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Abstract

The second year of chemical surface water investigations in Forsmark is presented in this 
report. Sampling and analyses of lake waters, running waters and shallow bay waters were 
performed in order to characterise the surface water of the area. The surface water sampling 
activity included field measurements and an extensive analysis programme in six lakes,  
four shallow sea bays and eight running waters at twenty occasions during the period  
March 2003 to March 2004. 

The results obtained include field measurements of redox potential, pH, dissolved 
oxygen, electric conductivity, salinity, measurement depth, barometric pressure, turbidity, 
chlorophyll, light/PAR (photosynthetic Active Radiation) and water temperature as well  
as chemical analyses of major constituents, nutrient salts, carbon species, trace metals  
and isotopes. 



Sammanfattning

Andra året av kemiska ytvattenundersökningar i Forsmark presenteras i denna rapport. 
Provtagning och analyser av sjövatten, rinnande vatten och vatten från grunda havsvikar 
utfördes för att karakterisera ytvattnet i området. Ytvattenaktiviteten inkluderade fält- 
mätningar och ett omfattande analysprogram i sex sjöar, fyra grunda havsvikar och åtta  
små vattendrag vid tjugo tillfällen under perioden mars 2003 till mars 2004.

Resultaten som erhölls omfattar fältmätningar av redoxpotential, pH, löst syre, elektrisk 
konduktivitet, salinitet, mätdjup, barometer tryck, turbiditet, klorofyll, ljus/PAR 
(Photosynthetic Active Radiation) och vattentemperatur liksom kemiska analyser av 
huvudkomponenter, närsalter, oorganiskt och organiskt kol, spårelement och isotoper. 
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1 Introduction 

This document reports the performance and results from the activity: “Surface water 
sampling and analyses” performed within the site investigation at Forsmark /1/. The work 
was conducted according to activity plans AP PF 400-02-07 (March 2002–May 2003) and 
AP PF 400-03-36 (May 2003–March 2004) and is part of both the geochemistry and the 
surface ecosystem programme. The surface water activity includes chemical analysis of 
lake waters, running waters and waters from shallow bays in the Forsmark area as well as 
measurements of some physical parameters. The sampling points are shown in Figure 1-1.

The report treats sampling, analyses and field measurements from the second and last year 
of the surface water sampling campaign, March 2003 to March 2004. The first year of 
sampling is reported in /2/. However, all surface water data from the start in March 2002  
are included in Appendix 1. After this second year, the surface water sampling will continue 
as a supervision/monitoring programme implying a reduced number of sampling points as 
well as reduced sampling frequency. 

The field note references to the present activity in the database SICADA are: field note 
numbers Forsmark 120, 126, 137, 143, 150, 152, 167, 168, 180, 198, 207, 212, 221,  
225, 250. 

Figure 1-1. Sampling points in the surface water programme. Points marked with crosses are 
alternatives for regular points (see Table 4-1).
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2 Objective and scope

Sampling and analyses of lake waters, running waters and shallow bay waters were 
performed twenty times a year during two years in order to characterise the surface water 
of the area. Examples of addressed issues are groundwater formation, identification of 
discharge or recharge areas, nutrient transport and biological production. 

The activity includes water sampling for chemical analysis as well as direct measurements 
of physical and chemical parameters such as redox potential, pH, dissolved oxygen, electric 
conductivity, salinity, measurement depth, barometric pressure, turbidity, chlorophyll, light/
PAR (photosynthetic Active Radiation) and water temperature. The extent of the sampling 
differs between different occasions. A main programme including major constituents and 
surface water supplements (nutrient salts, chlorophyll etc) was performed quite frequently 
(16 times a year) while an extended programme including also isotopes and trace elements 
was performed once per season (four times a year). 
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3 Equipment

3.1 Sampling equipment
Water samples were collected using a 1.7 litre “Ruttner sampler” until week 21, May 2003. 
From week 21 and onwards water samples were collected using an online pumping setup, 
consisting of an electrical peristaltic pump system, PPS (ASF Thomas SR 10/100, powered 
by 12 VDC, 7 Ah cells), connected to 4–8 m long teflon-tubes (FEP 140) of 5 mm inner 
diameter. A manually operated regulator (ELFA, DCM 24–40 pwm) was used to adjust the 
water flow to maximum 1.3–2.9 litres/minute (depending on tube length, tube diameter and 
pumping level). The sampling equipment is presented in Figure 3-1.

Figure 3-1. Schematic presentation of the peristaltic pump system (PPS).

Outlet water sample 

Peristaltic pump 

Teflontube 

Pumptube of 
flexible 
silicon Inlet for water 

from 
sampling 
point 

Bottle for water 
sample portion

H2O
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3.2 Multi-parameter sondes
Field measurements were performed with two multi-parameter sondes (YSI 6600 EDS and 
YSI 600 QS). A terminal (YSI 650 MDS) is connected to each sonde through a cable for 
logging data. The terminal and sondes are presented in Figure 3-2. The calibration of the 
sondes was conducted according to the measurement system description SKB MD 910.003 
(SKB internal controlling document).

Figure 3-2. Presentation of measurement sondes.

PAR-
SENSOR YSI 

6600 
EDS 

Terminal  
650-
MDS 

YSI 600 
QS

Field cable 
set 1: 15 m
set 2: 30 m

Table 3-1. Parameters measured by the two different YSI sondes. 

Parameter YSI 6600 EDS YSI 600 QS

Date/time Yes Yes

Temperature (°C) Yes Yes

pH Yes Yes

Dissolved oxygen (mg/L) Yes Yes

Redox potential (mV) Yes Yes

Specific conductivity (mS/cm) Yes Yes

Salinity (ppt) Yes Yes

Depth (m) Yes Yes

Barometric pressure (mm Hg) Yes Yes

Turbidity (NTU) Yes No

Chlorophyll (μg/l) Yes No

Light / PAR* (μmoles s–1 m–2) Yes No

* Photosynthetic Active Radiation 
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3.3 General field equipment
The exact locations of the sampling point positions were found using a GPS (Garmin 172C) 
with an average accuracy of +/–0.5–1.0 m. 

Water depth was measured using an echo sounder (Plastimo, Echotest, LCD digital sounder) 
with an accuracy of +/–0.05 m.

Water transparency was estimated using a Secchi disc and aqua scope.

Disposable filters (Millipore, 0.40 µm, Ø = 22 mm) were used together with 60 ml syringes 
to filter specific sample portions of the sampled water in the field.

Stopwatch (GUL), a water-filled plastic bottle (50 ml) and measuring-tape (Hultafors) were 
used for flow/runoff estimates in running water.

Digital cameras (Nikon Coolpix 5000 and Olympus 400 mju) were used for documentation 
of running waters.
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4 Performance

The method for sampling and analyses of surface waters is described in SKB MD 900.004 
(Metodbeskrivning för ytvattenprovtagning vid platsundersökningar). The activity was 
performed according to Activity Plans SKB AP PF 400-02-07 (until week 19, 2003) and 
AP PF 400-03-36 (from week 19). The method description and activity plans are SKB 
internal controlling documents. 

4.1 Sampling points and sampling scheme
The sampling programme for surface waters was performed in 6 lakes, 4 shallow sea bays 
and in 8 running waters, see Figure 1-1. The regular and alternative sampling points are 
presented in Table 4-1 (Id-code, position, name and comments) and the sampling scheme is 
given in Table 4-2. It was not always possible to collect samples at all the sampling points, 
and in Table 4-3 the reasons for deviations from the original sampling scheme are stated. 

