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Abstract

A two years and four months long comprehensive chemical investigation campaign of
surface waters in the Forsmark area commenced in March 2002 and was completed in

June 2004. This was followed by a less extensive long-term monitoring programme which
was initiated in July 2004. This report, the third in the present series, comprises documenta-
tion of the fieldwork as well as compilation and tabulation of surface water data obtained
during the period March 2004—June 2005, i.e. the last four months of the chemical investi-
gation campaign as well as the first year of the following monitoring programme.

The first four months included 22 sampling objects and seven sampling occasions while

the sampling in the subsequent monotoring programme was reduced to 11 sampling objects
and the sampling frequency was once per month. The sampling focussed on streams, lakes,
shallow sea bays and one deep sea location (one sampling occasion) in order to characterise
the surface waters of the area. The results obtained included field measurements of redox
potential, pH, dissolved oxygen, electrical conductivity, salinity, measurement depth, baro-
metric 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. Besides presenting new results, the report addresses
several questions which have arisen during the investigation concerning; a) quality of
bromide and fluoride analyses, b) high and varying tritium contents, ¢) high carbon-14
(pmC) values, and d) reliability of uranium and thorium isotope determinations. The surface
redox measurements, or Oxidising-Reducing Potential (ORP) are evaluated in diagrams and
it is concluded that the ORP-data series reflects closely the redox situation in the surface
waters at different sampling locations, although the actual values reflect large uncertainties.

Fresh waters in the Forsmark area are well buffered with high alkalinity, high pH and high
calcium concentrations. Furthermore, waters recently affected by brackish sea water still
show high sodium chloride concentrations and there is a clear relationship between the
movement/alteration of the coastline and the salinity of the water samples collected at the
sampling locations in the area. Generally, the new data confirm the knowledge and conclu-
sions presented in previous reports from the earlier investigation periods. The additional
deep sea sampling location, at the same latitude as Forsmark, adds important information
on the Baltic Sea water composition less influenced by the landmass.

The tritium content of the shallow sea bays seems to be enhanced close to the nuclear power
plant. The pmC values, on the other hand, show the highest values in some stream and

lake waters south of the reactor facilities. A change of laboratory for uranium and thorium
isotope determinations have resulted in lowered detection limits and thereby increased
resolution that can distinguish between **U and #**U.



Sammanfattning

En omfattande kemisk undersokningskampanj pé tva ar och fyra manader rérande ytvatten
1 Forsmarksomradet, startade i mars 2002 och avslutades i juni 2004. Det atfoljdes av ett
reducerat program for langtidsovervakning som paborjades 1 juli 2004. Denna rapport, den
tredje 1 ordningen, innehaller dokumentation av féltarbetet samt presentation och samman-
stdllning av erhallna data under perioden mars 2004 till och med juni 2005, det vill sédga de
sista fyra ménaderna av undersokningskampanjen och forsta aret av det darefter foljande
overvakningsprogrammet.

De forsta fyra manaderna omfattade 22 provpunkter och sju provtagningstillfdllen. Dérefter
reducerades provtagningen till 11 provpunkter och provtagningsfrekvensen minskades

till en géng per manad. Provtagningen skedde i vattendrag, sjoar, grunda havsvikar samt

en djuphavspunkt (ett provtillfille) for att karakterisera ytvattnen i omradet. De erhallna
resultaten omfattar faltmétningar av redoxpotential, pH, 16st syre, elektrisk konduktivitet,
salinitet, mitdjup, barometertryck, turbiditet, klorofyll, siktdjup/PAR (Photosynthetic Active
Radiation) och vattentemperatur samt kemiska analyser av huvudkomponenter, nérsalter,
kolforeningar, sparelement och isotoper. Férutom att presentera nya resultat, behandlar
rapporten fragestillningar som uppstétt rorande bromid och fluoridanalysernas kvalitet,
hoga och varierande tritiumhalter, hdga kol-14 (pmC) virden samt tillforlitligheten hos
uran- och thoriumisotopbestdmningarna. Vidare utviarderas redoxmétningarna (ORP) i

form av diagram. Slutsatsen dr att ORP-data speglar redoxsituationen 1 ytvattnen 1 de olika
provpunkterna dven om virdena som sadana dr behiftade med en stor osdkerhet.

Sotvattnen i Forsmarksomradet ér vl buffrade med hog alkalinitet, hogt pH och hoga
kalciumkoncentrationer. Vidare visar vatten som nyligen paverkats av brackt havsvatten
fortfarande hoga salthalter och det finns ett klart samband mellan kustlinjens fordndring
och saliniteten hos prov tagna i olika provpunkter i omradet. Generellt sett bekréftar nya
data kunskapen och slutsatserna i féregaende rapporter som omfattar tidigare undersok-
ningsperioder. Den tillfdlliga provpunkten ute i havet ger dock ytterligare information om
vattensammansittningen ute i Ostersjon i jimnhdjd med Forsmark.

Tritiuminnehallet i vattenproven verkar dka néra karnkraftverket och da sérskilt i de grunda
havsvikarna. Kol-14 (pmC) ddremot, uppvisar de hogsta virdena 1 ndgra av vattendragen
och sjdarna sydvist om reaktoromréadet. Byte av laboratorium for uran- och thoriumisotop-
bestdmningar har inneburit sdnkta detektionsgrianser och ddrmed tillrdcklig upplosning for
att ge skiljda #*%U- och **U-vérden.



Contents

1 Introduction 7
2 Objectives and scope 9
3 Sampling points and sampling scheme 11
4 Equipment 13
4.1 Sampling equipment 13
4.2 Multiparameter sondes 13
4.3  General field equipment 15
5 Performance 17
5.1 Presampling preparations 17
5.2 Water sampling 17
5.3 Field measurements 19
5.4 Sample treatment and chemical analyses 21
5.5 Data handling/post processing 21

5.5.1 Chemical analytical data 21

5.5.2 Field measurement data 23

5.5.3 Other relevant information and data 23
5.6 Nonconformities 23
6 Results 27
6.1  General 27
6.2  Water analyses 27

6.2.1 Major components 27

6.2.2 Trace metals 31

6.2.3 Surface water supplements 31

6.2.4 Isotopes 31
6.3  Field measurements 37

6.3.1 Electrical conductivity, pH and dissolved oxygen 37

6.3.2 ORP-measurements and redox conditions 39
7 Summary and discussion 43
References 45
Appendix 1 Methods for sampling and analyses 47
Appendix 2 Field measurements 33
Appendix 3 PAR-profile logs 67
Appendix 4 Water flow measurements 97
Appendix 5 Compilation of hydrochemical data from water analyses 101



1 Introduction

This document reports the performance and results from the activities Surface water
sampling and analyses and Long-term monitoring of surface waters performed within the
site investigation at Forsmark /1/. The work was conducted according to activity plans

and method descriptions listed in Table 1-1 and are part of both the hydrochemistry and
the surface ecosystem investigation programmes. Both activity plans and method descrip-
tions are SKB’s internal controlling documents. The report treats: 1) the last four months
of the surface water sampling campaign (March 2004—June 2004), and 2) the first year of
the long-term surface water monitoring programme (July 2004—June 2005). The first and
second year of the surface water sampling campaign is reported in /2/ and /3/ respectively.
Furthermore, a detailed evaluation of surface water data from March 2002 to March 2004 is
presented in /4/. The obtained data from the activities are reported in the SICADA database
and are traceable by the activity plan numbers.

The surface water activities include sampling, chemical analyses and field measurements.
The sampling objects consist of lake waters, stream waters and sea waters from shallow
bays in the Forsmark area, as well as one deep sea location 4.5 nautical miles outside
Forsmark harbour. The monitoring programme implies a reduced number of sampling
locations as well as reduced sampling frequency (once per month) compared to the previous
comprehensive campaign (generally twice per month). The locations of all sampling loca-
tions are shown in Figure 3-1.

Table 1-1. Controlling documents for performance of the activities.

