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1 Introduction

This document reports the data obtained by surface water sampling and chemical
analyses performed within the site investigation at Forsmark.

The activity is part of the geochemistry as well as the surface ecosystem programs. The
surface water activity includes chemical analysis of water from lakes, running waters and
shallow bays in the Forsmark area. Measurements of some physical parameters are also
included.

Data from the field measurements are stored in the database SICADA directly after each
field activity. The chemical analysis results are stored when delivered from the consulted
laboratories. In this report field measurement data and chemical analysis data are
included from the start in March 2002 until March 2003.

The sampling points are shown in Figure 1-1.
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Figure 1-1. Sampling points in the surface water program. Points marked with crosses are
alternatives for regular points (see Tuble 4-1).



2 Objective and scope

In order to characterise the surface water of the area, sampling was performed in lakes,
running waters and shallow bays within and in connection to the investigation area. The
activity includes water sampling for chemical laboratory analysis as well as field
measurements of physical parameters.

"Two different sampling programmes were performed, a main program and an extended
program. The later one which includes additional parameters was performed four times
during the period. In the extended program the number of parameters differs somewhat
between running waters and lakes/bays (see Table 2-1). The main program was
performed 15 times during the period. At the first sampling occasion, archive samples
of 5 L were taken at each location. The surface water sampling occasions during 2002
are given in Table 2-2.

Table 2-1. Parameters analysed in the main and the extended program, respectively.

Program type Parameters, laboratory analyses Parameters, field measurements

Main program Main components; cations (Na, K, Ca, Mg, Si, Water temperature, Oxygen, pH,
Li, Sr) and anions (Cl, SO,, F, Br), S, pH, conductivity, salinity, Light',
conductivity, alkalinity, TOC, DOC/DIC, Turbidity!, Water flow®, Water
nutrient salts (NH,, NO,+NQO,, Tot-N, PO,-P, depth, water transparency’

Tot-P), silicate, Tot-N, Tot-P, chlorophyll a and
c¢', Pheophytin', PON, POP, POC, oxygen, HS2

Extended program,  Analyses according to main program (except Water temperature, Oxygen, pH,
running waters chlorophyll a and ¢ and Pheophytin) and:Main conductivity, salinity, Light',
components; cations (Fe, Mn) and anions (1), Turbidity', Water flow?, Water

environmental metals (Al, As, Ba, B, Cd, Co, Cr, depth, water transparency’
Cu, Hg, Mo, Ni, P, Pb, V, Zn), nutrient salts

(NO,, NO,), Fe(ll), Fe(tot), 2H, 2’Cl, deuterium,

d'®0Q, B, #Sr, %4S, '°C, PMC

Extended program,  Analyses according to extended program, Water temperature, Oxygen, pH,
lakes and bays running waters and:Lanthanides (Sc, Rb, Y, Zr, conductivity, salinity, Light',
I, Sb, Cs, La, Hf, TI, Ce, Pr, Nd, Sm, Eu, Gd, Turbidity!, Water flow?, Water

Tb, Dy, Ho, Er, Tm, Yb, Lu, U, Th), Chlorophyll a  depth, water transparency’
and c, Pheophytin, Isotopes of U, Th, Ra and Rn

"Not in running waters
2 At reducing conditions

8Only in running waters



Table 2-2. Surface water sampling occasions during the period
March 2002-March 2003.

Year Month Week Program type*
2002 March 12 M
2002 April 14,16,18 M,E.M
2002 May 20, 22 MM
2002 June 24, 26 M,M
2002 July 29 E
2002 August 33 E
2002 September 36, 38, 40 M,M,M
2002 October 42, 44 E.M
2002 November 46, 48 M,M
2002 December 51 M
2003 January 3 E
2003 February 8 M
2003 March 12 M

*M=main program, E=extended program



3 Equipment and facilities

3.1 Description of equipment

Water samples were collected using a “Ruttner sampler”. At the extended sampling
occasions the sampler was washed in acid before use.

Measurements were initially performed with equipments measuring only one single
parameter each, but during the year, two measuring sonds were bought. The smaller
one, YSI 600 QS, measures pH, water temperature, oxygen, redox potential,
conductivity, salinity and barometric pressure, and the larger one, YSI 6600, measures
all the listed parameters above as well as turbidity, chlorophyll and PAR (Photosynthetic
Active Radiation). The smaller sond was used for the first time during week 0236.
During week 0246 the larger sond was also available and from then on the smaller

one was used in running waters and the larger one in lakes and in the sea.

Water transparency was estimated using a Secchi disc and aquascope.

