J -

——— —-—‘E-“-__-ﬂ_.-;_e_— IC]QD/Q}O l

ARCHIVE: w

| PLEASE DO NOT DESTROY |

®
»
®
®
°
®
®
°
r

INSTITUTE of
HYDROLOGY

o000 00000 boooo0B O OO OGSO



SEARLE PLANT, MORPETH
RECONNAISSANCE SURVEY

REPORT ON PHASE X

DRAFT COPY

May 1987

Institute of Hydrology

Wallingford, Oxon




TABLE OF CONTENTS

INTRODUCTION
1.1 General
1.2 Programme outline
1.3 Hethodology
1.4 Geology
1.4.1 Regional setting
1.4.2 Brown tlll
1.4.3 Silt
1.4.4 Grey tiil
1.5 Plezometry
1.6 Perneablility

SAMPLING RESULTS
2.1 Organic contamination
2.2 Inorganic contamination

DISCUSSION

J.1 Sources of contamination

3.2 Contamination of flll materlal
3.3 Contamination of the siit layer
3.4 Contamination of the bedrock

3.5 Areas at risk from contaminatlon

CONCLUSIONS

RECOMMENDATIONS

Fiqures 1 - 9
Appendix A  Borehole logs

Appendix B Water level data




1. INTRODUCTION
1.1 General

The Searle Pharmaceutical site near Morpeth extends over an area of
some 20 ha. Four chemlcal production plants, covering an area of about 1
ha, are situated In the north eastern part of the site (Flgure 1A)

The toxic chemical waste from the chemical plants and'adjacent
laboratory Is conveyed through a separate effluent drain system to a
treatment works jJust north of the chemical plants. At least 75% of this
system falled pressure-tests durlng a survey in October 1985. It was
therefore highly probable that leakage of toxlc wastes would have
contaminated the underlylng deposits. Subsequently, engineering works
near Chemical Plant 4 encountered groundwater contalning acetone at
shallow depth.

The Institute of Hydrology have undertaken a reconnaissance survey of
an area of some 2 ha in and around the chemical plant area. Thls study
was arranged to be undertaken in two nain phases:

Phase A: an Inltlal drilling and sampling programme to determine the
extent of pollution and the environmental risk arlsing from such
pollution.

Phase B: a perlod of monltoring of a network of sampling polnts
leading to proposals for any remedial action required.

This report summarises the results from Phase A.

The site lIs underlain by Millstone Grit and Coal Measures. The
nearest potentlal groundwater supply at rilsk ls a borehole located about
one kllometre southwest of the site. However, it !s believed that this
borehole is not 1n use.

A shallow stream follows the northern boundary of the site about
220 m north of the chemical plants. A drain leading from the western part
of the site discharges into this stream. The stream itself passs beneath
the Morpeth by-pass to join the R. Wansbeck about 1.3 km north of the




site. Although ephemeral, the stream is downgradient of the chemical
plant area and could therefore be at risk. A grassed area, the North
Field, occurs between the chemical plants and the strean.

1.2 Progranmme Outline

Six shallow and two deep wells were drilled by the Institute of
Hydrology at separate locatlions In the North East area of the slte between
16 and 27 February 1987. One of the deep boreholes was drilled upslope of
the chemlical plant area for lithological control.

The first site to locate any contaminants was drilled In the North
Field with the intention that if contaminants were not located within the
boulder clay horizons or weathered bedrock at this site then subsequent
sites would be drilled towards the chemlcal plants in an arc extending
East and South East from the Initial site. Drilling would consist of
shallow wells at first to avoid cross-contamination of the underlying ..
sandstone {f shallow contaminants were found. If contaminants were
Identified at the initlal site then the Investlgation would extend North
and North East to locate its extent (within the site boundary only). If
contaminants were not found at the shallow sites then some initlal
Investigation of the chemical plant area itself would begin in order to
prove that contaminants were definitely present.

Polluted’ groundwater was encountered at only 2 locatlons:

- at MP6, about 10 m North East of the effluent plant, where high
levels of sodium chloride were found

- at MP8, about 8 m North of Chemical Plant 2, where volatlle
organics were found In high concentratlions.

At thls stage it was declded to appraise the results of this Inltial
programme prior to further investigation within the chemlcal plant area
itself. The initial results, which were presented as a preliminary report
In March 1987, strongly suggested that contamination had not spread beyond
the site and could even be restricted to the immedlate area of the
chemical plants. Between 2 and 9 April 1987 five shallow and one deep
borehole were drilled specifically in the area of the chenical plants to




define the pollution in this area in more detail. The locations of the IH

boreholes are shown in Figure 1B.
1.3 Methodology

A total of 11 shallow and 3 deeper wells were constructed using a
shell and auger rig. Great care was taken during the drilling to seal off
the upper layers in the borehole using casing. No water was added to the
boreholes to assist drilling which made it easier to check the seals were
preventing water from entering the borehole.

