [0.00 Hoas =
4 4 R R g_Cimz
5 8 Curent [12/17/2007 0830 | 277 = 178.00
£ z End  |03/20/2008 00:00:C :] |9E.42 :| 170.00
B B . =Iryn 16600
82 S 4 Delta [~ Real Time I'IU IIMlnutes ;II 162,00
28 28 158.00
B &S O/ AW M4 | cocel | A soament TotoFraciion
'"E"' Pen 1 Growth Rate = | = 2 ] MORMAL Fetain dayslﬁﬁ 0.007 fraction
L] L 0.007
T 0.005 0,006
B 0.004 0006
y 00031 0.006
% ooz} 0.005
E 0,004 = e,
= ool L : :
Yzmsor  Mzrmor Mzesor
o Time
S

©) Surface/Bottom Flow Velocities = | E1] % | (@) Sediment Sulfide Profile l=[E] % ]

o]
F

]
=]

L L 1 1 1
0oz 008 0 008 040 03
Distance (km]

(@) Sediment Oxygen Profile IEIEIA]

Sulfide (moles/m3)
o T o o o o o
TENFC e [un s [an]

-
[ex]

o
o
=]

Velocibyicmisec)
[

o0

.:. Sediment Total Fractional Profile [‘:' = Y ]

=

, @) Suspended Total Profile (=]E] = |

L L L
Y2807 Y2707 Y2807 >
Time

=]

o o

0.0
.0
0.0
.0
0.0
.0
0.0
.0
a4

SOk B
000 W pa D 0

3
E=
:
3

0.05 n.0g 0.0 013
Distance [km]

0.0z 0.0s 0.0z
Distance [km]

Sediment Oxygen (g/m3 |

20 b
oo m

L
00z 005 008 040 043
Distance [km) |

Sediment {g-C/m3}

=
=]
=1

i 5I!m 1Ill]n1|

. :;. B EEROERE@-.-R HI — I [[€] 4 Microsoft... i BCintended ... _Ii'_ Control Pane... | seriola_febru... | ASy - Nears... < ‘ ii||f-'|l\, 1-19 AM



= Sediment Sulfide

10,00 g_Hz25Mm:2

§.00
6.00
4.00
2.00
0.00

% Sediment Total Fraction
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Real Time Simulation
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10th %




Model Validation, Tuning, Sensitivity Analyses

e Critical for success, often minimal

e Validation of component submodels separately

* Tracer experiments

e Perturbation measurements: upstream vs. downstream

e Extensive published and technical report record as starting point,
some trends among fish taxa for bioenergetics submodel calibration

e Poorly known factors: Sensitivity analyses, e.g., “consolidation”

e Some examples next....




Example Validation: Growth Measurements
versus AquaModel calculations

Growth Rate Measured and Predicted by % BW Ration
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DIN anonmoly (uM)

6 m Downstream 30m
Downstream

D.O. Anomoly (mg/L)
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CO, Production vs. Carbon Deposition
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AguaModel mariculture farm in Maine
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