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Ahbstract

The strategic institute programme, TRANSFIO, relies heavily on a fjord model developed at
NIVA. To validate and further develop the physical part of the model, extensive
measurements of the basic hydrophysical and meteorological parameters in the Frierfjord, the
Drammensfjord and the lddefjord were carried out in July-December 1997, This opportunity
was also used to check out instruments and methods to be used in later stages of the program.
In technical terms the ficld studies were a success. With few exceptions the instruments
functioned properly, and the malfunctions should be eliminated through better pre-use
checking and better deployment procedures, The general impression is that the field studies
have produced the kind of data sets which are needed for further development of the model.
Furthermore, the data seem to contain new knowledge of hydrophysical processes in fjords in
southem Morway. This element will be looked into in 1999,
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Preface

In 1997 the Norwegian Research Council and the Norwegian Institute for
Water Research (NIVA) founded a strategic institute program on
*Transport and tumover of nutrients and organic componnds in fiords
arnd estucries "(TRANSJD). The overall purpose of the research program
is te further develop the tools that shall form the basis for betier
assessments of the benefits in ffords and inshore areas from reducing the
focal load of mutrients and erganic maiter.

The program relies heavily on a fjord model developed at NIVA. The
model will be validated and further developed by field observations to
estimate transport of nutrients and organic matter in and out of fjords as
well as internal processes, especially retention and mineralisation.

The physical part of the model forms the basis for the following
calculations of concentrations and transports in the hydrochemical and
biological parts of the model. To validate and further develop the physical
component of the model, extensive measurements of the basic
hydrophysical and meteorological parameters in the Frierfjord, the
Drammensfjord and the Iddefjord in southem Norway were earried out in
July-December 1997, The opportunity was also used to check out
instruments and methods to be used in later stages of the program. This
report is a first comprehensive presentation of the field data from the
three fjords, primarily for use in the following work on the model.

Oslo, May 1999

Jean Magmsson
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Summary

In 1997 the Strategic Institute Programme (SIP) TRANSFIO concentrated on collecting
observations from different flords to establish a set of data for validating and further
develop the physical part of the fjord model, Extensive measurements of basic
hydrophysical and meteorological parameters in the Frier{jord, the Drammensfjord and
the Iddefjord in southern Norway was carried out in July-December 1997, This
opporiunity was also used to check out instruments and methods to be used in later stages
of the program. The report is a first comprehensive presentation of the field data from the
three fjords, primarily for use in the following work on the model.

In technical terms the field studies were a success, With few exceptions the instruments
functioned properly, and the malfunctions should be eliminated through better pre-use
checking and better deployment procedures.

A thorough study of the data has not been performed yet, but the general impression is
that the field studies have produced the kind of data sets, which are needed for further
development of the model. Furthermaore, the data seems to contain new knowledge of
hydrophysical processes in fjords in southern Norway. This element will be looked into
in 1999,




MNIVA 3951-98

1. Introduction.

In 1997 the Norwegian Research Council decided to found a program concemning the
transportation and mineralisation of nutrients and organic matter in fjords and estuaries as
a strategic institute program at NIVA. In brief the program is called TRANSFEJO.

The main program elements are quantification of :
retention of nutrients in order to calculate more relevant nutrient budgets and to have
a better understanding of eutrophication effects in fjords and estuaries.

- transport of nutrients and organic matter through fords and estuaries to the coastal
water, in order to have better estimates of eutrophication effects there.

- benefits from reduced inputs of nutrients.

The program relies heavily on a fjord model developed at NIVA (Bjerkeng 1994a-d, Bjerkeng 1995,
Kirkerud and Bjerkeng 1994). The first phase in the program is to collect field data to look at some
erucial parts of the fjord cireulation and how well the model resolves the most important physieal
processes as tidal transport, estuarine circulation ete. As this model was developed for the inner
Dslofjord - a sill fjord with relatively small fresh water discharge, the first step was to collect physical
data from sill fjords with varying topography and larger fresh water discharges. The field program was
also used to check out instruments and new methods to be used in later stages of the program.

Three fjords in the south-eastern part of Norway were selected for this purpose. They were chosen
because they have the generl topographieal, hydrographieal and hydrological chamcteristics we are
looking for and partly because they are relatively close to NIVA, but also as sutrophication problems
are most evident in this part of Norway. The field observations started in July and ended in December
1997, All data are stored in NIV As database, and this report is written to give a first comprehensive
presentation of the data for use in the development of the hydrophysical part of the medel and to obtain
an improve the physical water exchange processes in fjords.
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2. Topography, hydrophysical settings and
measurements.