A 50 mm galvanised steel pipe with a 0.5 m perforated tip was placed
in the hole and supported at the surface. The perforated tip was wrapped
in Terranm to prevent ingress of fine materlal. -

After the wells had been completed water was pumped out to both purge
the well and to assist In development of It; the water in the well is then
more representative of the water present in the sequence. Water samples
were taken in some wells during normal drllling operations to assist with
the planning of the programme; but In all cases except MP14 the wells were
resamples after purging. The water samples were taken using a syringe
sampling system modified by the Instlitute of Hydrology, the sample was
decanted lmmediately Into a clean alrtight bottle.

To estimate the permeablility values of the formation simple recovery
tests were carrled out. These Involved pumping out a known volume of
water and measuring the water level In the well as It returned to its
criginal level.

1.4 Geology
1.4.1. Reglonal Setting

The geology of the Morpeth area described on Sheet 14 and the
accompanying memolrs suggested that the whole site ls underlain by the
Millstone Grit. The area has recently been resurveyed by the British
Geologlical Survey and the boundary between the Millstone Grit and the
overlying Coal Heasures ls now thought to cross the site In an east west
direction near the northern end of the buildings.




The Millstone Grit, In the Morpeth area, is characterised by thick
coarse grained sandstones as found in MP4 together with fine grained
sandstones {MP14) and mudstones. The Coal Measures comprise of cyclic
sequence of shale, mudstone, sandstone, seat earth and coal wlith each unit
up to a few metres thick. There are no known faults in the factory area
and the H!illstone Grit-Coal Measures contact is conformable. The depth to
bedrock for the whole site is shown in Flgure 2.

We have found 3 maln lithologlcal units that overlie the bedrock:

Brown till
Silt
Grey till

The lithological logs for the 14 boreholes we drllled are given in
Appendix A.

1.4.2 The Brown T1ll Sequence

The brown till sequence occurs over the whole site with thickness in
general up to 2.0 m. In the north the sequence thickens to over 6 m in
the North Field area. The sequence is variable comprising of brown silty
and very silty clays with some clayey silts. The consistency {s generally
firm but soft-firm and firm-stiff were encountered. The clays contain
variable amounts of pebbles malnly of sandstone, limestone, mudstone and
coal.

Hithin the brown till sequence In the North Fleld there are
interlayered f ine—nediun siity sands. 1In WP2 these sands contaln gravel
between 2.6 m and 3.3 m below ground level. The sands pinch out towards
the south and are not present around the chemical plants.

1.4.3 The 511t

The IH and previous boreholes in the northeast part of the slte have
proved up to 2.0 m of soft clayey silt wlth a distinctive olive colour. In
some places the olive silt ls sandy, for example 0.3 m of very silty sand
Is found in MP5. At NP7 laboratory analysls of a sample taken between
5.4 m and 5.9 n below ground level gave a result of 50% sand, 42% silt and




8% clay. The upper boundary with the brown till is transitional with the
consistency changing from firm to firm-soft to soft over a thickness of up
to 1 m.

The greatest thickness of silt (1.9 m) was encountered at MP11
underlying a slity clay. The upper and lower soft layers are separated by
0.5 m of a stiff silt. As all the slit layers are olive grey and are
classified as clayey siit we have assigned the whole thickness of silt to
the main silt layer. Consequently the normally overlying brown till
sequence is absent. In NP4, in the North Field, the silt layer was proved
between 3.8 and 4.9 m below ground level as interlaminated silts and
sands.

1.4.4 The Grey TI1ll

The grey till is a stiff dark grey silty clay with sandstone,
limestone and occaslional dolerite pebbles. This clay, which overlles the
bedrock In all boreholes, varies In thickness between about 1.5 m in the
south at MP1 to about 3.5 m in the north at MP14. The grey till generally
Is thickest where contamination has been found. The boundary with the
overlying soft silt layer is usually sharp, but at some locatlons the top
of the grey till is a stiff dark grey brown silt.

In October 1985 site investigation borehole BH2 was drilled in the
area of the west drum store. The log states that only 0.3 m of stiff dark
brown sandy clay separated waterbearing sands from sandstone bedrock. ¥We
belleve this log to be incorrect and that the bedrock was a sandstone
boulder in the till.

1.5 Plezometry

During drilling water inflow was usually slow due to the low
permeablility of the sequence; consequently water levels may have taken
several days to reach equllibrlum. Water level elevatlons, for the silt
layer, are shown In Figure 7 for the 16 April 1987, one week after
completion of the drllling programme. The elevations vary from about 81 m
0D In the south to 7¢ m OD in the north east at MP6. The average gradlent
towards the northeast ls 0.06 but In the southeast the gradlent is less at
about 0.03 with the flow in a more easterly direction.
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The silt layer in the south is confined with the plezometric surface
at or above the top of the silt layer. Away from the cheaical plants the
piezometric head Increases untli] at MPé it is about 2 m above the silt
layer.

