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Abstract

The present report documents the first year of the hydrochemical monitoring programme for
near surface groundwaters in Forsmark comprising the sampling period July 2005 to April 2006.
Sampling and analyses of water from a total of five shallow soil monitoring wells, three private
wells, and one BAT-pipe is performed four times a year. The objectives are to characterise near
surface groundwaters down to the bedrock, understand natural variations and identify eventual
changes in the water composition due to other activities in the area. The sampling objects are
mainly located within the prioritised target area at the Forsmark site.

The activity included field measurements of redox potential (ORP), pH, dissolved oxygen,
electrical conductivity and water temperature, as well as chemical analyses of major
constituents, nutrient salts, trace metals and isotopes.



Sammanfattning

Rapporten dokumenterar forsta aret av det hydrokemiska dvervakningsprogrammet for ytnéra
grundvatten i Forsmark och omfattar provtagningsperioden juli 2005 till april 2006. Provtagning
och analys av vatten fran totalt sex jordborrhal varav ett av dem utrustat med BAT filterspets
och tre privata brunnar utfors vid fyra tillfallen per ar. Syftet ar karakterisera ytnéra grundvatten
ner till berggrunden, forstd naturliga variationer och identifiera eventuella fordndringar i vatten-
sammansattningen pa grund av ovriga aktiviteter i omradet. Provpunkterna &r huvudsakligen
lokaliserade inom prioriterat omrade for ett eventuellt djupforvar.

Aktiviteten omfattade faltmétningar av redox potential (ORP), pH, 16st syre, elektrisk konduk-
tivitet och vattentemperatur samt kemiska analyser av huvudkomponenter, nérsalter, organiska
kolforeningar, sparmetaller och isotoper.
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1 Introduction

This document reports performance and results from the first year of the hydrochemical
monitoring programme for near surface groundwaters, which is one of the activities performed
within the site investigation in Forsmark /1/. The work was conducted according to the activity
plan and method documentations listed in Table 1-1. Both activity plan and method descriptions
are SKB’s internal controlling documents. The report presents hydrochemical data from shallow
soil monitoring wells, a pipe equipped with a BAT-filter tip (special sampling system described
in Section 4.3) and private wells. The obtained data from the activity are reported in the
SICADA database and are traceable by the activity plan number.

All the different sampling objects (soil monitoring wells and private wells) are listed and
described in Chapter 2 and a map showing their location is presented in Figure 2-1.

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

Activity plan Number Version
Hydrokemiskt dvervakningsprogram for ytnara AP PF 400-05-080 1.0
grundvatten, juni 2005 till juni 2006.

Method descriptions Number Version
Metodbeskrivning for ytvattenprovtagningar vid SKB MB 900.004 2.0

platsundersokningar.

Matsystembeskrivning for YSI. SKB MD 910.003 1.0
Multiparametersystem for vattenmatningar.

Provtagning och provhantering. SKB MD 452.001 3.0




2 Sampling objects

The monitoring programme for near surface groundwater includes six selected monitoring
wells/stand pipes of the following types:

1. Stand pipe (made of HDPE) located close to the drill sites, SFM0001, see Appendix 1 for
design, Figure A1-1.

2. Double stand pipes (made of HDPE), where one of the pipes is equipped with a permanently
installed sensor for logging the groundwater pressure, SFM0032, SFM0037 and SFM0049.
The other pipe is intended to collect water samples for chemical analyses, see Appendix 1 for
design, Figure A1-2.

3. Stand pipe located in Lake Bolundsfjarden, SFM0023, were the pipe is installed in the
sediment below the water layer. The pipe is made of ordinary, non-stainless iron, see
Appendix 1 for design, Figure A1-3.

4. Pipe with BAT-filter tip, SFM0051, as described in Section 4.3.

For pipe types 1) to 3), the positions of the filter/screen part, and for type 4) the position of the
BAT-filter tip, correspond to the upper and lower section limits (SECUP and SECLOW) in the
SICADA database. The section limits refer to the top of the stand pipe (Top Of Casing or TOC).
Furthermore, three private wells are included in the monitoring programme.

The locations of the different sampling objects are shown in Figure 2-1 and listed in Table 2-1.
Total depths and filter/screen depths, as well as coordinates for the different stand pipes, are
given in Appendix 1 together with outlines of the different pipe types.

Table 2-1. List of sampling objects, type of sampling and type of object.

Idcode Comments on sampled object Type*
SFMO0001 Stand pipe connected to drill site A
SFM0023 Stand pipe in sediment below water surface C
SFMO0032 Double-pipe for chemistry B
SFMO0037 Double-pipe for chemistry B
SFMO0049 Double-pipe for chemistry B
SFMO0051 BAT-system, drill site 1 D

* Code used to distinguish between different types of soil monitoring wells/stand pipes included in the monitoring
programme, see Table 5-1 and Appendix 1.
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3 Objectives and scope

Near surface groundwaters are investigated in order to increase the understanding of processes
that occur at the interface between the geosphere and the near surface ecosystem. Furthermore,
sampling and analyses of groundwaters from shallow monitoring wells may be used to identify
discharge areas.

The completed two year long extensive sampling campaign in order to characterise near surface
groundwaters in different types of environments within the candidate area /2/ was followed by a
reduced monitoring programme which started in July 2005. This programme includes sampling
four times per year in five soil monitoring wells (stand pipes) and one pipe equipped with a
BAT-filter tip, all in the prioritised north-western part of the candidate area. Furthermore, three
private wells are included to check the drinking water quality (sampled once during the year).

