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HIMMERFJARDEN - OVERALL ‘f
CONCEPTUAL MODEL

MEASURES TO REDUCE NUTRIENT LOAD

SPICOSA

HIMMERFJARDSVERKET AGRICULTURE PRIVATE SEWERS
~ENITROGEN REDUCTION  gecchi depthda

—

SOCIAL MODEL
— public perception
Evaluation of Secchi
depth improvements

/_\I‘ NITROGEN REDUCTION ACCORDING TO
ACTUAL CREATION OF WETLANDS
ECONOMICAL MODEL
costs and benefits (both
guantitative and
COSTS qualitative)

BENEFITS
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Ecological model status

 Improvements in water exchange model
e Total-N model
e Currently no phytoplankton model



Extend layout for Ecological model

BNE Const} [WE Input data} [ FW inflow calc. } WE=Water exchange
model, FW= fresh water

Hallsfj. Naslandsfj. Himmerfj.
4 N N [~ N
Flow calc.
. AN AN J
4 N [ N )
Water balance
o AN AN )
4 N [ N [ )
Salt balance
o AN AN )
Salinity error calculation

- AN AN J

4 . . g - o
Nitrogen itrogen calibration | Nitrogen-data
input data data export functio

>
}[ }[ } Nitrogen balance
-




Example

Extend layout for Ecological model

BNE Const} [WE Input data} [ FW inflow calc. }

WE=Water exchange
model, FW= fresh water

Water balance

Salt balance

Salinity error calculation

Hallsfj. Naslandsfj. Himmerfj.
Flow calc.
: > > 4
N AN ] J
4 ) 4 N [ )
HA

Salt balance
\ ) (. AN J

Nitrogen itrogen calibration [Nitrogen-data
. Input data data export functio

I

I

} Nitrogen balance




HALLSFJARDEN (HA) SALT BALANCE

S_HAs: Hallsfjarden surface salt amount (1000 tons)
V_HAmM_up_est g

i . S _HAs Sal_HAs
V_HAmM_up_mix —g 4 ‘- S_HAs_in —r& —r_ $ F;-_—; AI-!- Ll
Sal HAm —— @ [Waggtl -
S_HAs_want V HAs want
LT3 aliat
S —F_sal HAs

S_HAm: Hallsfjarden middle salt amount
V_HAs_down_mix =g

Sal_HAs -y 4 S HAMm in a g—r—S HAM —g p—Sal_HAm
V_HAb_up_mix o V_HAm —i—4
= — = “la ._I_Il —a - want B - ~
V_HAb_up_est —g 4 get
Sal_HAb ——g--4
V_NAmM_in_est HAm 1o S_HAmM_want —I,. V HAM want
input_datasource_on/off —&1y=f(x) s o A &
Sal NAm —a 1 .J—ﬂ ¢ L—Sal HAm
H6_sal_7-13m_input —& =
V_H,r&orﬂ_do\/vn_mix —a S_HAb: Hallsfjarden bottom salt amount
Sal_HAm —§ 4 _
input_datasource_on/off —y=f(x) VvV NAm in est "‘_S—HAb—'n —~a B—_S HADb
Sal_NAmM —a V_NAm_in_est HAb —a| 3¢ mI¥® Swia, B Lo B—__Sal HADb
. i -8 —
H6_sal_7-13m_input ._I_s 4 V_HAD ¥
1 4
o oV
V_HAb_want
S S_HAb_want —_g ol

M“B_sal HAb

Sal_HAs -ay=f(x) -
Sal_AAM —g Sal_HA_avg

Sal_HAb —&




Extend layout for Ecological model

BNE Const} [WE Input data} [ FW inflow calc. } WE=Water exchange
model, FW= fresh water

Hallsfj. Naslandsfj. Himmerfj.
4 N N [~ N
Flow calc.
. AN AN J
4 N [ N )
Water balance
o AN AN )
4 N [ N [ )
Salt balance
o AN AN )
Salinity error calculation

- AN AN J

f Nitrogen itrogen calibration [Nitrogen-data
input data data export functio

>
}[ }[ } Nitrogen balance
-




Daily
input
export

onlin

Generic model blocks

il [ reset 10 W
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e Exports flows
as daily
values to
selected
Excel-file