3.2 Facilities for sample handling and analyses

When the surface sampling activity started in March 2002 the facilities and
equipment available for sample preparations, on site analyses (alkalinity, pH and
electric conductivity), as well as sorting and packing sample bottles before delivery to
different consulted laboratories, were limited and primitive. The facilities have been
improved successively since then. The following facilities are now available and are
used not only for the surface water sampling activity but for all water sample
preparations and water analysis work:

¢ A small house inside the core mapping accommodation (“Lentab-hallen”) is used for
work that has to be carried out in a very clean surrounding like analyses, division of
samples into sample portions, filtering and acid additions.

* Part of the core mapping accommodation is reserved for hydrochemical work and
equipped with long benches for sorting and packing sample bottles, cupboards for
storing bottles, chemicals and other articles, two refrigerators and a freezer for
storing samples and reagents. Water and nitrogen gas are available.

* Freeze container for storage of archive samples.

* Laboratory wagon with analytical instruments, vent hood and system for deionised
water.



4 Performance

The method for sampling and analyses of surface waters is described in SKB MD
900.004 (Metodbeskrivning for ytvattenprovtagning vid platsundersokningar). The
activity was performed according to Activity plan, SKB AP PF 400-02-07 (SKB internal
controlling document). This section deals mainly with some deviations from the Activity

plan.

4.1 Sampling points and sampling occasions

The regular and alternative sampling points are presented in Table 4-1. It was not
always possible to collect samples at all the sampling points, and in Table 4-2 the reasons
for deviations from the original sampling scheme are stated.

Table 4-1. Sampling points and sampling occasions.

Sampling points Coordinates (RT90) Name Comments

Lakes

PFM000074 16 29 854, 66 99 393 Labbotrasket

PFM000087 16 29 574, 67 00 617 Gunnarsbo-Lillfiarden

PFM000097 16 31 814, 66 99 868 Norra bassdngen

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
PFM000137 16 35 211, 66 98 383 Bredviken

Shallow sea bays

PFM000062 16 31 921, 67 00 605 SV Forslingens grund

PFM000063 16 34 833, 66 99 014 Tixelfjarden

PFM000064 16 36 121, 66 97 347 Kallriga, norra

PFM000065 16 35 083, 66 95 635 Kallriga, s6dra

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

Running waters

PFM000066
PFM000067
PFM000068
PFM000069
PFM000070
PFM000071
PFM000072
PFM000073

16 29 343, 66 99 064
16 31 859, 66 99 753
16 31 6 41, 66 98 735
16 31 510, 66 98 440
16 32 061, 66 97 319s
16 31 944, 66 96 533
16 34 151, 66 96 708
16 35 004, 66 98 073

and PFM000065

Oster Gunnarsbotrasket
Lillputtsundet
Kungstrasket
Bolundsskogen

Norr Eckarfjarden
Soder Eckarfjarden
Flottbron

Soder Bredviken

11



8 S 9L 8L ¢ LI L € L € L ZL ZL bL S ZL Ll 9L L L (X) wng
8 a a a 9 9 O X X X X X X X X a a a a a uepmleysidy 00l-€ld  LZLOOWHd
) a x X a a a O X euspluesiy  6€ld  GELOOWAd
9l X X X O O O X X X X X X X X X X X X X uopigliexo3  00L-Lid 41 LOOWAd
L1 X X X O & O X X X X X X X X X X X X X uepmelspunjog 00l-24  LOLOOWdd
Sl X X X O O O X X X X X X X X X X X 0O X usBugsseqeuoN ¢-G4  460000N4d
9l X X X O X O X X X X X X X X X X X 0O X Mbiogsreuwns  00l-e4 480000Ndd
L1 X X X O X O X X X X X X X X X X X X X iosenoqgel  00t-gd ¥Z0000Ndd

sayeq
L 3 3 x x 3 3 3 3 3 3 33 3 I I X X X X X uexIApaIg-S 614  £40000Ndd
Sl X X X X X 3 3 3 I X X X X X X X X X X uoigyol4 v1d  2L0000WAd
4! X X X X 4 3 3 3 3 X X X 3 3 X X X X X uepelepis g4 LL0000WAd
4! X X X X 4 3 3 3 3 X X X 3 3 X X X X X uopelezN 014  040000W4d
8l X X X X X X X 3 X X X X X X X X X X X uebBojsspunjog 64 690000N4d
8l X X X X X X X 3 X X X X X X X X X X X 1oseisbuny 84 890000W4d
6l X X X X X X X X X X X X X X X X X X X 1epunsundjn 94  490000WN4d
gl X X X X 3 3 3 3 I X X X I X X X X X X ogsreuwn-Q 14 990000W4d
weans

59
) X X X ‘¥90000Mdd HY %4 ¥80000W4d
) X X X €90000Add HY 124 £80000N4d
g X X X X X %90000Add HY 024  280000W4d