Activity plans Number Version
Undersokningar i Forsmarksomradet: AP PF 400-04-21 1.0
Ytvattenprovtagning mars—maj 2004.

Undersokningar i Forsmarksomradet: AP PF 400-04-71 1.0

Langtidsovervakning av ytvatten
juli 2004—juli 2005.

Method description Number Version
Metodbeskrivning for ytvattenprovtagning SKB MB 900.004 2.0

vid platsundersdkningar.

Measurement system description Number Version
Méatsystembeskrivning for YSI SKB MD 910.003 1.0

Multiparametersystem for vattenmatningar.

Water sampling and measurement procedures are also described in SKB PIR-04-09 “Metodik for provtagning
av ekologiska parametrar i hav”, SKB PIR-04-06, “Metodik for provtagning av ekologiska parametrar i sjdar och
vattendrag”, and SKB PIR-04-12, "Oversikt dver provhanterings- och analysrutiner fér vattenprov” (SKB internal
documents).



2 Objectives and scope

A surface water campaign comprising sampling and analyses of lake waters, stream waters
and shallow bay waters was carried out twenty times a year over a period of two years and
four months (March 2002—June 2004) in order to characterise the surface waters of the area.
Examples of issues addressed include groundwater formation, identification of discharge

or recharge areas, nutrient transport and biological production. From July 2004 sampling

of surface waters was included in a long-term monitoring programme. The monitoring
programme implies reduction of sampling occasions and also of sampling locations, see
Figure 3-1.

The comprehensive first surface water campaign was aimed at obtaining overall knowledge
of the surface water chemistry of the candidate area at Forsmark and to establish baselines
which allow detection of changes caused by the construction and operation of a future
repository of nuclear waste. The ongoing surface water monitoring programme, on the other
hand, concentrates on the prioritised northwestern part of the area /5/ and aims at creating
long-term series of data. The main objectives are to obtain further information on natural
variations and also to allow identification of eventual perturbation effects from the ongoing
investigations.

The present monitoring programme includes water sampling and sonde measurements in
the different lake systems; Lake Fiskarfjdrden (until 2005), Lake Bolundsfjarden, Lake
Eckarfjarden and Lake Labbotrisket. Measurements are being performed also in Lake
Norra Bassidngen in order to monitor salinity changes. One sampling location remains in a
shallow sea bay (Forslings grund) and an additional deep sea water location was sampled
at one occasion. Sampling of stream water continues at four localities (Kungstrasket,
Bolundsskogen, Norr Eckarfjirden, Oster Gunnarsbo) and an electrical conductivity
logger is installed in Lilleputt-sundet, also to monitor salinity changes.

Both the comprehensive campaign and the monitoring programme include water sampling
for chemical analysis as well as direct measurements of physical and chemical parameters
such as redox potential, pH, dissolved oxygen, electrical conductivity, salinity, measure-
ment depth, barometric pressure, turbidity, chlorophyll, light/PAR (Photosynthetic Active
Radiation) and water temperature. The extent of the sampling varied at different occasions.
Analyses of major constituents and surface water supplements (nutrient salts, chlorophyll
etc) were conducted frequently (20 times and 12 times a year for the main campaign and
monitoring programme respectively) while extended analyses including also isotopes and
trace elements were performed once per season (four times a year). Some special isotopes
(6°7Cl, 0"C, *C (pmC), ¥'Sr/*Sr, 6**S, U- and Th-isotopes as well as Ra- and Rn-isotopes)
were determined only once a year, in July.



3  Sampling points and sampling scheme

The former surface water sampling campaign (until June 2004) included six lakes, four
shallow sea bays and eight streams. The present monitoring programme, which started

in July 2004, has been reduced to include five lakes, one shallow sea bay location and
four streams. Lake Fiskarfjdrden was excluded from the monitoring programme for 2005.
Furthermore, a deep sea location close to Engelska grundet was sampled on one occasion
(June 2004); this was not inluded in the original programme and sampling was performed
by a different contractor (Dept. of System Ecology, Stockholm University). Three samples
were collected at different depths (at the surface, at 20 m and close to the bottom at 55 m).

The locations of all sampling locations are presented in Figure 3-1. Table 3-1 lists the
id-codes, coordinates and names together with clarifying comments. The sampling scheme
for the period March 2004—June 2005 is given in Table 3-2.
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Figure 3-1. Sampling locations within the surface water campaign (all locations, infilled triangles
and circles) and the later monitoring programme (reduced number, infilled triangles). Some of the
locations constitute alternatives for the regular sampling positions (see Table 3-1).
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Table 3-1. Sampling locations (Id-code, coordinates, name and comments). The surface
water campaign includes all listed locations; locations within the later monitoring
programme are marked with blue.

Sampling locations  Coordinates Name Comments
(RT90 RHB70)

Lakes

PFM000074 16 29 854, 66 99 393 Labbotrasket

PFM000087 16 29 574, 67 00 617 Gunnarsbo-Lillfjarden

PFM000097* 16 31 814, 66 99 868 Norra bassangen

PFM000107 16 32 065, 66 99 031 Bolundsfjarden

PFM000117 16 31 946, 66 97 118 Eckarfjarden

PFM000127** 16 33 350, 66 96 924 Fiskarfjarden

PFM000135** 16 32 722, 66 97 594 Fiskarfjarden Alternative to PFM000127

Shallow sea bays and deep sea location

PFM000062 16 31 921, 67 00 605 SV Forslingens grund

PFMO000063 16 34 833, 66 99 014 Tixelfjarden

PFM000064 16 36 121, 66 97 347 Kallriga, norra

PFM000065 16 35 083, 66 95 635 Kallriga, sédra (V-hoégbaden)

PFM000082 16 32 528, 67 01 336 Alternative to PFM00062

PFM000083 16 36 023, 66 98 757 Alternative to PFM00063

PFMO000084 16 35 455, 66 94 442 Alternative to PFM00064
and PFM000065

PFM005865 16 38 071, 67 07 581 Engelska grundet (vincinity) Deep sea water point,
sampled once

Streams

PFM000066 16 29 343, 66 99 064 Oster Gunnarsbotréasket

PFM000067 16 31 859, 66 99 753 Lillputtsundet

PFM000068 16 31 641, 66 98 735 Kungstrasket

PFMO000069 16 31 510, 66 98 440 Bolundsskogen

PFM000070 16 32 061, 66 97 319 Norr Eckarfjarden

PFM000071 16 31 944, 66 96 533 Soder Eckarfjarden

PFM000072 16 34 151, 66 96 708 Flottbron

PFM000073 16 35 004, 66 98 073 Soder Bredviken

* Only sonde measuremnts from July 2004.
** Excluded 2005.

Table 3-2. Surface water sampling scheme from March 2004-June 2005.

Year Month Week Activity nr Programme type*
2004 March 12 AP PF 400-04-21 M
2004 April 15,17 AP PF 400-04-21 M,E
2004 May 19, 21 AP PF 400-04-21 M,M
2004 June 23,25 AP PF 400-04-21 M,M
2004 July 28 AP PF 400-04-71 E+
2004 August 34 AP PF 400-04-71 M
2004 September 38 AP PF 400-04-71 M
2004 October 42 AP PF 400-04-71 E
2004 November 46 AP PF 400-04-71 M
2004 December 50 AP PF 400-04-71 M
2005 January 3 AP PF 400-04-71 E
2005 February 7 AP PF 400-04-71 M
2005 March 11 AP PF 400-04-71 M
2005 April 15 AP PF 400-04-71 E
2005 May 19 AP PF 400-04-71 M
2005 June 24 AP PF 400-04-71 M

* M = main programme (SKB class 3 including surface water supplements), E = extended programme
(SKB class 5 including surface water supplements), E+ = extended programme and special isotopes
(6°"Cl, 9'3C, "“C (pmC), 8 Sr/®Sr, 3*S, U- and Th-isotopes as well as Ra- and Rn-isotopes).
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4 Equipment

4.1 Sampling equipment

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 a
maximum of 1.3-2.9 litres/minute (depending on tube length, tube diameter and pumping
level). The sampling equipment is presented in Figure 4-1.

