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Summary

Aspinwall & Company was commissioned by Defence Estate Organisation to
undertake groundwater and spring water sampling, analysis and assessment at
RAF Upper Heyford. The work was required following completion of a land
quality assessment in 1997.

Samples were taken from eleven springs and seven boreholes (two of which have
dual completions) and submitted to Geochem Laboratory for analysis. Each
sample was analysed for a range of inorganic and organic compounds. The
specification for the analyses was agreed with the Environment Agency prior to
commencement.

The results indicate that the groundwater beneath the site is generally of good
quality, with only limited significant changes in chemistry between 1997 and 1998.
These changes include:

e  asubstantial increase in ammoniacal nitrogen concentration in all
boreholes;

e anincrease in phosphate concentration at a number of boreholes;

. elevated arsenic in borehole 7 with substantial reductions in boreholes 2
and 3B;

) the isolated instances of slightly elevated boron, cadmium, chromium
and copper identified in 1997 were not repeated in 1998;

. a significant reduction in BOD at borehole 1; and

o  diesel range organics were identified at all locations, although these
were only slightly elevated at three locations. No other hydrocarbons
were detected and the source of the diesel range organics could not be
positively identified. They may be due to “naturally” occurring
compounds or surfactants, plasticisers, detergents etc. which can be
present at low concentrations.

Most of the determinands measured in groundwater beneath the site were at
concentrations less than the maximum admissible concentration (MAC) detailed in
the UK Drinking Water Standards relating to the quality of water for human
consumption. The main exception was ammoniacal nitrogen which exceeded the
MAC at 5 out of 9 locations. The MAC'’s for nitrate and sulphate were also
exceeded at isolated locations, but by less than 10%, whilst the MAC for arsenic
was exceeded at one location (borehole 7) by an order of magnitude.

The spring water quality is generally reasonable with a small number of
significant changes from 1997 to 1998 including:

e anincrease in phosphate concentration at a number of locations;

Aspinwallscompany 1
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Summary continued

_e aslight increase in heavy metal concentrations, especially at spring M;
and

o diesel range organics were detected at all locations, positively identified
as diesel and weathered diesel at springs N and I respectively.

Most of the determinands in spring water were present at concentrations less than
the EC MAC, although three locations exceeded the MAC for nitrate and one for
ammoniacal nitrogen. The MAC'’s for arsenic, chromium, lead and selenium were
exceeded at a small number of locations.

In summary the groundwater beneath the Upper Heyford site is generally of good
quality although there is one isolated instance where arsenic exceeds the standard
for potable water quality. Volatile and semi volatile organics are low. Diesel
range organics are present although the source of these could not be identified.
The spring water around the site is of reasonable quality although arsenic,
chromium, lead and zinc exceed potable water quality standards in isolated
instances. Diesel range organics are present at all springs although the source of
these could not be identified.

Only by undertaking long term monitoring will any trends in groundwater quality
be identifiable. Of particular concern are diesel range organics, heavy metals,
phosphate and ammoniacal nitrogen. The increase in the latter was especially
significant. Its coincidence with an increase in phosphate suggests fertiliser as a
source. This has been confirmed by farmers using the airfield for grazing, the
large increase being due to fertiliser application prior to a very wet period.

Excepting the recent impact of fertiliser application, operations at RAF Upper
Heyford do not appear to have significantly impacted upon the sensitive
groundwater regime beneath the base. It is recommended that regular
groundwater quality monitoring be undertaken throughout any redevelopment of
the site to confirm that this remains the case.

Aspinwallecompany 2
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Introduction 1

In March 1997 Aspinwall & Company (Aspinwall) was commissioned by Defence
Estate Organisation (DEO) to undertake a Land Quality Assessment at RAF
Upper Heyford near Bicester in Oxfordshire. The assessment, which was
undertaken in late April 1997, included excavation of trial pits and boreholes with
subsequent laboratory analysis of soil and water samples to determine the nature
and extent of any contamination present. The investigation identified a small
number of slightly contaminated areas although groundwater and surface water
monitored beneath and around the site was, excepting a small number of
anomalous results, generally good. Due to these anomalies, and the fact that the
above interpretation is based on analysis of a single set of water samples, it was
recommended that a further series of samples be taken.

In May 1998, following consultation with the Environment Agency, Aspinwall was
commissioned to collect and analyse a second series of samples and to produce this
interpretative report. The 1997 sampling was undertaken at a similar time of year
to the 1998 sampling, and although climate conditions (and therefore hydrological
conditions) vary, taking the samples at a similar time of year provides a degree of
consistency for comparison.

The purpose of the repeat sampling was to confirm that the results obtained from
analysis of the 1997 water samples were a true reflection of the groundwater
quality in the area around and beneath the site. Furthermore, the Environment
Agency requested that additional determinands be monitored and that lower
limits of detection be used for the heavy metals analysis. The latter was required
to enable direct comparison of the results with potable water quality standards.
This, and a comparison between 1997 and 1998 data, has been undertaken in this
report.

The Consultants Directive, issued by DEOQ, is included as Appendix 1.

\
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Water Sample Collection and Analysis 2
Introduction

The water samples collected have been divided into those from springs/outfalls
around the site and those from boreholes within the site boundary which were
drilled during the 1997 investigation. The location of these points is shown on
Figure 1.

Groundwater Sampling

In 1998, groundwater samples were obtained from boreholes 1, 2,3,4,5,6 and 7.
At boreholes 1 and 3 two sets of samples were taken, one from the shallow
completion and one from the deep completion. These locations were all sampled in
1997, detailed discussion of the results from which are included in Reference 1.
All samples were analysed for the following suite of determinands:

Major ions: calcium, magnesium, sodium, potassium, bicarbonate (alkalinity),
sulphate, nitrate, chloride, ammoniacal nitrogen and phosphate;

Metals: arsenic, cadmium, chromium, lead, mercury, copper, nickel and
zing;

Others: pH (in situ & laboratory), electrical conductivity (EC - in situ &

laboratory), solvent extractable matter (SEM), chemical oxygen
demand (COD), biochemical oxygen demand (BOD), total organic
carbon (TOC), mineral oil, non volatile aromatics (NVA), nitrogen/
sulphur/oxygen & resins (NSO), petrol range organics (PRO) and
diesel range organics (DRO); and

EA specified benzene, toluene, ethyl benzene, xylene, carbon tetrachloride,
additional dichloromethane, trichloroethene, tetrachloroethene,
determinands  1,1,1 trichloroethane, vinyl chloride.

At each borehole an electronic dip meter was first used to determine the depth to
water, data from which are summarised in Appendix 2. Following water level
measurement a variable frequency electric submersible pump was installed in
each borehole in turn. The pump allows purging to be undertaken at a high
frequency (i.e. high discharge) rate to minimise the purge time, following which
the frequency (and therefore discharge) can be reduced to minimise water
disturbance during sampling.

In order to determine when purging was complete the following well head
parameters were monitored using a multi-parameter probe : temperature, pH,
electrical conductivity, dissolved oxygen, redox and turbidity. The results of this
purging are presented in Appendix 3. Following sampling at each location the
pump was cleaned with Decon 90, a laboratory grade detergent, then rinsed with

tap water.

Aspinwallzcompany 4
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Water Sample Collection and Analysis 2
continued

Because some of the samples were to be analysed for volatile compounds these
were collected with a disposable bailer following purging. The bailer minimises
the potential for sample disturbance and loss of volatiles whilst use of a new bailer
at each location prevents cross contamination.

The exception to the above sampling method was at borehole 1A where problems
encountered during sampling in 1997 indicated that the electric pump could not be
utilised. This borehole was therefore bailed prior to sampling. At borehole 2 the
method was also varied slightly as the hole was rapidly dewatered by the pump. It
was therefore allowed to recover before being pumped again and then sampled.

Each sample comprised six sub-samples which were stored in a variety of
containers as recommended by the laboratory and as detailed in Appendix 4. All
samples were stored in cool boxes on site and transported by courier to Geochem
laboratory on a daily basis.

Spring Water Sampling

During the 1997 investigation twenty four locations were visited which had been
identified from Ordnance Survey Maps of the area as being potential springs.
Each location was visited and the major springs were sampled. A detailed
discussion of the results is presented in Reference 1.

Twelve of the springs were revisited in 1998 and eleven samples (spring C2 being
dry) were taken, each of which comprised six sub-samples. The locations visited
(shown on Figure 1) are springs A, B, C2, D, F, G1, [, L, M, N, P1 and R2. As with
the groundwater samples all spring water samples were stored in cool boxes and
transported to the laboratory on the day of collection. The determinands analysed
are as per the groundwater samples, except that the Environment Agency did not
require analysis for volatile organic compounds.

At each location in situ measurements were made to determine water
temperature, pH, electrical conductivity, dissolved oxygen, redox and turbidity.
These results are presented in Appendix 5.

Laboratory Analysis

The results of the laboratory analysis are presented in Appendix 6. These have
been divided into four sub-sets as follows:

e  Appendix 6a - miscellaneous data including major ions, heavy metals
and “general indicators” of contamination such as total organic carbon
and biochemical oxygen demand;

Aspinwallscompany 5
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e Appendix 6b - hydrocarbon analyses including diesel range organics,
petrol range organics and BTEX (benzene, toluene, ethyl-benzene and
xylene) compounds;

e  Appendix 6c - phenol analyses which include nine major compounds; and

¢ Appendix 6d - volatile organic compounds which include fifty-nine major
compounds.

212 These results including a comparison with the 1997 results, are discussed in
Chapter 3.

Aspinwallscompany 6
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Results 3

Introduction

A detailed discussion of the groundwater/spring water chemistry at Upper
Heyford, based on the 1997 data, has already been undertaken (Reference 1), a
copy of which is included here for completeness as Appendix 6. This report
discusses any major changes observed between the 1997 and 1998 data, and any
instances where potable water quality standards (Reference 2) are exceeded. The
additional data requested by the Environment Agency in 1998 is also discussed.

The data, excepting detailed organic analyses, has been summarised in Tables 1
and 2 for borehole and spring samples respectively. The tables each include 4 sub-
tables, the first indicating UK potable water quality standards (Maximum ’
Admissible Concentration - MAC), the second the 1997 data, the third the 1998
data and the fourth a table showing percentage change from 1997 to 1998
(calculated as the 1998 concentration minus the 1997 concentration divided by
1997 concentration). Within this a negative value indicates a decrease in
concentration from 1997 to 1998. A comparison of the 1997 and 1998 diesel range
organics results is presented in Table 3.

Results of Chemical Analysis of Groundwater from
Boreholes

Major lons/Heavy Metals

The 1998 results broadly follow the trend of the 1997 results indicating neutral to
slightly alkaline pH with a slightly elevated electrical conductivity. A piper plot
for the 1998 data (Figure 2) demonstrates a similar pattern as for 1997 with
groundwater quality dominated by calcium and bicarbonate ions at all locations.
The water encountered at borehole 2 is of a slightly different quality with sulphate
and chloride being important, although the difference is not as great as in 1997.

With regard to the major ions and heavy metals there is no significant general
overall change in water quality except for the following:

e asubstantial increase in ammoniacal nitrogen concentrations at all
locations; and

e anincrease in phosphate concentration at five locations, although the
increase is only substantial at three of these.

There are increases in some determinands such as nitrate at borehole 34,
alkalinity at borehole 2 and chloride at boreholes 1A and 1B although these are
isolated instances. There is no location at which a significant number of
determinands have all increased in concentration.

Aspinwallscompany 7
September 1998



Table 1 Comparison of 1997 and 1998 Water Quality Data from the on sile Boreholes

Potable Waler Qually Standards
1 (7] 4 T L) T WO, Phos 0. AmmH AR HCO3 Tob  Bob  ToC [ B [7] Tr To 1) L] [} Te n WO WVA NSO TPH DM  YSE  DRO
mem mg mgh mpd  mod  mgh  mgl mgd m mg)  mgl mgh L1 mgn _mgh mp mg mgl  _mgd mgh mgh mgh mght mgA mpA mgh mol mgh gl mgd  mgh ugh
MAC 150 12 250 50 400 50 22 250 0.39 0.05 2 0.005 Dos 3 0.00t 005 a5 0.01 5 @01
Ty 0.01 4E-D4 0.001 0.015 5E - 05 9.0t5 0015 0.085 0.05
v 0.08 0006 0.03 a.078 3E-04 0975 Bo7S X:] 08
T WO, Phos 50. AmmN ALK hCO3 [HC)] cob  BGb  ToC [ L} <d k3 T L' L] P Te Fo) Won WA Ws0  TPH DCM TSt ORO
Jm m mgh ol mgh | mgd e mn mgA o mgh mgh mgh my/l mgh mgl mah g mgh _ mgh ugft
30 233 D2 101 004 480 480 585 47R 1" 2 |« o00s 012 « 005 <« 008 < 0.05 0.4 < 0.05 e06 < 01 < 005 2 < 1 1 2 3 3 10
0 834 0D 58 < 001 30 320 402 |« 10 205 2 |« 008 « 005 « 005 < 005 « 005 008 < 005 « 005 < 0.1 <« 005 1 < 1 1 i 2 2 ]
46 526 DE3 324 o6 90 0 110 30 12 T 0.7y 037 <« 005 < 005 < 005 < 008 < 005 < 005 < 01 < 005 ¢ ) < 3« il 3 2 w
3 413 poO7 53 < ool 450 480 585 ALl 07 2 |« 005 < 005 « 005 < 005 < 005 < 005 < 005 006 < 01 « 005 1 < z < il 2 2 i)
13 141 D18 a2 0.08 400 400 488 12 < DS s 228 « 005 <« 005 «c 006 013 <« 005 01 011 < 0.1 055 |< 1 <t 3 < 1 3 3 10
5 < O 0.03 58 < o 260 280 Ml e 10 < D5 9 < 005 « Q05 « 005 <« 005 < 005 0.06 < 005 < 005 < 01 < 005 [< 1 < b < 1 < 1 1 1 w
5) < 05 002 23 < o 300 300 366 |< 10 < D5 5 |« oas 022 o022 007 < 006 <« 005 « 005 023 < 01 015 |« 1 < 1 1 < 1 1 ! A
5 < @5 DU B2 Do2 1400 1400 1707 7 2B L] 0.05 aB 81 < 0D5 « 005 009 « 005 < 005 <« 01 0.08 Ll < 1 e 1 < 1 1 1 17
10 < 05 D002 g ooe 400 400 488 | 10 « 0.5 5 |« 005 < 005 « 005 < 0D5 <« Q405 < 005 <« 005 609 <« 01t 008 |< ) « 1 < 1 < 1 1 ] 10
< ] < 1_ =< 1 < 1 1 1 10
[ | €€ g | W Ca Mg € NO, Phos B0, AmmHN ALK WCOJ [HCOJ] C€OO  BOD  TOC [ ] ] € €i [T N Fb Sa Zn MOl WNVA NSO SEM
mSsem mgh mgl  mgAd  mgh m, mgA mol  mgh  mod  mol | mga gl agh mgh mygn mghl mgl gl ugh mg mgA mp mgl mpA mgd  mgl mg
TR | 0086 738 | 218 210 B96 74 283 01 142 103 400 400 488 124 o3 005 005 « 00004 < 005 < 005 <« 005 < 005 < 005 <0D05 005 [« | < 3 < 1 1
1B 0744 749 138 145 522 43 54 o1 27 0.8 420 420 512 a7 H & Q05 « 005 « O00M <« 006 < GO05 « 005 « GO5 < Q05 < 0005 < 005 |« 1 < 1 < 1 1
2 0.2 79 a3 139 10 44 71 .08 27 067 3o M0 414 89 ] s < 005 048 « DOOO4 < 005 < 005 < 005 < 005 < Q0% 0005 < 005 |< 1 ot < 1 1
[3A oe?s 7N 125 109 1.54 15 327 o084 4B 0.1 290 290 354 e 10 < il 3 |« 005 < 005 « 00004 <« 005 <« 005 <« 005 « 005 < 005 < 0.005 < 005 |« Ll < 1 1 -
28 0594 728 131 127 178 10 2331 167 38 009 250 250 305 2 < 1 1 < 005 « 005 < Q0004 < 005 < 005 < 005 <« 005 < 0.05 < 0005 < 0.05 |< 1 < 1 A} 1
4 asss 738 20 a7 " 10 <005 007 51 06 24 270 20 73 2 3 < 005 Q.08 « D004 < 005 < GO05 < 008 « 005 < 005 < 0.005 <« 005 |« 1 < 1 1 1
S asM 7.2 18 B 27 20 29 15 14 54 038 ane n0 78 1% < 7 2 < 005 < 005 « 00004 « 005 « 005 < Q05 « 005 < 005 0018 « 005 |« Ll « 1 < Al il
& 0433 7.59 125 36 158 73 NP NDP 003 s am a0 R0 290 8 < 1 905 < 005 « DOOO4 <« 005 « 005 <« 005 <« 005 < 005 « 0005 < 005 [« ] < 1 < 1 1
7 @375 7.08 1.8 08 9 n 28 a n.02 20 AL 380 380 463 |« W0 < 1 4 044 < 005 « 00004 < OD5 <« €GOS « DO§S < 005 < 005 < 0.005 < 005 |< 1] « 1 < 1 1
- baked sempia, GL - LG Guide Leval, MAC - EC Maximum Admrssibie Concentraton, TV - Dulch taiget valug, IV - Dulch Intarvention Valus
i 2 N. . ALK - alkauraty, COD - chomical oxygen demand, BOD - :al oxygen domang, TOC - Iotai orgarve carbon, M O - mineral oWparatfin NVA - tolal non-volatia aromancs
NSO - NSOHesins, TPH - lotol patiolaum Mythocarbons, OGM - DCMMeQH exiract, TSE - total sohtie oatiact, DRO « dsel 1ange osganics, Phos. - phosphate (nold MAC 8 GL expresssd 8 P).
[HGO3] - coleulatod by mullplyag aikaknnty by 3219, NDP - na determnation possibis.
Parcentaga change from 1997 to 1998
I € pH | W X Ca Mg O WO, Fhos 50, AmmN ALK hCO3 [HCDJ]| COO  BOD TOC | As B ] Tr To Hy N Pb E) Zn | Wi NVA WSO SEW
mSlem mgh mg mgd  mphl m m m mph  mah _ mg mgh mgh  mgh mgl mght mah mgh g/t mg mah = mgh ogh mg/) mgl mgh L]
A 58 T 1l E) i 25 147 21 a7 A 2625 ~7 a7 17 74 ) ] 58 0] a 0 T o 50 o ) -67
B k- k) 15 -27 az 126 -2 87 -52 5900 27 27 27 370 -390 200 ] o L] o o o @ o 1] o -50
2 -4 -3 -26 -23 20 2 ] -87 -87 -16 158 278 278 278 w97 400 -9 93 2 L] Q o o ° o ] &7 -a7
34 19 -2 -1 -1z -1 15 =21 1243 -9 900 -40 40 -40 -29 50 ) o ¢ L o -7 o o 0 50
38 -a 1 ? -23 -16 .23 &5 828 10 13 -3 =38 -38 120 -40 -08 e 0 62 R -55 -B1 o o -87 -67
4 s -1 5 .28 &7 33 0 131 a2 5900 -4 -4 -4 630 -67 0 80 [} o o ) e [ o o [
IS 8 o 36 -10 -26 6900 L3 J500 3 3 3 &0 -80 ] =77 29 a o -78 -&87 o
6 -28 4 -3 -28 2 22 -7 A5 350 -7 -7 ~77 77 ] g4 (] Q 0 o a7 o
7 -36 3 -2 a 19 180 520 0 180 2675 -5 -5 -5 o -20 7680 ¢ o [ o 44 -38 e o o °