Table 4-1. Regular and alternative sampling points in surface ecosystem programme 
(all) and hydrogeochemistry programme (bold), (Id-code, position, name and 
comments).

Sampling points Coordinates (RT90) Name Comments

Lakes
PFM000074 16 29 854, 66 99 393 Labboträsket
PFM000087 16 29 574, 67 00 617 Gunnarsbo-Lillfjärden
PFM000097 16 31 814, 66 99 868 Norra bassängen
PFM000107 16 32 065, 66 99 031 Bolundsfjärden
PFM000117 16 31 946, 66 97 118 Eckarfjärden
PFM000127 16 33 350, 66 96 924 Fiskarfjärden
PFM000135 16 32 722, 66 97 594 Fiskarfjärden Alternative to PFM000127
Shallow sea bays
PFM000062 16 31 921, 67 00 605 SV Forslingens grund
PFM000063 16 34 833, 66 99 014 Tixelfjärden
PFM000064 16 36 121, 66 97 347 Kallriga, norra
PFM000065 16 35 083, 66 95 635 Kallriga, södra (V-högbåden)
PFM000082 16 32 528, 67 01 336 Alternative to PFM00062
PFM000083 16 36 023, 66 98 757 Alternative to PFM00063
PFM000084 16 35 455, 66 94 442 Alternative to PFM00064 

and PFM000065
Running waters
PFM000066 16 29 343, 66 99 064 Öster Gunnarsboträsket
PFM000067 16 31 859, 66 99 753 Lillputtsundet
PFM000068 16 31 641, 66 98 735 Kungsträsket
PFM000069 16 31 510, 66 98 440 Bolundsskogen
PFM000070 16 32 061, 66 97 319 Norr Eckarfjärden
PFM000071 16 31 944, 66 96 533 Söder Eckarfjärden
PFM000072 16 34 151, 66 96 708 Flottbron
PFM000073 16 35 004, 66 98 073 Söder Bredviken
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Table 4-2. Surface water sampling scheme March 2003–March 2004. 

Year Month Week Programme type*

2003 March 12 M

2003 April 14, 17 M, M

2003 May 19, 21 E, M

2003 June 23, 25 M, M

2003 July 28 E

2003 August 32 M

2003 September 36, 38, 40 M, M, M

2003 October 42, 44 E, M

2003 November 46, 48 M, M

2003 December 51 M

2004 January 3 E

2004 February 7 M

2004 March 12 M

*M = main programme (SKB class 3 including surface water supplements), E = extended programme  
(SKB class 5 including surface water supplements).

4.2 Presampling preparations
Prior to the sampling session, sample bottles were cleaned (according to the routines for 
respective SKB class), labelled and packed in insulated boxes/bags. Acid additions were 
made in advance in the bottles intended for trace metal analyses. They were placed in 
plastic bags to avoid contamination.

The peristaltic pumpsystem (PPS), including the Teflon tubes, was washed in acid (0.5 M 
HCl) and rinsed with deionised water before use. The equipment was kept well protected 
in plastic bags or in tight containers. The Disposable filters (Millipore) were rinsed with 
MilliQ-water (50 ml) and placed in plastic bags to prevent contamination. Calibration of the 
sondes was performed according to the measurement system description SKB MD 910.003 
(SKB internal controlling document).

4.3 Water sampling and field measurements
The water sampling and measurements procedure are described more in detail in SKB 
PIR-04-09 “Metodik för provtagning av ekologiska parametrar i hav”, SKB PIR-04-06 
“Metodik för provtagning av ekologiska parametrar i sjöar och vattendrag” and SKB 
PIR-04-12 “Översikt över provhanterings- och analysrutiner för vattenprov” (SKB internal 
documents).

Until week 21/year 2003 water samples were collected using two Ruttner samplers, one 
normal and one metal free for the extended programme. The last one was acid washed in  
the same way as described in Section 4.2.

From week 21 water samples were collected using the peristaltic pumpsystem, PPS, 
described in Section 3.1, see also Figure 4-1. The Ruttner samplers were used as a backup 
system if the PPS-system should fail. 
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Lake and sea water samples were collected close to the surface (at 0.5 m depth) and 
from approximately 0.5 m above the bottom. Running water samples were collected at 
approximately 0.1 m depth. The PPS-system and all bottles were rinsed with water from the 
sampling point prior to filling, except for bottles with acid additions. From week 19, 2003, 
the activity was performed in compliance with a new activity plan (AP PF 400-03-36), 
which stated that bottom samples should be collected only if the sea or lakes are covered  
by ice.

To avoid contamination, the sampling staff was obliged to wear rubber gloves and great care 
was taken not to contaminate bottles or equipment. Bottles and samples containing added 
acid were handled and stored separately to avoid contamination of other sample portions.

A comparison of data from sonde measurements and laboratory analyses was performed 
by Medins sjö- och åbiologi AB (Jämförelse mellan sondmätningar och laboratorieresultat 
i Forsmark och Simpevarp 2002–2003). Measurements and analyses of oxygen (Winkler 
method) agreed for values exceeding 4 mg/L but for lower values the differences were 
significant. Based on this evaluation, it was decided that Winkler bottles should be collected 
only when the concentration of dissolved oxygen is below 4 mg/L (values obtained from 
sonde measurements). This practice was applied from week 21 and onwards. 

Water sample portions for some analyses were filtrated (0.45 µm) in the field using a 
syringe. Some sample portions were also overflowed and for some analyses reagents were 
added in the field. Different treatments and filling instructions are presented in Table 4-3.

Figure 4-1. Sampling of surface water in the field. In front of picture, the peristaltic  
pumpsystem (PPS).

PPS 
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Table 4-3. Vessels and field treatments of samples in the main programme (class 3)  
and in the extended programme (class 5 and 5+). 

Programmes:

Class 3:

Class 5:

Class 5+:

Bottle volume (mL) Number  
of bottles

SKB-
Label

Components Preparation of 
sample in field

Filling instructions

125 1 Green Na, K, Ca, Mg, Li, Sr,  
S, Si, Br, I

– Fill up

5,000

(Collecting bottle)

1 Green Chlorophyll a, c, 
Pheopigment,

Alkalinity, pH, 
Conductivity,

Tot-N, Tot-P,

POP, PON, POC,

Anions (Br, SO4, Cl, 
F, I),

TOC, DOC, DIC  
(only for control)

– Fill up

25 2 Green Ammonia, NOx,  
Silicate

Filtering with 
syringe/0.45 μm 
filter

Fill to mark

50 1 Green TOC – Leave 1cm

50 2 Green DIC/DOC Filtering with 
syringe/0.45 μm 
filter

Leave 1cm

Winkler bottles1 2 Green Oxygen 1 ml Mn(II)  
reagent + 2 ml 
alkaline iodine 
reagent and mix

Flow over 3×

Winkler bottles2 2 Green H2S 1 ml ZnAc + 1 ml 
1M NaOH and mix

Flow over ×3

100 1 Red Trace metals – Fill up

5002 1 Red Fe(II)/Fetot Filtering with 
syringe/0.45 μm 
filter

Fill up

500 1 Green Tritium – Flow over ×1

100 1 Green Deuterium, O-18 – Fill up from bottom

1000 1 Green 34S – Fill up

100 1 Green 37Cl – Fill up

100 1 Green 87Sr/ 86Sr – Fill up

100 1 Green U- and Th-isotopes – Fill up

500 1 Green Ra- and Rn-isotopes – Fill up
1 Winkler samples only when sonde measurements of oxygen show values below 4 mg/L. 
2 Sampled only under reduced conditions.
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In running waters the multiple sondes were used to measure parameters stated in Table 3-1 
at approximately 0.1 m depth. The YSI 6600 EDS sonde was used when the water level was 
high enough, otherwise the smaller YSI 600 QS sonde was used. The values from the PAR 
sensor were rejected in running waters as well as chlorophyll and turbidity data.