Between the chemical plants a shallow water table was found within
the dolerlte fill at MP8 and In the dolomite fill at MP14. At all the
other sites where the dolomite/ dolerite fill is present no water was
found in it. As water was only found within the fill at these two sites
any water bearing layers are discontinuous and that water is only present
because of local lateral and vertlcal variations In the fill materlal or
degree of compaction of It.

A separate shallow water table ls present in MP3 In the North Fleld
indicating that the water bearing formation Is isolated from the more

continous deeper sands and silts.

The weathered sandstone at MP4 was found to contain water. This
water bearing zone is fully confined by the overlying boulder clay. The
sandstone located at HP14 was found to be dry; but it was also found to be
a flner grained sandstone and less weathered.

1.6 Permeability

Estimates of permeability have been made from short recovery tests,

and for the sands from grain size analysis. Table I summarises the
results of these tests.

The permeablllty estimate derived from grain size is the mean from 5
samples. The permeabllity was calculated usling a technique derlved by
Boonstra and de Ridder.

As a general indicatlon of permeabilitles for these sequences we
would expect values in the range of 1072 to 10™* m/d for mixed sands,
silts and clays such as the brown till sequence and about 10~ * m/d for
massive clays such as the grey clay. The occurrence of groundwater in the
silt horizon overlying the grey clay would seem due to the higher
permeability of the silt compared with the very low permeability of the

denser more compact grey clay which restricts further downward movement of




Table I  Derived permeability values

permeability K layer
n/d
HP2 1.0 silty sand
HP3 40.0 sand
MP4 5 x 107 sandstone
HPS 5 x 1074 silt
HP6 0.4 siit
MP7 0.4 siit
HP8 1.4 silt
MP9 0.7 st
MP10 3.0 silt
KP11D 1.0 sllt
HP2 5.0 sand {(grain size analysis)
groundwater.

The permeability estimates we obtalned for the sllt layer are, in
general, considerably higher than might be expected for silts. The method
we used for constructing the wells resulted In an annulus around the 50 mm
casing. This annulus would have the effect of forming a reservoir which
could dampen the effects of the pumping. A greater effect 1s the
uncertalinty of the thickness of the contributing water bearing layers.
This is because of the transitional nature of the brown till-silt junction
which may be up to a metre thick compared to the average thickness of the
silt layer of 0.5 m. The mean derlved permeabllity value for the sliit
layer In the chemical plant layer is 1.3 m/d. Thls perpeability estimate
has a large degree of uncertalinty because of the annulus and the thickness
of the water bearing layers. We estinate that these could be as high as
an order of magnitude and as such we have chosen the lower value of 0.1
n/d; we consider that this is a conservative estimate for the
permeabiiity.




2. SAMPLING RESULTS

2.1 Organic contamination

We vere informed by Searle that methanol and acetone were the most
commonly discharged organic compounds In the complex effluent produced by
the plants:; and we decided to use them as markers for contamination. The
analyses were performed by Analytical and Technical Services of Newcastle
using gas chromatography. Since we were trylng to locate gross
contaminatlon we decided that a detection limit of 1 mg/2 would give
sufficliently sensitive. The drilling samples were analysed on site by
Searle staff, also using .gas chromatography, to gdlde the drilling
programme. Initlally only methano! and acetone were analysed for but
tetra-hydrofuran (THF) was found to be present in MP8 and subsequently
this was Included In the analysls. Wlth the exception of MP2, 3 and 4 all
boreholes were resampled during Aprll and analysed for the three
conpounds. As methanol and acetone and THF, although less dense. than
water, are fully misclible, there will probably be uniform vertlcal
contamination. At the time of sampling temperature, electrical
conductivity and pH were also measured. The results of the analysls are
shoun in Tables II; IiI and IV and on Flgure 8.

During Aprll several trenches were belng dug along the eastern
boundary. We took the opportunity of sampling water that collected in the
trenches. Unfortunately heavy rainfall made the trench samples of dublous
value. Because of the raln we felt that any samples taken of surface
water would also be of linmited value.

Those samples indlicated as drllling samples were taken during normal
drilling operations. Less emphasis should be placed on the drilling
samples. The drilling equipment was washed between sites but there still
may have been some slight cross contamination such as at MP12 where
acetone was found in the drllling sample but not In the purged sample;
MP12 was drilled after MP11l, a heavily contaminated site.