2.1 Topography.

The fjords are located on the Norwegian south-coast (Figure 1 and Figure 2). They are sill fjords and
some typical topographical and hydrophysical numbers are listed in Table 1.

Table 1. Basic topographical and hydrophysical data for the Frierfjord, Drammensfjord and
Tddefjord.
Frierfjord Drammensfjord Iddefjord

Area inside the outer sill

(k) 17.5 45.1 30,5

| Sill depth (m) 23 10 9

Sill width {m) 220 170 80
Max. basin depth (m) 98 124 48
Average fresh water

discharge (m’fs) 270 250 30
Tidal amplitude (m)

(Mx+5,) 0.13 0.13 0.12
Surfoce salinity 0.5- 10 1-10 1-18
Surfuce layer depth (m) -6 5-10 1-5

While the Frierfjord and the Drammensfjord have one main sill, the Iddefjord has two main sills at the
entrance and two more sills inside the entrance. The main fresh water discharge difTers as the first two
fjords receive the river water in the inner part, while the Iddefjord receives fresh water from two rivers

situated in the innermost part of the fjord and half way to the mouth.
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Drammensfjord

Frierfjord

Norway

Skagerrak

-

Figure 1. Map of the Skagerrak and the three fjords.

Figure 2. The Frierfjord (left), the Drammensfjord (center) and the Iddefjord (right).

2.2 Measurements.

In the three fjords the following basis observations were planned:

&  Current measurements at the main sill,

= water level measurements inside and outside the sill,

s  semi-continuos measurement of temperature and salinity from temperature/salinity-strings (T/S-
sirings) inside and outside the sill, as well as
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*  hyvdropgraphic observations (CTD) on a number of stations about once a weelk.
*  Wind observations in the Drammensfjord and the Iddefjord, where local wind measurements
lacked.

In the Iddefjord this basis program was extended by several more current meters inside the sills (Figure
23).

The measurement period for each fjord was about ene month. Information of the fresh water discharge
and general wind information was collected from the Norwegian Water Resources and Energy
Directorate (NVE) and the Norwegian Meteorological Institute (DNMTI).

Figure 3 gives a general view of how the instruments were deployed. Figs. 4, 14 and 21 show more
exact positions,

nd ebservations

/t-rnp.r:lmr-lm‘l-l limity llrlﬂrLR -~

— ator lool gauges ~__ () :’J'\ river outlet
o

VAR

Fjord sill

urréent measuremoant (Aanderaa)

\-Kﬂunem measurement (ADCP)

Figure 3. Principal instrument deployment in the fjords.

The following instruments were used:

Current meters:

- Aanderaa current meter with Savonius rotor (RCM-7) or acoustic sensor (RCM-9) equipped with
temperature/salinity and pressure sensors, Sampling period: 10 minutes. Two of the instruments
were equipped with marbidity sensors (the RCM-9).

= Acoustic Doppler profiler:

- 1. ADP, (Nortek), 150 kHz with maximum vertical resolution | meter, maximum number of cells
123, muximum measurement range 70 melers.
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2. DCM-12 (Aanderaa), maximum vertical resolution dependent on depth, number of cells 5.
Maximum measurement ranges 50 meters.

SensorData (SD200) current meter, with Savonius rotor and temperature recorder. Sampling
period: 10 minutes

Acoustic current meter (UCM 40) equipped with temperature/salinity sensors. Sampling period:
10 minutes.

Hydrographic observations:

Temperaturefsalinity string: Aanderan-type with sensors a1 5 depths and a pressure (depth) sensor
at the end of the string. Sampling interval: 10 minutes.

Profiling temperature and salinity sensor (CTD, Seabird), mainly used in pumped mode. Sampling
frequency 2/s.

The observation frequency for CTD-mensurements wos about once a week, during 4-5 weeks of
observation.

In addition

Water level gauges: Aanderaa type pressure sensor. Sampling interval: 10 minutes.
Wind instrument: Type Aanderas. Speed and direction. Sampling interval: 10 minutes,

High resolution CTD used for profiling the density distribution at the sills (the Drammensfjord and
the Iddefjord). The data was collected by visiting seientist Dr. Sherll Lingel, USA.