In lakes and at sea the multiple sonde (YSI 6600 EDS) was used to measure a profile at 
each sampling point, see Figure 4-2. Measurements were conducted at every metre from the 
surface to the bottom (Table 4-4). A list of the parameters measured is given in Table 3-1. 
Photosynthetic Active Radiation (PAR) was logged also just below the surface and during 
ice season above the ice, in the air.

From week 36, 2003, an extra PAR-profile logging programme started. When measuring  
the PAR-profile, the sonde mode was set to continuous logging and the sonde was sub-
merged from surface to bottom and hoisted up again. The produced PAR-data were used  
for regression analyses of PAR versus depth. 

Figure 4-2. Measuring a profile (PFM000064) in the ice covered Baltic Sea with the multiple 
sonde (YSI 6600 EDS), December 15, 2003.
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Table 4-4. Logging depths at sampling points in lakes and shallow sea bays.

Sampling points Name Sonde logging depth (m)

0.5 1.0 1.5 2.0 2.5 3.0 4.0 4.5 5.0 6.0 6.5 7.0

Lakes
PFM000074 Labboträsket X

PFM000087 Gunnarsbo-Lillfjärden X X X

PFM000097 Norra bassängen X

PFM000107 Bolundsfjärden X X

PFM000117 Eckarfjärden X X X

PFM000127 Fiskarfjärden

PFM000135 Fiskarfjärden, alt. X X

Shallow sea bays
PFM000062 SV Forslingens grund X X X X

PFM000063 Tixelfjärden X X X X X X

PFM000064 Kallriga, norra X X

PFM000065 Kallriga, södra X

PFM000082 Alternative to 
PFM00062

X X X X X X X X

PFM000083 Alternative to 
PFM00063

X X X X X X X X

PFM000084 Alternative to 
PFM00064 and 
PFM000065

X X X X

Light penetration was measured in lakes and at sea with a secchi disc. The measurements 
were performed according to the Swedish standard BIN SR 111.

In order to calculate mass transport of different elements in the water systems, runoff 
data from the streams in the area are an important parameter. Due to lack of more precise 
measurements, the runoff was estimated with a simple method using a floating bottle (close 
to neutral in weight in water). The cross section mean area of the stream was estimated, 
forming a rectangle, see Figure 4-3. The time for the bottle to float the distance (L) from 
point A to B was measured with a stopwatch. This procedure was repeated three times in 
each stream. The average water velocity (m/s) multiplied with the average area (m2) resulted 
in a rough water runoff estimate (m3/s). The runoff was, however not possible to measure 
when the streams were covered with ice or at very low water flow.

From week 25, 2003, and onwards the water runoff in the streams was estimated once a 
week with this simple method. The data and results are presented in a separate SKB-report 
in progress /3/.
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In week 38, 2003, photo documentation of running waters started, using a digital camera, 
to make the evaluation of the analyses results easier in the future. Photos were taken of 
the sampling point, marked with a stick. The photos were transferred to SKB’s database 
SICADA directly after termination of the activity (stored in the file archive, see Table 4-5).

At each sampling point, field notes about measured parameters, weather conditions, 
sampling time and name of field staff were made as well as any deviations from the 
sampling plan. Notations on conditions which might have influence on the analytical  
results (e.g. melting water on ice, particles in water due to heavy runoff, fertilizer from 
farming close to sampling point and so on) were made on the field protocols. These notes 
are stored in the SKB database SICADA as activity comments for each sampling point  
and sampling occasion.

4.4 Sample treatment and chemical analyses
An overview of sample treatment and analysis methods is given in Appendix 1. The routines 
are applicable independently of sampling method or type of sampling object. 

Figure 4-3. Schematic presentation of method for estimating water runoff in running natural 
waters. Sampling point PFM000073 (Söder Bredviken). 
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4.5 Data handling/post processing
All activities were continuously documented. Notes were taken on field conditions, time of 
sampling, marking of samples and so on. Any deviations from the normal routines were also 
noted and commented in special reports/comment files. The comment files are stored in the 
SKB database SICADA (the file archive), see Table 4-5.

4.5.1 Field measurement data

The data from field measurements are incorporated in SICADA directly after termination  
of the activity. The field note numbers are Forsmark 120, 126, 137, 143, 150, 152, 167, 168, 
180, 198, 207, 212, 221, 225, 250.

A number of protocol versions have been used, as improvements have been successively 
incorporated during the period. A specific Excel-macro has been developed and the sonde 
data files are incorporated digitally into SICADA from the YSI Terminal 650-MDS, 
Figure 4-4.

The field measurement data are stored in data tables in SICADA. Further, all raw data files 
are transferred to the SICADA file archive, see Table 4-5.

Figure 4-4. Schematic presentation of transfer of logged terminal data to SICADA database.

Table 4-5. File types stored in the SICADA file archive.

Type of file Example of file name No per  
sampling session

Raw data file L580338.dat 1 or 2*

Comments Kommentarer V38.xls 1

Calibration data file 000113CF.txt 1 or 2*

Calibration protocol Stora sonden V48år03.xls 1 or 2*

Photography PFM66.jpg 1–8

Light data file PAR-profiler V48_03.xls 1

* Depending on the number of measuring sondes used.
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4.5.2 Chemical analyses data 

The following routines for quality control and data management are generally applied for 
hydrochemical analysis data, independently of sampling method or type of sampling object.

Some components are determined by more than one method and/or laboratory. Moreover, 
duplicate analyses by an independent laboratory are performed as a standard procedure on 
each fifth or tenth collected sample. All analytical results are stored in the SICADA data-
base. The applied hierarchy path “Hydrochemistry/Hydrochemical investigation/Analyses/
Water in the database” contains two types of tables, raw data tables and primary data tables 
(final data tables).

Data on basic water analyses are inserted into the raw data tables for further evaluation. The 
evaluation results in a final reduced data set for each sample. These data sets are compiled 
in a primary data table named “water composition”. The evaluation is based on:
• Comparison of the results from different laboratories and/or methods. The analyses are 

repeated if a large disparity is noted (generally more than 10%).
• Calculation of charge balance errors according to the equation below. Relative errors 

within ± 10% are considered acceptable in surface waters.

 Relative error  ( ) ( ) ( )
( ) ( )∑ ∑

∑ ∑
+
−

×=
sequivalentanionssequivalentcations

sequivalentanionssequivalentcations
100%

• General expert judgement of plausibility based on earlier results and experience.

All results from special analyses of trace metals and isotopes are inserted directly into 
primary data tables. In those cases where the analyses are repeated or performed by more 
than one laboratory, a “best choice” notation will indicate those results which are considered 
most reliable. 

An overview of the data management is given in Figure 4-5.

4.5.3 Other relevant information and data

Some parameters are not measured with instruments. Those data can be found in a separate 
table in SICADA together with information about the weather conditions at the sampling 
occasions. The table is called “Weather_data” and contains the following columns:
• Air temperature.
• Cloudiness.
• Precipitation.
• Wind velocity.
• Wind direction.
• Light penetration (lakes and sea).
• Runoff/Water flow (running waters).
• Water depth.
• Snow/ice depth.