Methanol has only been found in samples taken from MP1i. It may be
that biological degradation Is taking place which converts the methano! to
methane.
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TABLE II  Water sample analysis — boreholes
Sample Date Time |[Hethanol | Acetone THF
No. (ng/2) (ng/2} (ng/1t)
4 N3 21.2.87 | 1130 0 0 - purged
65 NE3 8.4.87 | 1710 0 0 0 purged
8 ~ NE4 24.2.87 | 1000 0 0 -
13 HP1 27.4.87 | 1130 0 0 -
14 NP2 27.2.87 | 1140 0 0 - purged
15 HP3 27.2.87 | 1140 0 0 - purged
16 NP4 27.2.87 | 1140 0 0 - purged
9 MP5 25.2.87 | 0930 0 0 - purged P
66 MPS 8.4.87 { 1720 0 0 0 purged
10 MP6 25.2.87 | 1005 0 0 - purged
67 MP6 8.4.87 | 1730 0 0 0 | purged
68 HP7 8.4.87 | 1740 0 0 0
17 MP8 27.2.87 | 1230 0 0 - upper (not purged)
11 MP8 26.2.87 | 1830 0 8 700 lower (not purged)
69 HP8 8.4.87 | 1750 0 0 1432 * purged
45 MP9 7.4.87 | 1340 Tr <1 <1 purged
46 MP9 7.4.87 | 1340 0 0 0 duplicate
35 MP10 6.4.87 | 1340 <1 <1 0 purged
36 HP10 6.4.87 | 1340 Tr Tr Tr dupllcate
28 HP11S 6.4.87 | 1300 48 58 65 not purged
53 HP11S 8.4.87 | 0910 71 318 151 purged
54 HP11S 8.4.87 | 0910 103 217 119 duplicate
30 MP11D 6.4.87 | 1305 110 133 125 not purged
55 MP11D 8.4.87 | 0915 62 261 140 purged
56 MP11D 8.4.87 | 0915 180 337 182 duplicate
32 MP12 6.4.87 | 1315 0 K31 0 not purged
57 KP12 8.4.87 | 0925 0 0 0 purged
58 MP12 8.4.87 | 0925 0 0 0 duplicate
34 MP13 6.4.87 | 1325 0 17 0 not purged
59 . MP13 8.4.87 | 0920 0 8 0 purged
60 MP13 8.4.87 | 0920 0 0 0 dupllcate
37 HP14 6.4.87 | 1500 0 249 60 | topt '
38 MP14 6.4.87 | 1500 0 150 - 67 duplicate
- MP14 6.4.87 | 2200 0 0 0 nlddiet
* also 1000 mg/2 of unidentiflied organlc
* drilling sample
TABLE III  Water sample analysls - trenches
Sample Date Time |Methanol | Acetone THF
No. {ng/2) (mg/2) {ng/t}
50 SE of MP1 7.4.87 | 1735 0 0 0
48 East of MP14 7.4.87 | 1730 0 0 0
61 East of MP14/NE3 | 8.4.87 { 1000 0 0 0
62 MP14/NE3 8.4.87 | 1000 0 0 0 duplicate
63 at NE3 8.4.87 | 1350 Tr Tr 0
64 at NE3 8.4.87 | 1350 0 0 0 duplicate
Effluent plant 6.4.87 | 1500 0 9 0 before rain
52 Effluent plant 7.4.87 | 1740 0 0 0 after rain




TABLE IV  Water sample analysis
Date Time EC( S) pH Tenp
(°c)
MP1 6.4.87 1725 520 T.72 10.2
MP2 4.4.87 0925 710 7.16 6.5
MP3 4.4.87 1655 480 6.91 6.2
HP4 5.4.87 1055 730 8.18 7.3
MP5 25.2.87 0930 1820 6.7 6.5
NP5 3.4.87 1430 2950 7.16 7.1
NP6 23.2.87 1800 3160 6.7 6.5
HP6 25.2.87 1000 5910 6.85 6.4
MP6 2.4.87 1530 6620 7.00 8.1
HP6 3.4.87 1330 7180 7.33 7.1
MP7 4.4.87 1515 1930 7.05 6.9
MP8 27.2.81 1230 630 7.4 -
NP8 26.2.87 1830 4570 6.3 -
MP8 5.4.87 1610 5390 6.61 6.5
MP9 7.4.87 1350 1670 7.1 9.4
MP10 6.4.87 1540 1850 6.89 | 10.5
MP11S 8.4.87 1750 1800 7.14 9.8 |upper
HMP11D 8.4.87 | 1420 1820 7.08 8.4 lower
HP12 7.4.87 1710 820 7.63 6.8
MP13 '7.4.87 1550 2440 7.54 7.9
MP14 6.4.87 1500 1060 39.10 7.1 |upper (drilling}
MP14 6.4.87 2200 2110 7.12 8.1 |middle (drilling)
NE3J 3.4.87 1745 2880 7.27 6.6
NE4 24.2.87 0930 1575 6.9 -
NE4 5.4.87 1705 1650 7.14 8.2
Trench near 7.4.87 1730 1100 7.69 6.9
MP14
Trench near 7.4.87 1735 730 7.87 6.8
MP1
Trench near B.4.87 1000 480 7.56 5.6
MP14/NE3
Trench at 7.4.87 1800 880 7.60 7.0
effluent
plant




2.2 Inorganlc contamlnation

In February 1987 we found high sodlum and chloride levels present in
HP6. In April we resampled HP6 and sampled HP5 and NE3; the samples were
analysed for Inorganic ions. The analysis, using standard techniques,
were carried out by the Institute of Hydrology. The results are given in
Table V.