The sampling of private wells is mainly performed in order to obtain initial information on the
drinking water quality and to monitor eventual changes in the water composition during the
site investigation period. The private well data are of limited use for the chemical modelling as
they are more or less affected by human activities. However, some additive information on the
salinity distribution in the candidate area may be gained.

Besides the general objectives, the soil monitoring wells that are located in the vicinity of the
drill sites are also monitored in order to identify eventual changes in the water composition
due to drilling activities. The changes may be caused either by altered hydraulic conditions or,
however more unlikely, by contamination from fuel or lubricants for example.

The activity implies water sampling for chemical analysis as well as direct measurements in the
field of parameters such as ORP (redox potential), pH, dissolved oxygen, electrical conductivity
and water temperature. The analytical protocol includes major constituents, nutrient salts, silica,
carbon species as well as isotopes and trace metals, see Tables 5-1 and 5-2.
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4 Equipment

41 Sampling equipment

Groundwater samples from the shallow soil monitoring wells/stand pipes and natural wells
were collected using four online pumping setups, each one consisting of a submersible electrical
pump (12 V, Awimex) connected to a 10-20 m long polyamide-tube (Tecalan) of 8 mm
diameter. The inner metal part of the pumps was coated with Teflon. Manually operated electri-
cal regulators (powered by 12 V, 7 Ah cells) were used to adjust the water flow to a maximum
of 1 litre/minute. Disposable filters (Millipore, 0.45 pm, @ =22 mm) were fitted directly to

the tube from the pump when collecting the sample portions for trace metals and ferrous iron.

A separate sampling set-up was used for the stand pipe in the lake Bolundsfjérden, as this pipe
was made from ordinary iron, in order to minimise the risk to contaminate other samples.

4.2 Multi-parameter sondes

Field measurements were performed with two multi-parameter sondes (YSI 6600 EDS and

YSI 600 QS). A terminal (YSI 650 MDS) is connected to each sonde through a cable for
logging data, Figure 4-1. Calibration of the sondes was conducted according to the measurement
system description SKB MD 910.003, see Table 1-1. The measured parameters in near surface
groundwaters included pH, water temperature, oxygen, ORP (redox potential) as well as
electrical conductivity and were conducted in a simple flow-through cell constructed from a
plastic bottle. The upper part of the bottle fitted tightly to the sonde and had a narrow outlet for
the circulating water.

Terminal
650-
MDS

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

YSI 600
QS

5

YSI
6600
EDS

=

Figure 4-1. Details of the measurement sonde.
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4.3 BAT-equipment

Water sampling in the stand pipe equipped with a BAT-filter tip was performed by a GeoN
BAT-type groundwater sampler. The sampler carries an evacuated and hermetically closed glass
sample container (500 mL) and a vial. The vial is fitted with a cap with a rubber disc, similar to
the disc in the filter tip. The needle of the sampler, which is “double-ended”, penetrates through
the two rubber discs, thus connecting the filter tip to the vial cap, see Figure 4-2. Due to the
vacuum in the vial, water will be sucked from the aquifer, through the filter and the needle, into
the vial.

Wi

i;::'_‘:-'-""’ Ciantainer housing
T
=

A=
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cantainer frial)

Flezible disc of mbbar

Flesible disc of mbbar

Esxtension pipe

Fitter

Fittar tip

Figure 4-2. Outline of BAT-sampler system and the BAT-filter tip.
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5 Performance

5.1 Sampling programme
Sampling scheme

The sampling scheme for the sampling programme is given in Table 5-1. Bottles filled and
analysis performed according to the different SKB chemical classes (class 3 and class 5,
respectively) are summarised in Table 5-2. Omitted sampling objects and the reasons for
deviation from the sampling scheme are given in Table 5-2.

Presampling preparations

Prior to the sampling campaign, sample bottles were cleaned, labelled and packed in insulated
boxes/bags according to established routines (SKB MD 452.001, see Table 1-1). Acid additions
were made in advance in the bottles intended for trace metal analyses. The different pumping
setups were washed and rinsed with deionised water before use and all parts of equipment
were kept well protected in plastic bags or in tight containers. The disposable filters (Millipore,
0.45 pm, @ = 22 mm) were rinsed with deionised water and placed in plastic bags to prevent
contamination. Calibration of the sonde was performed according to the measurement system
description SKB MD 910.003.

Sampling and measurements

The groundwater sampling procedure as described below was generally applied in groundwater
pipes and wells, except for the BAT-pipes and the drilled private wells where the water was
collected directly from the tap.

Table 5-1. Sampling scheme July 2005-April 2006.

Year Month Week Sampling object* Sampling and analysis class and options
2005 July 28 Shallow monitoring wells, A, B SKB class 5
Shallow monitoring wells, C SKB class 3 and isotopes
BAT-pipe, D SKB class 5
2005  October 40 Shallow monitoring wells, A, B SKB class 5
Shallow monitoring wells, C SKB class 3 and isotopes
Private wells Drinking water
BAT-pipe, D SKB class 5
2006 January 4 Shallow monitoring wells, A, B SKB class 5
Shallow monitoring wells, C SKB class 3 and isotopes
BAT-pipe, D SKB class 5
2006 April 16 Shallow monitoring wells, A, B SKB class 5
2006 May 18 BAT-pipe, D SKB class 5

*The sampling object types A, B, C and D are defined in Table 2-1.
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Table 5-2. Sample portions/bottles and preparation procedures for class 3 and class 5 /1/.