These data are not presented in this report.
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4.6 Nonconformities
4.6.1 Sampling and field measurements 

The nonconformities that occurred during the surface water sampling and field 
measurement campaign are compiled in two tables (Table 4-6 and 4-7). A common 
deviation from plan is omitted sampling point due to for example problems with ice  
or wild life considerations.

No PAR-measurements (light) were performed during week 3 and 7, 2004. The sonde  
was sent for repair during that period and the exchange sonde used had no PAR-sensor.

Figure 4-5. Overview of data management for analytical data.

Water sample
Comments on sampling

Insertion of sampling activity and sample no. SICADA

Basic water analysis by 
SKB

Mobile field laboratory or
Äspö chemical laboratory

Basic water analysis by 
external laboratory 

Special analysis by 
external laboratory

                                         SICADA
– insertion of raw data
(– calculation of result, SKB analysis)
(– selection of best determ. or aver. calc. SKB analyses)
– storage in raw data tables 

SICADA
– charge balance calculation        
– quality control
– selection of dataset for sample
– insertion of comments on control 
 and evaluation 
– transfer of data to primary data 
 table 

SICADA  
– Storage in primary data table
– QC 

Storage of raw data
– File system
– Binders
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4.6.2 Calibration of electric conductivity and salinity

Calibration of electric conductivity was conducted without adjustment of the standard to 
25 degrees C. Instead, the value corresponding to the actual temperature of the calibration 
standard was used, estimated from a conductivity/temperature table on the bottle. This 
procedure has resulted in inaccurate values of electric conductivity and salinity for the time 
period w 36 (2002)–w 25 (2003). A method for correction of the values is described in 
“Korrigering av konduktivitet och salinitet i Forsmark och Oskarshamn”, an external report 
written by Medins sjö- och biologi AB. For correction, conductivity values from laboratory 
analyses are required. For most of the measurements from week number 12 to 25, 2003, 
laboratory values are available and those conductivity and salinity data have been corrected.
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5 Results

5.1 General 
The lakes in the Forsmark area can be classified as oligotrophic (nutrient poor) hardwater 
lakes /2/. The fresh waters are generally well buffered with high alkalinity, high pH and 
high calcium concentrations. Further, it is not a very long time ago since the area was 
lifted up above sea level, and waters recently affected by brackish sea water still show 
high sodium chloride concentrations. The map in Figure 5-1 demonstrates the relationship 
between the location of the coastline and the salinity of the water samples collected at the 
sampling points in the area.

An evaluation report of surface water data from March 2002 to March 2004 is in progress 
/4/. Therefore, the present report concentrates on discussing data quality. 

Figure 5-1. Map with sampling points for surface water. The water type is indicated by means  
of a colour scale from blue to red for low to high chloride concentration. The location of the 
coastline at various times is also shown. 
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5.2 Field measurements
The field measurement results are stored in the database SICADA and data for modelling 
or other activities should be collected from there. The data from the field measurements 
are stored under the following field note numbers: Forsmark 120, 126, 137, 143, 150, 152, 
167, 168, 180, 198, 207, 212, 221, 225 and 250. The results from field measurements are 
compiled in Appendix 2. 

The results from PAR-profile logging are presented in Appendix 3, as figures including 
regression constants. Logged PAR-data are stored in the SICADA database together with 
the regression analyses, see Table 4-5.

Three sets of data are of lower quality; 1) runoff data, 2) sonde measurements (YSI 6600 
EDS) of chlorophyll and 3) turbidity measurements.

The measurements of the runoff have been performed with a float method (see Section 4.3) 
which, for many reasons, has been the only possible way to conduct the measurements.  
The accuracy of this method is quite low compared to measurements with discharge weirs 
and gauges. 

The chlorophyll measurements have been problematic, possibly due to that humic sub-
stances and chlorophyll have similar fluorescence in the wavelength used by the sonde. 
Since the inland waters show high concentrations of humic substances and the sonde 
interprets humus as chlorophyll, the amount of chlorophyll tends to be overestimated. 

The turbidity measurements performed in the sea and in lakes often show negative values. 
This may be due to bad probe sensitivity in clear waters (turbidity weak waters).

The chlorophyll and turbidity data stored in the SICADA database are marked with special 
comments about these matters. 

5.3 Water analyses
5.3.1 Basic water analyses

The basic water analyses include the major constituents Na, K, Ca, Mg, S, SO4
2–, Cl–, Si  

and HCO3
– as well as the minor constituents Fe, Li, Mn, Br, F, I and HS–. Furthermore, 

batch measurements of pH and electric conductivity are included. The basic water analysis 
data are compiled in Appendix 5. 

Figures 5-2, 5-3 and 5-4 present the seasonal variations of chloride concentration during 
the two years of water sampling in the six lakes. North of Bolundsfjärden the threshold 
towards the sea is low and brackish seawater still transgresses from time to time. Lake 
Norra bassängen and lake Bolundsfjärden show increased chloride values at a few occasions 
during late winter/early spring, see Figure 5-2. 

The charge balance errors give an indication of the quality and uncertainty of the analyses 
of major constituents. The errors exceed ± 5% in 46 cases and ± 10% in three cases. 
Furthermore, duplicate analyses are conducted for approximately each tenth sample 
by a second laboratory. A comparison between results from different laboratories and 
methods shows that the agreement is acceptable in most cases. Generally, the difference in 
concentrations between laboratories/methods for each analysed constituent is less than 10%. 
Constituents showing larger deviation are bromide and silicon, see Figures 5-8 and 5-9.



31

Figure 5-2. Seasonal variations of chloride concentration in lake Bolundsfjärden (PFM000107) 
and lake Norra Bassängen (PFM000097). Only the samples collected close to the surface are 
included in the diagram.

Figure 5-3. Seasonal variations of chloride concentration in lake Gunnarsbo Lillfjärden 
(PFM000087) and lake Labboträsket (PFM000074). Only the samples collected close to the 
surface are included in the diagram.
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Figure 5-4. Seasonal variations of chloride concentration in lake Eckarfjärden (PFM000117) and 
lake Fiskarfjärden (PFM000127 and PFM000135). Only the samples collected close to the surface 
are included in the diagram.
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Figures 5-5 to 5-9 illustrate the consistency of the analyses. All diagrams except Figure 5-8 
are based on the data compilation in Appendix 5. 

The chloride concentrations are plotted versus the corresponding electric conductivity 
values in Figure 5-5. The plot gives a rough check of the data. As shown, the surface water 
data agree well with a regression line. 

Sulphate (or sulphur) was determined by two different methods. Total sulphur concentra-
tions determined by ICP were recalculated to sulphate concentrations. A comparison of the 
analytical results by ICP and ion chromatography is presented in Figure 5-6.

The bromide analyses are often uncertain. Further, the detection limit of bromide 
by ion chromatography (< 0.2 mg/L) is often too high for surface waters. Therefore, 
duplicate analyses by ICP (bromine) have been performed on most samples. Selected 
bromide/bromine values for each sample are plotted versus the corresponding chloride 
concentrations in Figure 5-7 as a consistency check. Points that differ significantly from 
the linear trend are most probably erroneous. A comparison of the analytical results 
by ion chromatography and by ICP is presented in Figure 5-8. As shown, the spread is 
considerable.

Total silicon concentrations by ICP and SiO2 as silicon concentrations (SiO2-Si) by 
spectrophotometry are compared in Figure 5-9. Also here the values diverge. Repeated 
silicon analyses by ICP technique often show quite a large variability. 
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Figure 5-5. Electric conductivity values versus chloride concentrations. 