$90000N4d
! X 0} panow £61000 N4d
gl X X X X X X X X X X X X X X X 4 4 4 uspegbo-p 814  G90000N4d
vl a a x X X X X X X X X X X X X x 4 4 4  eprlebumry 414 ¥90000W4d
9l X X X X X X X X X X X X X X X x 4 4 4 uopaglexi] Gld  £90000N4d
vl 4 4 X X X X X X X X X X X X X X 4 4 4 usbuisiogps ¥4 90000N4d
sweN selly eag
X 9 X X X 0099 ISA
X X X X X X X X X X SO 009 ISA
X X X X X X X X X X MLM
spuosg

®
wns €0/8 €0/€ ¢0/LS ¢0/8Yv ¢0/9% ¢0/€v ¢0/0¥ ¢0/8€ ¢0/9€ T0/€€ ¢0/6¢C ¢0/9¢ ¢0/vC T0/¢¢ ¢0/0C ¢0/61 T0/91L ¢0/¥L CTO/ClL 1eal/yoam

‘abed }xau uo suoneue|dxs 99§ ‘SuOnRIABIGUE PUR SJUSWWOI/SIION "Z-¥ Sdlqel

12



Explanations for the abbreviations used in Table 4-2:

X:

a):

(o}
-

Ze@ mmoQ

_.

4.2

Sample taken

Test session, comparing with WTW-sonds

YSI 6600 on repair

no sample, due to weak ice

no sample, due to sensitive wildlife

no sample, as it was dried out, or too little water to take an representative sample
no sample, due to no boat and/or weak ice

Sample taken on another position, “close by”, due to weak ice, only surface sample
Sond measurements were performed and data logged

Mixed water sample from 10 sampling sites in the lake

Water sampling and measurements

4.2.1 Calibrations

The measurement equipment was calibrated prior to each sampling occasion. The sonds
were initially calibrated each day during the measuring campaigns, but starting week
0248 (021125) calibration was performed at the first day only, except for oxygen, which
was calibrated every day.

4.2.2 Performance of field work

Details about deviations concerning the field work are compiled in Table 4-3.

13



ueplelpedsiy  00L-€1d  4Z1LOOWAd
q‘'s S d e ‘uspsglueysiy 6-€1d  GELOOWHd
n't q 40 uoplelpedoq  Q0L-LEd 41 LOOWAd

S'q
n'r's ‘00 A 0 ueplelispunjog  001l-Z4  40LOOWAHd
d ds S 4'0  ueBuesseq ewoN ¢-G4 L60000N4d
n'L's da's N S q40 [jjq-ogsreuunsy  00l-e4  Z80000W4Hd
Nn‘r'ss'9o s'N M d'0 1sesoqge]  00L-gd  ¥40000N4d
sa9ye
4 EE| usyIApaIg-S 614 €.0000N4d
s4 sS4 40 4 E| H 4 94 B B 4 E uoiquol4 14 ©L0000WN4d
4 S'4'3 4 4 H 4 4 4 4 4 H usp.elpexo3-g cld  LL0000WAHd
S'd 4 H H H 4 4 uspJeleso3-N 0ld 0L0000W4Hd
4 sS4 49 4 o) usboysspunjog 64 690000N4d
4 sS4 49 4 4 | 1o¥sessbuny| 84 890000Wdd
S S 4 4 4 4 4 4 4 4 4 B 4 E 4 4 lepunsnnd|ji 94 490000N4d
4 4 0gsieuuns-Q I4  990000W4d
weans
d d G9'POINAd WV ¢4  ¥80000W4d
d d CINHd WV 124 €80000N4d
n‘r'a dJa a a CON4d HY 024 ¢80000N4d
gouwyd o} parow €G1000N4d
1'a d9a uspeqBoH-A 814 G90000N4d
uap.eliebuiey| 414 ¥90000A4d

n'L

‘W'a da N r usp.elyexi] Gl4 €90000N4d
I usBul|siod-AS ¥4 ¢90000N4d
weN selly eag
X q X X 0099 ISA
X X X X X X =X SO 009 ISA
X X X X X X X X X X MIM
spuosg
€0/8 €0/€ ¢0/1S ¢0/8Yv ¢0/9% ¢0/€v ¢0/0¥ ¢0/8€ ¢0/9€ C0/EE ¢0/6C ¢0/9¢ ¢0/¥¢ ¢0/¢¢C ¢0/0¢ ¢0/6L ¢€0/9L ¢0/vL ¢o/clL 1ealjeam

‘abed 1xau uo suoneue|dxa 9ag *‘Huljdwes 19)jem/SjusaWwdINSEaW UO SIUBWWOI/SIION "€-F d|qel

14



Explanations for the abbreviations used in Table 4-3:

CHOADOoOTVOZINASTTIOIMOOT L

: Test session, only comparing data with WTW-sonds

YSI 6600 not used — repair, no logged data for Turbidity, Chlrorphyll and PAR

Minor sond problem - but data logged

Water transparency estimated without aquascoope.