Table 2 Compariecn of 1997 and 1998 Water Quakity Deta tiom $pringasOuttatia araund the St

Potabie Watar Cuaity Bariarty
AR ST [ = =7 & v T T ™ s d v5 ™ ™ ] T |
o mt m | mor v g mat gl et owoh  mn | mn  mph  egt mpt  mn mot | w
001
| fit o |
*-00
s | B W | . X T W O we  Fes 80, AwmN KK WO DO | €60 800 YOE = U = o T L] L 3 ™ T W WA W0 T N T A
- A oo\ roh  md  mgd  woh mgt et mgh  mgd gt mod | oengt  wot  gh | e | ewt  ogh med mph mpn  met  mpt  mot  egr | mpt mgt  mp  omt  mp g
Iz oy
oy 1 | w1 mo 2w owmas ow  a o xe w0 Y] 2 0B 0 o 08 05 < 0 « 005 « DOS < 808 - 01 < 005 | 1 < 1 [P ' [T
2 o | oA« oz % w1 ow@ % ow T @ om0 e < o8 3 o 0B ¢ 006 . 006 ¢ B85 < OG5 < 005 « O0F < WE < 01 o O [ 1 < 1 i 1 Il ' B
oo m | w o @ am s %2 < qo W 0w W ¥ © <« on 3 b5 < 606 ¢ 006 < OB < OO 4+ D < OO < Q& . O1 . O88 [0 < 1 < 1 . 1 IO 12
s om e | o a m m om Wy ow w W @« o 2 oo . e . 006 < 005 . 005 < 0B .« 008 . Q% . O . 008 o o ' toe
o | w3 R A Y [V ET] s S0 e W« oo B oom < 9% . Do . oo < 005 . o < 005 0O < O 01 e |
omd 1 | % < 3 2w o 38 oo o w7 0 < om 2 005 . 005 . D06 < 005 « D05 . Q05 . OO . 05 . Ol x 005 [ T M ox 4 1 2
a oy 7w [ e < 3 woo2m o» n sor 7 m om0 wy [0 . oobe 3 [ oos i e . o0s . oo - oo - o0 < 0 < oos - o1 - o0 P S ol . 1 < e
e
d oxa  ym | = . 2s ar » o w oo w7 | e . oo 3 005 « 005 . 085 « 005 = 005 < 005 « OO « 005 « DI x 005 e [ ‘ [
one  gm | w3 M8 3% 8 41 . nor @ um @ am s oo o 1 bas < 006 < B . 005 < 006 < OB <« 0 <« 0& . 4l 206 ' ' 2 z 2 < o
Groundvwster Ouatiy - Springs. 1908 Dvia
Femg | ©& o | % 3 T T W, s W0, RmwA MK PO oA | €00 90 T o 4 @ 2 ] ) 3 I ™ ™ W WA W 2
L. L. gt oyt wgn | mgd  mgl  mgA | mol L] L] mgh _ mgh Py ) mgt ot
—{oee 77 o e ot 2 o 1 G N R T W T H 306 T 00 < BOW T 006 < 0% % 06 < 065 oM T G005 < 4% Cr— 1 1
3 o1 14 Moo 28w w7 08 s . o w  x  we oo 3 019 < 005 + WG4 . 0G5 < 008 < 005 . 005 ® . ows « 088 o ) '
2 oy
o o 1w awas T w6 02 w0 m e 0o . 005 « 008 < 0O 1 OB5 < A5 < 005 1 005 < 005 <« OS5 < 005 Voe 1< <
- ey 2w w0 e o ye 30 o oo 3 005 ¢ 006 < DGO : 005 .+ 005 . 005 . 005 . 005 . ONS < 006 |« 1 . 1 o 1 P
& om  Tan 20 am & fe s e w0 @ e W N G08 < 905 ¢ O0OM <« O0GE < 005 ¢ QO < OB < OB5 . OO < 005 Jo 1 < 1 . ¥ P
i o Ta s ] 76 oa  w eor B x  w w oL 5 005 . O® . 00K < O « §O6 . OGy < OOy 005 OB < 4o lo 1 < 1 ot '
oss T 2 o ow i 0w 2 o1 e w0 oo 7 905 < 003 < DOOM . 0G5 « 003 « OOG < OCh « 005 « Q6 < 005 oo ' '
ame  re op W o®m %) om 8 < ot M  m w oo 3 024 . 006 < Q0OM  GIB « Q05 . 005 <« 005 O < D05 00f [ '
In omw  Tw o9 2@ M 23 om 0w em o xe  wr Ao s |« oo < om < omes < oo < oas « oos . 0w < om5 . ome  ou [P ¢ 2
s oms  rod a2 M w55 oo oo o a0 e W ) 006 . 005 < 0004 . 005 . 005 . QU5 .« DOG . OG5 . 05 . Q05 Voo e A
ama rar "5 FE R TR TS} e w0 ® [ ow . 2 D5 < 005 < QOO . 005 < 005 . 00K « OG5 « 005 . QW5 « 90§ S e P
Wowas 0L+ Lo w. ik
e A ALK sty [ oo vt
42 ‘ores .
(100 - cakoitad by Ulhen whany by 11219
Parconinge changs trom 1997 0 1908
Sping | £ W | W 7 T w6 W Pe 30, AwmN ALK PEG3 EBN | o0 B0 VK o & < o " & ™ ™ [ I w— Ton
maem A mol  ewh  wgl  mpn e mpr mpp mor | mp  mot  wen | mot  mpd  mar  mgt  mpd  met  mo  mor  man mor | mgd  mg e e
b v 1 a = 0 " a @ 0 o ° o 0 = a a [ o [ a o 3 @
2
o b E} a . 2 o a1 " 1 o o 3 = o [ o o a o o 0 o o -
oo s u w4 W “ o " 1 o 5 o o I3 o ° 0 v a 0 a °
5 a W @ s e ™ A o ar o o o o o » 5 o v o o
“ 1 xn e 4 xu  w o ) s o w o o 3 o o ) ) o u o m
pa . n w2 o 000 2 2 v o %0 o =0 o ° » » o o o r
v
1 2 e 2 2w a % = 0 o w e 15 “ o o v o o o ° 0 o u o
v K 7 =) » a e » 0 u e W o 100 9 o . 3 ° ° v u u *©




Defence Estate
Organisation RAF Upper Heyford Groundwater Quality Monitoring Assessment - Final Report Chapter

Results continued 3

Table 3. Diesel Range Hydrocarbons (ug/l) identified in 1997 and 1998

Location Apr-97 May-98 Comments
BH1A <10 37
BH1B <10 36
BH1B(bailed) <10 - additional bailed samples not taken in 1998
BH2 77 33
BH3A <10 204
BH3B <10 217
BH4 <10 501
BH4(bailed) <10 - additional bailed samples not taken in 1998
BHS 10 14
BH5(bailed) <10 - additional bailed samples not taken in 1998
BH6 17 45
BH7 <10 22
Spring A - 27
Spring B <10 28
Spring C (C2) 24 - spring dry in 1998
Spring D 17 38
Spring F - 42 spring only a trickle in 1997
Spring G (G1) <10 29
Spring | - 783 Weathered diesel, spring dry in 1987
Spring L 31 33
Spring M <10 26
Spring N - 2489  Diesel, spring dry in 1997
Spring P (P1) <10 40
Spring R (R2) <10 44
3.6 Comparison of the major ion concentrations with potable water quality standards

(where present - Table 1) indicates the following:

sodium - all results less than the MAC;
potassium - all results less than the MAC;
calcium - all results less than the MAC;
magnesium - all results less than the MAC;
chloride - all results less than the MAC;
nitrate - concentration of 54 mg/1 at borehole 1B slightly greater than the

MAC of 50 mg/1. All other locations less than the MAC;
all results less than the MAC;

phosphate

Aspinwallscompany 8
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Results continued 3
sulphate - all results less than the MAC, except borehole 2 which at 271 mg/!

exceeded the MAC of 250 mg/1; and,

ammoniacal - the MAC of 0.39 mg/! was exceeded at 5 locations (boreholes 1A,
nitrogen 1B, 2, 4 and 7).

The detection limits for heavy metals were reduced for the 1998 analysis to allow
comparison of the results with potable water quality standards (Reference 2). In
all instances except four, the results demonstrate heavy metal concentrations at or
less than the limit of detection (i.e. less than the potable water quality standards).
The four exceptions are:

*  selenium in water from borehole 5 which is present at a concentration of
0.016 mg/], just greater than the 0.01 mg/l maximum admissible
concentration (MAC) in groundwater (Reference 2); and

0 arsenic, which was present in the water from borehole 7 at a
concentration of 0.44 mg/1 (MAC of 0.05 mg/1). The elevated arsenic
concentrations of 0.7 and 2.3 mg/1 measured in 1997 at boreholes 2 and
3B (respectively) was not repeated.

The slightly elevated concentrations of copper, mercury, nickel, lead and zinc
detected in the 1997 water samples were not detected in 1998.

Organic Determinands

The screening tests for organic contamination including mineral oil, non-volatile
aromatics, NSO and solvent extractable material were all at or less than the limit
of detection of 1 mg/1 and were in all instances the same or less than the 1997
results.

Other screening tests undertaken include those to determine chemical oxygen
demand (COD), biochemical oxygen demand (BOD) and total organic carbon
(TOC). Both BOD and TOC were low in all instances although BOD in water from
borehole 2 and TOC in water from borehole 1B had increased. COD has increased
at a number of locations, although at borehole 1A which had the highest COD in
1997 the concentration has significantly reduced.

Detailed organic analyses undertaken are outlined in Chapter 2 with results
presented in Appendix éb, c and d. The analyses for gasoline range organics,
BTEX compounds, phenols and volatile organic compounds did not identify any of
these compounds at concentrations greater than the limit of detection or greater
than the UK drinking water standards (where determinands are specified). No
gasoline range organics were identified in 1997 whilst the BTEX, phenols and
volatiles analyses were not undertaken in 1997.

Aspinwallscompany 9
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The analyses undertaken for diesel range organics indicated that these are present
at all locations, albeit generally at relatively low concentrations. The highest
concentration detected was 0.5 mg/! at borehole 4. The only location where diesel
range organics were detected in 1997 at a concentration significantly greater than
the limit of detection was borehole 2. In 1998 the concentration at this location
had declined. These results are discussed further below.

Results of Chemical Analysis of Spring Water

Major lons/Heavy Metals

The spring water quality measured in 1998 varies very little from that measured
in 1997. The water is of neutral pH with a slightly elevated EC. The piper plot for
1998 (Figure 3) is very similar to that for 1997 albeit with a reduced spread in the
points plotted.

The only determinand which has changed significantly at a number of locations is
phosphate which has increased at five locations, although only substantially at
two. Other determinands have increased such as calcium, magnesium and
chloride at Spring I and ammoniacal nitrogen at Springs D and L.

Comparison of the major ion concentrations with potable water quality standards
(where present - Table 2) indicates the following;:

sodium - all results less than the MAC;
potassium - all results less than the MAC;
calcium - all results less than the MAC;
magnesium - all results less than the MAC;
chloride - all results less than the MAC;
nitrate - the MAC for nitrate of 50 mg/1 is exceeded at three locations -

spring D (79 mg/1), spring F (61 mg/!) and spring N (52 mg/1);
all results less than the MAC;

all results less than the MAC; and

the MAC of 0.39 mg/1 is only exceeded at spring N (0.6 mg/1).

phosphate

sulphate

ammoniacal
nitrogen

As with the borehole water the spring samples were analysed to lower limits of
detection for heavy metals in 1998 compared with 1997. In 1997, excepting lead
and zinc at Spring I, no heavy metals were detected at concentrations greater than
the limit of detection. However, in 1998 this was not the case with a number of
heavy metals present at slightly elevated concentrations as follows:
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e arsenic at 0.19 and 0.24 mg/! at springs B and M respectively. The MAC
for potable water is 0.05 mg/l;

¢ chromium at 0.19 mg/1 at spring M (MAC = 0.05 mg/1);

¢ lead at0.11,0.09 and 0.18 mg/! at springs A, B and M respectively
(MAC = 0.05 mg/1); and

e  selenium at 0.007 mg/1 at spring I (MAC = 0.01 mg/1).

The majority of the cases where water quality standards for heavy metals were
exceeded were at spring M.

Organic Analysis

3.17 The indicator analyses undertaken include those for mineral oil, non-volatile
aromatics, NSO, solvent extractable matter, COD, BOD and TOC. All, except TOC
and COD at spring N were at or very close to the limit of detection. The COD at
spring N was slightly elevated, but none of the TOC concentrations were elevated,
although those at springs L and R2 had increased significantly since 1997 (TOC
has also increased slightly at three other locations).

3.18 The specific organic analyses for petrol range organics, BTEX and phenols, as with
the borehole samples, all indicate concentrations less than the limit of detection
and also less than the MAC for potable water (where specified). The diesel range
organics analysis indicates these compounds to be present at all locations, albeit at
low concentrations, except at springs I and N where weathered diesel and diesel
respectively were identified. These are discussed further below.

Discussion

3.19 The results of the 1998 sampling exercise indicate that the groundwater beneath
and around the site is generally of ;ood quality with little change from 1997 to
1998. The main exceptions are the increase in ammoniacal nitrogen in the
boreholes and phosphate at several boreholes and springs. In addition to these,
diesel range organics were identified at all locations.

3.20 The increase in ammoniacal nitrogen and phosphate suggests fertiliser as a
source. Its increase on site but not in the springs suggests that it is being applied
by at least one of the farmers utilising the airfield for grazing. The North
Oxfordshire Consortium contacted the farmers, at least two of whom are using
nitrogen, phosphorous, potassium (NPK) fertilisers. The farmers also confirmed
that although the application of these involves “relatively” small amounts of
fertiliser, they were applied prior to a particularly wet period. The result of this is
that much of the nitrogen and to a lesser extent the phosphorous moved into
solution and entered the groundwater. Of interest is the fact that the lowest
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increase in ammoniacal nitrogen was at borehole 3B which is separated from 3A
by a thin mudstone band. However, at boreholes 1A and 1B the lower completion,
which is separated by much thicker bands of mudstone than at 3A /3B, both
exhibited large increases in ammoniacal nitrogen concentration. This indicates
that not all of the mudstone bands beneath the site act as low permeability
barriers.

