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Sammendrag:

NGU has conducted a hydrogeological assessment of a groundwater well, which Best Kjottprodukter AS
is considering for the production of bottled water. This report forms the basis for approval by the local
Food Control Authority to use the well for the production of bottled water. The hydrogeological
assessment of the groundwater well is based on geological- and environmental mapping of the area, as
well as test pumping of the well with an extraction rate of 1 I/s during a period of one whole year. In
conjunction with the test pumping, monthly water samples were extracted for microbiological-,
chemical- and physical analyses. The results show that the groundwater has a good and stable quality
that meets all microbiological- and esthetic requirements of the Directive for extraction and production
of natural mineral- and spring water and the Directive for water supply and drinking water. The
geological mapping demonstrates the bedrock well to be well protected from surface water and potential
contamination in the vicinity of the well area. To further protect the well from potential contamination,
protection zones have been established around the wells where restrictions of activities have been
imposed. Based on all studies conducted, NGU assesses this groundwater well to be well suited for the
production of bottled water.
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1. INTRODUCTION

Best Kjottprodukter AS is planning the production and sale of bottled, natural water to be
extracted from a bedrock well. NGU was contracted to carry out a hydrogeological survey and
an environmental assessment of the well’s catchment area. These investigations are aimed at
documenting the bacteriological- and chemical quality of the groundwater, as well as the
protection of water quality in the production well. This report forms the basis for approval by
the Food Control Authority to use the well for the production of bottled water.

2. SURVEY AREA

The actual bedrock well has been drilled within the industrial site of Best Kjottprodukter AS
located at Utleirvegen 140, about 8 km south of Trondheim town centre. The production well
is one of three wells that have been drilled behind the factory building. Figure 3 shows a
detailed map, where the production well is referred to as well 1. The well area is situated
under a steep bedrock slope that has been excavated in a ridge stretching about 1 km eastward
from the industrial site. This ridge reaches 270 m over sea level and is flanked by small
valleys toward both the north and south.
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Figure 1: General map showing the survey area.



Fracture zone
Outer limit, zone 1
Outer limit, zone 2

Figure 2: Map over the survey area showing major fracture zones and outer limits of
protection zones around the well.
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Figure 3: Detailed map over the industrial plot showing established wells.
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Figure 4: Map showing bedrock geology in the Trondheim area and the survey area, which is

located in a zone of greenstone and greenschist. (Source: NGU bedrock geology database
WWW.Ngu.no)

3. GEOLOGICAL AND HYDROGEOLOCAL CONDITIONS

The bedrock geology in the survey area (Figure 4) is dominated by greenstone. The minor
valleys north and south of the industrial site (Figure 2) are assumed to originate from fracture
zones in the bedrock. These lineaments and valleys constitute the outer limits of the
catchment area in question. The bedrock exposures behind the factory building show a
moderate near-surface fracturing of the bedrock. No major water-bearing fractures or fracture
zones have been registered in the vicinity of the wells. This is consistent with the fact that no
water bearing fractures were registered in the top 50 meters during the drilling of the wells.
Tracer tests have not been carried out to map the infiltration or hydraulic-flow pattern in the
catchment area. However, based on the topography and the geological observations, it is
expected that infiltration of precipitation as well as the formation and flow of groundwater
towards the well occurs in the sloping area to the east of the well.

4. LAND USE AROUND WELL AREA

Activities in the vicinity of the well area are all related to those of Best Kjottprodukter AS.
This includes substantial motorised transport to and from the factory building, which mainly
takes place on the NW side of the building where loading areas and storage space are situated.
Transport occurs on asphalt-covered surfaces with the surface runoff collected by sewer. The
drain pipe from the site leading to the main sewer is shown in Figure 3. Previously, a
pumping station connected to a buried storage tank for diesel fuel was buried about 30 meters
west of the well area. The tank and pumping station have now been removed.
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The catchment area above the wells contains forested areas where the only activities are
related to small-scale forestry. A forrestry road runs across the ridge slope crossing the
catchment area, but there is little traffic restricted to forestry activity. Land use regulations
east of the industrial area are designated outdoor activities and there are no plans to change
the land use.

5. DESIGN OF WELL AND WELL TOP

The design of the wells is shown in Appendix 1. Well 1 is 72 meters deep while both well 2
and 3 are 120 meters deep. A great difference in water yield from the wells exists. Well 1
yields 3600 1/s, while well 2 and 3 yield 300 I/s and 100 1/s, respectively. Only well 1 is
considered for bottled-water production and is the only well that has been test pumped. The
sketch of the wells shows that the wells were established with a 3-meter long ODEX steel
casing and a 12-meter long inner casing of plastic. The plastic casing is, at the end, provided
with a 15 cm wide packing (Aqua-seal) that will swell in contact with water and thus provide
a good sealing between the casing and the bedrock wall. The top of the well is secured with a
watertight well top, where the inner casing and the pipe leading to the pump are connected in
a watertight manner. A construction, covering the well top and connecting it to the production
facilities, is under consideration. By designing the well and well top in this manner, surface
water and near-surface groundwater are prevented from entering the well, which is important
in order to secure the bacteriological quality of the groundwater.