Observation periods.

Overall observation periods in the three selected fjords were:
The Frierfjord: 21/22.7.97 - 21/22.8.97.
The Drammensfjord 3.9.97 - 6.10.97.

The Iddefjord 21.10,97 - 3,12.97,

10
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3. Preliminary results

3.1 The Frierfjord.

J.1.1 The ficld study
The measuring period in the fjord was from 21/22.7 1997 to the 21.8 1997 and the instruments were
deployed as shown in Figure 4 (where the hydrographic stations is marked) and in Figure 3.

Skien river

Profiles/stations

T W O T e e e

' oEservations (O T ) .'.H ;
0 AcdouBatio Dopplear Cuarrary Freolilae {000 Y h
B Aamndroeoom CuUurrent st {FC RAa-m) .
H'l_'-ﬁ'ilﬂl*r'-.tul‘-fﬂ_"ﬁlﬂy' =mtriri i
B Ywomtar lasweasl rmyestasr r
& Wind instrument i
.Q
" 1 [
)
Sa
1 e

Figure 4. Instrument positions and hydrographic stations in the Frierfjord, July-August 1997,
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Table 2. Recording Instruments in the Frierfjord July-August 1997, All times are in UTC.

Instrivingrit Irist. Sensor  Start Stari Deploped  Retrteved  Depthof  Local
fupe i, i, felarel {Hinel {daiel fedatel SEnSGr FaTer
T/5-string 1110 49 21.7.97 1kS5 22797 22.8.97 1.6,510, Grava-
o (800 2030 m strands
T/S-string 1126 34 21,797 0903  2L7.97 22.8.97 1.25,5, Bjork-
ca. 18:13  cal2:00 1020, aya
Hm
Water leve] 30 420 2797 1244 22797 2897 Craofe-
10:05 helmen
Water level 30z 147 27,797 050D 27,7497 23897 Hydra-
Lnia
Current 22.7.97 22.7.97 22897 34 m Brevik-
(ADF) strandn
Current 28 21797 0907 22,797 22.8.97 ca.2Tm  Brevik-
(RCM-9) ca. 11:00  10:47 strandn
Table 3. Hydrographic observations (femperature and salinity) with the Seacat CTD, data file
identification and information on the CTD profile mode.
Date Stations _ Observations _ File Remarks
22797 |1-8 TIS5+0, F220797.*  Profile mode, < 0.5 mfs, unpumped
20797 |11-8 T/8+0; F290797.*  Profile mode, < 0.5 m/s, pumped
7.8.97 1-8 T/S+04 FO70897.*  Profile mode, < 0.5 m/s, pumped
14897 |1-8 Ti5+0- F140897.*  Profile mode, < 0.5 m/s, pumped
22897 |1-8 Ti5404 F220897.*  Profile mode, < 0.5 m/s, pumped

Table 4. Geographic positions of stations in the Frierfjord, July-August 1997,

Instriment Statton  Local nanne Echodepeh fm)  North Easi
Seacat (CTD) 1 Bjorkaya 102 S9°02.28°  09°440
Seacat (CTDY 2 Malletangen 51 59°03.04° o9z
Seacat (CTDY 3 Brevik gl. bru 38 U029 09°41.74
Seacat (CTDY) 4 Trosvik 29 5970317 094132
Seacnt (CTD) 5 Steinholmen 26 59°02.22°  09°40.82°
Seacat (CTD) 6 Blekebakken 57 59°03.24' 0905
Seacat (CTD) 7 Gravastranda 9] 59°05.4' 09°38.2'
Seacat (CTD) 8 Skienselva 11 59°08.22°  09"38.05
T/5-siring no, 1110 Giravastrandn 20 SOT05. 445 D9R3B.267
T/S-string no, 1126 Bieckeya 104 SM2-0¥ 04D
Water level no 420 Croftholmen 39M02.08" 0943 62
Water level no. 147 Hydroknin 59°06.04°  0OFITEY
Current (RCM-9) Brevilstremmen 274 §9°03.22 (094087
Current (ADP) Brevikstrommen-north 553 59°03.24°  09°40.62

12
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3.1.2 Results
Wind

During the four weeks of measurements the wind in the Frierfjord was weak and generally blowing
from northerly or southerly directions (Figure 5).