Although the diesel range organics analysis has indicated that compounds are
present with carbon chains which are also found in diesel the results only indicate
that diesel fuel oil (sensu stricto) is present at two locations - spring I (as
weathered diesel - possibly from POL21, which is known to be contaminated with
fuels) and spring N. At other locations the compounds present and their source
materials could not be identified, but could include substances such as “naturally”
occurring hydrocarbons, detergents, surfactants and plasticisers. Values less than
50 pg/1 should be treated essentially as “background”. Locations where this
background concentration have been exceeded are springs I and N (see above) and
boreholes 3A, 3B and 4 (see below).

The UK drinking water standards do not cite a MAC for diesel range organics.
However, the EC directive relating to potable water (Reference 3) cites the guide
level for substances extractable in chloroform (similar to the extraction used by
Geochem Laboratory for diesel range organics) as 100 ug/1. All analyses were less
than this except boreholes 3A, 3B, 4, spring I & spring N, the latter two of which
were the locations where diesel was positively identified. Although not strictly
comparable to diesel range organics, the Dutch intervention Value for Mineral Oil
is 600 ng/l. The diesel range organics detected in boreholes 3A, 3B and 4 are all
less than this value. Thus, although the results may indicate some hydrocarbon
contamination the concentrations are not thought to be significant.

The 1997 results for diesel range organics were greater than the limit of detection
at only five locations compared to all locations in 1998. No compounds could be
positively identified at any of the five locations in 1997. The laboratory confirmed
that this could be due to the volume of sample analysed and may have been
prompted by our more detailed requests for the 1998 analyses.

The diesel which has been positively identified cannot be unequivocally attributed
to Upper Heyford, especially that from spring N. This spring is dry for part of the
year and when flowing rises at an elevation greater than the water level in the
nearest on site borehole (borehole 2). Furthermore, given that all fuel storage on
the northern side of the airfield ceased at least four years ago any diesel resurging
at spring N would be more likely to be weathered rather than the unweathered
diesel detected. It is therefore postulated that the diesel is from a local, more
recent source.

The elevated heavy metals detected at some of the springs may be due to “local”
sources outwith RAF Upper Heyford, or they may be due to contaminants moving
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through the aquifer. With further monitoring it will be possible to better
determine the source of these variations.

It is not possible to determine any trends with only two years of monitoring data.
Only by undertaking long term monitoring would such trends be identifiable. Of
particular concern are diesel range organics, heavy metals, phosphate and
ammoniacal nitrogen. Given than the site is no longer an operational airbase and
that MOD POL storage and transfer facilities have been drained of fuel then
decreasing trends in diesel range organics and heavy metals would be expected,
assuming of course, that any existing contamination is not disturbed.

Conclusions and Recommendations

In conclusion the monitoring data confirm that the groundwater beneath the site:

e isnot contaminated with hydrocarbon based fuels, although hydrocarbon
containing compounds are present at low concentrations;

. with a very limited number of exceptions, is not contaminated with
heavy metals;

¢ is not contaminated with gasoline range organics, phenols or volatile
organic compounds; and

s is sensitive to land use, such as agriculture, which involves the direct
addition of soluble substances to the land surface.

Excepting fertiliser derived compounds, the very limited exceedence of potable
water quality standards of a small number of determinands does not require any
groundwater remediation. Furthermore, it confirms that there are no water
quality issues which should limit the redevelopment of the site for housing.
However, it is recommended that the groundwater be regularly monitored during
any demolition or redevelopment of the site to determine if this remains the case.
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Figure 1

Groundwater and Surface Water Sampling Locations
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Ministry of Defence
Déo DEFENCE ESTATE ORGANISATION
St George'’s House, Blakemore Drive, Sutton Coldfield, West Midlands B75 7RL
DEFENCE ESTATE Telephone: Direct Dialling
ORGANISATION ATN Sutton Coldfield
GTN
Switchboard
Fax
Aspinwall & Co. Ltd Your Reference: MD3333C
Walford Manor
Baschurch Our Reference; D/DEQ/27/104/4/07686
Shrewsbury .
Shropshire  SY4 2HH Date: 8 May 1998

_foo

Dear -

- RAF UPPER HEYFORD: Groundwater Quality Monitoring

References
A. Phase Two LQA report, MD3333B, dated June 1997
B. Minutes of Meeting at Upper Heyford, G381, dated 26 February 1998
C. Letter, A&Co to EA, TA2501A, dated 27 February 1998
D. Letter, EA to A&Co, SD/G/CL/OX, dated 17 April 1998
E. Letter, A&Co to EA, TA2502A, dated 27 April 1998
F. Letter, MD3333C/SLH, dated 28 April 1998
G. C2 Order No. 114, dated 8 May 1998

I Sampling and analysis of groundwater at RAF Upper Heyford was recommended by the Phase Two
LQA (ref. A) and requested by the Environment Agency (EA) at a meeting held on 26 February 1998
(ref. B). With reference to your letter (ref. F) and your Term Commission WS13/1982/2, enclosed is a
C2 Order (ref. G) for sampling and analysis of groundwater from boreholes and springs on and around
RAF Upper Heyford. Please sign and return the original C2 Order to me indicating your acceptance of
this task. Please notify me of the start date for sampling and of progress to issue of the draft report,

2. The scope of work is as presented in the Interpretive Report (ref. A) with additions and clarifications by
the EA and Aspinwall & Co (refs B, C, D and E). The resulting scope for this single round
groundwater sampling exercise is set out below. This Order is placed on the basis of the following
scope of works and is intended to augment the information provided in the LQA. The following scope
of works represents an accumulation of intentions expressed by Aspinwall & Co and the EA in
documents referred to above. The scope of works is accepted as suitable based on advice given to DEQ
by those parties. Any subsequent works to assess or monitor the land quality of the site will be the
responsibility of the joint venture consortium for development of this site.

3. The groundwater quality monitoring exercise will comprise collection of one sample of groundwater
from each nominated spring and borehole on and around the site. Each borehole will be purged
sufficiently to ensure that the sample collected is representative of formation water. The assessment of
adequate purging should be determined preferably by measurement of appropriate properties or
alternatively by the calculated borehole volume method. Measures must be taken to ensure that there is
no cross-contamination between samples. Samples for VOC analysis are to collected and transferred to
the laboratory in a manner which minimises loss of volatiles. All samples must be collected and stored
in an appropriate manner which minimises sample degradation. The details of sample collection must
be recorded and presented with the other data from this exercise. A water level must be recorded for
each borehole in a manner which allows calculation of depth below ground level and elevation above

ASF - UHEP32.DOC - Page 1 of 2



4,

5.

7.

: Yours

ccC.

encl..

Environmental Engineer
SC 4e, DEO HQ
SB19 2453SB

Ordnance Datum. All sample locations are shown on Figure 4 of the Phase Two LQA Factual Report;
an annotated copy of this map is enclosed.

Locations to be sampled are as follows:

) Boreholes: 1A, 1B, 2,3A,3B, 4,5, 6and 7.
. Springs: B, C2, D, G1, P1,R2, L, L, M and (if flowing) A, F and N.

The analytical suite for each sample is to be as follows with detection limits -
Major Ions: Ca, Mg, K, Na, HCO;. SO,, NOs, Cl and Ammoniacal Nitrogen.
Metals: As, Cd, Cf, Pb, Hg, Cu, Ni, Zn (limit of detection appropriate to drinking water MACs)

Others: pH (in situ and lab), Electrical Conductivity (in situ and lab), Solvent Extractable Matter
(SEM), Chemical Oxygen Demand (COD), Biological Oxygen Demand (BOD), Total Organic

Carbon (TOC), Total Petroleum Hydrocarbons (diesel and petrol range), Total Alkalinity and
phosphate.

Additional EA requested determinands: phenol (all samples) and Volatile Organic Compounds by

GCMS (VOCs) (borehole samples only). The VOC suite as agreed with the Environment Agency
(Ref. D) is to be as follows:

Benzene Dichloromethane (DCM)
Toluene Trichloroethene (TCE)
Ethylbenzene Tetrachloroethene (TeCE)
Xylene 1,1,1-trichloroethane (TCA)
Carbon Tetrachloride Vinyl Chloride

Analytical data and interpretation will be presented in a single volume report which will be issued
initially in draft form. The final report will be issued after receipt of comments. The report will include
tabulation of analytical data in a manner which allows comparison with previous data. As for the LQA
report, 4 copies of the draft report and 8 copies of the Final report will be required. Following issue of
the report, a meeting will be held with the Environment Agency to discuss the conclusions of this
monitoring exercise. That meeting is not included in this commission and will be funded from the
development budget through NOC.

Please contact me if I can be of further assistance.

sincerely,

DEO
RAFIO, Infra Pol 3b

Figure 4 Site Plan with annotations
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Water Levels at Upper Heyford

Location Ground Waterlevel Water level
Elevation 09-May-97 11-May-98
m AOD m AOD m AQOD
1A 116.42 81.4 81.46
iB 116.42 103.57 105.51
2 137.98 113.67 116.7
3A 121.71 120.04 120.12
3B 121.71 120.03 120.09
4 121.88 109.72 111.63
5 120.2 118.92 118.97
6 121.56 112.88 116.86
7 131.01 129.07 128.38
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Borehole 1B
Time Pt100 pH/mV conduct DO Salin ISEmid turbid
oC pH usS mg/| mVv NTU
Temp oC pH EC uS DO mg/l ISEmv  Turbntu
13/05/98 11:12 0 12.6 6.85 432.3 5.48 2147 2050
13/05/98 11:14 2 121 6.83 563.2 6.36 2142 1518
13/05/98 11:16 4 12.4 6.86 594.3 6.76 2146 1063
13/05/98 11:18 6 12.5 6.87 620.0 7.00 2146 652
13/05/98 11:20 8 12.6 6.88 627.2 7.18 213.0 397
13/05/98 11:22 10 12.7 6.89 631.8 7.30 2116 276
13/05/98 11:24 12 12.7 6.89 636.6 7.39 210.0 243
13/05/98 11:26 14 12.7 6.90 6371 7.38 208.5 221
13/05/98 11:28 16 12.7 6.90 639.3 7.45 2071 205
13/05/98 11:30 18 12.7 6.90 640.5 7.51 205.9 178
13/05/98 11:32 20 12.7 6.91 639.9 7.48 2047 159
13/05/98 11:34 22 12.8 6.91 640.4 7.56 203.2 157
13/05/98 11:36 24 12.8 6.91 640.2 7.54 201.8 152
13/05/98 1138 26 13.0 6.91 640.7 7.62 200.2 129
13/05/98 11:40 28 13.0 6.92 642.4 7.61 199.6 115
13/05/98 11:42 30 131 6.92 644.2 7.66 199.1 95
13/05/98 11:44 32 13.0 6.92 643.0 7.60 198.3 84
13/05/98 11:46 34 13.0 6.92 643.8 7.61 197.5 75
13/05/98 11:48 36 13.0 6.92 6424 7.64 196.7 61
13/05/98 11:50 38 13.0 6.92 643.6 7.68 195.7 56
13/05/98 11:52 40 131 6.92 643.4 7.68 194.7 44
13/05/98 11:54 42 13.3 7.02 635.2 7.94 193.0 62
13/05/98 11:56 44 13.3 6.93 642.5 7.69 192.4 32
13/05/98 11:58 46 13.3 6.93 644.4 7.76 192.0 0
—e—Temp oC —a— pH
—«— DO mg/l EC uS
—x— ISE mv —e— Turb ntu
4.0 e s et s i s e s s e 2500.0
12.0 &
' + 2000.0
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~ 8.0 4 + 1500.0 =
%_ 8 e 0 O = o 4 'g
g 00y | {10000 ¥
i 4.0 + w
+ 500.0
20 o
5% & &7
0.0 - } i ] S - 0.0
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Borehole 2
Time Pt100 pH/mV conduct DO Salin ISE mid turbid
sC pH usS mg/l mVv NTU
Temp oC pH EC uS DO mg/l ISEmv  Turbntu
13/05/98 08:44 0 10.9 7.07 694 .4 479 180.6 908
13/05/98 08.46 2 11.2 7.11 716.6 4.54 179.8 1405
13/05/98 08:48 4 11.8 7.12 7429 4.29 179.8 1452
13/05/98 08:50 6 12.7 7.1 792.4 2.98 175.9 1471
13/05/98 08:52 8 12.8 7.47 845.5 1.51 133.4 469
13/05/98 08:54 10 12.0 7.25 838.6 1.12 134.9 305
13/05/98 08:56 12 12.0 7.3 -838.1 1.03 135.3 281
13/05/98 08:58 14 12.5 7.36 839.4 5.02 1336 359
13/05/98 09:00 16 12.7 7.58 547 1 6.32 119.4 0
13/05/98 09:02 18 13.0 7.65 4239 8.53 1491 0
13/05/98 09:04 20 13.3 7.66 3847 7.37 144.5 0
13/05/98 09:06 22 13.2 7.58 685.7 4.70 170.0 265
13/05/98 09:08 24 13.0 7.54 648.2 5.22 167.1 311
13/05/98 09:10 26 12.8 7.57 609.3 6.12 168.1 370
13/05/98 09:12 28 12.6 7.56 714.7 4.95 170.2 530
13/05/98 09:14 30 12.6 7.56 761.6 407 169.8 - 562
13/05/98 09:16 32 13.1 7.62 714.6 5.20 143.8 0
13/05/98 09:18 34 13.2 7.60 702.8 5.50 140.0 0
-—e+—Temp oC —#—pH
—— DO mg/| EC uS
x ISEmv  —e—Turbntu
14.0 ~—+ 1600
12.0 + 1400
10.0 T 1200
o + 1000 W
2. 8.0 e
a +800 £
g 60 :
hd +600 5
4.0 1 400
20 1 200
0.0 - 0

15 20

Time mins

20 35




Borehole 3A

Time

11/05/98 11:51
11/05/98 11:53
11/05/98 11:55
11/05/98 11:57
11/05/98 11:59
11/05/98 12:01
11/05/98 12:03
11/05/98 12:05
11/05/98 12:07
11/05/98 12:09
11/05/98 12:11

o
= L )

14
16
18
20

Pt100 pH/mV

eC pH

Temp oC pH
10.6 6.89
11.3 6.89
11.2 6.89
11.6 6.88
11.9 6.88
11.9 6.88
11.9 6.88
11.9 6.88
12.0 6.88
11.9 6.88
11.9 6.88

conduct

usS

EC uS
507.8
510.0
509.2
525.7
525.6
525.6
5249
522.8
523.8
522.1
520.2

DO Salin  ISE mid

mg/l mV

DO mg/l ISE mv
3.97 2251
3.66 218.7
3.78 213.8
3.58 209.5
3.47 2049
3.42 201.2
3.36 198.1
3.33 195.3
3.26 192.8
3.24 190.8
3.22 189.1

turbid
NTU
Turb ntu

N o ©
ocooocoococooocofRYY

—o—TempoC —w—pH

— DO mg/l
—3— ISE mv

EC uS

—e— Turb ntu

et o e - T 600.0

500.0

400.0

300.0

Temp, pH, DO

- 200.0

- 100.0

Time mins

0.0

EC, Turb, ISE




Borehole 3B
Time Pt100 pH/mV conduct DO Salin ISE mid turbid
eC pH us mg/l mV NTU
Temp oC pH EC uS DO mg/l ISEmv  Turbntu
11/05/98 11:13 0 10 6.98 4342 6.23 161.2 40
11/05/98 11:15 2 10.2 6.99 433.0 6.30 163.0 0
11/05/98 11:17 4 10.6 6.99 431.8 6.31 164.0 0
11/05/98 11:19 6 10.8 6.99 4329 6.25 164.7 0
11/05/98 11:21 8 10.8 6.99 4329 6.18 165.7 0
11/05/98 11:23 10 10.9 6.99 4342 6.23 166.7 0
11/05/98 11:25 12 10.9 6.99 433.5 6.19 167.5 0
11/05/98 11:27 14 10.9 6.99 433.5 6.23 168.1 0
11/05/98 11:29 16 10.9 6.99 432.9 6.23 168.9 0
11/05/98 11:31 18 10.8 6.99 4342 6.18 169.5 0
11/05/98 11:33 20 10.8 6.99 4336 6.22 170.0 0
—eo—Temp oC —a—pH
—¢—DO mg/l —e—Turb ntu
EC uS —x— ISE mv
e 450.0
- 400.0
I 350.0
5
P - 300.0
9 L 250.0 §
I" -
c - 200.0 qu
g 150.0
(1]
F 100.0
50.0
04 ————@ * >—8 &——9 - 0.0
0 5 10 15 20
Time mins