Very low water level, sample taken, but risk to get particles/contamination in the sample
No flow estimation

: No flow, nearly dried out, sample taken in small “pond”

Stagnant water or nearly stagnant water — no flow estimation, flow approx 0 m%/s

Wrong depth values logged in YSI 6600 — reason probably freezing sensor

Unlogic PAR-values in one or several depths caused probably by shadow from boat
Sample taken at another position, “close by”, due to weak ice, only surface sample.
Unlogic sonddata probably due to freezing sensors

Transect data logged more shallowly than usual due to low water

No water transparency estimated due to darkness. PAR-values uncertain due to darkness

: Risk for contamination from melting icewater, mainly in surface samples

PAR-value should be rejected — too shallow to get the sensor under water

: Mixed water sample from 10 sampling sites in the lake.

No water transparency estimated

Negative redox values despite presence of oxygen

PAR 0-values couldn’t be estimated just below surface due to thick ice
Negative Turbidity values

4.3 Sample preparation and chemical analyses

An overview of present sample preparation routines, analytical methods and consulted
laboratories is given in Appendix 1, Table Al-1 and Al-2. Some of the analyses were
performed by other laboratories when the sampling program/activity started. The
changed laboratories are listed in Table A1-3. Reporting limits and measurement
uncertainties are given in Table Al1-4. Some of the sample treatment routines have
been improved during the time period in question as described below:

Environmental and trace metals:

When the sampling program started in March 2002 it was considered desirable to
avoid filtering of the samples outdoors in the field (too labour-demanding), and the
water portions for ICP analyses were filtered and acidified after return to the location
for sample preparation and packing. Later on, starting in September, it was found
safer from contamination aspects to do the filtering outdoors at the sampling
occasion. Disposable filters, disposable syringes and bottles prepared with acid

were from now on used in the field.

DOC and DIC:

Quite a number of the DOC (Dissolved Organic Carbon) values were found to be
higher compared to the corresponding TOC (Total Organic Carbon) values for the
same samples. A change-over from filtering of the DOC/DIC sample portions after
the return from field to filtering immediately outdoors using disposable filters and
disposable syringes was done in order to exclude the sample handling as a reason for
the inconsistent results.

15



* Particulate nitrogen, phosphorous and carbon:

When the sampling program started, the facilities for sample preparation was very
limited and the filtering for the determinations in question was therefore performed
by the consulted laboratory. The sample bottles were stored cold (not freezing) and
dark and were delivered to the laboratory the day after the sampling occasion.
Suitable location and filtering equipment was available by the end of May 2002.

4.4 Data handling
4.4.1 Field measurement data

The data from field measurements are incorporated in SICADA directly after
termination of the activity. A number of protocol versions have been used, as
improvements have been successively incorporated during the period. From week
0251 the data files from the instruments were modified. A specific excel-macro
was developed and the data files were than incorporated digitally into SICADA.

4.4.2 Chemical analyses data

The following routines for quality control and data management are generally applicable
for hydrochemical data, independent of sampling method or sampling object.

Several components are determined by more than one method and/or laboratory.
Moreover, control analyses by an independent laboratory are performed routinely
on each fifth or tenth collected sample.

All analytical results are stored in the SICADA database. 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 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. Relative errors within +5% are considered
acceptable (in surface waters £10%)

(X cations(equivalents) — X anions(equivalents)
Rel. error (%) = 100 x

(X cations(equivalents) + X anions(equivalents)
* General expert judgement of plausibility based on earlier results and experiences

All results from “biochemical” components and special analyses of trace metals and isotopes are
inserted directly into primary data tables. When 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 4-1.
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Water sample
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Basic water analysis by Basic water analysis by Special analysis by
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- quality control

- selection of dataset for sample

- insertion of comments on control

and evaluation

- transfer of data to primary data

table

A 4

SICADA
- Storage in primary data table
-QC

Figure 4-1. Overview of data management, chemical analysis results.