B Pl M M 0pd 0lag Cag ag Meg Beg May 1Sy ey Teg 1Seg Fleg Seg

N N S U TR U O D O P

Zpl Ml S A XNp Olmg Oeg tGayg Tag Gy Vs 13y 1SDg Tag Eng ey Seg
Durie, 1557

Figure 5. Wind speed and direction at Hereya 22.7-22.8.1997 (data from SFT-Telemark).

13
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Fresh water discharge

The fresh water discharge through the Skien river was low compared to the annual average (270 m’/s),
and for two pedods near its minimum of 50 m'js (Figure 6). From long-lerm measurements one find
that this often can occur in late summer,

o)

Bdnh civer 1557

D o e i e s e - [ o e e W e 1 o o e e

i e i i e T i R i i i i e e i P i - P it i i i

gl Ml M Ml MpE ey Geg ey Mag ey Tag Dag 1Sag Mg ey Flaug
D

Figure 6. Water discharge from the Skien river July-August 1997,

Water level
The data from water level measurements at Hereva (northem pan of Frierfjord) and Croftholmen

{outside the sill) is shown in Figure 7. The data is not aligned or normalized. As expected the
high/low tide at Croftholmen was generally ahead compared to the tide at Hereya.

I e T R Tl Rl e L ]

ﬂ 'I ' iyl .IH,} ’|-"j; |
ey AN

28 jull Nl 02 mag 0l g [+ FT] On g limg 12my Tl mg 118G (LT g
e

'H_'?rﬂ_“

0 b = df= [ ———

Figure 7. Water level at Croftholmen and Heraya, July-August 1997,

14



NIVA 3951-98

Hydrography and current measurements

A characteristic longitudinal salinity profile of the Frierfjord showing the increasing surface salinity
and the hydraulic jump at Brevik is presented in Figure 8. Measurements of temperature and salinity
by the Aandersa current meter at 27 m depth inside the sill (23 m) are presented in Figures 9 -10. The
dominating feature is decreasing salinity accompanied by decreasing temperature, and vice versa. This
is especially evident after August 12.

Skien river Friorfjorden 22.7.87 Bravik BjGrkdya

Figure 8. Salinity distribution in the Frierfjord, 22.7.97. Upper and intermediate level above sill depth.

Ttn
2 M M B D Meg Deaeyg PSag Mag Bag MNeag 1leg (Sag 1Teg Weg HNeag Haag
=L ;
|Rrenillaz irgrremian 27 m depih
L EE T T Tl I I I e T T T I I I T I TTITTIGTITTYTT T OTTTYYT YT
HS

Figure 9. Salinity in the Brevikstrem July-August 1997 at 27 m, in the sill area.
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Figure 10, Temperture ("C) at 27 m depth in the Brevikstrem, July-August 1997, in the sill area.

Figure 11 shows current measurement at 27 m depth inside the sill (the same instrument which figures
9-10 refer to) and Figure 12 shows the ADP measurements (ca. 55 m depth) inside the sill. Both
figures show the east-west component, with current flowing towards east (into the fjord) as positive.
Figure 11 also includes the 23-hour sliding mean, where the semidiumal tidal component is
eliminated.

Considering that the current meter at 27 m depth was situated 6 m below sill depth, the current speed
was remarkably high. Compared to Figures 9-10 water masses flowing out of the Frierfjord are
relatively cold and with low salinity compared to water entering the fjord.

The ADP shows some of the same features, but does not include 27 m. Considering the low current
speeds at 25 m one should not expect speeds that are comparable to those recorded at the other location
closer to the sill. Assuming the recordings are correct, different topographic features at the two
locations may panly cause the difference: flow through a namow passage at 27 m versus flow into a
relatvely wide basin where the ADP was situsnfed,

16
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Figure 11. Current speed (em/s) at 27 m depth in the Brevikstrammen, projected on a 280
(positive) - 100 degree axis. The figure also inchodes the 25-hours sliding mean.

Bravikstreammen ADP current, eastiwest velocity (cm/fs)
k) e 10 5 2
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Depth (M)
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Figure 12. ADP measurements of the east/west component (om{s) of the current
through Brevikstremmen in July-August 1997, (East =positive).
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3.2 The Drammensfjord.