Table V Inorganic analysis Results

_’\, (’r’) p’
MP5 HP6 MP6 NE3
Cations Na 214 875 830 * 89
Ca 295 440 440 395
Mg 53 90 80 29
K 3 4 1 1
Anlons HCO3 244 251 - 205
S04 490 345 360 12
Cl 590 2150 2200 850
NO3 3.3 0.1 = 0.4
lonic balance -4,1% -3.2% -3.0%
Minor ions Fe 0.1 3.6 8 2.9
Zn 36 15 28 0.6
Al - - 2 -
All units are mg/#
+ partial analysls sample collected 25,2.87

The high levels of zinc in boreholes MP5 and MP6 could be derived
from the galvanised steel casing; NE3 has a plastic casing.

The high sodlum and chloride levels indicate that the source of
contamination ls probably the road salt which has been stored In the
effluent plant area for several years. A storm water drain passes within
two metres of MP6 which may be leaking and been acting as the source of
contaminatlon.




3. DISCUSSION
3.1 Sources of contamination

Toxic waste is conveyed from the laboratory and the chemical plants
to the effluent plant for treatment through the network of dralns shown In
Figure 8. There are two systems of effluent drains, at different depths,
which joln near the north east corner of Chemical Plant 4:

(1) a shallow system of dralns, located at less than 1.5 n below
ground level, beneath and Immediately east of Chemical Plant 4.

(11) the other effluent dralns run north from the laboratory to the
effluent plant, linking with Chemical Plant 1, 2 and 3. The
depth varies but in general Is between 1.4 and 2.5 m below
ground level.

The shallow systen and the dralns on ;he north slde.of Chenical Plant
3 are located within the fill.

3.2 Contamination of fll] material

The 11l extends under and around all the chemical plants and was
also observed in the trenches along the east fence llne. The flll
comprises of variably compacted crushed dolerite around Chemical Plants 1
and 2, the dolerite is replaced with dolomite at the other sites. The
thickness of the crushed material varles from 0.3 m dolomite at MP12 and
MP14 to 1.3 m of dolerite at MP8. Beneath the rock fill there Is a clay

f1ll with some silt layers: this part of the fill Is not present at sites
HP12 and 13.

A shallow water table was encountered in the dolerite fill at MP8.
The source of the water is probably a combination of direct rainfall and
runoff from the surrounding paved areas and buildings. This was found to
be uncontamlnated.

While drilling HP10 the fill between 1.3 to 1.5 m below ground level
there was an odour of contaminants but the sequence was not damp. In MP14
at 1.0 n below ground level water was struck at the base of the crushed
dolomite fill. It was possible to obtain a water sample which contained




about 200 mg/# of acetone and 65 mg/2 of THF (MP14 top). As both MP10 and
MP14 are close to Chemical Plant 4 which has shallow drains (less than 1.4
n deep) it would appear llkely that the source of contamination within the
flll at these sites ls solely from the shallow drains associated with
Chenical Plant 4 and the north side of Chemical Plant 3.

The permeablllty of the more open textured crushed fill §s higher
than that of the silt layer. If an estimated permeablllity of only twice
the silt Is assumed then the groundwater velocity within the upper fill
would be approximately 25 m/yr. Thils Is about the distance to the fence
from Chemical Plant 4. The reason no contamination was found at MP12 or
In the holes dug close to the fence could be that the velocity figure Is

high, the contaminant plume passes between the holes or the contamination -

Is Infiltrating to a greater depth. The last possiblility is the least
likely of the three considering the presence of the lower fill and brown
clay In boreholes MP7, 10, 12 and 14.

The eastward extent of the fill is not known but as dolomite is
present In the trenches near the boundary fence it can be assumed to .
extend to the fence. The dolomite 1s underlain by 1.1 m of clay In MP12
which will restrict the downward movement of water; this will allow the
creatlon of a separate shallow water table. The general movement of water
within the crushed fill would then be expected to follow the surface
topegraphy and be parallel to the fence flowing towards the north east

corner.
3.3 Contamination of the silt layer

The sllt'layer at the base of the broun till sequence was encountered
In all the boreholes we drilled and is probably a continuous horizon. The
thickness varies from 0.3 m in MP10 to 1.9 m in MP11 with an average
thickness of about 0.5 m. The grey clay til!, at least 2 m thick near
the chemlcal plants, separates the silt layer from the underlying bedrock.

The silt layer Is confined by the overlying brown till at all
boreholes. At MP1l the rest water level |s about at the Junction of the
lower fll]l and the silt. Moving towards the North Field the plezometric
head Increases until at MP6 it is over two metres above the top of the
stlt. The head differences In the overall sequence would resuit In upward
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movement of water down dip as well as downward movement towards the
bedrock if there is any vertical contlnuity. The clays above and below
the silt layer would make this unlikely.

Water from the silt layer Is unlikely to emerge at the surface.
However there may be a preferential path along the line of the effiuent
drain as it passes down the slope north of Chemical Plant 4. Near MP7 the
drain Is about 3.3 m below ground level but at the trench dug near the
effluent plant the top of the concrete surround was within the clay fill
at about 0.5 m. A water sample taken from the trench contained some
acetone but a sample taken the followlng day after heavy raln was
uncontaminated.