4.2 Multiparameter sondes

Field measurements were performed using two multiparameter sondes (YSI 6600 EDS
and YSI 600 QS). A terminal (YSI 650 MDS) is connected to each sonde through a cable
for logging data (Figure 4-2). The calibration of the sondes was carried out according

to the measurement system description SKB MD 910.003 (SKB internal controlling
document).

Peristaltic pump
Pumptube of

flexible

Inlet for water .-
silicon
from \
sarppl1ng ~SA /& Outlet water sample
point

H,0 \ /
: A Teflontube
Bottle for water
sample portion

Figure 4-1. Schematic presentation of the peristaltic pump system (PPS).
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Figure 4-2. Measurement sondes used in the field investigations.

Table 4-1. Parameters measured by the two different YSI sondes.

Parameter YSI 6600 EDS YSI1 600 QS
Date/time Yes Yes
Temperature (°C) Yes Yes
pH Yes Yes
Dissolved oxygen (mg/L) Yes Yes
ORP (Redox potential, mV) Yes Yes
Electrical conductivity (mS/cm) Yes Yes
Salinity (ppt) Yes Yes
Depth (m) Yes Yes
Barometric pressure (mm Hg) Yes Yes
Turbidity (NTU) Yes No
Chlorophyll (ug/l) Yes No
Light/PAR* (umoles s™' m2) Yes No

* Photosynthetic Active Radiation.
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4.3 General field equipment

* Ruttner samplers were used as back up if the portable pump system should fail.

* The exact locations of the sampling location 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 um, & = 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 stream waters.

* Digital cameras (Nikon Coolpix 5000 and Olympus 400 mju) were used for documenta-
tion of stream waters.

i CX St
. he penstaltlc
pump system (PPS)

<THd@nde YSI
- 1 P 6600 EDS with
Echo souﬁ(iar S, % PAR-sensor
% . 118

Figure 4-3. Field equipment used during sampling at Lake Eckarfjirden (PFM 117) 2004-12-07.
In the foreground are the echo sounder and the YSI 6600 EDS sonde with PAR-sensor. In the
background is the peristaltic pump system (PPS) used to fill sample bottles.
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5 Performance

5.1 Presampling preparations

Prior to sampling, the 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 bottles intended for trace metal analyses; these were placed in separate plastic
bags to avoid contamination. The peristaltic pump system (PPS), including the Teflon tubes,
was washed using acid (0.5 M HCI) and rinsed with deionised water before use. The equip-
ment 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.

5.2 Water sampling

Water samples were collected using a peristaltic pump system, PPS, and Ruttner samplers
were used as backup if the PPS-system should fail. Lake and sea water samples were
collected close to the surface (at 0.5 m depth) and in winter time also from approximately
0.5 m above the lake or sea bottom in case of ice coverage. Stream water samples were
collected at approximately 0.1 m depth. The PPS-system and sample bottles were rinsed
initially with water from the sampling locations prior to filling, except for bottles with acid
additions. To avoid contamination, the field crew was obliged to wear rubber gloves and
great care was taken not to contaminate bottles or equipment. Bottles and samples contain-
ing added acid were handled and stored separately to avoid contaminating other sample
portions.

B
-

Figure 5-1. Sampling of surface water in the field. Left: In the foreground is the peristaltic
pumpsystem (PPS). Right: Filtration of water in the field using a disposable filter (Millipore,
0.40 um, & = 22 mm) and a syringe. Séder Bredviken PFM 000073 .
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Each sample consists of several sample portions and is labelled with the same sample
number. The preparation of the sample portions in the field differs depending on their
eventual use. Details of the collected sample portions, the components to be analysed
and sample preparations carried out are summarised in Table 5-1.

Table 5-1. Filled bottles, components to be analysed and preparation of samples in

the field.

Class 3: frequent
Class 5: four times per year (each season)

Class 5+: once a year (July)

Bottle Number  SKB- Components Preparation of sample Filling
volume (mL) of label in field instructions
bottles
125 1 Green Na, K, Ca, Mg, Li, - Fill up
Sr, S, Si, Br, |
5,000 1 Green Chlorophyll a, c, - Fill up
(Collecting bottle) Pheopigment,
Alkalinity, pH,
Conductivity,
Tot-N, Tot-P,
POP, PON, POC,
Anions (Br, SO,,
Cl, F, ),
TOC, DOC, DIC
(only for control)
25 2 Green Ammonia, NOx, Filtering with Fill to mark
Silicate syringe/0.45 ym filter
50 1 Green TOC - Leave 1 cm
50 2 Green DIC/DOC Filtering with Leave 1 cm
syringe/0.45 pm filter
Winkler bottles' 2 Green Oxygen 1 mL Mn(ll) reagent + Flow over 3 x
2 mL alkaline iodine
reagent and mix
Winkler bottles? 2 Green H,S? 1mL ZnAc + 1 mL 1M Flow over x 3
NaOH and mix
100 1 Red Trace metals - Fill up
50072 1 Red Fe(ll)/Fetot? Filtering with Fill up
syringe/0.40 pm filter
500 1 Green Tritium - Flow over x 1
100 Green Deuterium, O-18 - Fill up from
bottom
1,000 1 Green 34S - Fill up
100 1 Green s7Cl - 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

" Winkler samples only when sonde measurements of oxygen show values below 4 mg/L.
2 Included in the comprehensive surface water campaign and only at reduced groundwater conditions.
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5.3 Field measurements

The multiparameter sondes were used for measurements at depth involving pH, water
temperature, barometric pressure, ORP, PAR, turbidity, electrical conductivity, salinity,
dissolved oxygen and chlorophyll. Light penetration was measured in lakes and at sea loca-
tions with a secchi disc according to the Swedish standard BIN SR 111. Photo documenta-
tion of stream waters was performed to facilitate evaluation of the investigation data. Photos
were taken of each marked out (using a wooden stake) stream water sampling location.

In stream waters measurements were performed using a YSI 6600 EDS sonde if the water
level was high enough, otherwise the smaller YSI 600 QS sonde was used. Chlorophyll,
PAR and turbidity data were not reported.

At lake and sea localities the multiple sonde (YSI 6600 EDS) was used to measure a profile
at each sampling point. Measurements were conducted at every metre from the surface to
the bottom, see Table 5-2. In addition, PAR was logged just below the surface and during
the ice season above the ice, in the air. Besides PAR measurements at discrete depths,
continuous PAR-profile loggings were also performed. PAR-profiles were obtained by
setting the sonde mode to ‘continuous logging’. The sonde was then submerged from
surface to bottom and hoisted up again. The produced PAR-data were used for regression
analyses of PAR versus depth.

A

Figure 5-2. Measuring a profile (PFM000064) in the ice covered Baltic Sea with the multiple
sonde (YSI 6600 EDS).
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Table 5-2. Logging depths at sampling locations in lakes and shallow sea bays (i.e.
sampling locations in the continuing monitoring programme, activity plan nr 400-04-21,
are marked in blue).

Sampling Name Sonde logging depth (m)

locations 05 10 15 20 25 30 40 45 50 60 65 7.0

Lakes

PFM000074 Labbotrasket X

PFMO000087 Gunnarsbo-Lillfjarden X X X

PFMO000097 Norra bassangen X

PFMO000107 Bolundsfjarden X X

PFM000117 Eckarfjarden X X X

PFM000127* Fiskarfjarden

PFM000135* Fiskarfjarden, alt X X

Shallow sea bays

PFM000062 SV Forslingens grund X X X X

PFMO000063 Tixelfjarden X X X X X X

PFMO000064 Kallriga, norra X X

PFMO000065 Kallriga, s6dra X

PFM000082 Alternative to X X X X X X X X
PFM00062

PFM000083 Alternative to X X X X X X X X
PFM00063

PFM000084 Alternative to X X X X
PFM00064 and
PFMO000065

* Excluded 2005.