Bottle volym Number  SKB Components Preparation Filling
(mL) of bottles label instructions
125 1 Red ICP; cations and S, Si  Acid addition (1 mL conc. HNO;) Fill up
Filtering with syringe/0.45 pm
100 1 Green Br, | Fill up
250 2 Green  Alkalinity, pH, Electric — Fill up
conductivity
Anions (Br, SO,, CI, F)
25 4 Green  Ammonia, NOx, Filtering with syringe/0.45 pm filter
Silicate
100 1 Green  Tot-N, Tot-P - Fill 80% of
the volume
50 1 Green TOC - Fill 80% of
the volume
50 2 Green DIC/DOC Filtering with syringe/0.45 um filter ~ Fill 80% of
the volume
500 1 Green  Tritium - Flow over
x3
100 1 Green  Deuterium, O-18 - Fill up from
bottom
Winkler 2 Green HS 1 ml 1M ZnAc + 1 ml 1M NaOH Flow over
bottles and mix x3
100’ 1 Red ICP; cations and S, Acid addition (1 mL conc. HNO;) Fill up
Si, Br, |. trace metals, Filtering with 0.45 pm filter
1OB/11B
250 1 Red Fe(ll)/Fetot Acid addition (2.5 mL conc. HCI) Fill up

Filtering with 0.45 um filter

Same bottle as the first SKB class 3 one. Analyses of trace metals Al, As, Ba, B, Cd, Co, Cr, Cu, Hg, Mo, Ni, P,
Pb, V, Zn, Sc, Rb, Y, Zr, Sb, Cs, La, Hf, Tl, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, U, Th.

Class 3 and 5

Class 5

First, the groundwater level in the pipe was established by sounding and the water volume of
the pipe was calculated. The pump with its tubing was lowered carefully in order to prevent dirt
from entering the pipe. The water inlet of the submersible pump (Awimex) was lowered to the
filter/screen section of the pipe or just above. Pumping was then performed at a maximum flow
rate of one litre per minute. The pumped water was disposed of at least 10 m away from the
sampling object were it infiltrated back into the ground. The pumping phases were as follows:

» Exchange of water volume in pipe and tubes: The water volume was exchanged three to five
times (depending on the exchange/recovery time) prior to the actual sampling.

» Sampling: All sample bottles, except the ones with added acid, were rinsed three times with
pumped water. Disposable filters were used for filtration of water portions for trace metals,
Fe(+1I) and DOC/DIC. The filters were fitted directly on the outlet tube from the pump. Each
filter was rinsed with sample water (approx. 30 mL) before the sample portion/filtrate was
collected. The bottles containing acid were the last ones to be filled in order to prevent acid
contamination in the other sample portions. Disposable plastic gloves were used during the
sampling. The samples were transported back from the field in insulated bags.

» Field measurement: A flow-through cell was connected to the pumping setup and measure-
ments were performed with the sonde (YSI 600 QS). The results were recorded when the
electrodes and sensors in the flow-through cell showed stable values (minimum 10 minutes).
A judgement of the plausibility of the values was made in the field and accepted values were
noted in the field protocol.
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Table 5-3. List of collected samples during the period July 2005 to July 2006 and reasons
for sampling failures.

Id code Name Weekl/year Sum (X)
28/05 40/05  4/06 16/06  29/06

Sondes

YSI1 600 QS X X X X X

Soil wells

SFM 0001 Drill site 1 X X X X X 5

SFM 0023 Bolundsfjarden X X X A X 4

SFM 0032 SV - Bolundsfjarden X X X X X 5

SFM 0037 N - Bolundsfjarden X X X X X 5

SFM 0049 Bostadsomradet X X X X X 5

Private wells

PFM 000001 - X 1

PFM 000009 - X 1

PFM 006382 Tixelfjarden X 1

Sum (X) 5 8 5 4 5 27

X = Collected sample.
A = No sample, due to no access, weak ice.

Sampling performance using BAT-system

Sampling of the BAT-filter tip pipe followed the sampling scheme for the ordinary shallow soil
wells with a few days delay. The approximate time to fill one 500 mL container in SFM0051
was 15 minutes.

A total of four sample containers were filled from the BAT-pipe in order to obtain enough
water for the analyses. The use of the sample volumes and the analyses performed are listed
in Table 5-4.

5.2 Sample handling and analyses

Measurements/analyses of pH.), electrical conductivity,, and alkalinity as well as spectro-
photometric analyses of total iron and ferrous iron (Fe+II) were conducted immediately at the
site in the mobile field laboratory. An overview of sample treatment and analytical routines for
major constituents, minor anions, trace metals and isotopes is given in Appendix 3. The routines
are applicable independent of sampling method or type of sampling object.

Table 5-4. Sample containers and analyses.

Sample Analyses and determinations Total
container no. volume
1 Chloride, bromide, fluoride  Alkalinity titr, pH and EC. o%H, "0 450 mL
and sulphate by IC. (150 mL) (100 mL)
(200 mL)
2 Tritium Approx.
(500 mL) 500 mL
3 Fe (+lI), (Fe(tot) Major constituents, trace elements, 5 mL of HClwas 175 mL
(50 mL) 1°B/"B, U-isotopes by ICP AES/MS added to the
(125 mL) container prior to
sampling.
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5.3 Data handling

The following routines for quality control and data management are generally applied for
hydrogeochemical analysis 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 as a standard procedure on each
fifth or tenth collected sample.

All analytical results were 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%).

/ (%) =100 Z cation(equivalents) — Z anions(equivalents)
rel error(%) =100 x

z cation(equivalents) + z anion(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. 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 5-1.

5.4 Nonconformities

Two nonconformities occurred during the time period concerned.