3.2.1 The field study

The measuring period in the fjord was from 3.9 1997 to 6.10 1997. The instruments were deployed as

shown in Figure 3 (principal deployvment) and Figure 13=-14 (where the hydrographic stations also are
marked),

DI rarmman
_hm.r :_1_-,11'"3
[, e
Rk i
13'1-; 1‘-".
Nerth l a__
H"-"""‘u._lr‘].-l
. Drammansfjord 8
—t = | km hm"‘-‘_l ‘L—L
Profilesistations ""'.k 13 |
* = Temperatura/salinity J
observations (CTD) i Rarvik
* = Temperature/salinity string !
® = ‘Water leval mater 1
. Dramstad
4 = Wind obsarvation 2 _-“EE
Svelvik 9 s - :
T L.'l
'r - .f
™ <l:' '411
LT 4’--l" ] !' F
R L /
HZ“ ',
[ F Holmsbu
.. 'il !
e
"1 \ ol
‘}ﬁf"* * \\_-r-"l.__\{_,l‘iﬂ‘"

Figure 13. The Drammensfjord. Hydrographic stations, temperature/salinity strings,
measurement of water level and wind, September-October 1997,
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Drammensljond

= 200 m

® Tempearature/salinity stations ((
@= Acoustic curren! prafiler (ADF

@ Aandama curmant mater (RCM)

. i

Figure 14.  Hydrographic stations and current measurement stations in the Svelvik area in the
southem part of Drammensfjord, Septermber-October1997.

Table 5. Recording instruments in the Drammensfjord, September-October 1997,
The time is UTC.
Instrument | Inst. po,  Sensor  Stamt Start Deployed Reirieved Sensor Local
npe na, fdave) _ {ttmel  DateTime)  DateTime)  depth fim)  mame
TiS-string 1110 L 3997 0643 es 1430 6.10.97 1.5, Holems-
en. 12:10 510152 bu
Q
TfS-string 1126 34 3997 0643 3997 6.10.97 1.25.5, Dram-
ea, 17:10 ca. 11:15 10,20, stad-
30 buakta
Water level 3110 4M0 5.8.97 5.9.97 6.10.97 Revvik
Water level 3012 147 5.9.97 ca. 1040 6.10.97 Halms-
b
Current 2.9.97 3.9.97 6.10.97 12 Swelvik
{(ADF)*
Current 28 456 3997 0740 3.997 6.10.97 ca. 11 Swvelvik
(RCM-9) 13:05
Wind** 3.2.97 ca. 10,40

* = The ADP was tilted horizontally beyond acceptable limit.
** The instrument was only operative during the first week.

19
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Table 6. Hydrographic observations (temperature and salinity) with Seacat CTL),

_Dare Starions  Observartons  Remarks
10997 [1-12 T/5+0y Profile mode < 0.5 mys, pumped
17997 |2-12  TIS+0, Profile mode, < 0.5 mfs, pumped
24997 |1-14 Ti5+0. Profile mode, < 0.5 m/'s, pumped
3.1097 |1-12 Ti5+0, Profile mode, < 0.5 m/s, pumped

Table 7. Geographic positions of stations in the Drammensfjord, 1997.

rstrimany Srarion  Locafl name Echodepth N Fi)
im)

Seacat (CTD) 1 Radiangen 80-100  59°3l04°  10°24.4°
Seacat (CTD) 2 Berger 33 5993262  10°24.2°
Seacat (CTLDY 3 Holmsbu aF 2401 10725.42°
Seacat (CTD) 4 Bokeroyn 14 50°35.5° 10°25.6°
Seacat (CTD) L 11 5973583  10°25.30°
Seacat (CTD) 6 Svelvik renne North 11 5073615 102512
Sexcat (CTD) 7 10 59736.53°  10°24.48°
Seacat (CTLN) g Verksaya 11 59°36.73" 10°24.45°
Seacat (CTLN b 12 S9°36.84" 10724.46°
Seacat (CTIN) 10 15 59°37.05" 10F24.48"
sencat (CTIN) 11 2743 59°37.10° 10P24.52"
Sencmt (CTDY 12 Dramsbukea 120 5953778 10°25.78"
Seacut (CTDY 13 Sagbukta 117 59%40.00°  10°23.5°
Seacat (CTDY) 14 Belvikn 120 S50°37.65" 10725.1*
T/5-string no. 1110 Holmsbu a5 S50°34.05° 10725.50"
T/5-string no. 1126 Diramsbizkta 100 2837, 75" 10°25.78"
Water level no 420 Rervik 5004025 10°26.08"
Whater level no, 147 Haolmstu e A L o L
Current (RCM-9) Bvelvik 11 Sor3581°  10°24.75°
Current (ADP) Evelvik 12 50%36.95° 10%24.78

20
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3.2.2 Results
Wind
Thiere were no local observations due to malfunction of instrument.