To facilitate mass transport calculations of different chemical components in the water
systems of the area it was necessary to measure water flow/runoff in the streams. A simple
“floating bottle” method was used when no possibilities for more precise measurements
were available. The cross-section mean area of the stream was estimated, forming a
rectangle, see Figure 5-3. The time for the bottle (close to neutral in weight in water) 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 (m?) resulted in a rough water runoff estimate (m%/s).

20



Figure 5-3. Schematic presentation for estimating water runoff in natural stream waters (see text
for explanation). Sampling location PFM000073 (Soder Bredviken).

5.4 Sample treatment and chemical analyses

An overview of sample treatment and analytical methods is given in Appendix 1. The
routines are applicable independently of the sampling method or type of sampling object.

5.5 Data handling/post processing

Two field protocols (activity log and sampling protocol) contain meta data (id-code, date,
time, sample no, field crew etc), a few measured data and weather observations as well

as comments on field conditions which may influence the analytical results. The field
protocols supply basic information for creating activities and activity comments in the
SKB SICADA database. In addition, the few measured parameters and weather conditions,
noted on the sampling protocol, are stored as data tables in SICADA.

Furthermore, eventual deviations from the sampling programme or from the normal routines
are also documented in special reports/comment files. The comment files are stored in the
SICADA file archive, see Table 5-3.

5.5.1 Chemical analytical 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.

Several 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).
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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.

z cations (equivalents)— Z anions (equivalents)

Relative error (% )= 100 x
( 0) 2 cations (equivalents)+ Z anions(equivalents)

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 5-4.

Water sample
Comments on sampling
Insertion of sampling activity & sample no. SICADA

!

Basic water analysis by Basic water analysis by Special analysis by
SKB external laboratory external laboratory
Mobile field laboratory or
Asp6 chemical laboratory

Pyt o l ____________________________ TR Sl B SR>
SICADA
- insertion of raw data H
(- calculation of result, SKB analysis) Storage of raw data
(- selection of best determ. or aver. calc. SKB analyses) - File system
- storage in raw data tables - Binders
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

v
SICADA

- Storage in primary data table
-QC

Figure 5-4. Overview of data management for analytical data.
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5.5.2 Field measurement data

The logged data from sonde measurements are exported digitally from the YSI Terminal
650-MDS to the specified SICADA data table using an especially developed Excel-macro.
The original raw data file, calibration file and calibration protocol from each sonde, as well
as photographs and comments on sampling and measurements, are stored in the SICADA
file archive, see Table 5-3.

Table 5-3. File types stored in the SICADA file archive.

Type of file Example of file name No per sampling session
Raw data file L580438.dat 1or2*

Comments Kommentarer V38.xIs 1

Calibration data file 000113CF.txt 1or2*

Calibration protocol Stora sonden V38ar04.xls 1or2*

Photography PFM66.jpg 1-8

Light data file PAR-profiler V38_04.xls 1

* Depending on the number of measuring sondes used.

5.5.3 Other relevant information and data

Information about weather conditions and related parameters during the sampling occasions
are compiled in a separate table in SICADA called “Weather data” which contains the
following columns:

Air temperature Wind velocity Runoff/Water flow
Cloudiness Wind direction Water depth
Precipitation Light penetration (lakes and sea) Snow/ice depth

These data are not presented in this report.

5.6 Nonconformities

The only nonconformities that occurred during the reported sampling period involve omit-
ted sampling locations due to, for example, problems with ice or wild life considerations.
The reasons for deviations from the programme are compiled in Tables 5-4 and 5-5.

No PAR-measurements (light) were performed during week 12, 2004. The sonde was sent
for repair during that period and the substitute sonde had no PAR-sensor.
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6 Results

6.1 General

The surface water investigation period from March 2004 to June 2005 includes records

of 240 water analyses (i.e. number of analysed samples) and records of 425 field measure-
ments. Furthermore, the accompanying field documentation is quite extensive. The data are
compiled in the attached Appendices and stored in the SICADA database where they are
traceable by the two activity plan numbers.

Fresh waters in the Forsmark area are well buffered with high alkalinity, high pH and high
calcium concentrations. In addition, waters recently affected by brackish sea water still
show high sodium chloride concentrations. The relationship between the position of the
coastline and the salinity of the water samples collected at the sampling locations in the area
has been demonstrated in /3/. Furthermore, a detailed evaluation of surface water data from
March 2002 to March 2004 was presented in /4/.

The results presented and compiled in this report are restricted to field work performed after
March 2004 except for the ORP-measurements which are accounted for since 2002. Special
focus has been put on questions concerning:

* Quality of bromide and fluoride analyses.
* Variation in tritium content and anomalously high carbon-14 (pmC) values.
* Reliability of uranium and thorium isotope determinations.

* Redox measurements; seasonal variation of ORP-values.

6.2 Water analyses
6.2.1 Major components

The basic water analyses include the major constituents Na, K, Ca, Mg, Sr, S, SO,*, CI,
Si and HCO;™ as well as the minor constituents Fe, Li, Mn, Br, F~, I and HS". Furthermore,
batch measurements of pH and electrical conductivity are included. The basic water
analysis data are compiled together with field measurements of pH and water temperature
in Appendix 5, Table A5-1.

The charge balance errors give an indication of the quality and uncertainty of the analyses
of major constituents. The errors exceed + 5% in ten cases and + 10% in seven cases out
of 240 datasets. Furthermore, duplicate analyses by a second laboratory are conducted
regularly. Comparison between results from different laboratories and methods shows
acceptable agreement in most cases. Generally, the difference in concentrations between
laboratories/methods for each analysed constituent is less than = 10%. A constituent
showing larger deviation is bromide; see Figures 6-4 and 6-5.

To provide a rough check of the data, the chloride concentrations are plotted versus the
corresponding electrical conductivity values in Figure 6-1. As shown, the near surface
groundwater data generally agree well with a thought regression line although some of the
field values show a deviation.
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Sulphate by ion chromatography and sulphate calculated from total sulphur by ICP are
compared in Figure 6-2. As shown, within the analytical error all the sulphur is present as
sulphate.

Total silicon concentrations by ICP, and SiOj, as silicon concentrations (SiO4-Si) by spectro-

photometry, are compared in Figure 6-3. The diagram shows very good agreement although
somewhat higher total silicon concentrations may be expected/explained.
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Figure 6-1. Electrical conductivity versus chloride concentrations. EC_L = Laboratory value,
EC F = Field value.
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Figure 6-2. Sulphate (SO, by IC) versus sulphate calculated from total sulphur (3xSO,S) by ICP.
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Figure 6-3. SiO,-Si determined by spectrophotometry versus total Si analysed by ICP.

Bromide and fluoride

Bromide and fluoride determinations by ion chromatography are difficult at high chloride
concentrations. For example, the bromide peak gets a significant contribution from the tail
of the chloride peak which is difficult to correct for. This results in an enhanced bromide
concentration. In addition, since the detection limit (< 0.2 mg/L) is normally not low
enough for fresh waters, 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 6-4 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 (IC) and by ICP is presented in Figure 6-5. As
demonstrated, high bromide concentrations (mainly sea water) by ion chromatography show
deviations which systematically increase with higher bromide concentrations.

Fluoride analyses were performed by ion chromatography and since 2005-04 also by poten-
tiometry (ion selective electrode). The latter method was used mainly for samples with high
chloride concentration (sea water). Erroneous fluoride analyses conducted prior to April
2005 (due to dilution of samples to below the detection limit) are not included in SICADA
or in Appendix 5, Table A5-1.
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6.2.2 Trace metals

The analyses of trace and rare-earth elements include Al, As, Sc, Cd, Cr, Cu, Co, Hg, Ni,
Zn, Pb, V, U, Th, 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. The trace element data are compiled in Appendix 5, Table A5-4.

These elements are generally present at low concentrations in the groundwater and the risk
for contamination is high. Especially data on common metals like Al, Cr, Cu, Co, Ni and
Zn must be used with caution. Generally, the distribution of data is borehole specific but
outliers do exist; significantly large deviating concentrations are rejected in the SICADA
database.