Model structure

Water exchange model

Hallsfjarden (HA) Naslandsfjarden (NA) Himmerfjarden (HI)
Local runoff Rain Local runoff Rain STP Local runoff Rain
Lake Malaren \A ¢ \A
. AN UooTm % oo e ’
o 44 - > -
| |* | |* |* Baltic Sea
HAMZ 13 m ° 25 NAMZ 13 m © 54 1020m 197 |l
A A, 551 A 5.77 A, 6.00
£ £ fe Y
HAb 15 17 NAb ;5 49 . 47
13-37 m 581 13-38 m 6.03 20-43 m 6.35

Box name Volumle éMm3)
depth Salinity (avg. for 1997-2000)




Calculation of estuarine water

INflow (Fyottom inflow)

e This is done using salinity data to calculate a
variable "salt factor” in the Knudsen

uation based on salt and volume balance
lance

rface)

ace)
ere Is rarely steady state. Inflowing deep water

r will affect salinity of out-flowing water with
delay

delay

elay



Distribution of monthly flows as
daily flows

e Daily flow
measurements
were found for
one brook. This
data Is used to
distribute
monthly flow
data to dally
flows for all local
runoftf.




Plotter I/O

Freshwater input (Mm3/day) to
HA, NA, HJ

0.5
ol 2
0 182.625 365.25 547.875 730.5 913.125 1095.75 1278.375 1461
Time
— V_HAs_inFW — V_NAs_inFW — V_HIs_inFW — V_HAs_inFW

Value
Plotter I/0

1.875f
1.75F

Freshwater input (Mm?3/day)|to HI from

1.5f

Local runoff, STP

1.25F
1.125p

0.875f
0.75F

0.625f

0.375f

0 182.625 365.25 547.875 730.5 913.125 1095.75
Time
= \/_runoff_Hls - V/_SYVAB = \/_HIs_inFW —\/_HAs_inFW

1278.375 1461



New wind mixing data and

formulations
» Wind speed data are used T T T T T T
to calculate daily wind
forcing (cubic relationship), .}
modified by wind direction 7}
relative to basin excentricity s}
(length to width relation) o]
and basin tilt relative

3039,056

geographical north PR
e Wind mixing is dependent
on wind force and density

stratification (stronger
stratification= less mixing)

, bl ik Y YR
608,3333 912,5 1216,667

1520,83!

Days
= Y Output = Y Output = Y Output = Y Output



Value

With wind-mixing

Value
Plotter 1/0
e
o 146.1 2922 4383 584.4 7305 876.6 1022.7 1168.8 1314.9 1461
Time
— sal_NAs B H6_sal_0-7m — Sal_NAb [ He_sal_13-Bm
Value
Value
Plotter /0
—
4.45|
43
4.15]
0 146.1 2022 4383 584.4 7305 876.6 1022.7 1168.8 1314.9 1461
Time
— Sal_NAm — sal_NAb

] He_sal_7-13m [ e sal_13-Bm

Without wind-mixing

Plotter 1/0

P

— sal_NAs

146.1

292.2 438.3 584.4 7305

Time

876.6 1022.7 1168.8 1314.9 146

] He_sal_0-7m — sal_NAb B H6_sal_13-Bm

Plotter 1/0
—

535
52|
5.05
49|
475
48]
4.45
43|
415

— sal_NAm

146.1 292.2 438.3 584.4 730.5

Time

876.6 1022.7 1168.8 1314.9

BJH6sal_7-13m  — sal_Nab [ H6_sal_13-Bm



Value
Plotter I/O

7.75
75
7.25

Himmerfjarden Y |
bottom 20m- o f ¢ . - il P
surface 0-10m ° ¥ AL S

5.75 o
5.5 ] _ d
5.25 + +H
5
475
45
425

4

0 182.625 365.25 547.875 730.5 913.125 1095.75 1278.375 1461
Time
— Sal_Hls E H4_sal_0-10m — Sal_HIb E H4_sal_20-Bm

Value

Plotter /O
—r

6.85

All layers
y 6.55
6.4

6.25

6.1

5.95

5.8

5.65

55

5.35

52

5.05

4.9
475
46
4.45
43
4.15

0 146.1 292.2 438.3 584.4 730.5 876.6 1022.7 1168.8 1314.9 1461
Time
—— Sal_HI_avg E H4_sal = Sal_HAb E H7_sal_13-Bm



Total nitrogen in HlI

Himmerfjarden total nitrogen concentration in surface layer (pg/L)

600
500 -
400 -
300 -
200 -

—— model
100 - ——data

0 365 730 1095 1460

Total nitrogen in HI with spring bloom loss of nitrogen due to sedimentation

Himmerfjarden total nitrogen concentration in surface layer (ug/L)
600

500 -
400 +
300 -
200 -

—— model
100 - ——data

0

0 365 730 1095 1460



HA

NA

Errors in nitrogen loading or
Error in water turnover (too fast?) ?