* Weak ice on Lake Bolundsfjdrden in April made it impossible to reach stand pipe SFM0023
and therefore there is no collected sample in spring.

* By mistake, trace element analyses were not requested from the consulted laboratory at the
first sampling occasion in July. Therefore these data are missing.
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Figure 5-1. Overview of data management for hydrochemical data.
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6 Results

6.1 Field measurements

The results from the field measurements on pH, electrical conductivity, dissolved oxygen, water
temperature and redox potential (ORP) are presented in Appendix 3.

pH-measurement

Field measurements of pH are plotted against the corresponding laboratory values in Figure 6-1.
Some deviation is reasonable considering the change of water temperature, change of pressure
and the time delay prior to the laboratory measurement. However, in a few cases, the disagree-
ment seems to be greater than expected.

Electrical conductivity

Electrical conductivity field values are plotted versus corresponding laboratory values in
Figure 6-2 and show good agreement.

Dissolved oxygen

The measurements of dissolved oxygen were checked in April 2005 by comparison to results
from laboratory analyses /2/. This control showed that, generally, the field measurement values
were somewhat higher, especially at oxygen concentrations below 4 mg/L. Field measurements
of dissolved oxygen are presented in Appendix 3.

ORP-measurements and redox conditions

ORP-measurements (Oxidising-Reducing Potential) have been conducted using the multi-
purpose measurement sonde. The recorded ORP-values should be used with great caution and
merely considered as an indication of the redox conditions in the waters. Measured ORP-values
are presented in Appendix 3.

*
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o
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6 ‘ ‘ ‘
6 6.5 7 7.5 8
pH_L

Figure 6-1. Field-pH (pH_F) values versus laboratory-pH (pH_L) values. Field-pH and laboratory-pH
values are measured at prevailing water temperature and at 25°C respectively.
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6.2 Water analyses

Basic components

The basic water analyses include the major constituents Na, K, Ca, Mg, Sr, S, SO,*, CI, Si
and HCOs™ 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 in Appendix 4, Table A4-1.

The charge balance errors give an indication of the quality and uncertainty of the analyses of
major constituents. The errors exceed the acceptance limit + 5% slightly in two cases out of
23 samples. Furthermore, duplicate analyses by a second laboratory or another method are
conducted regularly for some of the analysed constituents. Comparison between results from
different laboratories and/or methods shows that the agreement is acceptable in most cases
(within = 10%).

The chloride concentrations are plotted against the corresponding electrical conductivity values
in Figure 6-3 as a rough check and the data agree well with a thought regression line.

The bromide analyses are often uncertain, for example the detection limit of bromide by ion
chromatography (< 0.2 mg/L) is often too high for fresh waters. Therefore, duplicate analyses
by ICP (bromine) have been performed on most samples. Selected bromide/bromine values
for each sample are plotted against the corresponding chloride concentrations in Figure 6-4
as a consistency check.

Sulphate by ion chromatography and sulphate calculated from total sulphur by ICP are
compared in Figure 6-5 showing a satisfactory agreement.
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Figure 6-4. Bromide concentrations versus chloride concentrations. Bromide concentrations below
the detection limit (< 0.2 mg/L) are plotted as zero (IC-method).
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Figure 6-5. Sulphate (SO, by IC) versus sulphate calculated from total sulphur (3xSO,S) by ICP.

Total silicon concentrations by ICP, and SiO, as silicon concentrations (SiO4-Si) by spectro-
photometry, are compared in Figure 6-6. Also here the values diverge, but somewhat higher total
silicon concentrations may be expected/explained.

The iron concentrations determined by ICP-AES (total Fe) and by spectrophotometry (Fe(+1I)
and Fe-tot) are compared in Figure 6-7. The total iron concentrations determined by ICP agree
well with the results obtained by spectrophotometry.

Drinking water quality (private wells)

Data on drinking water quality parameters/components for the investigated private wells are
presented in Appendix 4, Table A4-2.
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Figure 6-6. SiO,-Si determined by spectrophotometry versus total Si analysed by ICP.
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Figure 6-7. Comparison of iron concentrations obtained by ICP and by spectrophotometry (Fetot and
Fell).

Surface water supplements

Shallow groundwater analysis includes the surface water supplements/options NHs; N, NO, N,
NO;_N+NO, N, NO; N, tot-N, tot-P, PO, P, TOC, DOC and DIC. The analytical data are
compiled in Appendix 4, Table A4-3. The DIC values should be used with care and bicarbonate
values (by alkalinity titration) are considered more reliable.

The concentrations of the different nitrogen, phosphorous and carbon compounds are expected
to show seasonal variation depending on decomposition processes and the presence of oxygen.
However, this variation is more pronounced in surface waters than in the present shallow
groundwaters. Figure 6-8 show the variations of total nitrogen, ammonium and phosphate in the
sampled groundwaters.

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. From the sampling conducted in January 2006 the element Nb are included (by
special request). The trace element data are compiled in Appendix 4, Table A4-5 and A4-6.

These elements are generally present at low concentrations in the groundwater and the risk for
contamination is high. Especially data on common metals such as Al, Cr, Cu, Co, Ni and Zn
must be used with caution. Generally, the borehole data conform well but outliers exist.

Isotopes

Isotope determinations include the stable isotopes 6D, 6'*0 and '"B/!'B as well as the radioactive
isotope Tr (TU). The isotope data are compiled in Appendix 4, Table A4-4.
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Figures 6-8. Ammonium, total nitrogen and phosphate concentrations versus sampling date. Note that

phosphate concentrations refer to the secondary Y-axis.
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7 Summary and discussion

The chemical investigation routines for near surface waters are well established after more than
three years of field work, reporting and data administration. This first year of the long-term
hydrochemical monitoring programme, that succeeded the previous more extensive two

year long characterisation campaign for near surface waters, has passed without any major
nonconformities or surprises.