Borehole 4
Time Pt100 pH/mV conduct DO Salin ISE mid turbid
sC pH usS mg/l mVvV NTU
Temp oC pH EC uS DOmg/l ISEmv  Turbntu
11/05/98 09:35 O 10.9 6.77 4342 0.57 19.2 176
11/05/98 09:37 2 10.9 6.85 437.7 0.18 12.4 0
11/05/98 09:39 4 11.0 6.88 438.9 0.12 7.9 0
11/05/98 09:41 6 11.2 6.92 439.3 0.16 6.3 0
11/05/98 09:43 8 1.2 6.93 439.2 0.13 45 0
11/05/98 09:45 10 11.5 6.95 4414 0.13 26 0
11/05/98 09:47 12 11.6 6.95 441.5 0.12 -0.2 0
11/05/98 09:49 14 11.6 6.96 443.2 0.12 -2.0 0
11/05/98 09:51 16 11.6 6.97 4427 0.11 -3.2 0
11/05/98 09:53 18 11.6 6.98 4431 0.1 -4.5 0
11/05/98 09:55 20 117 6.98 443.0 0.10 -55 0
11/05/98 09:57 22 11.7 6.99 4435 0.10 -6.5 0
11/05/98 09:59 24 11.9 6.99 443.9 0.09 -1.5 0
11/05/98 10:01 26 11.9 6.99 443 4 0.09 -8.5 0
11/05/98 10:03 28 11.8 7.00 443.5 0.08 -8.8 0
11/05/98 10:05 30 11.7 7.00 4442 0.06 -9.8 0
11/05/98 10:07 32 11.8 7.02 433.0 0.06 -13.2 0
11/05/98 10:09 34 1.7 7.11 436.0 0.06 -14.9 0
11/05/98 10:11 36 11.7 7.02 443.0 0.03 -13.8 0
11/05/98 10:13 38 11.8 7.01 4447 0.03 -15.1 0
11/05/98 10:15 40 11.8 7.01 4452 0.03 -16.1 0
11/05/98 10:17 42 11.8 7.01 443.9 0.03 -16.1 0
—+—TempoC —a—pH
—>—DOmg/l —%—ISEmv
EC uS —e— Turb ntu
20.0 % e - - - 450.0
15.0 + 400.0
10.0 ‘ + 350.0
b +250.0 &
g .0 10 20 30 40 gp2000 =
o ; $)
[ \ _ +150.0 w
-10.0 1 100.0
-15.0 T 1500
-20.0 L-¢-0-0-0-0-0-9-0-€ 50-9-0-0-0-6090-0-8-———-—L 00
Time mins




Borehole 5

Time

11/05/98 13:19
11/05/98 13:21
11/05/98 13:23
11/05/98 13:25
11/05/98 13:27
11/05/98 13:29
11/05/98 13:31
11/05/98 13:33
11/05/98 13:35
11/05/98 13:37

Pt100 pH/mV conduct

oC pH us

Temp oC pH EC uS
0 12.5 6.88 514.8
2 11.9 6.89 515.1
4 11.7 6.90 517.6
6 11.6 6.89 516.2
8 11.5 6.89 517.0
10 11.5 6.89 516.4
12 11.5 6.89 517.0
14 11.5 6.89 516.4
16 11.5 6.89 516.4
18 11.5 6.89 517.0

DO Salin ISEmid  turbid

mg/| mV NTU

DOmg/i ISEmv  Turbntu
0.50 26.1 217
0.30 16.7 360
0.16 38.2 104
0.11 37.3 0
0.10 - 217 0
0.12 243 0
0.14 22.6 0
0.15 21.6 0
0.13 204 0
0.12 19.0 0

——Temp oC —&—pH
— DO mg/l EC uS
—%—|SE mv —&—Turb ntu

14 I..\_,WM.,m,_m_;...‘m.-..w,.‘-_.....u_....~.~_,M,;..-m.~_\_.,ﬁ_~m_\,..u.k_u.w‘.__ 600.0
12 -

Temp, pH, DO

L 3
L 3
[ J

L

10

Time mins

15

.o 15000
14000 @
-
'—
13000 ui
2]
+2000 9
1 100.0
0.0
20




Borehole 6

Time

11/05/98 15:01
11/05/98 15:03
11/05/98 15:05
11/05/98 15:07
11/05/98 15:09
11/05/98 15:11
11/05/98 15:13
11/05/98 15:15
11/05/98 15:17
11/05/98 15:19
11/05/98 15:21
11/05/98 15:23
11/05/98 15:25
11/05/98 15:27
11/05/98 15:29
11/05/98 15:31
11/05/98 15:33
11/05/98 15:35
11/05/98 15:37
11/05/98 15:39

-
o®PoOA~ANO

12
14
16
18
20
22
24
26
28
30
32
34
36
38

Pt100 pH/mV

2C pH

Temp oC pH
136 6.88
13.7 6.87
13.7 6.83
13.5 6.82
13.5 6.82
13.6 6.82
13.7 6.82
13.7 6.82
13.8 6.82
13.8 6.82
13.8 6.82
13.7 6.82
13.7 6.85
13.8 6.84
13.8 6.84
13.8 6.84
13.9 6.83
14.0 6.83
14.1 6.84
14.2 6.83

conduct

usS

EC uS
489.8
498 .4
514.2
517.0
516.5
515.9
514.2
514.2
512.0
511.4
509.8
509.0
547.7
548.1
547.2
545.9
546.5
547.0
547.3
546.2

DO Saiin

mg/l

DO mg/l
2.83
2.26
0.58
0.25
0.20
0.28
0.21
0.18
0.13
0.10
0.09
0.07
0.50
0.09
0.06
0.05
0.05
0.04
0.04
0.04

ISE mid
mV
ISE mv
157.9
149.6
126.9
97.3
74.1
58.1
47.5
40.0
34.1
29.4
25.3
22.4
32.4
236
19.6
16.9
147
13.0
1.2
9.8

turbid
NTU
Turb ntu

75
332
1186
1176
1054
821
623
493
389
304
240
205
176
145
125
101
81
69
58
48

Temp. pH, DO

—e—TempoC —&—pH

—~ DO mg/!

—¥— ISE mv

EC uS

—o~— Turb ntu

Time mins

- 1200.0

+ 1000.0

+ 800.0

- 600.0

- 400.0

- 200.0

L 0.0

40

EC. ISE, Turb




Borehole 7
Time Pt100 pH/mV conduct DO Salin ISE mid turbid
oC pH usS mg/! mV NTU
Temp oC pH EC uS DOmg/A ISEmv  Turbntu
13/05/98 14:00 0 11.5 6.69 607.5 1.03 79.6 0
13/05/98 14:02 2 11.9 6.71 601.1 0.79 57.5 0
13/05/98 14:04 4 12.5 6.72 587.3 0.56 30.0 0
13/05/98 14.06 6 12.5 6.73 589.2 0.44 29.0 0
13/05/98 14.08 8 12.4 6.73 588.2 0.27 257 0
13/05/98 14:10 10 12.4 6.73 587.1 0.22 21.8 0
13/05/98 14:12 12 12.5 6.73 586.3 0.24 19.0 0
13/05/98 14:14 14 12.4 6.73 586.0 0.26 16.9 0
13/05/98 14:16 16 124 6.74 585.3 0.28 151 0
13/05/98 14:18 18 12.4 6.74 583.6 0.30 13.6 0
13/05/98 14:20 20 12.3 6.74 583.6 0.31 12.0 0
13/05/98 14:22 22 123 6.74 581.9 0.31 10.8 0
13/05/98 14:24 24 12.3 6.74 580.1 0.32 9.4 0
13/05/98 14:26 26 12.4 6.74 580.7 0.33 8.3 0
13/05/98 14:28 28 12.4 6.75 579.0 0.34 7.1 0
13/05/98 14:30 30 12.4 6.75 578.3 0.34 6.1 0
13/05/98 14:32 32 12.4 6.75 577.8 0.34 47 0
13/05/98 14:34 34 12.3 6.75 576.6 0.35 3.8 0
—o— Temp 0oC —a—pH
——DO mg/l —e— Turb ntu
ECuS —ISEmv
14 e e ot e e e e (00,0
12, .~ e O+ 500.0
10 1 500.0
8 g
- 8 + 400.0 =
o w
g 6] 13000 2
£ %)
i w
4+ ‘ + 200.0
24 +100.0
81 0.0

Time mins
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RAF Upper Heyford Groundwater Quality Monitoring Assessment - Final Report Appendix
Appendix 4

Details of Samples Collected

Aspinwallscompany
September 1998
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GEOCHEM ANALYTICAL SERVICES

98/01468/02/01

JOB NUMBER
CLIENT Aspinwall & Company
CONTACT ]
DATE OF RECEIPT 12/5/1998
LOCATION RAF UPPER HEYFORD
Sample . Depth
No. Sample Identity P/V (m)
1 BH3A 1iglass 3.50
2 BH3A 1iglass 3.50
3 BH3A 1iplastic 3.50
4 BH3A H2S04 3.50
5 BH3A Vial 3.50
[§] BH3A Vial 3.50
7 BH3B 1iglass 2.00
8 BH3B liglass 2.00
9 BH3B 1lplastic 2.00
10 BH3B H2S04 2.00
11 BH3B Vial 2.00
12 BH3B Vial 2.00
13 BH4 1lglass 15.00
14 BH4 1lglass 15.00
15 BH4 1lplastic 15.00
16 BH4 H2504 15.00
17 BH4 Vial 15.00
18 BH4 Vial 15.00
19 1iglass 2.00
Checked by ..... Name: _

TEST SCHEDULE

BATCH NUMBER 1
CLIENT REF/CODE

ORDER NUMBER

TURNAROUND 12 Days

1 usng mo BH
{ene) Mol po
[eAs] mo] oS

Nonhazardous [ |
Hazardous (]
Type __ .. ...

Numeric values indicate
additional scheduling

* Indicates test subcontracted

NAMAS AccreditedPage 2 of 54
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‘%CH,% GEOCHEM ANALYTICAL SERVICES
;::& TEST SCHEDULE
N % Nonhazardous
A JOB NUMBER 98/01468/02/01 BATCH NUMBER 1 Hazardous
CLIENT Aspinwall & Company CLIENT REF/CODE Type ________ .
CONTACT [ ORDER NUMBER _
DATE OF RECEIPT 12/5/1998 TURNAROUND 12 Days Numertc values d/un,g;;ate
LOCATION RAF UPPER HEYFORD * Indicates tesl subcontracted
Sample . Depth
No. Sample Identity P/V (m)
1 BH3A 1iglass 3.50
2 BH3A 1lglass 3.50
3 BH3A 1lplastic 3.50
4 BH3A H2S04 3.50
5 BH3A Vial 3.50
6 BH3A Vial 3.50
7 BH3B 1lglass 2.00
8 BH3B 1lglass 2.00
9 BH3B : 1lplastic 2.00
10 BH3B H2504 2.00
11 BH3B Vial 2.00
12 BH3B Vial 2.00
13 BH4 1iglass 15.00
14 BH4 1iglass 15.00
15 BH4 1lIplastic 15.00
16 BH4 H2504 15.00
17 BH4 Vial 15.00
18 BH4 Vial 15.00
19 BH5 1iglass 2.00

Checkedby ........ .. Name: _

NAMAS AccreditedPage 3 of 54
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GEOCHEM ANALYTICAL SERVICES
TEST SCHEDULE

Nonhazardous |

rd
7d

L] JOB NUMBER 98/01468/02/01 BATCH NUMBER 1 Hazardous 1
CLIENT Aspinwall & Company CLIENT REF/CODE Type _________.___
CONTACT I ORDER NUMBER
Numeric values indi
DATE OF RECEIPT 12/5/1998 TURNAROUND 12 Days agﬂf;fa,f;fﬂﬂ;a‘e
LOCATION RAF UPFPER HEYFORD * Indicates test subcontracted
‘ . :
Sampl i Depth Sample 5
ple Sample identity P/V p P 2 :
No. {m) Type T
]
20 BH5 1lglass 2.00 WATER |
21 BH5 1lplastic 2.00 WATER
22 BH5 H2504 2.00 WATER
23 BH5 Vial 2.00 WATER
24 BH5 Vial 2.00 WATER

LT[ L] 8] | suwomamensn

Checked by 4 [

NAMAS AccreditedPage 4 of 54
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%99% GEOCHEM ANALYTICAL SERVICES
%__;\& TEST SCHEDULE
%% Nonhazardous |
A JOB NUMBER 98/01468/02/01 BATCH NUMBER 1 Hazardous | e
CLIENT Aspinwall & Company CLIENT REF/CODE Type _____________.
CONTACT [ ] ORDER NUMBER

DATE OF RECEIPT 12/5/1998 TURNAROUND 12 Days ;V;‘;",,Z:af:ﬁf:dﬂ;ale

LOCATION RAF UPPER HEYFORD * Indicates {est subcontracted

; Depth Sample
No. Sample Identity P/V im) Type
20 BH5 1iglass 2.00 WATER
21 BHbH 1lplastic 2.00 WATER
22 BH5 H2504 2.00 WATER
23 BHb5 Vial 2.00 WATER
24 BH5 Vial 2.00 WATER

Checked by NAMAS AccreditedPage 5 of 54
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GEOCHEM ANALYTICAL SERVICES
TEST SCHEDULE

Checked by .....

JOB NUMBER 9B8/01468/02/01
CLIENT Aspinwall & Company
CONTACT I
DATE OF RECEIPT 13/5/1998
LOCATION RAF Upper Heyford
|
Sample . Depth Sample
P
Mo. Sample identity IAY (m) Type
25 BH6 1lglass 14.00 WATER
26 BH6 11giass 14.00 WATER
27 BH6 1iplastic 14.00 WATER
28 BH6 H2504 14.00 WATER
29 BH& Vial 14.00 WATER
30 BH6 __Vial 14.00 WATER
31 D llglass | SURFACE | WATER
32 D liglass | SURFACE | WATER
33 D 1iplastic] SURFACE | WATER
34 D H2S04 | SURFACE | WATER
35 D Vial SURFACE | WATER
36 F liglass | SURFACE | WATER
37 F 1iglass | SURFACE | WATER
38 F 1Iplastic] SURFACE | WATER
39 F H2S04 | SURFACE | WATER
40 F Vial SURFACE | WATER
41 G1 STREAM 1iglass | SURFACE | WATER
42 G1 STREAM iglass | SURFACE | WATER
43 G1 STREAM 1iplastic] SURFACE | WATER

BATCH NUMBER
CLIENT REF/CODE
ORDER NUMBER
TURNAROUND

[ swoene

2
TA2502A
17011

12 Days

Nonhazardous i1
Hazardous I
Type .

Numeric values indicate
additional scheduling

* Indicates test subcontracted

TESTING
No. 129t

NAMAS AccreditedPage 6 of 54
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GEOCHEM ANALYTICAL SERVICES
TEST SCHEDULE

Nonhazardous (J

Reece
2227

JOB NUMBER 98/01468/02/01 BATCH NUMBER 2 Hazardous (X
CLIENT Aspinwall & Company CLIENT REF/CODE TA2502A Type . .
CONTACT [ ] ORDER NUMBER 17011

Numetic values indicate

DATE OF RECEIPT 13/5/1998 TURNAROUND 12 Days additional scheduling
LOCATION RAF Upper Heyford * Indicates test subcontracted
!
Sa'\r;; ’.)Ie Sample ldentity P/V D(e";::h S:;nppele
75 BHG Tiglass 14.00 WATER
26 BH6 Tiglass 14.00 WATER
27 BH6 Tiplastic| 14.00 WATER
28 BH6 H2504 14.00 WATER
29 BHE Vial 14.00 WATER
30 BHG Vial 14.00 WATER
31 D Tiglass | SURFACE | WATER T
37 D Tiglass | SURFACE | WATER
33 D Tiplastic|] SURFACE | WATER
34 D HZ504 | SURFACE | WATER
35 D Vial | SURFACE | WATER
36 F Tiglass | SURFACE | WATER
37 F 1iglass | SURFACE | WATER
38 E {iplastic| SURFACE | WATER
39 F H2504 | SURFACE | WATER
40 F Vial | SURFACE | WATER
T4 G1 STREAM Tiglass | SURFACE | WATER
42 G1 STREAM Tiglass | SURFACE | WATER
43 G1 STREAM Tiplastic| SURFACE | WATER

Checkedby ......H .. Name: || NG NAMAS Accreditedp,oc 7 of 54



JOB NUMBER
CLIENT
CONTACT

DATE OF RECEIPT
LOCATION

i 3

GEOCHEM ANALYTICAL SERVICES
TEST SCHEDULE

Nonhazardous |
98/01468/02/01 BATCH NUMBER 2 Hazardous a
Aspinwall & Company CLIENT REF/CODE TA2502A Type ___ . .
I ORDER NUMBER 17011
13/5/1998 TURNAROUND 12 Days ggf’;ia;ca;";ﬁ:fdi"ﬁ;a'e
RAF Upper Heytord * Indicates test subcontracted

Depth Sample

No. Sample ldentity P/V (m) Type

44 G1 STREAM H2504 | SURFACE | WATER

45 G1 STREAM Vial | SURFACE | WATER

46 N Tiglass | SURFACE | WATER

a7 N 7iglass | SURFACE | WATER

48 N 1iplastic| SURFACE | WATER

49 N H2504 | SURFACE | WATER
50 N Vial | SURFACE | WATER

51 P1 SPRING Tiglass | SURFACE | WATER

52 P1 SPRING {iglass | SURFACE | WATER |

53 P1 SPRING Tiplastic| SURFACE | WATER

54 P1 SPRING H2504 | SURFACE | WATER

55 P1 SPRING Vial | SURFACE | WATER

56 RZ STREAM Tiglass | SURFACE | WATER |

57 R2Z STREAM {iglass | SURFACE | WATER [

58 R2 STREAM iiplastic] SURFACE | WATER [

59 R2 STREAM H2S04 | SURFACE | WATER |

60 R2 STREAM Vial | SURFACE | WATER

LRI T[T ] wemores |

Total number of tests

Checked by ......