6. ANALYTIC STUDIES

During late autumn of 2000, a hydrogeological survey was conducted to study the conditions
of runoff and infiltration in the well area. In November-December (2000) a quality-testing
program was initiated, including monthly sampling of the water for bacteriological-,
chemical- and physical analyses. During this period, about 1 I/s was extracted continuously
from well 1.

The bacteriological analyses were carried out by The Food Control Authority in Trondheim,
while the chemical- and physical analyses were conducted by NGU’s laboratory. In addition
to the bacteriological-, chemical- and physical analyses, the temperature of the groundwater
was monitored using an automatic temperature logger placed at the end of the extraction pipe.

7. RESULTS

7.1 Bacteriological analysis

The results from the bacteriological analysis, presented in appendix 2, show that the
groundwater has a satisfactory low content of bacteria. However, two water samples contain a
bacterial content exceeding the acceptable level. The first water sample, collected on
27.11.2000, contained a HPC (heterotrophic plate count at 22°C) of 900. The high level may
be due to the well not having been pumped for a sufficiently long time following the drilling
and/or well construction. This is consistent with the fact that subsequent water samples have
shown a low and, in some cases, sinking HPC level during the test period.

The second water sample with an wunacceptable high HPC level, collected on
06.03.2001,contained 3 fecal streptococci. This result is difficult to explain because the
sample contained otherwise low levels of other bacteria. Normally, such a bacterial count
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would indicate leakage of contaminated surface water and, thus, have a high level of other
bacteria and HPC. However, the well owner mentioned that the pump had been taken out for
repair and had been reinstalled prior to the collection of this water sample. This was done
without disinfecting the pump prior to reinstallation, thus providing a possible explanation for
the observed bacterial contamination of the water sample. Because such an operation should
then also result in high HPC levels, the absence of such levels is still difficult to explain in
this particular sample.

7.2 Chemical analyses

The results of the chemical analyses are presented in the tables in Appendices 3 to 16. The
contents of dissolved elements and compounds all lie below the maximum allowable
concentration of the Norwegian Directive for water supply and drinking water (1). In addition
to the standard chemical analyses, the content of radon in the groundwater was monitored in
the field on 22.03.2002,showing a low level of radon in the groundwater ([Ra]< 100 Bg/l).

7.3 Physical parameters

Measurements of turbidity and colour (Tables in Appendices 16 to 20) show that all water
samples have values below the maximum allowable concentration of the Norwegian Directive
for water supply and drinking water (1). Results from the continuous monitoring of
temperature of the extracted groundwater are presented graphically in Figure 5. This graph
shows an almost constant temperature (7,7-7,8 °C) throughout the one-year period of test
pumping.

8. ASSESSMENT OF THE WATER ANALYSES

Based on the results of the surveys conducted, the quality of the groundwater from the
production well appears good and stable, satisfying all microbiological- and esthetic
requirements of the Norwegian Directive for water supply and drinking water (1) and the
Directive for extraction and production of natural mineral- and spring water (2). The latter
Directive would classify this groundwater as water with a low mineral content. The chemical
analyses show that the groundwater’s content of calcium, sodium, magnesium, potassium,
silica, sulphate and several other compounds at minor levels, result from contact with the
weathered bedrock.

The stable microbiological- and chemical composition of the groundwater, as well as its near-
constant temperature, indicate that the groundwater from this well has had a long residence
time in the sub-surface without being affected by surface water or near-surface groundwater.
These observations indicate that the well is properly protected from potential contamination in
the vicinity of the well.
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Figure 5: Summary of temperatures measured in extracted groundwater (red line) and
atmosphere temperatures (black line) recorded at Voll meteorological station,
Trondheim.

9. POTENTIAL SOURCES OF CONTAMINATION

Because the well is located within an industrial site where traffic, drainage pipes and other
activities may cause contamination, there is a certain vulnerability of the groundwater quality.
However, the geological setting in the well area is favourable from a contamination point of
view. The bedrock is generally little fractured and drilling of the well showed the first water-
bearing fracture observed at a depth of 57 meters. This indicates little hydraulic
communication between the surface in the well area and the fracture zone from which the
groundwater originates. It can therefore be concluded that the bedrock zone above the well’s
production horizon provides good protection of the groundwater against surface water
infiltrating directly from surface.