The main experiences and conclusions from near surface water sampling and analyses since
July 2005 are summarised below:

* The statements/findings regarding the character of the near surface waters after this third
year of sampling and analyses remain unchanged.

* The ORP measurements seem to reflect the redox situation in the near surface waters.
However, due to high measurement uncertainty, the actual ORP-values should be used with
caution.

* Some trace element data from soil pipes SFM0001 and SFM0051 show deviating high
values most likely due to contamination. The elements concerned are aluminium, cupper,
nickel and zinc. Soil pipe SFM0051 is equipped with a BAT filter tip but this condition was
rather expected to prevent than to cause contamination, and the results from this pipe are
hard to explain.
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Appendix 1

Sampling objects; coordinates and installation designs

Table A-1. Sampling object coordinates, depth to the upper (Secup) and lower (Seclow)
limits of the filter sections and total depths.

Sampling object* Coordinates (RT90-RHB70)** Depths
Id code Northing Easting Elevation Secup***  Seclow*** Depth****
(m) (m) (m.a.s.l.) (m) (m) (m)
SFMO0001 6699713 1631335 1.1 3.95 4.95 4.95
SFM0023 6698983 1632064 1.1 4.42 5.42 5.42
SFM0032 6698838 1631726 1.6 3 4 5
SFMO0037 6699992 1631744 15 2 3 4
SFM0049 6700028 1630533 4 4 5 6
SFMO0051 6699600 1631488 2.2 5.02 5.18 5.27
PFM000001 6697373 1634709 - 45 - -
PFM000009 6698227 1634724 - 70 - -
PFM006382 6698691 1634249 - - - -

* The designs of the different types (A, B and C) of monitoring wells/stand pipes are presented in Figures A1-1
to A1-3. Typ D = BAT filter tip installation is described in Section 4.3.

** Northing, easting and elevation for the reference point TOC (Top of Casing).

*** SECUP = length from TOC to filter/screen part of the pipe (upper section limit).

*** SECLOW = length from TOC to end of filter/screen part of the pipe (lower section limit).
**** | ength/depth of casing/pipe from TOC.

31



Reference point

SFM0001 i__ Stainless steel cover

Stainless steel protection pipe @y =168 mm

- Sand: Radasand, 1-3 mm

' Bentonite: SG40 Volclay

@y = 63 mm (riser pipe)
@i =50 mm (riser pipe)
@ = 168 mm (borehole)

Rock surface at 4.80 m

Installation date: Reference point

2002-05-23 Northing: 6699713.313 (m), RT90 2.5 gon V 0:-15
Easting: 1631335.440 (m), RT90 2.5 gon V 0:-15
Elevation: 1.104 (m), RHB 70

Figure Al-1. Design of an A-type, drill site connected shallow soil monitoring well (SFM0001).
The filter/screen section is placed at the bottom of the pipe. Note that all length information given
in the database SICADA refers to the reference point as zero point.
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SWECO VIAK FORSMARK Borehole SFM0031

Company rep. Coordinate system - RT B0 2.5 gon W D:-15 Top of stand pipe ;283 mas)
:RHB 7O Ground elevation 174 masl
Nils Lindgvist and Mesgena Gebrezghi Marthing - GECAE 50 Tetal pipe length
Easting - 1631881.094 Groundwater lewvel
Client: Svensk Karnbranslehantering AB Diate of completion

Deptn | Elew.
(my |[m.asd) Description

~ Lid Borehole Construction
(determined in field) =l

= Information

Samples®

B
LY

- Grouting
- or o =oi i Driling method * Air rofary-casing driver

7 erganic seil Borehole diameter 115 mm

Cover pipe Sampling methed  © Auger

COVER PIPE
_ : Materis : Sfainfess stes
till _¥ | nner dameter :
Cluter diamater
T+ 4 Total length
i CASING

gravel (washout)

B F—EBentanite

ameter
. Cluter diameter
b P—Casing Total length
SCREENM

_ Matenal
nner dameter
Cluter diameter
Total length
Slot

[X]

SUMP

Materia

nner diameter
Cuter diameter
B Total length
SAMD PACK
Gram size :0.4-0.8 mm
Total length :3.0m

I ANNULUS SEAL

B Matera : Bentonite clay

2| T =cr==" Total length 11.8m

L
|
ra
]

L
i

4 —Sand pack

J bed rock —

]

H—Sump

5—

"SICADA Field note 103

Figure AI-2. Design of a B-type, double stand pipe for sampling of water. The filter section is placed
one metre up from the bottom of the pipe. Note that all length information given in the database
SICADA refers to Top Of Casing as zero point.
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SWECO VIAK FORSMARK Borehole SFM0012

Company rep. Coordinate system - RT 80 2.5 gen W 015 Top of stand pipe 2833 masl
Water elevation 1.83m.asl
Mattias Helmersson and Pairik Schmutzer | nNorhing Total pipe length SB35 m
Easting GFroundwater level 1.88 m.a.sl
Client: Svensk Karnbranslehantering AB Cate of completion  : 2003-02-24
Ceptn | Elew. .
m) [im.asd Description Borehole Construction
{determined in field) = Information
7 water Drilling method : Hamimer
_ CASING
- Materia : Stee
. Inner diameter :51.3 mm
i Ciuter diameter :
] dy Tedal length
45 SCREEN
T Materia : Stee
1 Inner diameter : 80.3 mm
4 Cuter diameter :51.3 mm
i Total length 1.00m
i Perforated : 100 openings/ 1 m
4 Cpening gmm
1o
2__ — Casing
4 silt
__ clay
-1
= till
T-2
4_
: = 4.33
: — Screen
T-3
f‘_
— 5.33
bed rock

Figure AI-3. Design of a C-type, stand pipe in sediment layer below open water. Note that all length
information given in the database SICADA refers to Top Of Casing as zero point.