Figure 5-6. Sulphate (SO4 by IC) versus sulphate calculated from total sulphur (3×SO4-S by ICP).

0

100

200

300

400

500

600

700

800

900

1,000

0 500 1,000 1,500 2,000 2,500 3,000 3,500

Chloride (mg/L)

E
le

ct
ric

 c
on

du
ct

iv
ity

 (
m

S
/m

)

 

0

50

100

150

200

250

300

350

400

450

500

0 50 100 150 200 250 300 350 400 450 500

SO4 by IC (mg/L)

3×
S

O
4-

S
 b

y 
IC

P 
(m

g
/L

)



34

Figure 5-7. Bromide concentrations versus chloride concentrations. Bromide concentrations 
below the detection limit are plotted as –0.2 mg/L (IC-method). 

Figure 5-8. Bromide by IC versus bromine by ICP. Values below the detection limit < 0.2 mg/L 
(IC) are plotted as –0.2 mg/L. Several laboratories (lab id) have performed ICP analyses. They 
report somewhat different detection limits, approx. one order of ten lower than the IC method. 
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5.3.2 Surface water supplements 

The surface water supplements include NH4-N, NO2-N, NO3-N+NO2-N, NO3-N, tot-N, tot-
P, PO4-P, POP, PON, SiO2-Si, chlorophyll-a, chlorophyll-c, pheopigment, POC, TOC, DOC, 
DIC and dissolved oxygen. The analysis data are compiled in Appendix 6. The DIC values 
should be used with care. Hydrogen carbonate values (by alkalinity titration) are considered 
more reliable. 

Figure 5-10 illustrates the consistency problem between the TOC and DOC analyses. All 
thinkable precautions regarding the sampling procedure have been made in order to improve 
the results, but the inconsistency has remained. The diagram is based on the data compila-
tion in Appendix 6. 

 
5.3.3 Trace metals

The analyses of trace and rare earth metals include U, Th, Al, As, Sc, Cd, Cr, Cu, Co, Hg, 
Ni, Zn, Pb, V, Rb, Y, Zr, Mo, In, Sb, Cs, Ba, La, Hf, Tl, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, 
Ho, Er, Tm, Yb and Lu. Significantly deviating and larger concentrations of commonly 
occurring metals, such as Cu, Zn, Pb and Mo, are probably due to contamination during 
sampling or sample treatment which may be difficult to avoid. The trace element data are 
compiled in Appendix 8. 

Figure 5-9. SiO4-Si determined by spectrophotometry versus total Si analysed by ICP technique. 
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5.3.4 Isotopes

The isotope determinations include the stable isotopes δD, δ18O, 10B/11B, δ34S, δ13C, δ37Cl 
and 87Sr/86Sr as well as the radioactive isotopes Tr (TU), 14C (pmC), 238U, 235U, 234U, 232Th, 
230Th, 226Ra and 222Rn. The isotope data available at the printing date of this report are 
compiled in Appendices 7 and 9. Determinations of δ37Cl in samples collected later than 
May 2003 have been annulled. The results of Uranium and Thorium isotope determinations 
are regarded as questionable since the laboratory reports the same value of 238U and 234U in 
all samples. The data are however, included (in italic) in Appendix 9. 

The ranges of tritium and ∂18O values for different surface water types (chloride concentra-
tions) are presented in Figure 5-11. The seasonal variations of tritium and ∂18O in Lake 
Bolundsfjärden (large variation in chloride concentration) and Lake Eckarfjärden (small 
variation in chloride concentration) are given in Figure 5-12. The samples from the shallow 
sea bays show smaller variations, see Figure 5-11. 

Figure 5-10. Total organic carbon versus the sum of dissolved and particulate organic carbon.
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Figure 5-11. Tritium and ∂18O values versus chloride concentration for the different surface water 
types (lakes, running waters and sea bays).

Figure 5-12. Seasonal variations of Tritium and ∂18O values for lake Bolundsfjärden 
(PFM000107) and lake Eckarfjärden (PFM000117). Data on bottom samples are marked b.
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6 Future work

The two year long surface water sampling campaign in order to characterize the surface 
waters in the Forsmark area has been completed and the data needed have been collected. 
From July 2004 and onwards the sampling programme will continue as a supervision 
programme. The new programme will imply reduction of the number of sampling occasions 
as well as sampling points, see Figure 6-1. The programme and objectives for the changes 
are documented in an internal SKB document (Långtidsövervakning av ytvattenkemi i 
Forsmark – programförslag för 2004-07-01–2007-07-31. SKB Beslut Idnr 1025680.). 

The supervision programme will include sampling and sonde measurements in the lakes; 
Lake Bolundsfjärden, Lake Eckarfjärden and Lake Labboträsket. Sonde measurements will 
be performed in Lake Norra Bassängen in order to monitor salinity changes. One sampling 
point remains in a shallow bay (Forslings grund). Sampling of running water will continue 
in four places (Kungsträsket, Bolundsskogen, Norr Eckarfjärden, Öster Gunnarsbo) whereas 
an electric conductivity logger will be installed in Lilleputt-sundet also to monitor salinity 
changes. 

The division into two sampling programmes remains; 1) a main programme including major 
constituents and surface water supplements and 2) an extended programme including also 
isotopes and trace elements. The main programme will be conducted once per month and 
the extended programme once every season. Some special isotopes (∂37Cl, ∂13C, 14C (pmC), 
87Sr/86Sr, ∂34S, U- and Th-isotopes as well as Ra- and Rn-isotopes) will be analysed only 
once a year, in July. 
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Figure 6-1. Sampling points in the programme for supervision of surface water. Points marked 
with crosses are alternatives for regular points.
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Table A1-2. Reporting limits and measurement uncertainties.

Component Method Reporting limits  
or range

Unit Measurement 
uncertainty 2

“Total” 
uncertainty 3

HCO3 Alkalinity titration 1 mg/L 4% < 10%

Cl– 
Cl–

Mohr- titration 
IC

> 70 
1–100 

mg/L 5% 
6%

< 10% 
10%

SO4 IC 1 mg/L 10% 15%

Br– 
Br–

IC 
ICP

0.2 
0.001

mg/L 9% 
15%

20%

F– 
F–

IC 
Potentiometric 

0.1 
–

mg/L 10% 
–

20%

I– ICP 0.001 mg/L 15% 20%

Na ICP 0.1 mg/L 4% 10%

K ICP 0.4 mg/L 6% 15%

Ca ICP 0.1 mg/L 4% 10%

Mg ICP 0.09 mg/L 4% 10%

S(tot) ICP 0.160 mg/L 21% 15%

Si(tot) ICP 0.03 mg/L 4% 15%

Sr ICP 0.002 mg/L 4% 15%

Li ICP 0.21 2 mg/L 10% 20%

Fe ICP 0.41 4 mg/L 6% 10%

Mn ICP 0.031 0.1 µg/L 8% 10%

Fe(II), Fe(tot) Spectrophotometry 0.02 
(DL = 0.005 mg/L)

mg/L 15%  
(> 30 µg/L)

20%

HS– Spectrophotometry SKB 0.03 
(DL = 0.02)

mg/L 10% 30%

NO2 as N Spectrophotometry 0.1 µg/L 2% 20%

NO3 as N Spectrophotometry 0.2 µg/L 5% 20%

NO2+NO3 as N Spectrophotometry 0.2 µg/L 0.2 (0.2–20 µg/L) 
2% (> 20 µg/L)

20%

NH4 as N Spectrophotometry 0.8  
 
50 (SKB) 