SV S]] LS| [ ] svemanenon

Name: [N NAMAS AccreditedPage 8 of 54



9%0“,5‘?’ GEOCHEM ANALYTICAL SERVICES
%% TEST SCHEDULE
%& Nonhazardaus D “NAMAS |
3 JOB NUMBER 98/01468/02/01 BATCH NUMBER 2 Hazardous (| W
CLIENT Aspinwall & Company CLIENT REF/CODE TA2502A Type __ ... ...
CONTACT [ ] ORDER NUMBER 17011
Numeri o
DATE OF RECEIPT 13/5/1998 TURNAROUND 12 Days ag;}f;ca)’?c”he:d%;a'e
LOCATION RAF Upper Heyford * Indicales test subcontracted
|
Sample Depth Sample
Identi P
No. Sample ldentity A" (m) Type
13 G1 STREAM H2504 | SURFACE | WATER
5 G1 STREAM Vial | SURFACE | WATER
46 N Tigiass | SURFACE | WATER
47 N figiass | SURFACE | WATER
48 N Tiplastic| SURFACE | WATER
49 N H2504 | SURFACE | WATER
50 N Vial | SURFACE | WATER
51 P1 SPRING Tiglass | SURFACE | WATER
52 P1 SPRING Tiglass | SURFACE | WATER
53 P71 SPRING Tiplastic| SURFACE | WATER
54 P71 SPRING H2504 | SURFACE | WATER
55 P1 SPRING Vial | SURFACE | WATER
56 R2 STREAM Tiglass | SURFACE | WATER
57 R2 STREAM figlass | SURFACE | WATER
58 RZ STREAM Tiplastic| SURFACE | WATER
59 R2 STREAM H2504 | SURFACE | WATER
) R2 STREAM Vial | SURFACE | WATER
Total number of tests

Checked by ... . I . . .. Name: | NG

NAMAS Accreditedpage 9 of 54



L .:-:’ t

w

GEOCHEM ANALYTICAL SERVICES
TEST SCHEDULE

oy
551

98/01468/02/01

BATCH NUMBER

3

Nonhazardous 1
Hazardous 1

TESTING

JOB NUMBER No. 1291
CLIENT Aspinwall & Company CLIENT REF/CODE TA 2502A Type . . . ___.

CONTACT I ORDER NUMBER 17011

DATE OF RECEIPT 14/5/1998 TURNAROUND 12 Days gg;’:::ar:ﬁs:d’g/?:;aw

LOCATION RAF UPPER HEYFORD * Indicates test subcontracted

-

Checked by .....

| & 10 1]
Sampl Depth | Sampl 1 B 5
ample Sample ldentity P/V P amp'e 2 12 g
No. {m) Type E &lg 5|
5| -3 s
-
61 BH1 A Tiglass 35.00 WATER |
62 BH1 A 1lglass 35.00 WATER |
63 BH1 A Tiplastic|] 35.00 WATER
64 BH1 A H2504 35.00 WATER
65 BH1 A Vial 35.00 WATER
66 BH1 A Vial 356.00 WATER
67 BH1 B liglass | 14.00 WATER |
68 BH1 B 1iglass 14.00 WATER
69 " BHIB 1plastic] 14.00 WATER
70 BH1 B H2504 14.00 WATER
71 BH1 B Vial 14.00 WATER
72 BH1 B Vial 14.00 WATER [
73 BH 2 1iglass 23.00 WATER
74 BH 2 1iglass 23.00 WATER |
75 BH 2 Tlplastic| 23.00 WATER
76 BH 2 H2S504| 23.00 WATER
77 BH 2 Vial 23.00 WATER
78 BH 2 Vial 23.00 WATER
To sts

NAMAS AccreditedPage 10 of 54
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GEOCHEM ANALYTICAL SERVICES
TEST SCHEDULE

(rid
i

Nonhazardous [

8 JOB NUMBER 98/01468/02/01 BATCH NUMBER 3 Hazardous )
CLIENT Aspinwall & Company CLIENT REF/CODE TA 2502A Type .. __.
CONTACT ] ORDER NUMBER 17011 . _
DATE OF RECEIPT 14/5/1998 TURNAROUND 12 Days ggﬂf;"a)’iﬁfdmga'e
LOCATION RAF UPPER HEYFORD * Indicates test subcontracted

|
Sample . Depth Sample
s v
No. ample ldentity P/ (m) Type
Bk BHT A Tigiass | 35.00 | WATER

62 BAT A Tiglass | 35.00 | WATER

63 BHT A Tlplastic| _ 35.00 | WATER

64 BH1 A H2S04| 35.00 | WATER

55 BH1 A Vial 35.00 | WATER |

56 BH1 A Vial 35.00 | WATER

67 BH1 B Tigiass | 14,00 | WATER

68 BH1 B Tigiass | 14.00 | WATER

69 BA1 B Tiplastic] _ 14.00 | WATER |4

70 BH1 B H2504| 14.00 | WATER |

71 BH1 B Vial 12.00 | WATER

72 BH1 B Vial 12.00 | WATER

73 BA 2 Tiglass | 23.00 | WATER

74 BH 2 Tigiass | 23.00 | WATER

75 BH 2 “THiplastic] 23.00 | WATER

76 BH 2 H2504 | 23.00 | WATER

77 BA 2 Vial 73.00 | WATER

78 BH 2 Vial 33.00 | WATER

Total nufnber of tests

Checked by ...... .. Name: _

NAMAS AccreditedPage 11 of 54



. HINN! o
% GEOCHEM ANALYTICAL SERVICES
%g\\, TEST SCHEDULE

A JOB NUMBER 98/01468/02/01 BATCH NUMBER 4
CLIENT Aspinwall & Company CLIENT REF/CODE TA 2502A
CONTACT [ ORDER NUMBER 17011
DATE OF RECEIPT 15/5/1998 TURNAROUND 12 Days
LOCATION RAF UPPER HEYFORD
! O g [7]
Sample Depth 5 5
P Sample Identity PIV P g g
No. {m) . §
g g
79 BH7 Tiglass | 4.00
80 BH7 Tigiass | 4.00
81 BH7 1lplastic 4.00
82 BH7 H2504 | 4.00
83 BH7 Vial 4.00
B4 BH7 Vial 4.00
85 SPRING 'L 1iglass | SURFACE
86 SPRING T Tiglass | SURFACE
87 SPRING T Tiplastic| SURFACE
88 SPRING T H2504 | SURFACE
89 SPRING T Vial | SURFACE
90 SPRING A Tiglass | SURFACE
57 SPRING A Tiglass | SURFACE
92 SPRING A Tiplastic] SURFACE
53 SPRING A HZSO4 | SURFACE
94 SPRING A Vial | SURFACE
95 SPRING B Tigiass | SURFACE
96 SPRING B Tiglass | SURFACE
97 SPRING B Tiplastic| SURFACE

Checked by ......

—

Nonhazardous I
Hazardous ]
Type

Num_en‘o values indicale
additional scheduling

* Indicates test subcontracted

NAMAS AccreditedPage 12 of 54




(8 Lo

w GEOCHEM ANALYTICAL SERVICES
5\;% TEST SCHEDULE
%nﬂ\ Nonhazardous 3
A JOB NUMBER 98/01468/02/01 BATCH NUMBER 4 Hazardous |
CLIENT Aspinwall & Company CLIENT REF/CODE TA 2502A Type ________.____.
CONTACT I ORDER NUMBER 17011 _ ”
DATE OF RECEIPT 15/5/1998 TURNAROUND 12 Days Qgg;fg’n;,vj’;;jfd;”,;:;a'e
LOCATION RAF UPPER HEYFORD * Indicates test subcontracted
{
Sample . Depth Sample
v
No. Sample ldentity P/ (m) Type
79 BH7 1liglass 4.00 WATER
80 BH7 figlass 4.00 WATER
81 BH7 fiplastic[  4.00 WATER
82 BH7 H2S04 4,00 WATER
83 BH7 Vial 4.00 WATER
84 BH7 Vial 4.00 WATER
85 SPRING T Tiglass | SURFACE | WATER
86 SPRING T Tigiass | SURFACE | WATER
87 SPRING T Tiplastic| SURFACE | WATER
38 SPRING T H2504 | SURFACE | WATER
85 SPRING T Vial | SURFACE | WATER |
90 SPRING A Tiglass | SURFACE | WATER [
91 SPRING A 1iglass | SURFACE | WATER
92 SPRING A 1iplastic] SURFACE | WATER
g3 SPRING A H2S04 | SURFACE | WATER
94 SPRING A Vial | SURFACE | WATER
95 SPRING B liglass | SURFACE | WATER
96 SPRING B Tiglass | SURFACE | WATER
97 SPRING B Tiplastic]| SURFACE | WATER

Checked by ....... .. Name: _



F ool .

‘%c'% GEOCHEM ANALYTICAL SERVICES
NRN TEST SCHEDULE
\\J:‘h Nonhazardous i1
A JOB NUMBER 98/01468/02/01 BATCH NUMBER 4 Hazardous (|
CLIENT Aspinwall & Company CLIENT REF/CODE TA 2502A Type ...
CONTACT [ ] ORDER NUMBER 17011
N { /i indicat
DATE OF RECEIPT 16/6/1998 TURNAROUND 12 Days . ;’c',',.’t;','fa)'zc‘f:dil",m';a e
LOCATION RAF UPPER HEYFORD * Indicates test subcontracted
z |
s , I Depth | Sampl ] g g
am| . ept 5 s
ple Sample ldentity P/V p ample z % : 2
No. {m) Type E = 5
S 1
& = -:
98 SPRING B H2504 | SURFACE | WATER : |
99 SPRING B Vial | SURFACE | WATER _
100 SPRING L Tiglass | SURFACE | WATER . |
101 SPRING L figlass | SURFACE | WATER
102 SPRING L 1iplastic] SURFACE | WATER
103 SPRING L H2504 | SURFACE | WATER :
104 SPRING L Vial | SURFACE | WATER - [
105 SPRING M Tiglass | SURFACE | WATER | ‘
106 SPRING M - Tigiass | SURFACE | WATER
107 SPRING M Tiplastic| SURFACE | WATER
708 SPRING M H2S04 | SURFACE | WATER
109 SPRING M Vial | SURFACE | WATER
r of tests

Checked by NAMAS AccreditedPage 14 of 54




Lo

E%Cf%' GEOCHEM ANALYTICAL SERVICES
\\_% TEST SCHEDULE
%h\ Nonhazardous [ |
L JOB NUMBER 98/01468/02/01 BATCH NUMBER 4 Hazardous | wme
CLIENT Aspinwall & Company CLIENT REF/CODE TA 2502A Type .
CONTACT [ ] ORDER NUMBER 17011
DATE OF RECEIPT 15/5/1998 TURNAROUND 12 Days Plumerto vellos d’L’,’;,’;;a'e
LOCATION 4 RAF UPPER HEYFORD * Ir;dicales test subcontracted
|
Sample . Depth Sample
No. Sample Identity PIV (m) Type
98 SPRING B H2504 | SURFACE | WATER
99 SPRING B Vial | SURFACE | WATER
100 SPRING L liglass | SURFACE | WATER
101 SPRING L flglass | SURFACE | WATER §
102 SPRINGL 1iplastic] SURFACE | WATER [
103 SPRING L H2504 | SURFACE | WATER |
104 SPRING L Vial | SURFACE | WATER
105 SPRING M Tlglass | SURFACE | WATER
106 SPRING M flglass | SURFACE | WATER |
107 SPRING M Tiplastic| SURFACE | WATER |
108 SPRING M H2Z504 | SURFACE | WATER }
109 SPRING M Vial | SURFACE | WATER [
Tot

Checkedby ...... Name:_

NAMAS AccreditedPage 15 of 54
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In Situ Chemistry at Springs/Outfalls around Upper Heyford

Dateftime Spring Parameters
Temperature pH Electrical Dissolved Redox  Turbidity
Conductivity Oxygen

oC uS/cm mg/! my ntu
14/05/98 10:00 AY 14 7.28 490 6.93 224 0
14/05/98 11:40 B 1.1 7.01 508 7.02 217 0
12/05/98 12:00 C1&C2 DRY
12/05/98 11:30 D 10.5 7 728 8.96 205 0
12/05/98 11:10 F 10.8 6.89 648 7.98 224 0
12/05/98 10:00 G1 1 7.04 660 8.19 209 0
14/05/98 08:40 [ 14.2 7.62 543 8.39 220 0
14/05/98 09:20 L 119 6.98 552 6.96 198 0
14/05/98 10:30 M 11.8 7.05 486 8.76 228 0
12/05/98 12:30 N 11.3 7.39 635 7.42 195 0
12/05/98 12:30 P1 10.8 7.18 640 9.12 209 0
12/05/98 12:00 R2 10.2 6.99 626 8.65 187 0

Notes: * parameters not measured at source
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Laboratory Analysis Notes

Geochem were unable to determine a chloride or nitrate determination for borehole 6 as all of
the sample had been used when these came to be tested (even though Geochem specified
the sample volume requirements).

Geochem have quoted bicarbonate as being equal to alkalinity (only alkalinity is analysed for).
At neutral pH the bicarbonate is approximately equal to the alkalinity muitiplied by 1.22. lon
balance errors have been computed for both sets of figures. The piper plots have been drawn
up using the data supplied by Geochem.

The ion balance errors (IBE) for the data have been calculated as detailed below. 1t is
normally expected that the IBE will be in the range -10 % to + 10 %.

Location IBE (%) - IBE (%) Comments
HCO, = Alk HCO, = Alk
x1.2
BH1A 3 -3
BH1B -2 -10
BH2 -7 -11
BH3A 0 -8
BH3B 16 8
BH4 2 -5
BHS 2 -5
BH6 19 10 Chloride and nitrate not determined
BH7 16 8
Spring A 16 8
Spring B 13 6
Spring D 27 20
Spring F 20 13
Spring G1 28 21
Spring | 6 -1
Spring L 15 8
Spring M 13 5
Spring N 21 14
Spring P1 27 20
Spring R2 21 13

The ion balance is improved when alkalinity is converted to bicarbonate using standard
methods such that the IBE for borehole samples are within a reasonable error band.
However, the spring waters generally have higher errors, especially springs D, G1 and P1.
The error in all cases is positive indicating an underestimate of anions or an overestimate of
cations.