Hallsfjarden total nitrogeryconcentration in surface layer (ug/L)

700

600 |
500 W
400 -

300

200 -
100 -

4

—— model

——data

0 365

730

1095

Naslandsfjarden total nitrogen concentration in surface layer (ug/L)

1460

700
600 -
500 -
400 -
300 -
200 -
100 -

—— model

——data

0 365

730

1095

1460



Secchi depth vs. Total nitrogen realtionship is used to
calculate Secchi depth from modeled nitrogen

TotN 0-10-Secchi H4 Jun-Aug 1996-2008




Secchi Secchi

Mod depth  depth SD

el Tot-N calc. calc. Secc  Secc

model Tot-N diff diff from from hi hi

Model basi ed data : . modele tot-N  depth depth

run n Year (ug/)  (ug/l)  pg/ll %  dtotN data data data
2 HA 1997 484 424 50 14 1.3 2.2 3.0 0.6
2 HA 1998 424 410 13 3 2.2 2.4 3.3 0.6
2 HA 1999 459 403 56 14 1.7 2.6 2.6 0.5
2 HA 2000 410 397 13 3 2.5 2.6 2.9 0.6
2 NA 1997 483 426 57 | 13 1.3 2.2 2.3 0.7
2 NA 1998 394 391 2 1 2.7 2.7 3.2 0.6
2 NA 1999 414 376 38 10 2.4 3.0 2.8 0.6
2 NA 2000 378 392 14 -4 2.9 2.7 2.6 0.2
2 HI 1997 425 385 40 10 2.2 2.8 2.5 0.8
2 HI 1998 341 343 2 -1 3.5 3.5 3.4 0.7
2 HI 1999 343 337 7 2 3.5 3.6 3.6 1.0
2 HI | 2000 340 373 -33 -9 3.5 3.0 2.6 0.3




Scenario results (averages for 1997-2000)

Secchi

depth SD Secchi SD tot N

Model basin Scenario (m) (m) Tot N (ng/l) (ug/l)
HA 1 1.7 0.34 457 22
HA 2 2.2 0.35 426 23
HA 3 2.5 0.36 408 23
HA 4 1.8 0.33 450 21
NA 1 2.1 0.32 432 21
NA 2 2.7 0.30 394 20
NA 3 3.0 0.30 374 20
NA 4 2.2 0.31 423 20
HI 1 2.8 0.22 386 14
HI 2 3.5 0.15 345 10
HI 3 3.9 0.14 318 9
HI 4 2.9 0.22 383 14



Loads of
nitrogen
for
scenarios
1-4

350

300 Hallsfjarden o
(tons nitrogen/year)
250 -
200 -
150 -
100 -
50 - f
O i
L.Malaren Rain Local runoff Inner basin Outer basin
700
Naslandsfjarden
600 - . —
(tons nitrogen/year)
500 ~
400 -
300
200 ~
100 4
. - [T
Rain Local runoff Inner basin Outer basin
2000
1800 | Himmerfjarden
1600 | (tons nitrogen/year)
1400 4
1200 4
1000 -
800 -
600 -
400 -
200 | ﬂ
ol T
SYVAB Rain Local runoff Inner basin Outer basin




Problems/Room for improvements

Recruitment depth of deep water inflows — sensitivity
tests needed

Deep water flow events not controlled by fresh water
Inputs may be significant, especially for outer basin

Spring bloom loss of nitrogen depends on relative
nitrogen to phosphorus availability. Spring bloom loss
also In middle layer.

Sediment nitrogen release and denitrification in deep-
water can be roughly estimated fram budget analysis

Nitrogen conc. of in-flowing deep water affected by
sceanarios?

The nitrogen-Secchi depth relationship could be
Improved (more data, seasonal averages)



Nitrogen release from sediments
accumulated in deep water

Hallsfjarden total nitrogen concentration in bottom layer (pg/L) Naslandsfjarden total nitrogen concentration in bottom layer (ug/L)
1200 700

1000 -

800 -

600 -

400 +

200 A ——data 100 - ——data

0 365 730 1095 1460 0 365 730 1095 1460



Thank you!