µg/L 0.8 (0.8–20 µg/L) 
5% (> 20 µg/L) 
20%

20%

PO4 as P Spectrophotometry 0.7 µg/L 0.7 (0.7–20 µg/L) 
3% (> 20 µg/L)

20%

SiO4 Spectrophotometry 1 µg/L 3%  
(> 200 µg/L)

–

O2 Jodometrisc 
titration

0.2–20 mg/L 5% –

Chlorophyll a, c 
pheopigment4

See Table A1-2 0.5 µg/L 5% –

PON4 See Table A1-2 0.5 µg/L 5% –

POP4 See Table A1-2 0.1 µg/L 5% –

POC4 See Table A1-2 1 µg/L 4% –

Tot-N4 See Table A1-2 10 µg/L 4% –
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Component Method Reporting limits  
or range

Unit Measurement 
uncertainty 2

“Total” 
uncertainty 3

Tot-P4 See Table A1-2 0.5 µg/L 6% –

Al, Zn ICP 0.2 µg/L 12% 20% 5

Ba, Cr, Mo, Pb ICP 0.01 µg/L 7–10% 20% 5

Cd, Hg ICP 0.002 µg/L 9 resp 5% 20% 5

Co, V ICP 0.005 µg/L 8 resp 5% 20% 5

Cu ICP 0.1 µg/L 8% 20% 5

Ni ICP 0.05 µg/L 8% 20% 5

P ICP 1 µg/L 6% 10%

As 1CP 0.01 µg/L 20% Correct order 
of size(low 
conc.)

La, Ce, Pr, Nd, 
Sm, Eu, Gd, Tb, 
Dy, Ho, Er, Tm, 
Yb

ICP 0.0051 0.05 µg/L 10% Correct order 
of size (low 
conc.)

Sc, In, Th ICP 0.051 0.5 µg/L 10% Correct order 
of size (low 
conc.)

Rb, Zr, Sb, Cs, Tl ICP 0.0251 0.25 µg/L 10% Correct order 
of size (low 
conc.)

Y, Hf ICP 0.0051 0.05 µg/L 10% Correct order 
of size (low 
conc.)

U ICP 0.0011 – µg/L 12% Correct order 
of size (low 
conc.)

DOC See Table A1-1 0.5 mg/L 8% 30%

TOC See Table A1-1 0.1 mg/L 10% 30%

δ2H MS 2 ‰ 
SMOW5

1‰ –

δ 18O MS 0.1 ‰ 
SMOW5

0.2‰ –

3H LSC 0.8 eller 0.1 TU6 0.8 eller 0.1 Correct order 
of size

37Cl ICP MS 0.2‰° (20 mg/L) ‰ 
SMOC7

– –

δ13C A (MS) – ‰ PDB8 – –

pmC (14C) A (MS) – PMC9 – Correct order 
of size

δ 34 S ICP MS 0.2‰ ‰ CDT10 0.3‰

87Sr/86Sr TIMS – No unit 
(ratio)11

– –

10B/11B ICP MS – No unit 
(ratio) 11

– –

234U, 235U, 238U, 
232Th, 230Th, 222Rn, 
226Ra 

Alfa spectr. LSC 0.5, 222Rn and 
226Ra 0.1 

Bq/L12 0.05 Bq/L Correct order 
of size
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1. Reporting limits at salinity ≤ 0.4% (520 mS/m) and ≤ 3.5% (3810 mS/m) respectively. 
2. Measurement uncertainty reported by consulted laboratory, generally 95% confidence interval. 
3. Estimated total uncertainty by experience (includes effects of sampling and sample handling). 
4. Determined only in surface waters and near surface groundwater. 
5. Per mille deviation13 from SMOW (Standard Mean Oceanic Water).  
6. TU = Tritium Units, where one TU corresponds to a Tritium/hydrogen ratio of 10–18  
 (1 Bq/L Tritium = 8.45 TU). 
7. Per mille deviation13 from SMOC (Standard Mean Oceanic Chloride). 
8. Per mille deviation13 from PDB (the standard PeeDee Belemnite). 
9. The following relation is valid between pmC (percent modern carbon) and Carbon-14 age:  
 pmC = 100×e((1950-y-1.03t)/8274) where y = the year of the C-14 measurement and t = C-14 age. 
10. Per mille deviation13 from CDT (the standard Canyon Diablo Troilite). 
11. Isotope ratio without unit. 
12. The following expressions are applicable to convert activity to concentration, for uranium-238 and  
 thorium-232: 1 ppm U = 12.4 Bq/kg238U, 1 ppm Th = 3.93 Bq/kg232Th. 
13. Isotopes are often reported as per mill deviation from a standard. The deviation is calculated as:   
 δyI = 1,000×(Ksample–Kstandard)/Kstandard, where K = the isotope ratio and yI = 2H, 18O, 37Cl, 13C or 34S etc. 
14. The consulted laboratory is changed recently and the new laboratory reports lower detection limits.

Table A1-3. Consulted laboratories, full name and address.

Äspö waterchemical laboratory (SKB)

Mobile field laboratory, Forsmark (SKB)
Inainööritoimisto

Paavo Ristola Oy

Teollisuus-ja

Voimalaitoskemia

Rajantorpantie 8, C-talo

01600 Vantaa

FINLAND
Dept. of System ecology

Stockholm University

SE-106 91 Stockholm
Analytica AB

Aurorum 10

977 75 Luleå

(Nytorpsvägen 16

Box 511

SE-183 25 Täby)
Environmental Isotope Laboratory

Dep. Of earth sciences

University of Waterloo

Waterloo, Ontario

N2L 3G1 CANADA
Institutt for energiteknik (IFE)

Insituttveien 18

P.O Box 40

2027 Kjeller

NORGE
AnalyCen Nordic AB

Box 905

SE-531 19 Lidköping
The Ångström laboratory

Box 534

SE-751 21 Uppsala
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Appendix 3

PAR-profile logging
Presented as figures including regression constants
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Appendix 4

Water flow measurements
Idcode Date and time Water  

flow  
(m3/s)

Non-
measure-
ment code*

Comment

PFM000066 2003-03-18 07:30 0.056

PFM000066 2003-04-01 09:50 0.061 Flöde:2×1.2×0.23/9 = 0.0613

PFM000066 2003-04-22 07:00 0.069

PFM000066 2003-05-06 07:30 0.168 Flöde: 2×1.4×0.30/5 = 0.168

PFM000066 2003-05-20 07:30 0.06 Flöde: 2×0.2×1.2/9 = 0.06

PFM000066 2003-06-03 07:00 0.029 2×1×0.2/14 = 0.02857

PFM000066 2003-06-17 07:00 0.009 2×0.15×1.0/84.25 = 0.00876

PFM000066 2003-07-08 07:30 0.00 Flöde ej mätt på grund av “stillastående vatten” 
och mycket lågt vattenstånd (hinder).

PFM000066 2003-08-04 08:00 G

PFM000066 2003-09-01 06:30 Stillastående vatten. Flöde ej mätt.

PFM000066 2003-09-30 07:00 Flöde mycket lågt. Flöde ej mätbart, låg 
strömhastighet.

PFM000066 2003-10-27 07:00 D Flöde ej mätt på grund av issörja.

PFM000066 2003-11-12 07:00 0.093 Flöde: 2×0.3×1.4/9 = 0.09333

PFM000066 2003-11-25 07:00 0.082 Flöde: 2×1.5×0.3/11 = 0.082

PFM000066 2003-12-16 08:00 0.07 Flöde 1.5×0.35×3/16 = 0.0703

PFM000066 2004-01-12 08:00 Flöde ej mätt på grund av is

PFM000066 2004-02-09 08:00 Flöde ej mätt på grund av is. (Flöde skattat till 
~20 lit/sek).