GEOCI G. “CHEM ANALYTICAL SERVICES o
Q‘ TABLE OF RESULTS -
‘\' x Job Number : 98/01468/02/01 Sample Type: WATER 3
% \ Client : ASPINWALL & COMPANY Location : RAF UPPER HEYFORD NAMAS
@N Date of Receipt : 12/05/98 client Contact : [N TESTING
(of first sample) Cient Ref. No. : TA 2502A No.1291
D Preliminary -
2 vatidatod Units ppm | pem | ppm | pem [ ppm | ppm | epm | pem | ppm | ppm | ppm | ppm | ppm | pom [ ppb | ppm
Detection Method | 1GP | 1IcP | 1P | ICP | ICP | 1CP | ICP | ICP | ICP | TLC | TLC | TLC |Spectro| ATU [CVAAS| Colour
D NAMAS Accredited Detection Limits | <0.05 | <0.05 | <0.06 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 <1 <1 <1 <10 <1 <0.05 | <0.01
(o]
o o 1 S|s| 8] 3
3 3 o o = e | &l =z| 9|93 3
3 3 g xl el 28| 5 lgle|=z]c¢ 513z 8| 5| s | 8 |=s2
5 & 2 g | €| 8 s || s 1|8 | Y| 5 |38|5|2|2/|¢)s8¢
'z 5 5 ] g s | 88 | & g | & | @ S || § 18| 8| 2 |8z
£ ® 3 3 3 5 |1 8g ) & 2 g g 5
E! 3 2 g g @ @ P g 8
g g 21 ° s | 8| & ¢
: b g | g s
1 BH3A 3.50 - - - - - - - - - <1 <1 1 - - - -
2 BH3A 350 - - - - . N B . N N N : 8 - - "
3 BH3A 350 <005 | <0.05 | 109.1 | <0.05 | <0.05 | 1.94 | <0.05 | <0.05 | <0.05 B - . <10 <1 | <005 -
4 BH3A 3.50 - B - - B - N . . . N N N ) " 010
5 BH3A 350 - - - - - - - N N N N . " " " N
8 BH3A 3.50 - - - - - - - - - - - - - - _ .
7 BH3B 2.00 - - - - - - - - - < <} 1 . . R N
8 BH3B 2.00 - - - - - - . . B . . B ; N ; N
9 BH3B 2.00 <0.05 | <0.05 | 1270 | <0.05 | <0.05 | 1.78 | <0.05 | <0.05 | <0.05 - - - 2 <t | <0.05 N
10 BH3B 2.00 - - - - - - - - - - - - - . - 0.09
] BH3B 2.00 - - - - . - . . . B . N A N N N
12 BH3B 2.00 - - - - - - - - - R N . - - - ;
13 BH4 15.00 - - - - - - - - - <1 <1 1 R R N N
14 BH4 15.00 - - - - - - N - A . . - A - _ N
15 BH4 15.00 <005 | 0.08 | 837 | <0.05 | <0.05 | 11.0 | <0.05 | <0.05 | <0.05 - - - 73 2 | <005 -
16 BH4 15.00 - - - - - - - - - . - - - - - 0.60
17 BH4 15.00 - R - - - - - . N . N : N N N N
18 BH4 15.00 - - - - - - A N . . . . - - - -
19 BH5 2.00 - - - - S N - N PY] PYR P - N N N
20 BH5 2,00 - - - - : - - N - Tl - - - :

Printed on 15 June 1998 Checked by .....] rennntrassnnnsann _ Page 16 of 54



GEOCK G~ CHEM ANALYTICAL SERVICES
\‘ TABLE OF RESULTS
\’ Job Number : 98/01468/02/01 Sample Type : WATER
% % Client : ASPINWALL & COMPANY Location : RAF UPPER HEYFORD
@a Date of Receipt : 12/05/98 client Contact : |G TESTING
(offirsk sample) Client Ref. No. : TA 2502A No. 1231
C pretiminary
& validated l:JnIts ppm ppm ppm ppm ppm ppm ppm | ppm ppm ppm ppm ppm ppm ppm ppb ppm
Detection Method | ICP icP Icp icp IcP ICP IcP icP icp TLC | TLC | TLC |Spectro| ATU |CVAAS| Colour
D NAMAS Accredited Detection Limits | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 <4 <1 <1 <10 | <t | <0.05 | <0.01
g 8 @ g >
£ 1 ol gl L8828 3
3 3 o 0 2 = »E o 2 5 E
2 2 8 e | e 38| 4|2 || 338/ S|8]5]|%];zs
2 > 5 sl 8§ || 3|8 |e| 8|82 |5 |282| 2 |8|35| 9|58z
£ g 3 I I A I - L - N 21| &£ | 4| 3|5 |%¢8
£ % 3 3 g g| @ P Py s &
g Z 2 ° I -
ke o0 % = q 35
21 BH5 2.00 <0.05 | <0.05 | 127.0 | <0.056 | <0.05 | 2.01 | <0.05 | <0.05 | <0.05 - - - 18 <1 <0.05 .
22 BH5 2,00 - - - - - - - - . - - - - R N 0.36
23 BHS 2.00 - - - - - - B - - . B N _ N .
24 BH5 2.00 - - - . - - - B - . . R . A B N
25 BHG 14.00 - - - - - - - . - <1 <1 <1 - . <0.05 -
26 BH6 14.00 - - - - - - - . N . B N N N N N
27 BHS 14.00 <0.05 | <0.05 | 156.0 | <0.05 | <0.05 | 7.30 | <0.05 | <0.05 | <0.05 - - - 18 <1 - -
28 BHG 14.00 - - - - - - - B - . R N . K R 0.09
29 BHB 14.00 - - - - - - . - . B . Z R . N .
30 BH6 14.00 - - - - - - - - B B . - A R _ N
31 D SURFACE - . - - - . . N . < < ) . . <0.05 N
32 D SURFACE - . . - - - - . . - . . _ N - -
33 D SURFACE <0.05 | <0.05 | 2190 | <0.05 | <0.05 | 391 | <0.05 | <0.05 | <0.05 - . - <10 <1 4 .
3 D SURFACE . - - - - - - - . . . N B _ . 0.20
35 D SURFACE - - - - - R . N N B . N N : - :
36 F SURFACE - - - - - - - - - P2 <1 <1 - - <0.05 -
37 F SURFACE - - - - - - - - . . - . p . _ N
kT F SURFACE <005 | <0.05 | 1870 | <0.05 | <0.05 | 2.76 | <0.05 | <0.05 | <0.05 R - - <10 < . .
39 F SURFACE - - - - - - - - - - - - - - . 0.10
40 F SURFACE - - - - - - - - . © p N N N N .

Printed on 15 June 1998 Checked by T Page 17 of 54




GROCK - ‘CHEM ANALYTICAL SERVICES
\"‘ TABLE OF RESULTS
'\‘ . Job Number 98/01468/02/01 Sample Type: WATER
% % Client : ASPINWALL & COMPANY Location : RAF UPPER HEYFORD
&“ Date of Receipt : 12/05/98 client Contact : [N " TESTING
(of first sample) Client Ref. No. : TA 2502A No. 1281
O Preliminary
) validated Units pom | ppm | ppm | ppm | ppm | ppm | ppm [ ppm | ppm | ppm [ ppm | ppm | ppm | ppm | ppb | ppm
Detection Method | IcP IcP Icp ICP icP ICP IcP iCP ICP TLC TLC TLC |Spectro| ATU |CVAAS ] Colour
D NAMAS Accredited Detection Limits | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 [ <0.05 | <0.05 | <0.05 | <0.05 <1 <1 <1 <10 <1 <0.05 | <001
[9]
® P 5 . S|z 2 3
g g =] [¢] = g > % % g g 2 g
g 2 3 *lel 2|5 8|€|&s)g || )8 25|58 st
O ® 5 g g 3 3 3 2 g 3 S |25 | » 2 2 o
Z g z & 2 5 5 I € e & ° 3 | 55| % 2 g 2 |8z
5 g 3 3 s1"s| F| 28158 &
o = -~ < 3 4 £ = e
g g 5 3| 2| 4 E
41 G1 STREAM SURFACE - . - - - - . . . <1 < < . " <0.05 .
42 G1 STREAM SURFACE - . - - - . - . . . N N : B .
43 G1 STREAM SURFACE <005 | <0.05 | 234.0 | <0.05 | <0.05 | 3.88 | <0.05 | <0.05 | <0.05 - . . <10 <1 B B
44 G1 STREAM SURFACE - - - - - - - - - - . - - - - 0.05
45 G1 STREAM SURFACE - - - - - - - - N N . - B - " N
46 N SURFACE - . - - - - - - - 1 <1 1 - . <0.05 -
a7 N SURFACE - - - - - - - - . R N . . . _ B
48 N SURFACE <0.05 | <005 | 2160 | <005 | <0.05 | 236 |} <0.05 [ <005 | 0.14 - - - 7 <1 - .
49 N SURFACE - - - - - - - - - - - - . R B 0.62
50 N SURFACE - - - - - - - - B R . . . . _ _
51 P1 SPRING SURFACE - - - - - - - - - <1 <1 <1 - . <0.05 .
52 P1 SPRING SURFACE - - - - - - - - - . . . . A - -
53 P1 SPRING SURFACE <0.05 | <0.05 | 193.0 | <0.05 | <0.05 | 3.84 | <0.05 | <0.05 | <0.05 - - B 14 <1 B .
54 P1 SPRING SURFACE - - - - - - - - - . - N R R . 0.08
55 P1 SPRING SURFACE - - - - - - - - - - - . R . - N
56 R2 STREAM SURFACE - - - - - - - - - <1 <1 <1 - | <005 R
57 R2 STREAM SURFACE - - - - - B - - - B . . . . _ .
58 R2 STREAM SURFACE <0.05 | <0.05 | 2070 | <005 | <0.05 | 3.28 | <005 | <0.05 | <0.05 - - . <10 <1 . "
59 R2 STREAM SURFACE - - . - - - - - - - - - - B - 0.12
60 R2 STREAM SURFACE - - - - - - - B - . . . " " - -

Page 18 of 54
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GEQCHEM GEOCHEM AMAL YTICAL SERVICLY

!" TABLE OF RESULTS

\\ Job Numiber :  98/01468/02/01 Sample Type :  WATER

*% Client : ASPINWALL & COMPANY Location : RAF UPPER HEYFORD

‘N Date of Receipt : 15/05/98 Client Contact : [N TESTING

(offirst sample) Client Ref. No. : TA 2502A '
D Preliminary -

Units pem | pom | ppm | ppm | ppm | pem | ppm [ ppm [ ppm | ppm | ppm [ ppm | ppm [ ppm [ ppb | ppm

D validated Detection Method | ICP | ICP | 1cP | 1ICP | ICP | ICP | ICF | ICP | ICP | TLC | TLC | TLC |Spectro| ATU |CVAAS | Colour

D NAMAS Accredited Detection Limits | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 <1 <1 <1 <10 <1 <0.05 | <0.01

5 la| 8| 3

g 4 o| &l -9 8| & i

3 3 o] Q z = »& 7] = = = ES

T T £ i e | 2| 8|14zl x| 3238|293 | 5| 2|8t

2 3 3 3 B 2 o 3 3 B2 b &

z g z E ] 5 g 3 g a2 e & 3 | 55| ¢ ] g 2 |8z

3 g El ’ : gl @) el 5| 3| €

g »::; A ® 3 & 3 s

- O '% hl ® 3
61 BH1A 35.00 - - - N . . N N - Y1 <1 p " ~ " .
62 BHTA 35.00 . - N . . . N N N : N N N N N
63 BHTA 35.00 005 | 005 | 2100 | <0.05 | <0.05 | 8.96 | <0.05 | <0.05 | 0.05 . - - 124 1 | <005 | -

64 BHI A 35.00 - B N . . : - - N N N N B N - 109
65 BH1 A ) 35.00 - - - - - . . . . . B . : . . N
66 BH1 A 35.00 A N (. . . - . . . . 4 R ; . " .
67 BH1B 14.00 - - - - - - - - - <1 <1 <t - - . .

68 | BH1B 14.00 - - B . . . R N . N N : ; N N :
) BH1 B - 14.00 0.05 | <0.05 | 14500 | <0.05 | <0.05 | 522 | <0.05 | <0.05 | <0.05 - - - 47 2 <0.05 -
70 BH1 B 14.00 - - - - - - - - - - - - . R R 0.60
7 BH1B 14.00 N - N N A N N A . . . N N N .
72 BH1B 14.00 - - - . . B . R . R . A N . . :
73 BH2 23.00 R - . N . N . . P2 P2 A - ; . N
74 BH 2 23.00 - B - . . - N N N s N N B N : .

[ 75 BH2 23.00 <005 | 049 |138.00 | <0.05 | <0.05 | 10.00 | <0.05 | <0.05 | <0.05 | - - - 89 6 | <005 | -
76 BH 2 23.00 - - - . - . N , . N . . - N - 067
77 BH2 23.00 - . . . N : N - . N . . N N N ;
78 : BH 2 23.00 . - . - X : . B " N N - : N N n
79 BH7 4.00 - - - - - - - - - <1 <1 < - - - B
80 BH7 B 4.00 . - - - . . . . - : B N - ; : -

Printed on 6 July 1998 Checked by v _ Page 19 of 54



GEOCI - Gi.. ,)CHEM ANALYTICAL SERVICEé«_ L
Q‘ TABLE OF RESULTS
'\' ’\, Job Number:  98/01468/02/01 Sample Type : WATER
% ‘\ Client : ASPINWALL & COMPANY Location : RAF UPPER HEYFORD
@ﬂ\ Date of Receipt : 12/05/98 client Contact : | N RSN " TESTING
(of first sample) Client Ref. No. : TA 2502A No. 1251
Od Preliminary T
M valiated Units pp | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppb | ppm
Detection Method | cP | 1cF | ice [7icP | 1cP | 1cP | TGP | 1IGP | ICP | TLC | TLC | TLC |Speciro| ATU |CVAAS | Colour
D NAMAS Accredited "Detection Limits | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <1 <1 <1 <10 <1 | <005 | <0.01
(9]
0 o o Sle|i] 3
» n Q o o v} 14 3
s 2 g >l e lol 9]s|&]: 218l 2|2 2.8
'z : z i 8 | 3| § 2| F|g|y| 3|35l 8|28);%|8¢8
z g ol 3 3 E 5 g g e e a E 5 g g i e g gz
g 2 2 ’ g8l 3l e 3| 2| %
: 2 8l i0814] s
o -~
81 BH7 4.00 044 | <005 | 1910 | <005 | <0.05 | 3.31 | <0.05 | <0.06 | <0.05 | - s <0 | <t | <005 | -
82 BH7 4.00 - - - - - - - - - - - - - 1.11
83 BH7 4.00 - - - - - B - B E N N X " ” . -
84 BH? 4.00 - - - - - . - . N . : N N - N N
85 SPRING T SURFACE - - - R - . . - N < 4 4 N N _ -
86 SPRING T SURFACE - - - - - . - - N . N - N N : N
87 SPRING T SURFACE <0.05 | <0.05 | 1200 | <0.05 | <0.05 | 2.94 | <0.05 | 005 | <005 | - - N <10 | <1 | <005 | -
a8 SPRING T SURFACE - - - - - - - - - - - - - . B 007
89 SPRING - SURFACE - - - - - - - - - - - - . . . .
90 SPRING A SURFACE s - - - - B - N - < < 1 . B _ -
91 SFRING A SURFACE - - - - : - A - . N : B N ; N N
o2 SPRING A SURFACE <0.05 | <0.05 | 1370 | <0.05 | <0.05 | 188 | <0.05 | 011 | <005 | - - N <0 | < | <005 -
93 SPRING A SURFACE - - - - - - - - - - - - - - R 0.05
94 SPRING A SURFACE - - - - - - - . . N N N N N - N
95 SPRING B SURFACE - - - - - - s . . < <1 1 N : " "
% SPRING B SURFACE - - - - - - . . N N . N . : - :
97 SPRING B SURFACE D19 | <0.05 | 1560 | <005 | <0.05 | 246 | <0.05 | 008 | <005 | - : N a0 | <t | <005 -
98 SPRING B SURFACE - - - - - - - - - - - - B - . <0.01
99 SPRING B SURFACE - - - - - B - N - . N ; - N - "
100 SPRING L SURFACE - . . N <1 < 1 N N ; ;
Printed on 15 June 1998 Checked by ........ Page 20 of 54




-------------_—-------
'CHEM ANALYTICAL SERVICES'