6.2.3 Surface water supplements

The surface water supplements include NH,;-N, NO,-N, NO;-N+NO,-N, NO;-N, tot-N,
tot-P, PO,-P, TOC, DOC, DIC and sometimes at a few sampling occasions also dissolved
oxygen. The analytical data are compiled in Appendix 5, Table A5-2. The DIC values
should be used with care and bicarbonate values (by alkalinity titration) are considered
more reliable.

6.2.4 Isotopes

The isotope determinations include the stable isotopes oD, 6'%0, 'B/!''B, 8**S, 6'*C, 8°’Cl
and ¥Sr/*Sr as well as the radioactive isotopes Tr (TU), '“C (pmC), #*U, #°U, #**U, **?Th,
20Th, 2*Ra and ?*?Rn. The isotope data available at the printing date of this report are
compiled in Appendix 5, Table A5-3.

Tritium and carbon-14

The tritium and carbon-14 (as pmC) determinations in surface waters (lakes, streams, sea
bays) have been questioned due both to the large spread of values and to the unexpectedly
high values. It has been suggested that the adjacent nuclear power plant may have influ-
enced the natural conditions for these isotopes. Statistical information illustrating the
spread of the tritium values (from start of 2002) is compiled in Table 6-1 and is illustrated
in Figure 6-6 which shows bar charts at each sampling location. Some relation between the
presence of tritium and distance from the nuclear power reactors may possibly be observed
for sampled sea water locations and also PFM000067 (Lillputtsundet). In order to better
understand the tritium data, repeated tritium determinations from the outlet of reactor
cooling water commenced in July 2005. The only sample analysed so far revealed enhanced
trittum content (120.7 TU). The deep sea water location sampled on one occasion showed
12.7,12.4 and 10.3 TU at 0 m, 20 m and 55 m depths, respectively.

The corresponding statistical information for pmC values (from the start of 2002) is
compiled in Table 6-2 and illustrated in Figure 6-7 which shows bar charts at each
sampling location. The table indicates somewhat enhanced pmC values for some stream
waters (PFM000068-70), and lake waters (PFM000074 and PFM000117). These sampling
locations are clustered in one area just south of the nuclear power plant. Furthermore, two
stream waters show lower pmC values then the rest, suggesting groundwater discharge.
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Table 6-1. Tritium; average, median, minimum and maximum values as well as the
variance at different surface water sampling locations. Sampling period July 2002 to
May 2005; bottom samples omitted (blue=sea, yellow=stream, green=lake).

Id-code No of Tritium Tritium Tritium min Tritium max  Variance
analyses average (TU) median (TU) (TU) (TU)
PFM000062 12 13.6 13.8 101 17.3 4.2
PFM000063 9 16.7 171 14.1 18.6 1.6
PFM000064 8 13.9 13.6 12.2 17.8 3.3
PFM000065 9 13.3 12.2 11.2 16.6 4.1
PFM000066 13 11.6 11.7 9.3 14.2 2.7
PFMO000067 10 12.4 12.8 6.7 17.0 7.3
PFM000068 14 1.1 10.9 8.5 13.6 25
PFM000069 9 11.8 11.2 10.1 13.9 1.7
PFMO000070 12 12.0 12.6 6.6 15.4 5.6
PFMO000071 3 10.1 11.9 5.3 13.3 18.2
PFM000072 10 12.0 12.1 10.2 13.8 1.2
PFM000073 4 11.0 11.1 10.3 11.3 0.2
PFM000074 13 12.3 12.5 9.8 14.7 2.2
PFM000082 4 16.1 16.2 12.6 19.3 7.6
PFM000083 1 16.1 - - - -
PFM000084 1 11.7 - - - -
PFM000087 10 13.6 13.4 11.5 16.0 2.7
PFM000097 8 121 12.2 8.2 15.3 5.6
PFMO000107 13 12.5 13.0 10.4 15.6 1.8
PFMO000117 12 12.5 12.8 9.1 15.5 4.1
PFM000127 3 11.3 13.1 7.6 13.3 10.5
PFM000135 5 11.7 11.6 9.2 14.7 3.9
PFM005865 1 12.7* - - -

* Surface sample, deep sea water location.
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Figure 6-6. Tritium content of the surface waters at the different sampling locations. The bars
represent the minimum, median and maximum values and the length of the y-axis corresponds to
20 TU (Tritium Units). Sampling period April 2002 to May 2005.
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Table 6-2. Carbon-14 as pmC; average, median, minimum and maximum values as well as
the variance at different surface water sampling locations. Sampling period April 2002 to
August 2004; bottom samples omitted (blue=sea, yellow=stream, green=lake).

Id-code No of pmC pmC pmC pmC Variance
analyses average median min max

PFM000062 6 108.8 108.8 107.2 110.9 1.82
PFM000063 8 108.6 109.2 105.4 111.1 4.50
PFM000064 6 107.9 108.2 106.1 109.1 1.22
PFM000065 4 107.9 107.9 106.6 109.1 1.73
PFM000066 3 111.2 1131 106.8 113.6 14.40
PFMO000067 4 111.4 111.6 109.7 112.6 1.50
PFM000068 4 113.4 113.6 111.1 115.5 3.25
PFM000069 4 114.9 115.5 112.8 116.2 2.54
PFMO000070 3 114.8 1141 112.8 116.2 4.74
PFM000071 3 96.5 95.5 93.3 100.8 14.90
PFM000072 4 109.9 109.8 108.8 111.1 0.91
PFM000073 1 100.6 100.6

PFM000074 B 116.4 116.1 113.8 118.4 4.76
PFM000082 4 108.9 109.0 107.9 109.4 0.54
PFM000083 1 1101 1101

PFM000084 1 100.1 100.1

PFM000087 8 113.3 113.8 109.1 114.9 3.20
PFM000097 4 112.1 112.2 109.9 114.0 2.87
PFMO000107 7 111.7 111.3 109.1 113.8 2.31
PFMO000117 6 113.9 113.5 111.0 116.2 4.09
PFM000127 3 109.9 110.0 108.8 110.8 1.01
PFM000135 2 109.3 109.3 108.8 110.8 -
PFM005865* 1 — —

* Surface sample, deep sea water location.
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Figure 6-7. Values of pmC (percent modern Carbon) in the surface waters at the different
sampling locations. The bars represent the minimum, median and maximum values and the

scale on the y-axis is between 80 and 120 pmC. Sampling period April 2002 to August 2004.
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Uranium and thorium isotopes

The early results (until 2003-06-05) of uranium and thorium isotope determinations are
regarded as questionable since the laboratory (Lab 1) reports the same value of »**U and #*U
in all samples. Furthermore, most of the data were below the detection limit. The data are,
however, included (in italics) in Appendix 5, Table A5-5. An alternative laboratory (Lab 2)
produced sufficiently low detection limits such that it was possible to differentiate between
28U and #*U. However, #*°U and **Th determinations are not performed. The ICP analyses
of uranium and both new and old ***U-determinations are compared from Lab 1 and Lab 2
in Table 6-3. The agreement is generally good, apart from three cases (out of a total of 21
analyses) where Lab 1 data deviate considerably. The remaining analyses from Lab 1 can
therefore not be regarded as erroneous, but give less useful information as they are often
below the high detection limit.

Table 6-3. Comparison of uranium (ug/L) calculated from 2*3U-determinations and
Uranium (pg/L) by ICP-MS. The expression used is given in Appendix 1.