PFM000066 2004-03-16 07:00 D

PFM000067 2003-03-18 07:30 0.044

PFM000067 2003-03-31 17:47 0.055 Flöde: 2×1.1×0.2/8 = 0.055

PFM000067 2003-04-23 07:00 0.069 2×0.9×0.27/7 = 0.069 

PFM000067 2003-05-06 07:30 0.108 Flöde: 2×1.3×0.25/6 = 0.10833

PFM000067 2003-05-20 07:30 0.063 Flöde: 2×0.2×1.1/7 = 0.063

PFM000067 2003-06-03 07:00 Flöde ej mätt på grund av mycket växtlighet

PFM000067 2003-06-17 07:00 0.014 2×0.9×0.1/13 = 0.014

PFM000067 2003-07-08 07:30 0.0087 2×0.6×0.08/11 = 0.0087 = Flöde

PFM000067 2003-08-05 07:00 Bäcken nästan helt uttorkad, cm-djupt vatten i 
några pölar. “Stillastående”

PFM000067 2003-09-01 06:30 Flöde lågt, gick ej att mäta på grund av växtlighet.

PFM000067 2003-09-16 07:00 Mycket lågt vatten strilar långsamt, går ej att 
mäta, skattas till 0–1 lit/sek.

PFM000067 2003-09-30 07:00 Lågt flöde, ej möjligt att mäta på grund av 
växtlighet, skattat ~0–5 liter/sek

PFM000067 2003-10-28 07:00 0.012 Flöde = 0.1×1.1×1.6/15 = 0.01173

PFM000067 2003-11-13 06:30 0.053 Flöde: 0.2×1.2×2/9 = 0.05333

PFM000067 2003-11-26 00:00 0.05625 Flöde: 1.5×0.25×2.1/14 = 0.05625. Högt 
vattenstånd

PFM000067 2003-12-17 08:00 0.117 Flöde 2.5×0.25×3/16 = 0.1172

PFM000067 2004-01-13 07:00 0.145 Flöde: 0.30×2.10×3.00/13 = 0.145

PFM000067 2004-02-11 07:00 0.064 Flöde = 2.2×0.25×3/26 = 0.0635

PFM000067 2004-03-16 07:00 0.092 Flöde: 1.6×0.25×3/13 = 0.0923
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Idcode Date and time Water  
flow  
(m3/s)

Non-
measure-
ment code*

Comment

PFM000068 2003-03-18 07:30 0.175

PFM000068 2003-03-30 17:55 0.1 Flöde: 2×1.3×0.35/9s = 0.101

PFM000068 2003-04-23 07:00 0.105 2×1.35×0.35/9 = 0.105

PFM000068 2003-05-05 07:30 0.283 Högt flöde och vattenstånd, Flöde: 2.0×1.7×0.5/6 
= 0.283

PFM000068 2003-05-20 07:30 0.11 2×0.3×1.4/8 = 0.105

PFM000068 2003-06-03 07:00 0.034 2×0.2×1.1/13 = 0.0338

PFM000068 2003-06-17 07:00 0.02 Flöde: 2×1.3×0.35/9s = 0.101

PFM000068 2003-07-08 07:30 0.0105 1.8×0.7×0.15/18 = 0.0105 = Flöde

PFM000068 2003-08-04 08:00 G

PFM000068 2003-09-01 06:30 0.00875

PFM000068 2003-09-15 08:00 0.005 Flöde 2×1.1×0.1/42 = 0.0052

PFM000068 2003-09-29 08:00 0.0143 2×1.1×0.15/23 = 0.0143

PFM000068 2003-10-29 07:00 Flöde ej mätt på grund av is, delvis öppet 
“stillastående”, dock flöde uppströms delvis öppet.

PFM000068 2003-11-13 06:30 0.071 Flöde: 2×2×0.25/14 = 0.0714

PFM000068 2003-11-25 07:00 0.1148 Flöde: 3×0.4×2.2/23 = 0.1148

PFM000068 2003-12-16 08:00 0.138 Flöde: 2.5×0.35×3/19 = 0.13816

PFM000068 2004-01-13 07:00 Flöde ej mätt på grund av is

PFM000068 2004-02-09 08:00 Flöde ej mätt på grund av is. (Flöde skattat till 
~100 lit/sek).

PFM000068 2004-03-15 08:00 D

PFM000069 2003-03-18 07:30 0.044

PFM000069 2003-03-30 18:50 0.06 Flöde: 2×1.3×0.3/12 = 0.065

PFM000069 2003-04-23 07:00 0.05 2×1.2×0.25/12 = 0.050

PFM000069 2003-05-05 07:30 0.124 Flöde: 2.0×1.55×0.40/10 = 0.124

PFM000069 2003-05-20 07:30 0.04 Flöde: 2×1.2×0.2/12 = 0.04

PFM000069 2003-06-03 07:00 0.017 2×0.10×1.0/12 = 0.0166

PFM000069 2003-06-17 07:00 0.014 1.2×0.10×1.2/11 = 0.013, 1.4×0.10×1.2/12 = 
0.014 = Flöde ~0.014

PFM000069 2003-07-08 07:30 0.0069 2×0.9×0.05/13 = 0.0069 = Flöde

PFM000069 2003-08-04 08:00 G

PFM000069 2003-09-01 06:30 0.006

PFM000069 2003-09-15 08:00 F Flöde ej mätt – gick ej – nästan stillastående.

PFM000069 2003-09-29 08:00 0.008 2×0.9×0.08/18 = 0.008

PFM000069 2003-10-28 07:00 Flöde ej mätt, delvis istäckt, men lågt flöde 
~ 3–5 lit/sek. Bäcken delvis öppen delvis istäckt. 

PFM000069 2003-11-13 06:30 0.05 Flöde: 2×1×0.3/12 = 0.05

PFM000069 2003-11-26 00:00 0.0614 Flöde: 0.3×1.5×3/22 = 0.0614

PFM000069 2003-12-16 08:00 0.065 Flöde 0.35×1.6×3/26 = 0.0646

PFM000069 2004-01-13 07:00 Flöde ej mätt på grund av is

PFM000069 2004-02-09 08:00 Flöde ej mätt på grund av is. (Flöde skattat till 
~ 40 lit/sek).

PFM000069 2004-03-17 07:00 D

PFM000070 2003-03-18 07:30 0.023

PFM000070 2003-03-31 18:53 0.035 Flöde: 2×1.5×0.2/17 = 0.0353

PFM000070 2003-04-22 07:00 0.039 2×1.38×0.2/14 = 0.039 m3/s

PFM000070 2003-05-06 07:30 0.066 Flöde: 2×2×0.2/12 = 0.0666
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Idcode Date and time Water  
flow  
(m3/s)

Non-
measure-
ment code*

Comment

PFM000070 2003-05-20 07:30 Flöde kunde ej mätas på grund av mycket 
växtlighet, dock lågt flöde (~ 10–20 lit/sek).

PFM000070 2003-06-03 07:00 0.00 Flöde ej mätt på grund av mycket växtlighet dock 
“stillastående”.

PFM000070 2003-06-17 07:00 Flöde ej mätt på grund av mycket växtlighet dock 
“stillastående”.

PFM000070 2003-07-08 07:30 0.00 Flöde ej mätt på grund av växtlighet o 
“stillastående” vatten.