34




0005001 nzpewiys

beq paje|os!

awi JojesAjeue uoqie) ul payodsuely G2 uogJe) oluebioul panjossIp
uonjeuodsuel; Joys Y| ‘uonepixo AN ‘usazol4 SOA 001 onseld 2l1a ‘Doa ‘uogle) oluebio panjossiq
Ul ‘n ‘n‘gA ‘wl 43 ‘oH ‘AQ
SIN-dOI (poysem ‘gl ‘P ‘N3 ‘WS ‘PN ‘Id ‘@D ‘IL
(puow) eonlo 10N SAV-dOl  (|ONH TW L) seA SO 00l pIoy) onseld  JH ‘87 'SD ‘qS ‘I 4Z ‘A ‘dY ‘0§ U0 OS pue Y] ‘N ‘splouejuer]
SIN-dOI (paysem uz ‘A‘dd ‘d ‘IN ‘0N ‘BH
(Yyuow) [eoRLIO JON S3IV-dOl  (*ONH W |) S8 SOA 00} py)onseld  ‘nd 4O ‘0D ‘PO ‘g ‘ed 'SV IV s|ejow [ejuswUOIIAUT
sAep
M3} B ‘PBAIaSU0d oyuz NI W |
# 1o Ajsjelpswiw| Anpwojoydosoads  +HOEN L W | ON ¢x0Z)Inoqy  (J8PuIpn) sse|D -SH apiydins uaboipAH
Aep swes ay} poyjlaw auizole (paysem
8|gissod se uoos sy Anowojoydonoads  ((JOH W G'2) SOA SOA 0S2 pIoy) onseld (3on)ed ‘(I)o4 (3on)od ‘(11)od
(proy oy ul
SIN-dOI Aleyeipawwi) (poysem 1S ‘I ‘U ‘ed G pue  Ssejo gys 0}
(Upuow) [eon10 JoN S3V-dOl  (|ONH TW |) S8A SOA 00l pIoy) onseld ‘(Jonis ‘(1o1)s ‘BN ‘BD M ‘eN  Buipiodoe g pue IS ‘suole)
(semog paysem
SN-dDI  (*ONH Tw | ‘pIaY (proy ayy proe "ouod SISy € SSe|o gys 0}
(upuow) [eon10 JoN S3v-dol 8y} U Jou) SeA urjou) seA (o[0] Mo je) olse|d ‘(Jonis (1o1)s ‘BN ‘BD M ‘eN  Buipiodoe g pue IS ‘suole)
(p1oy ayy
(Wpuow) [eonlo JoN SIN dOI ON urjou) soA 001 opseld | g
(-4) 381
(-4 ‘49 ‘v0Os “-12) 2l (p1oy oy
(yyuow) [eoRLIO JON (H1D) uonemy | ON ur jou) seA 00} onseld -1'-4°49 *0S ‘10 g suoluy
sinoy g seaw "puod (qey) puod
wnwixew — ‘seaw 'j0d (p1oy oy (qefHd
Aep awes ay uonesy | ON ur jou) seA 0s2 onseld *OOH | suoluy
‘ge| 03 awi} AiaAlep LUol}eAIasuod () (jer93eW)
10 — ulypm sisAjeuy poyjaw sisAjeuy Juoneiedaid Bunayi4 awnjop Jaulejuod sjdweg juswdjdusuodwor dnoub jusuodwo)