The maln area of pollutlon located ls In the silt layer south of
Chemical Plants 3 and 4, in boreholes MP8, MP11 and MP13. Usling the
pernmeability estimate of 0.1 m/d the contaminant plume would have an
approximate velocity of 2 m/yr and would take about 15 years to cover the
30 metres to the nearest site boundary east of Chemlcal Plant 2. However
no contaminant was found In any of the down dip boreholes stretching from
MP9 in the south through MP1C to MP5 in the north.

If we assume an average thickness of 0.5 m for the silt layer and a
quoted poroslty for silt of 40% then the storage volume of silt beneath
Chemicdl Plant 1 and 2 Is 670 m* and beneath Chemical Plant 3 and 4 about
450 m*. These flgures represent the approximate maximum value of polluted
groundwater In the silt layer present withln the site !f little or no
lateral movement has taken place.

During drilling the underlaying grey till was logged as a stiff clay
containing rock fragments, There was no indication of water Ingress. The
relatively low permeability of the clay will effectively prevent downward
movement of water.

3.4 Contamination of the bedrock

Three deep boreholes were drilled to bedrock. These were MP1l, east
of the warehouse, MP4 1n the North Fleld and MP14 east of Chemlcal
Plant 4. The bedrock under most of the site are the mudstones penetrated
in MP1, which were found to be dry. The sandstones, north of Chemical




Plants 3 and 4, were found to be dry in HP14 but water bearing in MP4. The
depth at‘uhich water was struck In MP4 coinclided with the top of the
sandstone and as such seems to be associated with the bedrock rather than
entering the borehole, through a leaking seal, from a higher horizon. No
contamination {n the bedrock was found but in order to Investigate deeper
into the sandstone different drllling techniques will have to be used.

3.5 Areas at risk from contamination

The risk of contamination of the crushed fill ls greatly reduced if
the shallow effluent drains lle in the lower fill which comprises mainly
of clay. Slimllarly If the deeper drains are not In contact with, or In
close proximity to, the siit layer, the risk of contamination ts auch
less. Flgure 9 shows those areas that we consider to be at the greatest
risk of contamination from the effluent drlans.

We have taken into account all the avalilable lithological data to
determine the areas at greatest risk. However, the varlable thlckness of
the crushed flll and the variable depth and thickness of the silt layer
nake 1t impossible to accurately define the areas. We have chosen a value
of 0.5 m as the maxinun distance that leakage from a drain can cause
contamination in the silt layer. .

.The source of contamination, at MPil, is the relatively shallow
drains south of Chemical Plant 3 but because of the greater thlckness of
silt present at the site the contamination is present in the silt layer
and not in the fil1l. "

We have not attempted to show the extent of the cohtamlnated areas
because of the uncertainty of the groundwater velocities In the sllts and
fill. However, the map does show the areas which would allow effluent

leaking from the drains to enter a relatively permeable water bearing
horlzen.

4. CONCLUSIONS

The recent survey has proved the presence of contamlnation by toxic
organic chemicals in the deposits underlying the chemical plant area due
to leakage from the effluent draln system. This has neither extended




beyond the immediate area of the chemlcal plants nor has It penetrated to
the underlying bedrock. As such, the area contaminated is localised in
extent and does not present any immediate threat to the area outslde the
Searle site; even though the contamination may have been taking place for
up to 15 years,

The extent of the contamination beneath the chemical plant area has
not yet been fully defined. Our work shows that the pollution occurs at
two levels: In the fill beneath Chemical Plants 3 and 4 and in the silt
layer beneath Chemical Plants 1 and 2 and between the chemical plants.

Contaminatlion of the fill materlal Is due to the shallow effluent
drains assocliated with Chemlcal Plant 4 and the north slde of Chemical
Plant 3. A saturated zone ln the fill has not developed due to the
shorter perlod of leakage and the recent repairs to the shallow drains
which suggests that the volume of effluent that has leaked is small.

The effluent drains beneath Chemical Plants 1 and 2 occur elther
close to the base of the lower fill or below it and consequently the more
permeable upper fill has not been contaminated. Instead the drains are
mainly elther In contact with or in close proximity to the silt layer at
phe base of the brown till sequence. The risk of pollution northwards
along the eastern side of Chemical Plant 4 from the drains is reduced due
to the shallow slope of the drains compared to that of the silt layer. It
is possible that water may follow a preferential path along the drains
themselves. However trench samples taken, while perhaps not wholly
representative, near the exit point of the drains close to the collector
tank at the effluent plant do not suggest a preferential pathway.

The silt layer is saturated, confined and has a low permeability.
The underlying grey till, with a much lower permeability, separates the
silt from the bedrock. The contaminated area is underlain by mudstones
rather than sandstones which further reduces the risk of deeper
contamination. The contamlnatlion of the silt layer ls stlll apparently
restricted to the area of Chemical Plants 1 and 2 despite the probablllty
that leakage has occurred from the drains assoclated wlth those plants
since they were built over 15 years ago.