4.4.3 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)
e Water flow (running waters)

* Snow/ice depth

These data are not presented in this report.
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5 Results

5.1 General

The lakes in the Forsmark area have been studied by the Department of Limnology at
Uppsala University during a couple of years. According to their report SKB R-99-68 /2/
Lake Eckarfjirden and Lake Fiskarfjirden can be classified as oligotrophic hardwater
lakes. Our results show that this classification is also valid for the other investigated lakes
in the area which are all small and shallow, with nutrient poor and highly alkaline water.
The lakes are to a large extent surrounded by mires. The term “oligotrophic” refers to
the nutrient status of the lake water, meaning nutrient poor. According to the Swedish
Environmental Protection Agency (Naturvardsverket) /3/ oligotrophic lakes are
characterized by levels of total phosphorous below 12.5 pg/l and levels of total

nitrogen below 300 pg/l (see Table 5-1).

Hard-water lakes occur all over the world, in areas of alkaline sedimentary rocks. These
rocks are easily weathered giving rise to alkaline water rich in calcium and many other
elements serving as micro-nutrients for the biota. The amount of nutrients transported
to the lakes may, however, be effectively reduced due to chemically as well as biologically
induced interactions. In oligotrophic lakes, such as those in the Forsmark area,
phosphorous is most often the limiting nutrient. The high pH-value, together

with low water depth, favors a special aquatic biotic life.

Table 5-1. Classification of lakes depending on nutrient status, according
to Naturvardsverket /3/.

Class Term Tot-P (ug/l) Tot-N (pg/l)
1 Oligotrophic <125 <300

2 Mesotrophic 12.5-25 300-625

3 Eutrophic 25-50 625-1250
4 Eutrophic 50-100 1250-5000
5 Hypereutrophic >100 >5000

5.2 Water profiles

The lakes and sea bays in the area are shallow; the deepest sampling point in the sea is
about 5 m whereas the depth at the sampling points in lakes varies between 0.5-2.5 m.
In situ measurements of different parameters were performed in profiles with interspaces
of 0.5 m throughout the water column at each sampling site. Water samples were taken
from the surface (0.5 m depth) as well as from approximately 0.5 m above the bottom.
Comparisons of data from different depths reveal, with a few exceptions, a non-
stratification status of the water, which is not surprising keeping in mind the limited
water depth. Temperature stratification may however occur during periods with ice
cover. If stratification occurs in the lakes during other periods, it is usually week

and stirring is easily induced by winds. In Figure 5-1 a comparison between water
temperature for bottom and surface water respectively is plotted, as an example of

this lack of stratification.
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Temperature difference between surface and bottom

Temp. diff. (°C)
o

—o— Parent Bolundsfj
—— Parent Eckarfj
4 i . . ) . H 1 L —o—Parent Fiskarfj

2002-02-13 2002-05-24 2002-09-01 2002-12-10 2003-03-20 —— Parent Lill-Fj
2002-04-04 2002-07-13 2002-10-21 2003-01-29 2003-05-09

Start Date

Figure 5-1. Difference between water temperature measured at the bottom and at the surface in four
lakes. Stratification of the water occurred during the winter and for Lake Lillfjirden also occasionally
during the spring.

The original results are stored in SICADA and data for modelling or other activities
should be taken from the database. The data concerning the field measurements can be
found with these Field Note numbers: Forsmark 7, 9, 16, 18, 23-25, 33, 36, 40, 43, 48,
51, 53, 65, 66, 83, 102.

5.3 Chemical analyses

The results of the chemical analyses are continuously stored in the database SICADA

as soon as they are reported from the consulted laboratories. Data available in SICADA
2003-04-01, regarding samples collected before 2003-03-01 are included in this report.
For some special analyses, as for example Carbon isotopes, the period between sampling
and completed analysis is very long. Therefore, the reported data sets were not quite
complete at the end of the investigation period. Missing data will be presented in
coming reports.

5.3.1 Major components

The results of the chemical analyses (major components) of samples collected from
March 2002 to March 2003 are compiled in Appendix 3.
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The fresh waters in the Forsmark area 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
show high Sodium chloride concentrations. In Figure 5-2 the different character of the
waters are represented by a scale from blue to red colour indicating low to high sodium
concentrations. The lakes represented by red and orange sampling points were shallow
bays less than one hundred years ago.

The high Calcium concentration and the high alkalinity are explained by weathering of
limestone rich till prevailing in the area. The Sodium chloride concentration in the lakes
and streams varies depending on the recentness of the contact with sea water. North of
Bolundsfjirden, the threshold towards the sea is low, and brackish seawater probably still
transgresses from time to time.