Z Xipuaddy

‘spoyjaw [eonjAjeue pue sauiynoa Buijpuey ajdwesg -zv a|qel

spoyjaw |eanAjeue pue buijdwesg

35



aw wxAlO}EIPBUILI (p1oy onseld oIS
uoneuodsuel) Loys Aiyawojoydosjoadg uszol} ‘ON ay} ul) SOA xS ‘sogqny} s|dwes  “*Od ‘YHN ‘“ON+°ON “ON “ON 2)eol|Is + }|es JusunN
(18bueyoxe
uojue) SpIoe JIA|N} pue
shep ma} v SIN(Y) - - -  @so|n||go 3y3d (owd) Oy, ‘e, olwny ui sedojos uogled
Jaujeuoo
9z99J) Ul obeI0)S - ON SOA +CXx0G2 olse|d —  pioe Jnoyum sajdwes aAIyoIy
Jauiejuoo (proe
9z99J) Ul 9bel0)g —  (ONH 7w L) SeA SOA «+Zx00lL Ul paysem) ise|d - p1oe yum sajdwes aAlyoly
sa[poq onseld
u| pa}o9||02
Jodsueyy sjeipaww|  (DOA) H| ‘UoiBpIXO AN asaydsowieN - 0s2 aJe suoljoel uoljeuonoel4 SpIoE JJA|N} puUB dIWNH
S-dOI wrl o' pue J8l (mojeq o9s)
Jodsuel) ajeipaww| S3v-dol alsydsowie N - 20°Sy0 ajeuoqJeskjod uoljeuonoel) pue sauas Ja)|i4 sploj|0D
|o3}s ssajulels BHED “HO "H%D “H“D (uonisodwoo
yodsuel sjeipawiw| 09 ON ON 00¢ jo Jepuljhg ‘00 “H "HO “0 “090 “N W pue jusjuoo) seb paajossiq
yodsuel ajelpawiw| 002-ad ‘va3 ON ON 000°} onseld BYgzz ‘Uzzz  Sd0JOSI Winipey pue uopey
Hwij oN SIW—dOlI (FONH W 1) saA SOA (0[0]2 olseld o sadojos| uolog
Answonoads ewweb sadojos|
JwiON /eyl ‘yeledss |eojwayd - foN 000°} olseld ULoez ‘Neez ‘Noez wnuoy] pue wniuein
Yoam Jo sheq SINIL - SOA 00l oliseld IS9e/1S .8 sadojos|-wniuong
jwij oN SIN ‘uonsnquio) - SOA 000°L—00S olseld Sre sadojos| unyding
shep maj v SN(V) - ON Zx001 (umouq) ssejn On "Oer sadojos| uogled
SW - oN 00l LE-8UL0|yD LE-8uLolyD
onseld
(yyuow) [eoRLIO JON s - ON 00g (smoq Aip) onseld (‘pedueyus) He ‘winiuL
(yyuow) [eonLIO JON SIN - ON 00l oliseld Os ‘He sadojos| |ejusiuoIAuT
0005001 nzpeuwlys Beq paje|os!
awn JoyesAeue uogied ul pajodsueln G2
uojedodsuel) Uoys Yl ‘uonepixo AN ‘uazol ON 0S2 onseld 201 uogJe) oluebio |ejo]
‘ge| 03 awi} AiaAlep LUol}eAIasuod () (jersa3eWI)
1o — ulypm sisAjeuy poyjauw sisAjeuy Juonjesedaid Bunioyiy4 awnjop J3ulejuod ajdwes juawsjdpusuodwo) dnoub jusuodwo)n

36



Aydelsbojewolyn seo 9

Anpwoujoadg ssey (10jela|aooy) SN(Y)

Bununog uone|puIog pinbi 0s1

Jalawoloads Ssepy uoieziuo| jewlay SINIL

Ajdwonoadg ssep SIN

sisAjeuy UO[BAI}DY UOJINBN [ejuswiniisu| VVNI

Ajpwouoadg ssepy ewse|d pajdno) AjpAonpul  SIA-dDI
Anjpwouoadg uolssiwg o1woyy ewseld pajdno) AjeAnonpu]  S3v-dO|
9p0I}O3|S BAI}O9|BS UO| 39|

ydesbojewodyd uoj 2l

suopjiulep pue suoneIAdIqgy

"uoseal siy} Joj uonesiawAjod 0} enp abueyd UeD UOKBIIUSOUOD 8}edl|IS BY) Jey) a|qissod si 3| *AI0jeloge| 8y} 0} UOIIPUOD USZOoJ) Ul pauodsuel) s ajdwes ay] .
"UOISEO00 Bules 8y} Je pajoa||0o sajduies Jejiwis Jo Jaquinu 8y} uo Buipuadap Alea ued sajdwes SAIYDJE JO Jaquinu aY] “Jaquinu WNWIUI

"so|dwes JO UoieAIaSUO0D Joy pasn si pioe undesdng ,

Jaulejuoo sapljonu oipel Aieyuswalddns
9z99J) Ul abelI0)S - EONH W 05 ON 000°S onseld J0} sa|dwes aAlyoIy
€18GZ N3-SS Juabeas apipo]
skep ¢ uiypy SIS Alldwojoydouioads juabeau (]]) up ON 021 eoxg sse|b ‘UsPUIN 20 peAjossIa uabAxQ
Ajoreipawiwi
awi Asyawolon|4 uazol} aJe sial Yy juswbidoayd
uolepodsues} yoys Anpwoyoydosoads ey} ‘Budsll4  ulyIM) SBA  000°Z—000°) onseld pue o ‘e ||Aydoiolyo llkydoiojyd
a|dwes/siayy g slayy
(d) 121066 POUIBW UMO Aleyeipawiwl - sjuelg syl
aw (D‘N) uazoJ} aJe sia)|ly  patedald (Y ¢ snoloydsoyd pue
uolyepodsues} Hoys JojesA|eue-Jejuswalg ay} ‘Bunsyi4 UIUHM) SBA 000°} olseld dOd ‘NOd ‘00d  ueboijN ‘uogie) sjejnoiyed
awi wxsA|1BIpAWIWI snoloydsoyd pue uaboujiN
uojedodsuel) Uoys Ajpwojoydosyoadg uazolj ‘oN ON 00l onseld 10)-d 10N 10 SUONBJUBdUOD |B)O |
‘ge| 03 awi} AiaAlep LUol}eAIasuod () (jera3eWI)
10 — ulypm sisAjeuy poyjaw sisAjeuy Juoneiedaid Bunayi4 awnjop Jaulejuod sjdweg juswdjdjusduodwor dnoub jusuodwo)

37



Table A2-2. Reporting limits and measurement uncertainties.