Id-code Date Sample U-238 (mBqg/kg) U (pg/L) calc. U (pg/L)
no from U-238 ICP
PFM000062 4322 <50 Lab 1 <40 0.601
PFM000062 4333 50 Lab 1 4.0 0.560
PFM000062 8547 8.1 Lab 2 0.653 0.859
PFM000063 4321 <50 Lab 1 <40 0.640
PFMO000063 4324 50 Lab 1 4.0 0.550
PFMO000063 4445 <50 Lab 1 <4.0 0.934
PFMO000063 4450 <50 Lab 1 <4.0 0.820
PFM000064 4323 100 Lab 1 8.1 0.764
PFM000064 4330 <50 Lab 1 <40 0.715
PFM000065 4325 <50 Lab 1 <40 0.647
PFM000065 4446 <50 Lab 1 <40 1.48
PFM000074 4453 70 Lab 1 5.6 212
PFMO000074 8544 163 Lab2 1.23 1.22
PFM000082 4438 <50 Lab 1 <4.0 0.826
PFM000082 4439 <50 Lab 1 <4.0 0.909
PFM000087 4442 60 Lab 1 4.8 3.07
PFM000087 4449 <50 Lab 1 <40 3.28
PFM000097 4452 60 Lab 1 4.8 2.67
PFM000107 4444 <50 Lab 1 <40 2.03
PFM000107 4447 <50 Lab 1 <4.0 2.36
PFMO000107 8546 30.8 Lab2 2.48 2.39
PFM000117 4440 <50 Lab 1 <4.0 1.30
PFM000117 4451 50 Lab 1 4.0 1.27
PFM000117 8549 154 Lab2 1.24 1.33
PFM000135 4443 <50 Lab 1 <4.0 1.1
PFM000135 8548 129 Lab2 1.04 1.05
PFM005865 8616 78 Lab2 - -
PFM005865 8617 84 Lab2 - -
PFM005865 8618 7.7 Lab2 - -

* Lab 1 = previous laboratory, Lab 2 = new laboratory.
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6.3 Field measurements

The field measurement data including redox potential, pH, dissolved oxygen, electrical
conductivity, salinity, measurement depth, barometric pressure, turbidity, chlorophyll,
light/PAR (Photosynthetic Active Radiation) and water temperature are compiled in
Appendix 2. The PAR-profile logs are presented as diagrams including regression constants
in Appendix 3. Three sets of data are of lower quality; 1) water flow data, 2) sonde measure-
ments (YSI 6600 EDS) of chlorophyll, and 3) turbidity measurements also by the sonde.

* The water flow rate estimations (Appendix 4) by the float method /6/ are of low accuracy
compared to measurements using discharge weirs and gauges. They were performed in
order to allow comparison between early data obtained when there was no other avail-
able method and new data from installed measurement stations.

* The chlorophyll measurements have been problematic, possibly due to the fact that
humic substances 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 overesti-
mated.

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

Comments on the low quality of chlorophyll and turbidity data as well as explanations to
these circumstances are stored in the SICADA database.

6.3.1 Electrical conductivity, pH and dissolved oxygen
pH-measurement

Field measurements of pH are plotted against the corresponding laboratory values in
Figure 6-8. The observed disagreement is reasonable considering the change of water
temperature, change of pressure and the time delay prior to the laboratory measurement.
However, in some cases, the disagreement seems to be greater than expected.

Electrical conductivity

Electrical conductivities measured in the field are plotted against the corresponding labora-
tory values in Figure 6-9. The agreement is acceptable except in a few cases.

Dissolved oxygen

The field measurements of dissolved oxygen were expected to be less reliable, especially
at low concentration (< 4 mg/L), see evaluation of the equipment (Jimforelse mellan
sondmaétningar och laboratorieresultat i Forsmark och Simpevarp 2002—-2003, Ulf Ericsson,
Medins Sj6- och Abiologi AB, 2003-06-03). In Figure 6-10 measured oxygen concentra-
tions below 4 mg/L are plotted versus corresponding analytical results. Generally, the field
measurements show somewhat higher values.

37



pH field
o

pH lab.

Figure 6-8. Field-pH values versus laboratory-pH values. Field-pH and laboratory-pH values are
measured at prevailing water temperature and at 25°C respectively.
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Figure 6-9. Electrical conductivity (25°C). Field measurements versus laboratory values.
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Figure 6-10. Dissolved oxygen. Field measurement versus laboratory analytical results. Values
below detection limit are plotted as zero. Analyses are performed when the measured values record
less than 4 mg/L.

6.3.2 ORP-measurements and redox conditions

It is difficult and sometimes also time consuming to measure reliable redox potentials

(Eh) in natural waters. Redox potential measurements or preferably ORP-measurements
(Oxidising-Reducing Potential) have been conducted using the multipurpose measurement
sonde in surface waters from lakes, streams and shallow sea bays. The recorded ORP-values
should be used with great caution and merely considered as an indication of the redox
conditions in the waters, rather than actual Eh-values. Due to these circumstances, the
denoted ORP-value will be used instead of the Eh-value in the following text. Figures 6-11
to 6-13 present the seasonal variation of the ORP-values in lakes, streams and shallow sea
bays respectively. As expected, the redox potential decreases in the lakes and streams during
winter time due to ice coverage and low biological production. This phenomenon is less
pronounced in the sea bays. Figures 6-14 to 6-16 compare the concentration of dissolved
oxygen and ORP-values in selected sea and stream locations over the same measurement
period. As shown these trends are similar. In surface waters there is, however, a possibility
of having negative redox potential in the presence of dissolved oxygen.

Factors that may affect certainty/reliability of the ORP-values are short measurement time
(10—15 minutes) and complicated redox conditions (mixed potentials etc).
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Figure 6-11. Seasonal variation of ORP-values in lake waters from start of measurements
(December 2002 until October 2005).
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Figure 6-12. Seasonal variation of ORP-values in stream waters from start of measurements
(December 2002 until October 2005).
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Figure 6-13. Seasonal variation of ORP-values at sea bay locations from start of measurements
(December 2002 until October 2005).
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Figure 6-14. Seasonal variation of ORP- and dissolved oxygen values in Lake Norra Bassdngen

(PFM000097) (December 2002 until October 2005).
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Figure 6-15. Seasonal variation of ORP- and dissolved oxygen values in lake Bolundsfjirden

(PFM000107) (December 2002 until October 2005).
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Figure 6-16. Seasonal variation of ORP- and dissolved oxygen values in Bolundsskogen stream
(PFM000069) (December 2002 until October 2005).
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7 Summary and discussion

The chemical investigation routines for surface waters are well established after more than
three years of field work, reporting and data administration. Also, the first year of the long-
term surface water monitoring programme has passed without any major nonconformities or
surprises.

The main experiences and conclusions from surface water sampling and analyses since
March 2004 are summarised below:

* The statements/findings regarding the character of surface waters, based on the first two
years of sampling and analyses, remain unchanged also after the third year.

* The additional deep sea water location contributes new information on sea water com-
position unaffected by dilution from fresh water discharge. The chloride concentration
corresponds to the highest values measured in the shallow bays.

* Bromide and fluoride concentrations determined by ion chromatography (IC) are less
reliable in saline waters. Generally, bromine values by ICP are selected/reported when
available. Several fluoride values are missing due to the necessity of dilution to below
the detection limit. In saline waters, measurements using an ion selective electrode have
replaced the IC method from April 2005.

* Both tritium and pmC show somewhat higher values close to the nuclear power plant.
However, while tritium is enhanced in the sea water, pmC is enhanced inland, south-west
of the power plant. These findings necessitated changes in the sampling programme.
From August 2005 sampling for tritium analyses is also performed in the outlet of cool-
ing water from the power plant. Furthermore, a reference sampling location for precipita-
tion is planned far from the influence of the nuclear facilities in central Sweden.

* A change of laboratory for uranium and thorium isotope determinations have resulted in
lowered detection limits and thereby a resolution that is adequate to distinguish between
28U and #**U. There is good agreement between recalculated >**U-values and correspond-
ing element analyses (ug/L).

» The ORP measurements seem to closely reflect the redox situation in the surface waters.
The seasonal variation is similar within each surface water category (lakes, streams, sea
locations) but differs between the three groups. Furthermore, the ORP trends and the
corresponding trends for dissolved oxygen show similar behaviour. However, due to high
measurement uncertainty, the actual ORP-values should be used with caution.
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Table A1-2. Reporting limits and measurement uncertainties.