Generally, the amounts of ions in the fresh waters in the area are very high, especially
the Sodium chloride type of waters. The circle diagrams below show the proportions of
different major ions in lake water with a high sodium content (Figure 5-3) and in lakes
with a more normal sodium concentration (Figure 5-4). The proportions of major ions
in a lake situated in the Simpevarp area are given as a comparison (Figure 5-5). In this
surface water with a low amount of ions, the organic acids constitute about one third of
the negatively charged ions.
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Figure 5-2. Overview of sampling points. Type of water is indicated by a scale from blue to red for

waters with low and high Sodium concentration, respectively.
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PFMO000097, cations 6 meqv. PFM000097, anions 6 meqv

ONa OHCO3
BK |Cl

OCa Oso4
OMg DOorg acid

Figure 5-3. Example of ion charge balance in a lake in the Forsmark area periodically affected by sea
water (Norra Bassingen).

PFM000074, cations 4 meqv PFM000074, anions 4 meqv

BNa B@HCO3
BK ECI

OCa oso4
OMg DOorg acid

Figure 5-4. Example of ion charge balance in a lake in the Forsmark area with no recent contact
with sea water (Labbotrisket).

PSM002079, cations 0,7 meqv PSM002079, anions 0,7 meqv
ENa @HCO3
BK mCl
OcCa 0so4
OMg

Oorg acid

Figure 5-5. Example of ion charge balance in a surface water with a low amount of ions, i.e.
from a low-alkaline area. The diagrams are enlarged almost twice compared to the scale applied in
Figures 5-3 and 5-4 (Kvarnstugan, streaming water).

The brackish sea water sampled close to land in the Forsmark area display for sea water
typical proportions of the major components, except for the Calcium to Chloride factor,
se Table 5-1. The proportions of major components are known to be practically the
same in all sea water, independent of if the salt content is high or low (in the Atlantic
ocean as well as in the Baltic sea) /4/ /5/. The high and varying Calcium to Chloride
factor in the brackish sea water around Forsmark is probably due to the fact that the
sampling points are all situated close to land and affected by discharge of fresh water
with high Calcium concentrations. Besides Calcium, the calculated proportions deviate
less than +10% from literature values for the Baltic Sea. These smaller deviations are
not significant and can be explained by the size of the analytical error.

22



Table 5-1. Proportions of major ions in sea water and brackish water (literature
values and results from the surface water sampling activity in Forsmark)

Proportions Ocean water /4/ Brackish water, “PLU results”, brackish water, coastline outside
the Baltic sea /4/ Forsmark candidate areaAver. and stdev. of 122
samples
Na/Cl 0.556 0.556 0.550 £ 0.032
SO,/Cl 0.139 0.139 0.139 = 0.004
Mg/ClI 0.067 0.069 0.068 = 0.004
Ca/Cl 0.0216 0.0255 0.0355 + 0.0396

5.3.2 Nutrient salts, silicate and organic carbon

The data on “biochemistry related” components (nutrient salts, silicate and organic
carbon) obtained during the time period March 2002 to March 2003 are compiled in
Appendix 4.

5.3.3 Trace metals

The results of the trace metal analyses from the time period March 2002 to March 2003
are compiled in Appendix 6.

5.3.4 Isotope determinations

The results of the isotope determination from the time period March 2002 to March
2003 are compiled in Appendix 5 (Deuterium, Tritium, *O, "B/!"'B, **S, *’Cl, ¥Sr/*Sr,
BC and "C pmc) and Appendix 7 (U-, Th-, Ra- and Rn isotopes).

The results of the Carbon-14 determinations (pmc = percent modern carbon) is given in
the diagram in Figure 5-6. As can be seen, most of the samples show values well above
100%. Such high values indicate that the water has been in contact with the atmosphere
after the atmospheric tests of nuclear bombs performed from about 1950 and onwards.
Surface waters with a large proportion of precipitation will thus contain more than
100% pmc. Values below 100% may indicate discharge of groundwater.
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Figure 5-6. Results of C-14 determinations. Blue colour = lake sample, turquoise colour = sea sample,
yellow colour = streaming water sample

a)  PFEMO000084, 2002-04-17, surface sample

b) PFEMO000084, 2002-04-17, bottomn sample

¢ PFMO000071, 2002-04-16, surface sample

d)  PFMO000071, 2002-07-16, surface sample

e PFMO000071, 2002-08-13, surface sample

5.4 Quality of the analyses

5.4.1 Control analyses

Comparison of results from different laboratories and methods demonstrate that in most
cases the agreement is acceptable. Generally, the concentrations of each controlled
component agree to within 10%, although this is to a large extent depending on the
component in question and its concentration.

Two of the more important ordinary laboratories, i.e. Analytica (ICP) and Dept. of
System Ecology, Stockholm University (nutrient salts etc) have better detection limits
and show better accuracies compared to the controlling laboratories. The results from
the controlling laboratories are in those cases regarded as less reliable than the
corresponding results from the ordinary laboratory.