Fresh water discharge

The variation in fresh water discharge was less than for Skien river in the Frierfjord, and varied
between approx. 130 nr'js and 310 m'fs (Figure 15).

M e == m s m m EEE E E EE

I R 5 o i i i e o e o i e ] o s i

@ff*f &#fi‘w**ﬁ #“ﬁ# rf#f *er;f #wﬁeﬁﬁé Fof s’

Figure 15. Fresh water discharge, Drammen river, September-October 1997,

Water level

Figure 16 shows simultaneous measurements of water level at Holmsbu (outside the sill) and az
Rervik (inside the sill). The levels are not normalised relative to another, and one may therefore only
observe the relative variations.

11
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Figure 16. Water levels inside (Rarvik) and outside (Holmsbu) the Drammensfjord sill in

September-October 1997

Hydrography and Current measurements

Due to the high fresh water discharge, the Drammensfjord experiences an estuarine circulation. The
water close to the sill bottom was mainly flowing into the fjord, but strongly influenced by the
semidiumal tide (Figure 17).

-125 =+ : : - - e ——
0:3.sep O6.sep 00.sep 12.5ep 15.3ep 18.50p 21.50p 24.58p 27.sep .sep 03,0kt 06.okt
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Figure 17. Current speed (cmy/s) at the Svelvik sill area, innfout the fjord (0/180 degrees) ot 11m depth
(Sill depth).

A characteristic longitudinal salinity profile along the Svelvik sill showing the increasing surface
salinity and the hydraulic jump at Svelvik is presented in Figure 18. Measurements of temperatuire
and salinity by Aanderaa current meter at the sill bottom are presented in Figures 19-20. The
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dominating feature is a strong tidal signal of semidiumal period. Figure 21 shows a strong connection
between high salinity and northerly currents and vice versa, an evidence of the tidal dependent
estuarine eirculation.

Drammensfjorden 10.9.97
Svelvik (Sill area) Holmsbu

Figure 18, Salinity distribution above sill depth in the Drammensfjorden, 10.9.97,
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Figure 19. Salinity at 11 meters depth in the Svelvik sill area.
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Figure 20. Temperature at | | meters depth in the Svelvik sill area.
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Figure 11. Nonh/south current component {cmy/s) and salinity at 11 meters depth in the Svelvik sill
area.
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3.3 The Iddefjord.
3.3.1 The field study

The measuring period was from 21- 22.10 1997 10 3.12 1997. The hydrographic stations were placed
as shown in Figure 22 and the instruments placed as shown in Figure 23-24.
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Figure 22. Hydrographie stations in the Iddefjord, October-December 1997,
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= Wind nstrument Water level moasuramant