A thicker sequence of silt occurs near the cooling tower between
Chenical Plants 1 and 3. The shallow drains, assoclated with Chemical




Plant 3, in this probably locallsed area, are in contact with the sllts.
As a result a recharge mound, not yet fully defined, appears to have
developed. Slince these silts are in hydraullc continulty with the main
silt layer leakage from the shallow drains can be transmltted to the silt
layer.

A contaminated area has also been identified just north of the
effluent plant. This !s caused by direct pollutlon from nearby stockpiles
of road salt and/or leakage from the adjacent storm drain. Ask such this
is considered to be a separate and less lmportant problem than that
assoclated with the chemical plant area. No toxic organic chemicals are
assoclated with this pollution.

5. RECOMHENDATIONS

1. A network of observation wells has now been installed In the north
eastern part of the site which can be used to monitor the contamination.
We suggest that this network ls supplemented by:

(a)} three additional boreholes penetrating the grey till:

-~ close to the north side of Chemical Plant 3 where information
Is still lacking

— at the western end of Chemical Plant 3 to provide additional
Information on water level elevations and contamination. It
would also extend our knowledge of the shallow sllts
encountered at MP11 -

- near the boundary fence east of Chemical Plant 2 to clarify
the direction of groundwater flow in the silt layer.

(b) a serles of shallow pits around the perlpheral parts of the
fill.

Routine measurements of water levels should be made at each site at
fortnightly Intervals for the next six months to Indicate the response of
the system to natural recharge as well as contaminant leakage. The
monitoring requireﬁents should be reviewed after three and six months of

ronitoring.

P4




Water samples for organic analysis should be taken from the
monitoring network, initially at monthly Intervals, for the next six
months. These would also include the two surface streams In and close to
the North Field. All monitoring points which have concentrations of

organic compounds of less than 1.0 mg/? should be analysed, at least once,
using a detectlion limit of 10 ug/1a.

2. Remedial measures should be implemented in order to ensure that the
contamlnants do not spread further. The highest concentrations of
pellutants are found in the silt layer between the chemical plants. The
clean up operations should commence with abstraction from the silt layer
in that area.

3. The road salt should be stockpiled In such a way as to prevent further
contamination of the area just north of the effluent plant. The

storawater dralns in the same area should be inspected for possible
leakage.
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APPENDIX B
WATER LEVEL DATA




Searle, Morpeth

Station No

MF 1

MF10

MF11D

MF11S

MP) 2

M1

)
26

——

[
CrhrO~NOCW0MDL BN I

C-bD@~ICQ

(ST —

e
[ =R 1 1IN

- h OO

—

RO o BRI I

1
14

Date

Feb
Feb
fapr
Apr
Aor

Anr
Qpr
ap
Apr
atele
apr
Apr
Apr

Apr
Anr
Apr
Fipr
Apr
Apr
Apr

Aptr
Apr
Apr
Apr

fipr
Apr
Apr
Apr
Apr
ARpr
~pr
Apr
Apr
ALr
Apr
AL r
Apr

—

87 .

87
a7

a7

37
a7
a7
37
a7
87
87
87

87
ev
g7
a7
37
87

hr s
/

87
g7
87
87

87
87
87
87
e7

~

’

87

a7
87
a7
g7
&7
g7

Time

1110
1130
1717

1353

155

1154
1110
1521
1044

1132

844
1125
1927

Q0
1114

=M
-t

05

1942
1151
1079

923

1138

1127
1037
1544

714

Depth to water

({m'helow

datum level)

S.000
A4.967=
4.923
4,898
4.952

4.9320

2.282
1.401
1.317
1,369
1.3357
1.280

1.320

1.320
1.344
1.280
1.320

2.728
2.515
2.276
2.085
Z.030
2.4352

2.Z%70

I.006
2.8B36
2. 1932
T.122
2.400
2,390

e

Water levels

Elevation of
water table
(m above sea level)

78.822
79.788
84.3742
83.873
83.4620

78.247
78.504
78.470
78.507
78.547
78.572
78.518
78.540

80.017
80.868
¢ 80.952
80.900
80O.532
80.989
80.949

80.949
80.925
80.989
BO.949

78.331
78.544
78.783
78.974
78.029
78.627
78.689

BO.3I73
B80.543
80. 186
80. 257
80.97%9
80.98°9




/

Searle., PMorseth Water jievels
Station HNo Date Time Depth to water Elevation af
(m below water table
datum level) {m above sea level)