GEOGH .
%1 TABLE OF RESULTS
\ % Job Number : 98/01468/02/01 Sample Type: WATER
% Client : ASPINWALL & COMPANY Location : RAF UPPER HEYFORD N ATIAS
N . L
N Date of Receipt : 12/05/98 client Contact : [N TESTING
& ret " . -
(of first sample) Client Ref. No. : TA 2502A °
D Preliminary =
D validated Units | pem | ppm | ppm | ppm | ppm | ppm | ppm | pem | ppm | ppm | pPm | PPm | PPm | ppm | PPb | ppm
Detection Method | ICP ICP IcP IcP ICP ICP IcP IcP ICP TLC | TLC TLC |Spectro| ATU |CVAAS| Colour
L__] NAMAS Accredited Detection Limits | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <1 A A <10 | <005 | <00
2 8 m % >
» » 5 _ o o 3 3
I I o] g o} o 5 3
3 3 o Q z = » B 5 3 5 < ]
B -] ] P+ w Q El o & z 3 Iz o = = 5 &
= = - @ S = d k) E] £ Iy [ ® 38 < E3 2 H 29
! i = 8 g 2 3 ® < ® S 3 3 Ed 2 o o
=z 5 = 2 E 5 £ ® 4 2 o G} % 2% 7 (] @ =4 Tz
b5 o — o 3 5 Q E Ei g8 B g H = *Z
3 ] 3 3 = = 5 g8 g g
<, =~ < = @ wn s ot a
g 2 A ® 3 B @ 8
- o] "% ] E =3
01 SPRING L SURFACE - y ¥ - - - ) . : - : N ; . . -
102 SPRING L SURFACE <0.05 | <0.05 | 150.0 | <0.05 | <0.05 | 2.79 | <0.05 | <0.05 | <0.05 | - . . <10 < | <005 | -
103 SPRING L SURFACE - - - - - - - - - - - - - R R 0.10
104 SPRING L SURFACE - - - - - . N X N N - N N : _ -
105 SPRING M SURFACE - - - . N N . N N a a a N - _ :
106 SPRINGM SURFACE - - B - - - - R E . N . . - N ;
107 SPRING M SURFACE 024 | <006 | 1440 | 019 | <0.05 | 180 | <0.06 [ 0.8 | 006 - - - <10 <1 | <0.05 .
108 SPRING M SURFACE . - - - - - : N - N . . N N N 001
109 SPRING M SURFACE - - R . . . N N . - B N N ; N :
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-_-_--------------_--
G- ‘CHEM ANALYTICAL SERVICES.. '
TABLE OF RESULTS

Job Number : 98/01468/02/01 Sample Type: WATER
Client : ASPINWALL & COMPANY Location : RAF UPPER HEYFORD
Date of Receipt : 12/05/98 client Contact : |G TESTING
(of frst sample) Client Ref. No.: TA 2502A No. 1281
O Preliminary
) validated Units ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | mSicm ppm [ pom |
Detection Method |Flame P|Flame P| GFAAS | GFAAS | Grav IR KONE | KONE | KONE | KONE | Meter | Meter | Titrat Titre
D NAMAS Accredited Detection Limits | <0.2 <0.2 |<0.0004] <0.005 [ <1 <1 <5 <0.5 | <0.01 <3 | <0.001 | <0.01 <1 <1
g | 2 m z
g 4 El 8|3 elelz|flelel]z]:
3 3 g - P IS - - S A S - N - O S A
5 & 2 8 3 2 z : 3 - 2 5 ° 9 s g g
'z 5 z Els| g &g || 8|8 |E|lg |8 |s|z|zal}9%
5 g 3 3 cls| 8| s|&8lgl gl 188 al->®
g g sl s s 8|18l &s] %%
2 g @ 2
7 BHaA . 350 - . : : 3 n ” ; - - -
2 BH3A 3.50 - - - - - N . N N - N
3 BHIA 350 16 | 125 |<0.0004(<0.005 | - - 15 | 327 | 094 | 48 | 0678 | 7.21 | 290 | 290
4 BHIA 350 - - B - N N . : N - N . " .
5 BHIA 3.50 . s - - - N : N . - N - . -
6 BH3A 3.50 - - N . B . . N N - N N N N
7 BH3B 2,00 - - - - 1 3 . - . N . : N N
8 BH3B 2.00 - R - - - X N N N N N N N -
9 BH3B 2.00 11 | 131 |<0.0004] <0005 | - - 0 | 233 | 167 | 38 | 0594 | 728 | 250 | 250
10 BH3B 2.00 - - R : . N B X N - N N o _
1 BHIB 2.00 : - - - R . . - N N N N N N
12 BH3B 2.00 - - - . - - N X N - N N B _
KE BH4 15.00 - - - - 1 3 - - . A . : - N
14 BH4 15.00 - - - - - N N B . B . N N ;
15 BHa4 15.00 41 | 200 [<0.0004] <0.005 | - - 10 | <05 | 007 | 51 | 0585 | 728 | 270 | 270
16 BHa 15.00 - - - . - . - N : : N N - n
17 BH4 15.00 . - N . . N - - " - - - - -
18 BH4 15.00 . - - . . N N P I : ) N N "
19 BH5 2.00 - - - - <t 3 X B N _ : - - N
20 BH5 2.00 - - - N - - A s N N . - _ "
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GEOGL ‘ Gu_ ,CHEM ANALYTICAL SERVICES
\1 TABLE OF RESULTS
\ \ Job Number : 98/01468/02/01 Sample Type : WATER
%:\ Client : ASPINWALL & COMPANY Location : RAF UPPER HEYFORD
A Date of Receipt : 12/05/98 client Contact : [ NG TESTING
(of first sample) Client Ref. No. : TA 25024 No. 1291
D Prellminary
‘Zj Validated Units ppm ppm Ppm ppm ppm ppm ppm ppm ppm ppm | mS/cm ppm pprﬂ N
Detection Method [Flame P|Flame P| GFAAS | GFAAS | Grav IR | KONE | KONE | KONE | KONE | Meler | Meter | Titrat | Titre
[:] NAMAS Accredited Detection Limits | <0.2 <0.2 |<0.0004[ <0.005 [ <1 <1 <5 <0.5 | <0.01 <3 | <0.001 | <0.01 <1 <1
g | & m 2
g o ] ) [ g g u o 2 g b1 2 g 5 2 %u
@ s ! A O U - N S O - =T O O -
£ & = Els| g | E|E|E e el iz %
g 2 2 s s | 2| z|E|8|e|g|a|é|lel”®
g g S B I AR Sl E 8
21 BHS 2.00 1.7 19.0 [<0.0004] 0.016 - - 29 1.5 1.40 s4 | 0671 | 7.21 310 310
22 BHS 2.00 - - - - - - - . . . _ B B N
23 BH5 2.00 - - - - - - - . . . . ; A
24 BH5 2.00 - - - 4 - N . B . - . " " -
25 BH6 14.00 - - - - <4 2 - - - . B - . _
26 8H6 14.00 - - - - - - . . . - B _ B N
27 BH6 14.00 3.6 125 [<0.0004| <0.005 - - NoP | NDP | 0.03 45 | 0433 | 759 | 320 320
28 BH6 14.00 - - - - - - - - . B . N N N
29 BH6 14.00 - - - - - - - . . . . R N N
30 BH6 14.00 - - - B - B B B B N N R - N
31 D SURFACE - - - - <1 4 - . - B . N - N
32 D SURFACE - - - - - - - . . . . N . N
33 D SURFACE 106 | 185 |<0.0004| <0.005 - - 45 79.4 | 0.02 45 | 0921 [ 714 | 300 300
34 D SURFACE - - - - - - - - - _ . B N -
35 D SURFAGE - - - - . N N R N . N . " "
36 F SURFACE - - - - <1 3 - - - . B B R Z
37 F SURFACE - - - - - . B . R N N . N N
38 F SURFACE 1.8 18.0 [<0.0004| <0.005 - - 32 605 { 0.02 42 |o83 | 712 1 310 310
39 F SURFACE - - - - - p - N . . N B : .
40 F SURFACE - - - - - . . N _ . N - " N
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GEOCl ’ Ga /CHEM ANALYTICAL SERVlCEé
;\!1 TABLE OF RESULTS
\' AN Job Number :  98/01468/02/01 Sample Type :  WATER
% & Client : ASPINWALL & COMPANY Location : RAF UPPER HEYFORD NAMAS
‘g& Date of Receipt : 12/05/98 client contact : | NG TESTING
(offrst sample) Client Ref. No. : TA 2502A No. 1291
O Preliminary
7l validated l:Jnits ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm | mSicm ppm ppm
Detection Method |Flame P|Flame P| GFAAS | GFAAS | Grav IR KONE | KONE | KONE | KONE | Meter | Meter | Titrat | Titre
D NAMAS Accradited Detection Limits | <02 | <02 [<0.0004| <0.005 | <1 <1 < <06 | <0.01 <3 | <0001 <001 <1 <1 -
g | ¢ m z
5 % 2 2le ||| 8 g F 2l E|E|E] 3]s
2 3 2 s e | 2|28 88|21 8|g)°
3 E: i 5 S 3 & R 5 2
= 8 2 Q
41 G1 STREAM SURFACE . - N N <1 3 B - B, . N N T
42 G1 STREAM SURFACE - - - - - - . X . - - - -
43 G1 STREAM SURFACE 26 | 200 [<0.0004]<0.005| - . 27 | 274 | o0z 56 | 0811 | 745 | 330 | 330
44 G1 STREAM SURFACE - - - : - . - - N ; N . " :
45 G1 STREAM SURFACE - - - - . - . . ; . - N . "
T N SURFACE - - - - 2 8 - - . . N N - -
47 N SURFACE - - - - - N . N B ; - N N -
48 N SURFACE 09 | 130 |<0.0004] <0005 - - 34 | 523 | 008 | 33 | 0809 | 763 | 350 | 350
49 N SURFACE - - - - N . . - N N _ ” N "
50 N SURFACE - - - . . . : . . . - N " -
51 P1 SPRING SURFACE - - - . <1 3 - - : . - N . :
52 P1 SPRING SURFACE . - - - - - N N . - . N - N
53 P1 SPRING SURFACE 62 | 215 |<0.0004|<0005 | - . 46 | 455 | 0.01 58 | 0815 | 7.06 | 310 | 310
54 P1 SPRING SURFACE . - . - - - - N N 4 . A - -
55 P1 SPRING SURFACE N - - - - - . . . : - N N -
56 R2 STREAM SURFACE - - - . <1 2 - B . R N N ) :
57 R2 STREAM SURFACE B - - . - . - - . . - - " A
58 R2 STREAM SURFACE 15 | 140 |<0.0004| <0.005| - - 19 | 238 | 002 | 50 | 0793 | 737 | 350 | 350
59 R2 STREAM SURFACE - - - - - . . . _ . . A N -
60 R2 STREAM SURFACE - - - - . - N N A A - w - "
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&

#CHEM ANALYTICAL SERVICEA-. e '

GEOCI G
E'ﬂ TABLE OF RESULTS
N \ Job Number:  98/01468/02/01 Sample Type :  WATER
%:& Client : ASPINWALL & COMPANY Location : RAF UPPER HEYFORD
@& Date of Receipt : 12/05/98 client Contact : | NGzl TESTING
. (offist sample) Client Ref. No. : TA 2502A No. 1291
O Preliminary
7] valldated Pnits ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm | m8/cm ppm ppm
Detection Method |Flame P|Flame P| GFAAS | GFAAS | Grav IR KONE | KONE | KONE | KONE | Meter | Meter | Titrat | Titre
I:l NAMAS Accredited Detection Limits | <0.2 <02 [<0.0004{ <0.005 | <1 <1 <5 <0.5 | <0.01 <3 | <0.001| <0.01 <1 <1 -
¢ g >
g g 2l g s |glelz | Bleli]y|
".%. 'g g g w g g T 2 g 3 ! % g 5 2 z
L ® E Elf 2 lelsls|s|el2|2lels|s]¢
H g 3 200 T T T A - - I - I S A S
g 3 c |l 5| 2 5 El 2| | 58| § F|l 20| ®
g 2 = T T I I R - - I O B
i < Sl TR N 8
61 BH1A 35.00 . - - - 1 3 - - . - N N
62 BH1 A 35.00 - - - - - - R B .
63 BH1 A 35.00 25 238 |[<0.0004]| <0.005 - - 74 283 | 010 { 142 | 0996 | 7.36 | 400 400
64 BH1 A 35.00 . - - - - B - . . . . N . N
65 BHi A 35.00 - - - - - . - - - . B N N ;
66 BH1 A 35.00 . - - - - B Z 4 N . " N . -
67 . BH1B 14.00 - - - - 1 6 - - - . B . - .
68 BH1B 14.00 - - - - - - . B . . . _ _ N
69 BH1 B 14.00 2.0 13.8 |<0.0004] <0.008 - . 43 540 | 0.10 27 | 0744 | 749 | 420 220
70 BH1 B 14.00 - - - - - - - - - - - - - -
71 BH1B 14.00 - - - - N . - . B . N . " .
72 BH1 B 14.00 - - - - - B . - . . . . N B,
73 BH2 23.00 - - R . <1 5 - - - . B . R _
74 BH 2 23.00 - - - - - R - . . B . _ N N
75 BH 2 23.00 5.4 71.3 |<0.0004{ 0.005 - - 46 7.4 008 | 271 | 0992 | 790 | 340 340
76 BH2 23.00 - - - - - B - p . . . - : .
77 BH2 23.00 - . - - R N R - N _ ” R - "
78 BH 2 23.00 - - - . . . - B N . B N " R
79 BH7 4.00 - - - - 1 4 - - R R B - B .
a0 BH7 4,00 - . - - - B - p - B R . - N
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GEOC(, k G CHEM ANALYTICAL SERVICE ,
!1 TABLE OF RESULTS
\ \ Job Number : 98/01468/02/01 Sample Type: WATER
%N Client : ASPINWALL & COMPANY Location : RAF UPPER HEYFORD
A Date of Receipt : 12/05/98 ctient Contact : ||| T TESTING
(ot frst sample) Client Ref. No. : TA 2502A No- 1291
O Preliminary
D validated l..lnits ppm ppm ppm ppm ppm ppM ppm ppm ppm ppm | mS/em ppm ppm T
Detection Method [Flame P{Flame P| GFAAS [ GFAAS [ Grav IR | KONE | KONE | KONE | KONE | Meter | Meter | Titrat | Titre N
D NAMAS Accredited Detection Limits | <0.2 | <0.2 |<0.0004] <0.005 [ <1 < % | <05 | <001 | <3 |<0001 | <001 | <t A
¥ g . Sl 8l i s e | Elel2ls].
3 E El : cls 8| sl &|e|sia|8|2|?®
; g ARER AR AR AR AR AR
2 g g g
B BH7 3.00 08 | 118 |<0.0004] <0.005 | - - 28 | 34 | 002 | 20 | 0315 738 | 380 | 380
82 BH7 %00 - : - : - " N - - - - . -
83 BH7 400 E - - : - - " : - N : : - .
84 BH7 4.00 N - N : : . - : 3 : - : y .
85 SPRING T SURFACE - 3 - - 1 5 X . : : - . _ -
86 SPRING < SURFACE - - - - - - - - - - N . _ _
87 SPRING SURFACE 45 | 193 |<0.0004| 0.007 | - . 3B | 76 | 001 | 19 | 0894 | 748 | 320 | 320
88 SPRING T SURFACE - N : N - - : : : - N N - e
89 SPRING T SURFACE - R N - N N - : : N N - . -
% SPRING A SURFACE : - - - 1 1 N - : : " - N .
91 SPRING A SURFACE - N . » N : : N - . N : : :
92 SPRING A SURFAGE 08 | 103 |<0.0004] <0005 | - N 31 | 247 | 002 | 14 | 0604 | 770 | 260 | 260
93 SPRING A SURFACE - - N N N : : : : N - " . -
94 SPRING A SURFACE : ; : : : N : - . - . - " -
95 SPRING B SURFACE - R - R 1 3 - - : : . N - :
%6 SPRING B SURFACE - - N - : : . : . . : N . .
97 SPRING B SURFACE 14 | 11.0 |<0.0004|<0005| - . 37 | 307 | 003 | 25 | o0esa | 743 | 300 | 300
98 SPRING B SURFACE N . - - : N . - N : . - - .
) SPRING B SURFACE - : N N : : - - : N - - - -
100 SPRING L SURFACE N N : : 5 - - : . -
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7 \
GEOCH - Gi.5CHEM ANALYTICAL SERVICES £
.!l‘ TABLE OF RESULTS
\' '\ Job Number:  98/01468/02/01 Sample Type: WATER
%% Client : ASPINWALL & COMPANY Location : RAF UPPER HEYFORD TNAMAS
b" Date of Receipt : 12/05/98 Client Contact : NN " TESTING
(of first sample) Client Ref. No. : TA 2502A No.1251
D Preliminary T
] validated “Jn“S ppm | ppm | ppm [ ppm | ppm | ppm | ppm [ ppm | ppm | ppm | mSicm ppm ppm
Detection Method |Fiame P|Flame P| GFAAS | GFAAS | Grav IR KONE | KONE | KONE | KONE | Meter | Meter | Titrat | Titre
D NAMAS Accredited Detection Limits | <02 | <02 [<0.0004] <0.005 | <1 P <5 <05 | <0.01 | <3 |<0001 | <001 | <1 <1 -
g | g m z
© ¢ El 8l 2|9l ez Fleld]|2|z
1 > 5 g gl |lslsleg|lz|ls|2|sg|8|z|c¢E|¢
z 2 = g 3 2 F: 8 5 =3 £ B ° 3 2 w 2
£ ® 3 ® = £ 5 =3 £ g = @ 9
3 =2 é 5 & - 3 g @ 5 & q o o o
o =4 3 5 g s o -~ & & S 5 &
% < § | 8 2 g
101 SPRING L SURFACE N - - . B N N N " N N n
102 SPRING L SURFACE 20 21.4 |<0.0004| <0.005 - - 46 7.1 0.55 28 0.665 7.68 | 280 280
103 SPRING L SURFACE - B - N N N N ” N - N - - -
104 SPRING L SURFACE - - - . . N . N . : N - - N
105 SPRING M SURFACE : - - - 1 3 - N X . s . , N
106 SPRING M SURFACE - - - - - N N N N N N : » -
107 SPRING M SURFACE 09 | 123 |<0.0004[<0005{ - - 26 | 323 | 051 36 | 0606 | 762 | 280 | 280
108 SPRING M SURFACE - . R . . N , - N N : - . -
100 SPRING M SURFACE - . . - N . : N - N N N . N
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---------UemmmlyMSeMes--------