= Temperature’salinity string
= Aanderaa current meter. (ROM)
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Figure 23. Temperature/salinity strings, measurement of current, water level and wind,
October-December 1997.
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Braftzryn Ringdalsfjord Bimvargat
Ea=t West
o H G LEF E D c B A
- o
¢ = Temperature/salinity string
- - = Asnderas surrent meter
- J : | | - ""‘. !
Figure 24, Deployed current meters and T/5-strings in the Iddefjord (Ringdalsfjorden), Oclober-
December 1997, Principal positions.
Table 8. Recording instruments in the Iddefjord, October-December 1997,
Time is UTC.
frgtrumend | fnst. no. Sensor  Stard Deployed  Reitrieved Sensor Loee!
Dipe . depil Rame
{r)
T/S-string | 1110 49 21.10.97 23.10.97 3.12.97 1.6, 5 Kjeoya
10,15,
20
TfS-string | 1126 34 22.10.97 31297 1.25.5, Unner-
ea 16:20 10,20,  berg
30
Woter 3110 410 23,1097 23.10.97 30297 Brant-
level oyn
Witer 147 231087  23.1097  3.297 Kjeaya
lewvel
Current RCM-T S0 21.1097 23.10.97 31297 10 Bijall-
varpet
Curment RCM-T 269 21.10.97 23.10.97 31297 26 Rex-
beki
Current RCM-T 8362 21.10.97 23.10.97 3.12.97 10 Svine-
sund sill
Current ADP 21.10.97 23,1097 3.12.57 24 East
Svine-
sund sill
Current UcM 4071 29.10.87 kN fefor) Al Station
botom E
Currend RCM-9 28 29.10.97 31297 Midedle Eh#ﬂnrﬁ_
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Table B, continues
Instrument | Inst. no. Sensor  Start Deployed Retrieve  Sensor Laocal
e o, d depth DAME
(m)
Current SD200 260 22.10.97 31297 Upper Station
B
Current ADCP, 21 21.1097 22.10.97 31297 41 Krilke-
RCM-12 nebbet
Current Uck 00 221097 221087 31297 a5, Crr-=
lower viken
Current RCM-9 25 21.10.97 22,1097 31297 middle Orr-
12:10 wvikien
Chirrent ROM-7 76 21.10.97 22.10.97 3.12.97 Upper Ore-
viken
Current RCM-T 1E3 21.10067 22.10.97 31297 22 Svarie
Jan
Current RCM-T 47T 211007 22.10.97 31297 40 Viks-
tingen
Current RCM-7 2608 211097 22.10.97 N el ) 20 Bratt-
i
Wind 23.10.57 23.10.97 31297 Dann-
muarks-
skjeret
Table 9. Hydrographic observations (lempernture and salinity) with Seacat CTD, file
identification and profiling mode.
Dicrie Stetfons Observations Remarks
291097 | 1-11 T/5+0, Profile mode < 0.5 m/s, pumped
7.11.97 1-11 T/5+0, Profile mode, < 0.5 mys, pumped
14.11.97 | 1-12 TI5+0, Profile mode, < 0.5 mys, pumped
3.12.97 1-13 T|5+0, Profile mode, < 0.5 m{s, pumped

Table 10, Geographic positions of stations and moored instruments in the Jddefjord,
Ociober-December 1997,
Tnsrament Statton Local pame Depth {im) N £
Seacat (CTDY 1 Kjeaya 64 S97056.3° 11*13.0¢
Seacal (CTD) 2 Sponvika 3 590548 11*14.25°
Seacar (CTD) 3 BjEllvarpsterskalen 10 50°05.67" 11°15.05
Seacat (CTDY) 4 Barbelk 28 S0°05.82° 11°15.70°
Seacat (CTD) 5 Svinesund sill 10 59°05.88" 11*16.25"
Seacal (CTD) 5hb Svinesund bridpe 16 59°05.89" 11°16.32°
Seacal (CTL) 1 Hjelmekollen 24 39%05.93" 11°16.60°
Seacat (CTD) 6 Bliisoppbukin 41 S9706.96" 11°17.00"
Seacat (CTD) 7 Roparhiillen 36 59°06.59" 11°18.95"
Seacat (CTD) 8 Svarte Jan 25 39°06.75" 11719.69"
Seacat (CTD) 4 Vikstingen 40 59°06.93" 11°20.46"
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Fresh water discharge

Table 10, continucs.
Instrument Station Local onme Echodepth N E

(m)
Seacai (CTD) 10 Brattryn 21 59°06.55" 11%23.00¢
Seacat (CTD) 11 Kuskjer 26 59°06.28" 11%21.65"
Sencat (CTD) 12 Skysskafaren 13 59%05.90" 11°32.30"
Tf&string no, 1110 (K Ejesya 60 59°05.39" 11°13.0"
T|S-string ne. 1126 | L Unnesberg 36 59°06.50" 11°18.29°
Whaier [evel no 420 Bratteya 006,87 11°22.00°
Waier level po. 147 Ejemyn 59°05.45" 11°13.00°
RCM-7 A Bjiillvarpet 10 50%05.67" 11°15.05"
RCM-7 B Rorbekk 26 5000581 1171557
RCM-7 C Svinesund sill 10 5o%05.88° 11°16.25"
ADP D Svinesund enst 24 50°05.91° 11°16.43"
UCM+RCM-9 E Hijelmekollen 59°05.95" 11°16.82"
+SansorDala
ADCP, RCM-12 F Krikenebbet 41 S5 G.05" 11°17.44°
UCM+RCM-0 G Orrviken 5 59°06.67 11°19.05"
+RCM-7
RCM-7 H Svarte Jan 22 59006, 74" 11719.53"
RCM-7 I Vikstingen 40 59°06.93" 11°20.46"
RCM-T 1 Bratieyn 20 59°06.48" 11=11.4"
Wind instrument Dannmarksskjmret J9°06.28" 11=17.80"
3.3.2 Results.