MEZ ZT Feb BY 12135 1.570 77.248
25 Febk 87 1700 1.5484 77.254

27 Feh 87 1170 1.553 T77.269

2 Apr 87 1124 1.218 77 .300

T fGor 8 1142 1.3242 77.476

A Lpr 37 14 1.352 77.4664

PR TE Tl £ 1048 1.3249 77.469

& Apr 897 12132 1,322 77.4%96

7 Spr B7 1716 1.277 77.9541

8 fRpr 87 1656 1.211 77.007

14 Apr 87 1.32G 77.49E

14 Apr B7 1.340 77.478

] S 2% Fek 87 1215 1.644 77.Z7S
25 Feh 17 1700 1.507 77.510

27 Feb 87 1130 1.427 77.5792

2 Apr 37 1132 1.24¢9 77.77C

Z Apr 37 1140 1.26% 77.756

4 fipr 37 27 1,282 77.727

S Apr 87 10531 1.269 T7.750

& Ap- 87 114 1.282 T7.737

7 Apr 87 1717 1.22%9 - 77.790

8 Apr 897 . 1657 1.1SZ 77.866

14 Anr 2 270G 77.749

14 apr 87 1.250 77.76%

MP & 2E Feb 27 1219 F.070 70.090
Z& Fet 87 1700 8.330 7A.830

27 Feb 37 1120 B.1ZX 71.027

2 Apv B7 1133 7.6465 71.4935

Z Anr 87 11738 7.789 71.791

4 QApr €7 Fo0 7.817 71,243

S Anr 87 1024 7.84% 71.21%

& Apr 87 19i4 . 8.1046% 71.091

7 spro 827 1716 8.167 Fi3.997

B 4pr B7 14659 8.126 71.0324

194 fpr 37 8. 360 T0O., 800

15 Apr 87 8. 1830 76.980




SeEarle, Morpeth Vater leveio
Station No Late Time Depth to water Elevation of
{m below water table
datum level) (m above sea level)
M S 24 Feb B7 1470 3.296 77.4517
24 Feb 87 920 J.172 77.9%7
25 Fek 87 25 Z.148 77.567%
2 Apr 87 1136 2.932 CTT7T.777
3 Apr 87 1136 2.974 77.739
E Apr 87 1405 2.972 77.737
i Apr 97 R 2.985 77.724
S bpr B7 114& 2.967 77.7472
& Apr 87 1918 2.947 77,762
7 Rpr 87 1714 2.869 77.340Q
2 Apr 87 1653 2.787 T7.922
14 fAor 87 2.89S 77.514
16 Apr 87 2.890 77.819
[t S 24 Feb (37 1130 2.8732 Te&. 777
24 Febh 87 1815 2,797 T76.85%
2% Fet 87 16000 2.77% 76.875
27 Feb 87 1230 2.770 76.B880
2 Apr 87 1139 2.696 76.954
% Apr B7 1144 2.996 77.0948
4 Apr 87 955 2.606 77.044
S Apr E7 1148 2.596 77.054
& Apr 87 191 2.384 77.0466
7 Apnr 87 1719 2.9552 77.098
3 fapr 87 1651 2.494 77.154
14 Apr 87 2.600 77 .080
15 Apr 87 2.590 77.060
MF7 25 Feb £7 210 &£.592 76.342
2 Apr 87 1141 5. 4681 77.229
Z Apr 87 1147 S5.679 77.265
4 Apr 87 1002 S5.67S5 77.2465
4 Apr B7 1426 5. 680 T7.260
% Apr 87 1150 5.679 77.2561
& o Apr B7 1209 S. 657 77.28%
7 Apr 87 10446 5.6597 77.28Z
8 Apr 87 1647 5.620 770320
i4 Apr 87 S.560 77.280
1& Gpr 87 S.690 77.290




Sea-le, Morpeth

Station No

M8

NEZ

NE&

I3

RNV IRV (AN AL - IS B¢

1

,_.
o

PIEY e e

rcONO R ] N O

—

R

-
]

- HO~NNG WL

3~ L ih $a b b3

Date

Feb
Apr
Apr
Apr
Apr
Apr
Apr
Apr
Apr
Apr
Apr

Apr
Apr
Apr
Apr
Apr
Apr
Apr
Apr

Feb
Feb
Apr
Aor
Anr
Apr
Apr
Apr
Apr
Apr
Apr

Feb
Apr
Apr
Apr
Apr
Apr
Apr
Aper
apr

g7
87
g7
87
87
87
g7
87
87
87
87

a7
87
az
87
a7
87
a7
a7

87
87
87
87
87
87
87
87
a7
87
87

87

87
=
87
87
87
a7

-
’

Time

1570
1434
1200
1728
1157

1582

1129
1051
1120

819
1155
1112
1042

I37

1126

14350

1115

1450
1138
1718

57
1238
1210
1048
1645

QOO0
1142
1149
1004
1152
1545
1210
1047
16475

Depth to water

(m be
daturm

e
-
)
oo
-
-
<
e

i
e

1 ow

level)

. =B85
.514
-a18

2. 832

et =
. -

>822

2. 848

.815
.77a
- 230
. 830

. 734
. 167

215

Haler lLevelg

Elevation of
water table
(m above sea level)

79.47%4
80.00S
80.001
732.987
79.994
79.997
79.571
30,004
EO.041
80.5=

79.98%

79.82>
80,3292
B9.578
7?.680
79.4667
79.776
79.647
79.649

W M M M W M M K MW