Component Method Reporting limits Unit Measurement ”Total” uncertainty
or range uncertainty 2
HCO, Alkalinity titration 1 mg/L 4% <10%
Cl- Mohr-titration >70 mg/L 5% <10%
CI- IC 1-100 6% 10%
SO, IC 1 mg/L 10% 15%
Br IC 0.2 mg/L 9% 20%
Br- ICP 0.001 15%
F- IC 0.1 mg/L 10% 20%
F- Potentiometric - -
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 0.2 2 mg/L 10% 20%
Fe ICP 0.4' 4 mg/L 6% 10%
Mn ICP 0.03! 0.1 pg/L 8% 10%
Fe(ll), Fe(tot) Spectrophotometry  0.02 (DL=0.005 mg/L) mg/L 15% (>30 pg/L) 20%
HS- Spectrophotometry ~ SKB 0.03 (DL=0.02) mg/L 10% 30%
NO, as N Spectrophotometry 0.1 ug/L 2% 20%
NO; as N Spectrophotometry 0.2 ug/L 5% 20%
NO,+NOzas N Spectrophotometry 0.2 pg/L 0.2 (0.2-20 pg/L)  20%
2% (> 20 ug/L)
NH, as N Spectrophotometry 0.8 ug/L 0.8 (0.8-20 pg/L) 20%
5% (> 20 pg/L)
50 (SKB) 20%
PO, as P Spectrophotometry 0.7 pg/L 0.7 (0.7-20 pg/L)  20%
3% (> 20 pg/L)
SiO, Spectrophotometry 1 pg/L 3% (>200 pg/L) -
O, Jodometrisc titration  0.2-20 mg/L 5% -
Chlorophyll a, ¢ See table A1-2 0.5 pg/L 5% -
pheopigment*
PON* See table A1-2 0.5 ug/L 5% -
POP* See table A1-2 0.1 pg/L 5% -
POC* See table A1-2 1 ug/L 4% -
Tot-N* See table A1-2 10 ug/L 4% -
Tot-P* See table A1-2 0.5 pg/L 6% -
Al, Zn ICP 0.2 ug/L 12% 20%
Ba, Cr, Mo, Pb  ICP 0.01 pg/L 7-10% 20%
Cd, Hg ICP 0.002 pg/L 9 resp 5% 20%
Co,V ICP 0.005 pg/L 8 resp 5% 20%
Cu ICP 0.1 pg/L 8% 20%
Ni ICP 0.05 ug/L 8% 20%
P ICP 1 pg/L 6% 10%
As 1CP 0.01 ug/L 20% Correct order of
size(low conc.)
La, Ce, Pr,Nd, ICP 0.0051 0.05 ug/L 10% Correct order of size
Sm, Eu, Gd, Tb, (low conc.)
Dy, Ho, Er, Tm,
Yb
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Component Method Reporting limits Unit Measurement ”Total” uncertainty 3
or range uncertainty 2
Sc, In, Th ICP 0.05° 0.5 pg/L 10% Correct order of size
(low conc.)
Rb, Zr, Sb, Cs, ICP 0.025" 0.25 ug/L 10% Correct order of size
Tl (low conc.)
Y, Hf ICP 0.005" 0.05 ug/L 10% Correct order of size
(low conc.)
U ICP 0.001" - ug/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%
o?H MS 2 %o 1%o -
SMOWs?
580 MS 0.1 %0 0.2%o -
SMOWs?
°H LsC 0.8 eller 0.1 TUS 0.8 eller 0.1 Correct order of size
s7Cl ICP MS 0.2%o (20 mg/L) %0 - -
SMOC”
o"C A (MS) - Yoo - -
PDB?
“C pmC A (MS) - pmC?® - -
0%8 ICP MS 0.2%o %0 0.3%o -
CDT™
87Sr/Sr TIMS - No unit — -
(ratio)
°B/"B ICP MS - No unit - -
(ratio) "
24y, B8, 238U, Alfa spectr. 0.0005 Bqg/L® 5% -
232Th, 230Th
222Rn, 2%5Rn LSC 0.03 Ba/L 5% -

' Reporting limits at salinity < 0.4% (520 mS/m) and < 3.5% (3810 mS/m) respectively.

Measurement uncertainty reported by consulted laboratory, generally 95% confidence interval.
Estimated total uncertainty by experience (includes effects of sampling and sample handling).
Determined only in surface waters and near surface groundwater.

Per mille deviation® from SMOW (Standard Mean Oceanic Water).

TU = Tritium Units, where one TU corresponds to a Tritium/hydrogen ratio of 10-"®
(1 Bg/L Tritium = 8.45 TU).

Per mille deviation® from SMOC (Standard Mean Oceanic Chloride).
Per mille deviation® from PDB (the standard PeeDee Belemnite).

The following relation is valid between pmC (percent modern carbon) and Carbon-14 age:
me =100 x g((1950-y-1.03t)/8274)
where y = the year of the C-14 measurement and t = C-14 age.

Per mille deviation® from CDT (the standard Canyon Diablo Troilite).
Isotope ratio without unit.

The following expressions are applicable to convert activity to concentration, for uranium-238
and thorium-232:

1 ppm U = 12.4 Bqg/kg?*U

1 ppm Th = 3.93 Bq/kg®?Th

Isotopes are often reported as per mill deviation from a standard. The deviation is calculated as:
0¥l = 1000% (Ksample~Kstandara)/Kstandara, Where K= the isotope ratio and ¥l =2H, 80, ¥'Cl, *C or *S etc.
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PAR-profile logs

PAR versus depth, regression constants included.

Appendix 3
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Water flow measurements

Appendix 4
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START_DATE

STOP_DATE

Simple flow rate*
(m3/s)

Code**

PFMO000066
PFMO000066
PFMO000066
PFMO000066
PFMO000066
PFMO000066
PFMO000066
PFMO000066
PFMO000066
PFMO000066
PFMO000066
PFMO000066
PFMO000066
PFMO000066
PFMO000066
PFMO000066
PFMO000067
PFMO000067
PFMO000067
PFMO000067
PFMO000067
PFMO000067
PFMO000067
PFMO000067
PFMO000067
PFMO000067
PFMO000067
PFMO000067
PFMO000067
PFMO000067
PFMO000067
PFMO000067
PFMO000068
PFMO000068
PFMO000068
PFMO000068
PFMO000068
PFMO000068
PFMO000068
PFMO000068
PFMO000068
PFMO000068
PFMO000068
PFMO000068
PFMO000068
PFMO000068
PFMO000068
PFMO000068
PFMO000069
PFMO000069
PFMO000069

2004-03-30 07:30
2004-04-29 14:15
2004-05-07 08:00
2004-05-14 08:25
2004-05-28 08:00
2004-06-11 08:30
2004-06-23 07:00
2004-06-29 12:15
2004-08-06 12:30
2004-08-12 09:00
2004-08-27 14:00
2004-08-31 08:15
2004-09-07 08:00
2004-10-08 12:30
2004-10-15 13:00
2004-11-01 10:00
2004-03-31 11:30
2004-04-29 13:40
2004-05-07 11:00
2004-05-14 10:35
2004-05-28 08:55
2004-06-11 14:20
2004-06-23 13:00
2004-06-29 12:30
2004-08-06 14:45
2004-08-12 15:30
2004-08-27 14:30
2004-08-31 08:35
2004-09-08 10:10
2004-10-08 13:05
2004-10-15 13:40
2004-11-02 09:10
2004-03-30 10:45
2004-04-29 14:42
2004-05-07 08:15
2004-05-14 08:35
2004-05-22 14:54
2004-06-11 10:25
2004-06-23 11:30
2004-06-29 12:55
2004-08-06 10:45
2004-08-12 15:40
2004-08-27 14:45
2004-08-31 08:50
2004-09-07 10:30
2004-10-08 13:30
2004-10-15 13:55
2004-11-02 10:00
2004-03-31 13:10
2004-04-29 15:05
2004-05-07 08:20