5.4.2 Charge balance errors

The charge balance errors give an indication of the quality and uncertainty of the
analyses of the major components. The relative charge balance errors are calculated for
the selected sets of data, see Appendix 3. The errors exceed + 10% in 9 cases out of 374,
if the incomplete data sets are excluded.
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As can be seen from the diagram in Figure 5-7 the number of samples with excess

of positive ions is slightly higher than those with a negative imbalance. Part of the
explanation could be that the negatively charged organic acids are not included in the
calculations of charge balance and may occasionally contribute with about 5% to the
negative equivalents.

Number of samples

Q S I N I S T R I T T S T N N N I I I B BN TR RN
\\Q\Q Q’Q %Q ,\Q "oQ 500 ,b(Q :50 q,Q \Q QQ \Q (I,Q er b‘Q 030 Q)Q ,\0 %Q Q‘Q\QQ
Relative charge balance error (%)

Figure 5-7. Distribution of ion charge balance ervors. The number of samples is plotted versus the
error range in percent. The total number of samples is 374.
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6 Future work

The surface water sampling program in its present form is planned to proceed during
two years. Later on the sampling is assumed to continue as a monitoring program. The
experiences from this first year have resulted in some modifications for the coming year.
The new program will be optimized for the two sciences, surface ecosystems and
hydrogeochemistry, separately. The main outlines are listed below:

Surface ecosystems program:
* Includes mainly “biochemical” components, iodide and trace metals.
* Proceeds the sampling program with the same frequency as before.

* Reduces the sampling to include only the surface sample (0.5 m) except if the water
is covered with ice. In those cases samples will also be collected from the bottom.

Hydrogeochemistry program:
* Includes major components, rare trace metals (as the lantanoids) and isotopes.

* Reduces the frequency to four times a year (The extent of the analyses varies and the
special and most expensive analyses are performed only once a year).

¢ Excludes C-13 and C-14 (pmc) isotope determinations the second year (except for a
few sampling points where the obtained pmc values were found to be less than 100%,
see Figure 5-5).

* Reduces the sampling to include only the surface sample (0.5 m) except if the water is
covered with ice. In those cases samples will also be collected from the bottom.

* Reduces the sampling by omitting some points.

One year is a too short time to draw extensive conclusions but the data gained show
some trends. As mentioned in Section 5.2 there is seldom any stratification of the water
column. This fact is the main reason for bottom water samples to be excluded when ice
1S not present.

The measurement sonds have been used for some months, and at the time of writing an
evaluation of the performance is proceeding. The evaluation includes investigations of
some instrument defects appearing during the measurement period as well as analysis
of the instrument quality. After completion of this work, it be decided if the same
instruments should be used further on, or if other solutions should be considered.
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Table A1-3. Changed laboratories during the time period March 2002 to March 2003

Component Initial laboratory* Present laboratory*
Alkalinity, pH, electric conductivity ~ Alcontrol, Linkdping Analyses on site
Oxygen Alcontrol, Link6ping Dept. of System ecology, SU
ICP-analyses of major cations, SLU, Lule& (control analyses) AnalyCen (control analyses)
environmental and trace metals
Anions and nutrient salts Alcontrol, Linkdping AnalyCen
(control analyses)
Carbon isotopes The Angstrém laboratory, Uppsala University of Waterloo
(*C and "C (pmc)) The Angstrém laboratory is used

for control analyses

Table A1-4. Reporting limits and measurement uncertainties

Component Method Reporting limits Unit Measurement “Total”
or range uncertainty 3 uncertainty *
HCO, Alkalinity titration 1 mg/L 4% Time delay
affects
the results
Cl- Mohr- titration > 70 mg/L 5% <10%
Cl- IC 1-100 6% 20%
SO, IC 1 mg/L 10% 20%
Br- IC 0.2 mg/L 9% 30%
Br ICP 0.001 15%
F IC 0.1 mg/L 10%
F Potentiometric - - 20%
I~ ICP 0.001 mg/L 15% 20%
Na ICP 0.1 mg/L 4% 10%
K ICP 0.4 mg/L 6% 20%
Ca ICP 0.1 mg/L 4% 10%
Mg ICP 0.09 mg/L 4% 10%
S(tot) ICP 0.160 mg/L 21% 20%
Si(tot) ICP 0.03 mg/L 4% 15%
Sr ICP 0.002 mg/L 4% 10%
Li ICP 0.2 22 mg/L 10% 20%
Fe ICP 0.4 42 mg/L 6% 10%
Mn ICP 0.03! 0.12 ug/L 8% 10%
Fe(ll), Fe(tot) Spectrophotometry 0.02 (DL=0.005 mg/L) mg/L 22% 30%
HS- Spectrophotometry SKB 0.03 (DL=0.002)
AnalyCen (DL= 0.003) mg/L 20% 30%
NO, as N Spectrophotometry 0.1 pg/L 2% 20%
NO; as N Spectrophotometry 0.2 pg/L 5% 20%
NO,+NOzas N Spectrophotometry 0.2 pg/L 0.2 (0.2-20 mg/L) 20%
2% (> 20 mg/L)
NH, as N Spectrophotometry 0.8 pg/L 0.8 (0.8-20 mg/L) 20%
5% (> 20 mg/L)
50 (SKB) 20%
PO, as P Spectrophotometry 0.7 pg/L 0.7 (0.7-20 mg/L) 20%
3% (> 20 mg/L)
SiO, Spectrophotometry 1 pg/L 3% (>200 mg/L) -
O, Jodometrisc titration 0.2—-20 mg/L 5% -
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Component Method Reporting limits Unit Measurement “Total”
or range uncertainty 3 uncertainty *