Apart from being far smaller than the fresh water discharge to the Frierfjord and the Drammensfjord,
the daily discharge to the Iddefjord also showed smaller varintions (Figure 25).
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Figure 25. Total runoff from Tista (at Halden) and Enningdal rivers to the Iddefjord in October -
December 1997,
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Water level

Figure 26 shows simultaneous measurements of water level at Kjeaya (outside the sills) and at
Brattarya (inside the sills). The levels are not normalised relative to another, and one may therefore only
observe the relative variations. The water level at Bratteyn should be treated with care, as the average
variations do not follow the Kjeeya instrument. As the pressure sensor on the ADP inside the
Svinesund sill was in phase with Kjeaya but slightly behind, the instrument at Bratteya could be
malfunctioning.
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Figure 26. Water level outside (Kjeaya) and inside (Brattarya) the Iddefjord sills. 10 minutes
observations and averaged over a tidal eyele.

Hydrography and current measurements.
A cheracteristic longitudinal salinity profile showing the increasing surface salinity and the hydraulie
jump at the Svinesund and Bjéllvarpet sills is presented in Figure 27.
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Figure 27, Salinity distribution above sill level in the Iddefjord, 17.11.97.
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Figures 28-31 present measurements of current speed and salinity from the Aanderan current meters on
the Svinesund and Bjallvarpet sills. The following Figures 32-48 show comesponding data series from
the current meter stations further away from the sills (see Fig. 22 for more details). The dominating
feature is a strong tidal signal of semidiumal period, weakening towards the inner part of the fjord.
Superimposed on the series are also signals of longer and more imegular periods, probably of local
meteorological origin or caused by variations of the density field in the coastal water.
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Figure 28, Current (infout) at 10 m depth, Bjilivarpet (station A).
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Figure 2%, Current {infout) at 10 m depth, Svinesund (station C).
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As an overall average there was a distinet outflow in the upper 3 m during the approx. 6 weeks of
measurements (Figure 36). Below 15-20 m depth the current was generally flowing into the fjord,
which may be consistent with a gradually increase of salinity in the basin water (Figure 39).
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Figure 30, Salinity at 10 m depth, Bjillvarpet (station A).
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Figure 31. Salinity at 10 m depth, Svinesund (station C).
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Figure 32, Current (infout) at 26 m depth, Rarbekk (station B).
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Figure 33. Salinity at 26 m depth, Rerbekk (station B).
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[Daste 1807

Figure 34. East/West current (m/s) at 2 m depth inside Svinesund (station D), as messured by the
ADP.
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Figure 35, East/West current (ms) at 4 m depth inside Svinesund (station D), as measured by the
ADP.
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Figure 36. East/West current (m/s) at 8 m depth inside Svinesund (station D), as measured by the
ADP.

Figure 37. EastfWest currents (ADF), mean over the period, inside Svinesund (station D).
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Figure 38. Current (infout) at 37 m depth, inside Svinesund (station E).
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Figure 39, Salinity inside Svinesund at 37 m depth (station E).
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Figure 40. Current (infout) at 34 m depth, Orrviken (station G).
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Figure 41. Salinity at 34 m depth, Orrviken (station G).
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Figure 42. Current (infout) at 18 m depth, Svarte Jan (station H).
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Figure 43. Salinity at 18 m depth at Svarte Jan (station H).
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Figure 44. Current (in/out) at 40 m depth, Vikstangen (station [).
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Figure 45. Salinity at 40 meters depth, Vikstangen (station I).




NIVA 3951-98

i I'i. iI Il

oz 1L i 02 rew P e 12 rew 17w ELnov .naw [~ 0
D 187

Figure 46. Current at 20 meters depth, Bratteya (station I).
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Figure 47. Salinity at 20 m depth, Bratteya (station J).
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4. Overall conclusion

In technical terms the field studies were a success. With few exceptions the instruments
functioned properly, and the malfunctions should be eliminated through better pre-use
checking and better deployment procedures.

A thorough study of the data has not been performed, but the general impression is that
the feld studies have produced the kind of data sets, which are needed for further
analyses, and development of the model. Furthermare, the data seems to contain new
knowledge of hydrophysical processes in fjords in southemn Norway, This element will be
looked into in 1999,
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