2004-03-30 07:50
2004-04-29 14:20
2004-05-07 08:05
2004-05-14 08:30
2004-05-28 08:10
2004-06-11 08:40
2004-06-23 07:05
2004-06-29 12:25
2004-08-06 12:30
2004-08-12 09:00
2004-08-27 14:00
2004-08-31 08:15
2004-09-07 08:00
2004-10-08 12:30
2004-10-15 13:00
2004-11-01 10:00
2004-03-31 11:45
2004-04-29 13:45
2004-05-07 11:05
2004-05-14 10:40
2004-05-29 08:42
2004-06-11 14:40
2004-06-23 13:30
2004-06-29 12:40
2004-08-06 14:50
2004-08-12 15:35
2004-08-27 14:40
2004-08-31 08:45
2004-09-08 10:10
2004-10-08 13:05
2004-10-15 13:40
2004-11-02 09:20
2004-03-30 10:55
2004-04-29 14:47
2004-05-07 08:20
2004-05-14 08:40
2004-05-22 15:05
2004-06-11 10:35
2004-06-23 12:00
2004-06-29 13:00
2004-08-06 10:50
2004-08-12 15:40
2004-08-27 14:45
2004-08-31 08:50
2004-09-07 10:30
2004-10-08 13:30
2004-10-15 13:55
2004-11-02 10:00
2004-03-31 13:20
2004-04-29 15:10
2004-05-07 08:25

97

0.094
0.049
0.038
0.029
0.027
0.006

0.080
0.056
0.044
0.035
0.047
0.028
0.016
0.012
0.0087
0.00789
0.0081
0.0088

0.0144
0.14
0.075

0.043
0.014

0.11
0.053
0.031
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PFMO000069
PFMO000069
PFMO000069
PFMO000069
PFMO000069
PFMO000069
PFM000069
PFMO000069
PFMO000069
PFMO000069
PFMO000069
PFMO000069
PFMO000069
PFM000070
PFM000070
PFM000070
PFM000070
PFMO000070
PFM000070
PFMO000070
PFM000070
PFM000070
PFMO000070
PFM000070
PFM000070
PFM000070
PFM000070
PFMO000070
PFM000070
PFMO000071
PFMO000071
PFMO000071
PFMO000071
PFM000071
PFMO000071
PFMO000071
PFMO000071
PFMO000071
PFM000071
PFMO000071
PFMO000071
PFM000071
PFMO000071
PFM000071
PFMO000071
PFM000072
PFM000072
PFM000072
PFM000072
PFM000072
PFM000072
PFM000072
PFM000072
PFM000072
PFM000072
PFM000072
PFM000072
PFM000072
PFM000072

2004-05-14 08:40
2004-05-28 07:05
2004-06-11 10:10
2004-06-23 05:30
2004-06-29 08:55
2004-08-06 11:00
2004-08-12 15:45
2004-08-27 14:50
2004-08-31 09:00
2004-09-07 10:40
2004-10-08 13:35
2004-10-15 14:00
2004-11-02 08:30
2004-03-29 15:40
2004-04-29 13:00
2004-05-07 08:35
2004-05-14 09:05
2004-05-28 06:50
2004-06-11 07:40
2004-06-23 06:00
2004-06-29 07:15
2004-08-06 09:00
2004-08-12 15:30
2004-08-27 15:10
2004-08-31 09:30
2004-09-07 11:20
2004-10-08 14:20
2004-10-15 14:30
2004-11-02 10:15
2004-03-29 16:10
2004-04-29 13:30
2004-05-07 09:00
2004-05-14 09:35
2004-05-28 06:35
2004-06-11 07:15
2004-06-23 06:20
2004-06-29 07:30
2004-08-06 09:30
2004-08-12 09:35
2004-08-27 15:15
2004-08-31 09:40
2004-09-07 11:40
2004-10-08 14:50
2004-10-15 15:00
2004-11-02 10:35
2004-03-29 15:00
2004-04-29 15:20
2004-05-07 10:30
2004-05-14 09:55
2004-05-28 05:35
2004-06-11 08:55
2004-06-23 05:00
2004-06-29 05:00
2004-08-06 06:45
2004-08-12 09:45
2004-08-27 15:35
2004-08-31 09:50
2004-09-07 16:05
2004-10-08 15:15

2004-05-14 08:45
2004-05-28 07:15
2004-06-11 10:20
2004-06-23 05:40
2004-06-29 09:00
2004-08-06 11:05
2004-08-12 15:50
2004-08-27 14:50
2004-08-31 09:00
2004-09-07 10:40
2004-10-08 13:45
2004-10-15 14:10
2004-11-02 08:40
2004-03-29 16:00
2004-04-29 13:05
2004-05-07 08:40
2004-05-14 09:10
2004-05-28 07:00
2004-06-11 07:50
2004-06-23 06:10
2004-06-29 07:20
2004-08-06 09:00
2004-08-12 15:30
2004-08-27 15:10
2004-08-31 09:30
2004-09-07 11:20
2004-10-08 14:20
2004-10-15 14:30
2004-11-02 10:15
2004-03-29 16:15
2004-04-29 13:35
2004-05-07 09:05
2004-05-14 09:40
2004-05-28 06:40
2004-06-11 07:25
2004-06-23 06:30
2004-06-29 07:40
2004-08-06 09:30
2004-08-12 09:35
2004-08-27 15:15
2004-08-31 09:40
2004-09-07 11:40
2004-10-08 14:50
2004-10-15 15:00
2004-11-02 10:35
2004-03-29 15:05
2004-04-29 15:25
2004-05-07 10:35
2004-05-14 10:00
2004-05-28 06:10
2004-06-11 09:05
2004-06-23 05:10
2004-06-29 05:10
2004-08-06 06:45
2004-08-12 09:45
2004-08-27 15:35
2004-08-31 09:50
2004-09-07 16:05
2004-10-08 15:15

98

0.028
0.032
0.017
0.009
0.008
0.0059
0.0059

0.0099
0.0096
0.0128
0.025
0.017

0.073
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PFMO000072

2004-10-15 15:15

2004-10-15 15:15

PFM000072 2004-11-02 10:55 2004-11-02 10:55
PFMO000073 2004-03-29 15:20 2004-03-29 15:25
PFMO000073 2004-04-29 15:30 2004-04-29 15:35
PFM000073 2004-05-07 10:20 2004-05-07 10:20
PFMO000073 2004-05-14 09:45 2004-05-14 09:50
PFMO000073 2004-05-28 06:20 2004-05-28 06:30
PFMO000073 2004-06-11 13:20 2004-06-11 13:30
PFMO000073 2004-06-23 05:10 2004-06-23 05:20
PFM000073 2004-06-29 05:15 2004-06-29 05:25
PFMO000073 2004-08-06 07:00 2004-08-06 07:00
PFM000073 2004-08-12 09:15 2004-08-12 09:15
PFMO000073 2004-08-27 15:45 2004-08-27 15:45
PFMO000073 2004-08-31 10:00 2004-08-31 10:00
PFMO000073 2004-09-07 15:00 2004-09-07 15:00
PFMO000073 2004-10-08 15:25 2004-10-08 15:25
PFM000073 2004-10-15 15:25 2004-10-15 15:25
PFMO000073 2004-11-02 11:10 2004-11-02 11:10
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Extra measurements without water sampling are given in italic.
* Simple flow rate = based on simple method described in the text.
** Code = see end of table.

0
o
Q.
o

Code description

Blocked flow; no measurement

Too much water vegitation, no measurement
Water compleately frosen, no measurement
Too much ice, no measurement

Flow rate too high, no measurement

Flow rate too low, no measurement

Dry conditions, no measurements
Measurement not possible, estimated value
Measurement not possible, see protocol
Comment missing

Flow rate value available

Low water level

Lake, Sea, no measurement

Too much wind, no measurement
Stationary water

TOZZIr X~ IOMMOO®>
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