Secchi Secchi

Mod depth  depth SD

el Tot-N calc. calc. Secc  Secc

Mod model Tot-N diff diff  from from hi hi

el basi ed data : . modele tot-N  depth depth

run n Year (ug/l)  (ug/l)  pg/ll %  dtotN data data data
1 HA 1997 460 424 36 8 1.7 2.2 3.0 0.6
1 HA 1998 418 410 8 2 2.3 2.4 3.3 0.6
1 HA 1999 434 403 31 8 2.1 2.6 2.6 0.5
1 HA 2000 412 397 15 4 2.4 2.6 2.9 0.6
1 NA 1997 452 426 26 6 1.8 2.2 2.3 0.7
1 NA 1998 395 391 4 1 2.7 2.7 3.2 0.6
1 NA 1999 398 376 22 6 2.6 3.0 2.8 0.6
1 NA 2000 377 392  -15 -4 3.0 2.7 2.6 0.2
1 HI 1997 412 385 27 7 2.4 2.8 2.5 0.8
1 HI 1998 342 343 -1 0 3.5 3.5 3.4 0.7
1 HI 1999 336 337 -1 0 3.6 3.6 3.6 1.0
1 HI 2000 345 373 -28 -7 3.4 3.0 2.6 0.3
2 HA 1997 484 424 59 14 1.3 2.2 3.0 0.6

2 HA 1998 424 410 13 3 2.2 2.4 3.3 0.6



Concentration of tot-N (blue) and DIN (red) in
SYVAB effluent 1997-2000

Value

Plotter 1/0

0 2435 487 730.5 974 1217.5 1461
Time
— CTOtN_SYVAB - C_DIN_SYVAB = SumSq_sal_HAmM === SumSq_sal_HAb



Improvements of water exchange
mode]

Inward transport in estuary restricted by sills between the basins — water
from intermediate depths flow into inner basins

Monthly data on local runoff distributed as daily flow using daily flow
measurements from one brook (Kagghamraan)

Actual salinity differences between surface and bottom layers used to
calculate flows of estuarine circulation

Time delay used to calculate flows (it takes som time before inflow of saline
deep water affect the salinity of outflowing water)

Wind mixing based on data on wind speed, wind direction and wind fetch
(determined by basin size and orientation)

Calibration data for each box more accurately volume-weighted
Improvement of model layout. Use of database for constants

According to PLC5-data, area specific tot-N load is 26% higher to
Hallsfjarden than Naslandsfjarden (calc. for Moraan)

Kagghamraan tot-N load is camparable to Moraan. Fitunaan is ca 50%
higher



Value
Plotter I/O

Naslandsfjarden
bottom 13m-
surface 0-7m

0 146.1 292.2 438.3 584.4 730.5 876.6 1022.7 1168.8 1314.9 1461
Time
— Sal_NAs E H6_sal_0-7m — Sal_NAb E H6_sal_13-Bm

Value
7.01117

Plotter I/O
—

6.811173
6.611173
All layers
6.211173
6.011173
5.811173
5.611173
5.411173
5.211173
5.011173]
4.811173
4611173
4.411173
4.211173

4.011173
3.811173
3.611173,
3.411173
3.211173

3.01117:
0 146.1 292.2 438.3 584.4 730.5 876.6 1022.7 1168.8 1314.9 1461
Time
— Sal_NA_avg H6_sal — sal_HAb FH7_sal_13-Bm



Value

Plotter 1/0
—

Hallsfjarden
bottom 13m-

5.125

surface 0-7m

4.375

2.875
2.5

2125

1.75

1.375 +

1
12/31/1996 5/26/1997 10/19/1997 3/14/1998 8/7/1998 12/31/1998 5/26/1999 10/19/1999 3/13/2000 8/6/2000 12/31/2000
— Sal_HAs m H7_sal_0-7m — Sal_HAb m H7_sal_13-Bm

Value
Plotter /O
—

All layers

3 +
2.8
2.6
2.4
22
0 146.1 292.2 438.3 584.4 ‘7}0.5 876.6 1022.7 1168.8 13149 1461
ime

— sal_HA_avg EH7_sal — sal_HAb [EH7_sal_13-Bm
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