Chlorophyll a, ¢ See table A1-2 0.5 pg/L 5% -

pheopigment®

PONS® See table A1-2 0.5 pg/L 5% -

POP® See table A1-2 0.1 pg/L 5% -

POC* See table A1-2 1 pg/L 4% -

Tot-N¢ See table A1-2 10 pg/L 4% -

Tot-P® See table A1-2 0.5 pg/L 6% -

Al, Zn ICP 0.2 pg/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 ug/L 8% 209°

Ni ICP 0.05 ug/L 8% 209%°

P ICP 1 pg/L 6% 10%

As 1CP 0.01 pg/L 20% Correct order
of size

La, Ce, Pr, Nd, ICP 0.0051 0.052 pg/L 10% Correct order

Sm, Eu, Gd, of size

Tb, Dy, Ho, Er,

Tm, Yb

Sc, In, Th ICP 0.05" 0.5 pg/L 10% Correct order
of size

Rb, Zr, Sb, ICP 0.025" 0.252 pg/L 10% Correct order

Cs, Tl of size

Y, Hf ICP 0.005" 0.052 pg/L 10% Correct order
of size

u ICP 0.001" - pg/L 12% Correct order
of size

DOC, DIC See table A1-1 0.1 Mg/L 20% 50%

TOC See table A1-1 0.1 Mg/L 20% 50%

H MS 2 %o dev  1%o0 -

SMOW
80 MS 0.1 %o dev  0.2%o0 -
SMOW

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

37Cl ICP MS 0.2%0 (20 mg/L) SMOC - -

8C A (MS) 0.3% PDB - -

“C pmc A (MS) 0.3% PMC - Correct order
of size

348 ICP MS 0.2%o0 0.3%o0

87Sr/%6Sr TIMS - - - -

°B/'"'B ICP MS - - - -

234y, 281, 8,  Alfa spectr. LSC 0.5, °Rn & ??°Ra 0.1 Bqg/L 0.05 Bq/L Correct order

232Th 230Th
222Rn" 226Ra,

of size

1Salt < 0.4% (520 mS/m)
2Salt < 3.5% (3810 mS/m)

8 Measurement uncertainty reported by consulted laboratory

4 “Total” uncertainty estimated by experience (includes sampling and sample handling)

5 Valid for surface water samples collected by metal free “Ruttner sampler”, filtered and acidified in the field.
The risk of contamination varies depending on sampling method.

¢ Determined only in surface waters and near surface groundwater
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Table A1-5. Consulted laboratories, full name and address

Asp6 waterchemical laboratory (SKB)
Mobile field laboratory, Forsmark (SKB)

Inaindéritoimisto

Paavo Ristola Oy
Teollisuus-ja
Voimalaitoskemia
Rajantorpantie 8, C-talo
01600 Vantaa
FINLAND

Dept. of System ecology
Stockholm University
10691 Stockholm

Analytica AB
Aurorum 10

977 75 Luled
(Nytorpsvigen 16
Box 511

183 25 Taby)

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 Kieller

NORGE

AnalyCen Nordic AB
Box 905
531 19 Lidkdping

The Angstr('jm laboratory
Box 534
Se-751 21 Uppsala

Environmental research laboratory (SLU), Lulea

Alcontrol
Box 1083
581 10 Linkdping
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Appendix 2

Field measurements
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Appendix 3

Water composition, compilation of major/basic components
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Appendix 4

Nutrient salts, silicate and organic carbon
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Appendix 5

Isotopes I, compilation of H-, O-, B-, S-, Cl-, Sr- and
C-isotope data
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Appendix 6

Trace elements, compilation of trace metals including
Lantanoids, Uranium and Thorium etc
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Appendix 7

Isotopes Il, compilation of U-, Th-, Ra- and Rn-isotope data
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