Component Method Reporting limits  Unit Measurement “Total”
or range uncertainty 2 uncertainty 3
HCO;, Alkalinity titration 1 mg/L 4% <10%
Cl- Mohr- titration >70 mg/L 5% <10%
Cl- 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 mg/L 6% 10%
Mn ICP 0.03" 0.1 pg/L 8% 10%
Fe(ll), Fe(tot) Spectrophotometry  0.02 (DL = mg/L 15% (> 30 pg/L) 20%
0.005 mg/L)
HS- Spectrophotometry  SKB 0.03 mg/L 10% 30% (low
(DL = 0.002) conc.)
NO, as N Spectrophotometry 0.1 Mg/l 2% 20%
NOz; as N Spectrophotometry 0.2 pg/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 pg/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 pglL)
SiO, Spectrophotometry 1 pg/L 3% (> 200 pg/L) -
0, 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 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 pg/L 8% 20%°
Ni ICP 0.05 pg/L 8% 20%°
P ICP 1 pg/L 6% 10%
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Component Method Reporting limits  Unit Measurement “Total”
or range uncertainty 2 uncertainty 3

As ICP 0.01 ug/L 20% Correct order of
size(low conc.)

La, Ce, Pr,Nd, Sm, ICP 0.0051 0.05 ug/L 10% Correct order of

Eu, Gd, Tb, Dy, size (low conc.)

Ho, Er, Tm, Yb

Sc, In, Th ICP 0.05" 0.5 pg/L 10% Correct order of
size (low conc.)

Rb, Zr, Sb, Cs, Tl ICP 0.025 0.25 g/l 10% Correct order of
size (low conc.)

Y, Hf ICP 0.005! 0.05 g/l 10% Correct order of
size (low conc.)

U ICP 0.001" - pg/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 %0 SMOW?®  1%o -

080 MS 0.1 %0 SMOW?®  0.2%0 -

°H LSC 0.8 eller 0.1 TUS 0.8 eller 0.1 -

S7Cl MS 0.2%0 (20 mg/L)  %. SMOC" — -

0"C A (MS) - %o PDB® - -

“C pmc A (MS) - PMC?® - -

0%S8 MS 0.2%o %o CDT1® 0.3%o -

87Sr/®Sr TIMS - No unit - -

(ratio)"
B/"1B ICP MS - No unit - -
(ratio)

234, 2351, 8, Alfa spectr. 0.0005 Bqg/L'™ 5% -

ZSZTh, 230Th

22Rn, 25Rn LSC 0.03 Baq/L 5% -

' Reporting limits at salinity < 0.4% (520 mS/m) and < 3.5% (3,810 mS/m) respectively.

2 Measurement uncertainty reported by consulted laboratory, generally 95% confidence interval.
3 Estimated total uncertainty by experience (includes effects of sampling and sample handling).

4 Determined only in surface waters and near surface groundwater.

5 Per mille deviation® from SMOW (Standard Mean Oceanic Water).
5 TU = Tritium Units, where one TU corresponds to a Tritium/hydrogen ratio of 108 (1 Bg/L Tritium = 8.45 TU).
7 Per mille deviation'™ from SMOC (Standard Mean Oceanic Chloride).

8 Per mille deviation® from PDB (the standard PeeDee Belemnite).

9 The following relation is valid between pmC (percent modern carbon) and Carbon-14 age:

me = 100 xe((1.950-y-1.031/8,274)
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.

2. 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 Bg/kg®?Th

Isotopes are often reported as per mill deviation from a standard. The deviation is calculated as:
0¥l = 1,000% (Ksampie—Kstandara ) Kstandara, Where K = the isotope ratio and ¥l = 2H, 180, 3’Cl, '3C or *S etc.
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Table A4-4. Isotopes |. Compilation, November 2006.

Id code Secup Seclow Date Sample "B/''B 9D Tritium 9'*0
m m no. (% SMOW) (TU) (%o SMOW)

SFM0001  3.95 4.95 2005-07-12 8942 - -73 12.2 -10.6
SFM0001 3.95 4.95 2005-10-04 8982 - -81.1 11.3 -10.4
SFMO0001  3.95 4.95 2006-01-25 12040 0.2408 -75.4 7.9 -10.6
SFM0001  3.95 4.95 2006-04-20 12228 0.2392 -84.3 11.6 -11.7
SFM0023 4.42 5.42 2005-07-14 8943 - —66.5 2.4 -9

SFM0023 4.42 5.42 2005-10-06 8983 - -74.5 27 -8.8
SFM0023 4.42 5.42 2006-01-27 12039 0.2383 —67.8 2.8 -8.9
SFM0032 3 4 2005-07-12 8939 - -79.6 9.2 -11.7
SFM0032 3 4 2005-10-04 8981 - -83.6 13.3 -11.3
SFM0032 3 4 2006-01-24 12041 0.2408 -84.3 11.5 -12.1
SFM0032 3 4 2006-04-19 12226 0.2417 -87.4 9.8 -12.1
SFM0037 2 3 2005-07-13 8940 - —67 12.7 -10.2
SFM0037 2 3 2005-10-05 8979 - -80.1 13.6 -10

SFM0037 2 3 2006-01-25 12038 0.2434 -82 9.2 -11.7
SFM0037 2 3 2006-04-20 12227 0.2427 -89.3 10.9 -12.2
SFM0049 4 5 2005-07-12 8941 - —65.8 13 -8.8
SFM0049 4 5 2005-10-04 8980 - -70.3 12.9 -8.8
SFM0049 4 5 2006-01-24 12071  0.2422 -77.3 11.6 -10.3
SFM0049 4 5 2006-04-19 12225 0.2424 -85 11.5 -11.4
SFM0051 5.02 5.18 2005-07-21 8944 - -85.7 11.6 -12.2
SFMO0051 5.02 5.18 2005-10-03 8984 - -90.4 9.9 -12.2
SFMO0051  5.02 5.18 2006-01-24 12073 0.2488 -86.4 10.8 -12.3
SFM0051 5.02 5.18 2006-05-02 12224 0.2449 -84.6 9.3 -12

SICADA: Isotopes_1.
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