10. PROTECTION OF THE GROUNDWATER SOURCE

Despite the good protection provided by the bedrock in the area surrounding the well, certain
protective measures need to be implemented around the well. This involves establishing
protection zones around the well that put restrictions on the land use. Here a division into
three zones is proposed, where the outer limit of each zone is shown in Figure 3.

Zone 0: This zone includes the planned construction over the well within the production
facilities. The room where the well is situated must be locked to prevent unauthorised access.
Only activities that are connected to maintenance and control of the production well are



permitted within this zone. It is not permitted within this zone to store chemicals or carry out
any activities that may cause contamination of the well.

Zone 1: This zone includes the fenced off industrial site. Outdoor storage of substantial
quantities of chemicals is not permitted and neither is refuelling of vehicles permitted within
this zone. Special attention must be paid to activities that are potentially contaminating
(transport, construction work etc.) In cases of chemical contamination (for example oil
leakage), immediate action must be taken to prevent infiltration and the contaminants must be
collected and removed from the area. The well owner must therefore establish an action plan
for such scenarios.

Zone 2: This zone includes parts of the ridge behind the well area. There are currently no
activities in this area that pose a threat to the quality of the groundwater in the well. However,
major changes in land use are not allowed (larger road construction, housing estates) before a
more detailed hydrogeological investigation has been conducted.

11. CONCLUSIONS

The conducted investigations have shown that the groundwater from the production well at
Utleirveien 140 has a good and stable quality meeting all microbiological- and esthetic
requirements of the Directive for water supply and drinking water and of the Directive for
extraction and production of natural mineral- and spring water.

The investigations also indicate that the well is well protected from surface water in the
vicinity of the well area. However, unforeseen circumstances linked to activities at the
industrial site pose a potential risk for contamination of the groundwater quality. To reduce
this risk, protection zones have been established which further restrict specific activities
within the industrial site.

NGU concludes, based on the hydrogeological investigation and chemical analyses, that the
groundwater well at Utleirveien 140 is suitable for the production of bottled water, provided
that protective measures are carried out in practice. The water analyses reported here
represent the quality of groundwater extracted from the well at a rate of 1 I/s. An increase in
the extraction rate, or the establishment of new production wells in the same area, may have a
negative effect on the groundwater quality. New water analyses must be conducted to
document the water quality if the water extraction rate were to be increased.

References:
1. Directive for water supply and drinking water. 1995. Directive no. 68. Ministry of
Social Affairs and Health.

2. Directive for extraction and production of natural mineral- and spring water. 1998.
Ministry of Health.
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Appendix 1

Design of bedrock wells at Best kjottprodukter AS

Well 1 Well 2 Well 3
Stalrer © 168 mm
3m 3my 3my
Foringsrer @ 125 mm
plast PE-50 Pn6
12m4 Aqua-tett 12my 12m4 b
Uforet borehull @ 137 mm
Stigeror
57mL Vanninnslag 3600 1/t
Brennpumpe
72m -
75m- | o Vanninnslag
97m - Vanninnslag
100 1/t
120m- 120m.
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Appendix 2

Bacteriological analyses of groundwater from well 1

Parameter Metode | 27.11.2000 | 09.01.2001 | 12.02.2001 | 06.03.2001 | 18.04.2001 | 08.05.2001 | 05.06.2001
Kimtall ved NS- 900 11 16 17 4 3 19
22°C 6222

Kimtall ved NS- 0 1 1 0 0 0 0
36 °C 2d. 6222

Koliforme NS- 0 0 0 0 0 0 0
bakt., MF 4788

Temotol . kolif. | NS- 0 0 0 0 0 0 0
Bakt.,MF 4792

Fekale strept. | NS- 0 0 0 3 0 0 0
MF 4793

Sulfittred. ISO- 0 0 0 0 0 0 0
Colostr. MF 6461

Escherichia API 0 0 0 0 0 0 0
coli

Persumtivt NS- 0 0 0 0 0 0 0
E.coli MF 4792

Pseudomonas | NS- 0 0 0 0 0 0 0
Aeriginosa 4798

Parameter Metode | 03.07.2001 | 10.07.2001 | 06.08.2001 | 04.09.2001 | 02.10.2001 | 05.11.2001
Kimtall ved NS- 0 3 2 2 0 5

22°C 6222

Kimtall ved NS- 0 0 0 0 0 2

36 °C 2d. 6222

Koliforme NS- 0 0 0 0 0 0

bakt., MF 4788

Temotol . kolif. | NS- 0 0 0 0 0 0

Bakt.,MF 4792

Fekale strept. | NS- 0 0 0 0 0 0

MF 4793

Sulfittred. ISO- 0 0 0 0 0 0

Colostr. MF 6461

Escherichia API 0 0 0 0 0 0

coli

Persumtivt NS- 0 0 0 0 0 0

E.coli MF 4792

Pseudomonas | NS- 0 0 0 0 0 0
Aeriginosa 4798
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