PFM000070 2003-08-04 08:00 G

PFM000070 2003-09-01 06:30 Stillastående vatten. Flöde ej mätt.

PFM000070 2003-09-16 07:00 G

PFM000070 2003-09-30 07:00 0.00 Stillastående vatten. Flöde ej mätt.

PFM000070 2003-10-28 07:00 Flöde ej mätt – is. Bäcken istäckt (~ 5 cm is).

PFM000070 2003-11-13 06:30 0.01333 Dimma. Flöde: 2×0.2×2/30 = 0.01333

PFM000070 2003-11-26 07:00 0.0387 Flöde: 3×2×0.2/31 = 0.0387

PFM000070 2003-12-16 08:00 0.064 Flöde 2.2×0.3×3/31 = 0.0639

PFM000070 2004-01-14 07:00 0.049 Flöde: 2.5×0.25×3.0/38 = 0.0493

PFM000070 2004-02-09 08:00 Vattnet stillastående, flöde gick ej att mäta (öppen 
mittfåra).

PFM000070 2004-03-16 07:00 F

PFM000071 2003-03-18 07:30 Flöde ej mätt på grund av is. Is med små vakar.

PFM000071 2003-03-30 19:45 No flowmeasurement due to ice!

PFM000071 2003-04-22 07:00 0.00 Stillastående vatten, flöde ej mätt.

PFM000071 2003-05-06 07:30 Flöde ej mätt, vattnet stillastående.

PFM000071 2003-05-20 07:30 Flöde ej mätt på grund av mycket växtlighet, 
vattnet dock “stillastående”.

PFM000071 2003-06-03 07:00 0.00 Flöde ej mätt på grund av mycket växtlighet. 
“Stillstående” vatten flöde ~0.

PFM000071 2003-06-17 07:00 Flöde ej mätt på grund av växtlighet och 
stillastående vatten.

PFM000071 2003-07-08 07:30 0.00 Provpunkten torrlagd.

PFM000071 2003-08-05 07:00 G

PFM000071 2003-09-02 06:30 G

PFM000071 2003-09-16 07:00 G

PFM000071 2003-09-30 07:00 0.00 Stillastående vatten Flöde ej mätt

PFM000071 2003-10-27 07:00 Flöde kunde ej mätas på grund av is! Men 
“stillastående”.

PFM000071 2003-11-13 06:30 0.00 Dimma. Nästan stillastående vatten. Flöde kunde 
ej mätas.

PFM000071 2003-11-24 08:00 0.00 Vattenflöde ej mätt “stillastående”.

PFM000071 2003-12-16 08:00 0.00 Vattnet stillastående. Flöde ej mätt. Högt 
vattenstånd.

PFM000071 2004-01-14 07:00 Flöde ej mätt på grund av is.

PFM000071 2004-02-11 07:00 Flöde ej mätt på grund av is.

PFM000071 2004-03-16 07:00 D

PFM000072 2003-03-18 07:30 C

PFM000072 2003-03-31 12:20 Flöde ej mätt på grund av is.

PFM000072 2003-04-23 07:00 0.00 Flöde ej mätt, stillastående vatten

PFM000072 2003-05-05 07:30 0.121 Flöde: 4.6×4.0×0.8/122 = 0.1206
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Idcode Date and time Water  
flow  
(m3/s)

Non-
measure-
ment code*

Comment

PFM000072 2003-05-20 07:30 0.00 Flöde ej mätt på grund av stillastående vatten

PFM000072 2003-06-03 07:00 0.00 Flöde ej mätt, vattnet stillastående

PFM000072 2003-06-17 07:00 Flöde ej mätt på grund av stillastående vatten

PFM000072 2003-07-08 07:30 0.00 “Stillastående vatten”. Flöde ej mätt

PFM000072 2003-08-05 07:00 Stillastående vatten i stor pöl under bron ~0.5 m 
djupt. Bäcken i övrigt torr.

PFM000072 2003-09-01 06:30 Stillastående vatten, flöde ej mätt.

PFM000072 2003-09-16 07:00 Vatten finns bara i en större pöl under bron. 
Stillastående vatten.

PFM000072 2003-09-30 07:00 0.00 Stillastående vatten. Flöde ej mätt.

PFM000072 2003-10-29 07:00 Flöde ej mätt på grund av is, dock mycket lågt 
flöde “stillastående”.

PFM000072 2003-11-12 07:00 0.00 Mycket lågt flöde – nästan stillastående, gick ej 
att mäta.

PFM000072 2003-11-25 07:00 Flöde ej mätt på grund av svag is dock tillsynes 
“stillastående”.

PFM000072 2003-12-16 08:00 Vattenflöde ej mätt på grund av is, stillastående 
vatten

PFM000072 2004-01-14 07:00 Flöde ej mätt på grund av is

PFM000072 2004-02-10 07:00 Flöde ej mätt på grund av is

PFM000072 2004-03-17 07:00 D

PFM000073 2003-03-18 07:30 C

PFM000073 2003-03-31 11:45 Stillastående vatten. Flöde ej mätbart

PFM000073 2003-04-23 07:00 0.00 Flöde ej mätt – stillastående vatten i bäcken

PFM000073 2003-05-05 07:30 0.038 Flöde: 2×1.3×0.25/17 = 0.0382

PFM000073 2003-05-20 07:30 0.00 Flöde ej mätt på grund av stillastående vatten

PFM000073 2003-06-03 07:00 Prov ej taget! Bäcken uttorkad!

PFM000073 2003-06-17 07:00 G

PFM000073 2003-07-08 07:30 G

PFM000073 2003-08-04 08:00 G

PFM000073 2003-09-02 06:30 G

PFM000073 2003-09-16 07:00 G

PFM000073 2003-09-30 07:00 G

PFM000073 2003-10-29 07:00 G

PFM000073 2003-11-12 07:00 0.00 Stillastående vatten. Flöde gick ej att mäta.

PFM000073 2003-11-25 07:00 0.00 Vattenflöde ej mätt stillastående vatten.

PFM000073 2003-12-16 08:00 0.00 Flöde ej mätt, stillastående vatten.

PFM000073 2004-01-14 07:00 Flöde ej mätt på grund av is.

PFM000073 2004-02-10 07:00 Flöde ej mätt på grund av is.

PFM000073 2004-03-17 07:00 D

Non-
measurement 
code*

C 
D 
 
F 
 
G

Swedish 
 

Fruset vattendrag; mätning ej genomförbar 
För mycket is i vattendraget för att genomföra mätning 
 
För lite vattenflöde för att genomföra mätning 
 
Torrlagt vattendrag, mätning ej genomförbar

English 
 

Brook frozen; measurement not possible 
Too much ice in the brook for measurement 
to be performed 
Too low waterflow for measurements to be 
performed 
Dry brook, measurement not possible
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Appendix 10

List of data corrections 
Table A10-1. List of data corrections performed in the database SICADA since the 
previous primary data report from the first year of surface water sampling /2/. 

Sample no or time period Corrections Comment

4184, 4257, 4258 I

4493 F

4013, 4022, 4050, 4011, 4043 Br

4788, 4774, 4827 Li

4042–4063 NH4 Order of ten.

4000–4005 POP Merged samples, not included in 
data compilation in Appendix 6.

4333 PON

4038 – Omitted in this report due to 
uncertain location of sampling 
point. 

2002-10-21 and 2002-10-22 Table: Biochemistry supplements

4641, 4938 SiO4_Si

4227 Cd

4225 Zn Negative sign removed.

Furthermore, some doublet registrations (data rows) have been deleted and some detection 
limit notations have been changed. 
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