Diesel Range Organics -

by
G.C.
Client Ref:= - Date Sample Received:= 12/5/98 Separatory Funnel Ext:= Yes
Sample Matrix= Water Date Extracted/Prepared:= 20/5/98 Soxtec Extraction:= No
Job Number:= 98/01468/02/01 Date Analysed:= 20/5/98 Column Extraction:= Yes

Internal Standard:= A:- 2,2,4,4,6,8,8, HEPTAMETHYLNONANE B :- 1-CHLOROOCTADECANE C:- SQUALANE

sample | sample tgentty | pepn | TORRIRE | B Hanee Interpretation
(mg/litre) (pg/litre)
001 BH3A 3.50 1 204 No Identification Possible
007 BH3B 2.00 1 217 No Identification Possible
013 BH4 15.00 1 501 No Identification Possible
019 BHS 2.00 <1 14 No Identification Possible
Checked by
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--------yq}eMmmthSelﬂesq-------

Diesel Range Organics

by
G.C.
Client Ref:= TA2502A Date Sample Received:= 13/05/98 Separatory Funnel Ext:= Yes §
Sample Matrix= Water Date Extracted/Prepared:= 26/05/98 Soxtec Extraction:= No
Job Number:= 98/1468/02/01 Date Analysed:= 26/05/98 Column Extraction:= Yes

Internal Standard;= A:- 2,2,4,4,6,8,8 HEPTAMETHYLNONANE B :- 1-CHLOROOCTADECANE C :- SQUALANE

::::E:_ Sample Identity Depth Tot;lxizi;:ble S;Zsrzl‘:ltiz Interpretation
(mg/litre) (pg/litre)

025 BHé 14.00 <1 45 No Identification Possible
031 D SURFACE <1 38 No Identification Possible
036 F SURFACE <1 42 No Identification Possible
041 G 1 STREAM SURFACE <1 29 No Identification Possible
046 N SURFACE 2 2489 Diesel

051 P 1 SPRING SURFACE <1 40 No Identification Possible
056 R2 STREAM SURFACE <1 44 No Identification Possible

Checked by
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: Geochem Analytical Services

Diesel Range Organics

by
G.C.
Client Ref:= TA 2502A Date Sample Received:= 14/5/98 Separatory Funnel Ext:= Yes
Sample Matrix= Water Date Extracted/Prepared:= 21/5/98 Soxtec Extraction:= No
Job Number:= 98/1468/02/01 Date Analysed:= 21/5/98 Column Extraction:= Yes

Internal Standard:= A - 2.2.4,4888, HEPTAMETHYLNONANE B - 1-CHLOROOCTADECANE  C :- SQUALANE

Savle | sampie entty | Dep | GO0 | Intrpretation
(mg/litre) (pg/litre)
061 BHI A 35.00 1 37 No Identification Possible
067 BHI B 14.00 1 36 No Identification Possible
073 BH?2 23.00 <1 33 No Identification Possible

Chesked by ———- Page oer



Geochem Analytical Services "

Diesel Range Organics
by
G.C
Client Ref;= TA 2502A Date Sample Received:= 15/05/98 Separatory Funnel Ext=Yes
Sample Matrix= Water Date Extracted/Prepared:= 00/01/00 Soxtec Extraction=No
Job Number:= 98/1468/02/01 Date Analysed=27/05/98 .................... Column Extraction=Yes
Internal Standard:= A - 2.2,4,4,6,8,8, HEPTAMETHYLNONANE B :- 1-CHLOROOCTADECANE € :- SQUALANE
Sample . Total Soluble Diesel Range .
number Sample Identity Depth Extract Hydrocarbons Interpretation
(mg/litre) (ug/litre)

079 BH7 4.00 1 22 No Identification Possible

085 SPRING T SURFACE 1 783 ‘Weathered Diesel

090 SPRING A SURFACE 1 27 No Identification Possible

095 SPRING B SURFACE 1 28 No Identification Possible

100 . SPRING L SURFACE 1 33 No Identification Possible

105 SPRING M SURFACE 1 26 No Identification Possible

Checked by
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Geochem Analytical Services
Gasoline Range Organics
By
GC

Job No: 98/1468/02/01
Client: Aspinwall & Company

Matrix: Water
Units: pg/l
3 Sample Sample Depth Total
' No Ref m/ft Volatiles
005 BH 3A 35 <10
011 BH 3B 2.0 <10
017 BH 4 15.0 <10
023 BH 5 2.0 <10

Checked by

Job Number: 98/01468/02/01 Geochem Group Limited
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Geochem Analytical Services
Gasoline Range Organics
By
GC

Job No: 98/1468/02/01
Client: Aspinwall & Company
Matrix: Water

Units: pg/l

S Sample Sample Depth Total
No’ Ref m/ft Volatiles
029 BH 6 14.0 <10
035 D SURF <10
040 F SURF <10
045 G1 STREAM SURF <10
050 N SURF <10
055 P1 SPRING SURF <10
060 R2 STREAM SURF <10

Checked by

Job Number: 98/01468/02/01 Geochem Group Limited
Page 33 of 54
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Geochem Analytical Services
Gasoline Range Organics
By
GC

Job No: 98/1468/02/01
Client: Aspinwall & Company

Matrix: Water
Units: pg/l
= Sample Sample Depth Total
No Ref m/ft | Volatiles
065 BH 1A 35.0 <10
071 BH 1B 14.0 <10
077 BH 2 23.0 <10

Checked by

Job Number: 98/01468/02/01 Geochem Group Limited
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Geochem Analytical Services
Gasoline Range Organics
By
GC

Job No: 98/1468/02/01
Client: Aspinwall & Company
Matrix: Water

Units: pg/l

Sample Sample Depth Total
No Ref m/ft Volatiles
083 BH 7 4.0 <10
089 SPRING T SURF <10
094 SPRING A SURF <10
099 SPRING B SURF <10
104 SPRING L SURF <10
109 SPRING M SURF <10

Checked by
Job Number: 98/01468/02/01 Geochem g:::)sléir:;tes:



Geochem Analytical Services
BTEX Analysis
By
G.C.

Job No: 98/1468/02/01
Client: Aspinwall & Company
Matrix: Water

Units: pg/l
= Sample Sample Depth | Benzene| Toluene| Ethyl Total
- No Ref m/ft Benzene| Xylene
005 BH3A 3.5 <10 <10 <10 <10
011 BH 3B 2.0 <10 <10 <10 <10
017 BH 4 15.0 <10 <10 <10 <10
023 BH 5 2.0 <10 <10 <10 <10

Checked by

Geochem Group Limited

Job Number: 98/01468/02/01
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'_ Geochem Analytical Services
l BTEX (MTBE) Analysis
By
' G.C.
l Job No: 98/1468/02/01
Client: Aspinwall & Company
l Matrix: Water
Units: pg/l
|~ Smpl Sample Depth | MTBE |Benzene| Toluene| Ethyl | Total
No Ref m/ft Benzene| Xylene
029 BH 6 14.0 <10 <10 <10 <10 <10
l 035 D SURF| <10 <10 <10 <10 <10
040 F SURF| <10 <10 | <10- <10 <10
l 045 | GISTREAM |SURF| <10 | <10 | <10 | <10 | <10
050 N SURF| <10 <10 <10 <10 <10
055 P1 SPRING SURF| <10 <10 <10 <10 <10
l 060 R2 STREAM SURF| <10 <10 <10 <10 <10
' Checked by
Job Number: 98/01468/02/01 Geochem Group Limited
l Page 37 of 54



Geochem Analytical Services
BTEX (MTBE) Analysis

By
G.C.
Job No: 98/1468/02/01
Client: Aspinwall & Company
Matrix: Water
Units: pg/l
Smpl Sample Depth | MTBE |Benzene| Toluene| Ethyl | Total
No Ref m/ft Benzene| Xylene
065 BH 1A 350 | <10 | <10 | <10 | <10 | <10
071 BH 1B 14.0 <10 <10 <10 <10 <10
077 BH?2 23.0 <10 <10 <10 <10 <10
Checked by
Job Number: 98/01468/02/01 Geochem Group Limited
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Geochem Analytical Services
BTEX (MTBE) Analysis
By
G.C.

Job No: 98/1468/02/01
Client: Aspinwall & Company
Matrix: Water

Units: pg/l
ISmpl Sample Depth | MTBE | Benzene | Toluene | Ethyl Total
No Ref m/ft Benzene | Xylene
' 083 BH7 4.0 <10 <10 <10 <10 <10
Il 080 SPRING T SURF <10 <10 <10 <10 <10
i 094 SPRING A SURF <10 <10 <10 <10 <10
1099 SPRING B SURF <10 <10 <10 <10 <10
| 104 SPRING L SURF <10 <10 <10 | <10 <10
! 109 SPRING M SURF <10 <10 <10 <10 <10
|
|
|
i
|
|
{
|
Checked by.
Job Number: 98/01468/02/01 Geochem Group Limited
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Geochem Amalytical Services

Phenols
By
G.CMS.
Sample Matrix : Water
Our Reference: 98/1468/02/01
Date Sample Received: 12/05/98
Date Extracted/Prepared:  20/05/98
Separatory Funnel Ext: No
Soxtec Extraction: No
Column Extraction: Yes
Date Analysed: 22/05/98
GC-MS Mode: SIM
Internal Standard: External
Sample No. 002 | 008 | 014 | 020
Client Ref. BH3A | BH3B | H4 15. |BHS 2.0
P.Q.L. 001 001 001 001
CAS Number [Units pg/l ng/l ng/l pg/l
108-95-2 |Phenol <0.5 | <0.5 | <0.5 | <0.5
95-57-8  |2-Chlorophenol <0.5 <0.5 <0.5 <0.5
88-75-5  [2-Nitrophenol <0.5 <0.5 <0.5 <0.5
105-67-9  12,4-Dimethylphenol <0.5 <0.5 <0.5 <0.5
120-83-2  |2,4-Dichlorophenol <0.5 <0.5 <0.5 <0.5
59-50-7  [4-Chloro-3-methylphenol] <0.5 <0.5 <0.5 <0.5
88-06-2 2,4,6-Trichlorophenol <0.5 <0.5 <0.5 <0.5
100-02-7  |4-Nitrophenol <0.5 <0.5 <0.5 <0.5
87-86-5  [Pentachlorophenol <0.5 <0.5 <0.5 <0.5

Approved by _ -------

: 8/02/01 Geochem Group Limited
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Geochem Analytical Services

Phenols
By
G.CM.S.
Sample Matrix : Water
Our Reference: 98/1468/02/02
Date Sample Received: T 13/05/98
Date Extracted/Prepared: 26/05/98
Separatory Funnel Ext: No
Soxtec Extraction: No
Column Extraction: Yes
Date Analysed: 26/05/98
GC-MS Mode: » SIM
Internal Standard: External
Sample No. 026 | 032 | 037 | 042 | 047 |
Client Ref. BH6 14 |D Surfac|F Surfac| Istrea |N Surfag
P.Q.L. 001 001 001 001 001
CAS Number |Units pg/l ng/l pg/l pg/l ng/l
108-95-2 |Phenol <0.5 <0.5 <0.5 <0.5 <0.5
95-57-8  |2-Chlorophenol <0.5 <0.5 <0.5 <0.5 <0.5
88-75-5  |2-Nitrophenol <0.5 <0.5 <0.5 <0.5 <0.5
105-67-9  |2,4-Dimethylphenol <0.5 <0.5 <0.5 <0.5 <0.5
120-83-2  {2,4-Dichlorophenol <0.5 <0.5 <0.5 <0.5 <0.5
59-50-7  |4-Chloro-3-methylphenol| <0.5 <0.5 <0.5 <0.5 <0.5
88-06-2  }2,4,6-Trichlorophenol <0.5 <0.5 <0.5 <0.5 <0.5
100-02-7  |4-Nitrophenol <0.5 <0.5 <0.5 <0.5 <0.5
87-86-5  [Pentachlorophenol <0.5 <0.5 <0.5 <0.5 <0.5

Job Number: 98/01468/02/01 Geochem Group Limited
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Geochem Analytical Services

Phenols
By
G.CM.S.
Sample Matrix : Water
Our Reference: 98/1468/02/02
Date Sample Received: 13/05/98
Date Extracted/Prepared: 26/05/98
Separatory Funnel Ext: No
Soxtec Extraction: No
Column Extraction: Yes
Date Analysed: 26/05/98
GC-MS Mode: SIM
Internal Standard: External
Sample No. 052 057
Client Ref. P1spring{R2strea
P.Q.L. 001 001
CAS Number [Units pg/l pg/l
108-95-2  |Phenol <0.5 | <0.5
95-57-8  |2-Chlorophenol <0.5 <0.5
88-75-5  |2-Nitrophenol <0.5 <0.5
105-67-9  |2,4-Dimethylphenol <0.5 <0.5
120-83-2  (2,4-Dichlorophenol <0.5 <0.5
59-50-7  |4-Chloro-3-methylphenol| <0.5 <0.5
88-06-2 2,4,6-Trichlorophenol <0.5 <0.5
100-02-7  {4-Nitrophenol <0.5 <0.5
87-86-5  |Pentachlorophenol <0.5 <0.5
Approved by 1.
Job Number: 98/01468/02/01 Geochem S;‘;;"“;’Q,?‘;‘;
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Geochem Analytical Services

Phenols
By
G.CM.S.
Sample Matrix : Water
Our Reference: 98/1468/02/03
Date Sample Received: 14/05/98
Date Extracted/Prepared: 22/05/98
Separatory Funnel Ext: No
Soxtec Extraction: No
Column Extraction: Yes
Date Analysed: 23/05/98
GC-MS Mode: SIM
Internal Standard: External
Sample No. [ 062 | 068 | 074
Client Ref. BHIA 3 [BHIB 1 | BH2 23
P.Q.L. 001 001 001
CAS Number |Units pg/l ug/l ng/l
108-95-2  {Phenol <0.5 <0.5 <0.5
95-57-8  |2-Chlorophenol <0.5 <0.5 <0.5
88-75-5  |2-Nitrophenol <0.5 <0.5 <0.5
105-67-9  {2,4-Dimethylphenol <0.5 <0.5 <0.5
120-83-2  |2,4-Dichlorophenol <0.5 <0.5 <0.5
59-50-7  |4-Chloro-3-methylphenol] <0.5 <0.5 <0.5
88-06-2 2,4,6-Trichlorophenol <0.5 <0.5 <0.5
100-02-7 [4-Nitrophenol <0.5 <0.5 <0.5
87-86-5  |Pentachlorophenoi <0.5 <0.5 <0.5

Job Number: 98/01468/02/01 Geochem Group Limited
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Geochem Analytical Services

Phenols
By
G.CMS.
Sample Matrix : Water
Our Reference: 98/01468/02/01
Date Sample Received: 15/05/98
Date Extracted/Prepared: 27/05/98
Separatory Funnel Ext: K
Soxtee Extraction: o
Column Extraction: No ........
Date Analysed: T 01/06/98
GO-MS Mode: S
itemal Standard el
Sample No. 080 086 091 096 101
Client Ref. BH7 SpringX| Spring A | Spring B.| Spring L
P.QL. 0.5 0.5 0.5 0.5 0.5
CAS Number |[Units pg/l ng/l pg/l ug/l pg/t
108-95-2 Phenol <0.5 <0.5 <0.5 <0.5 <0.5
95-57-8 2-Chlorophenol <0.5 <0.5 <0.5 <0.5 <0.5
88-75-5 2-Nitrophenol <0.5 <0.5 <0.5 <0.5 <0.5
105-67-9 2,4-Dimethylphenol <0.5 <0.5 <0.5 <0.5 <0.5
120-83-2 2,4-Dichlorophenol <0.5 <0.5 <0.5 <0.5 <0.5
59-50-7 4-Chloro-3-methylphenol <0.5 <0.5 <0.5 <0.5 <0.5
88-06-2 2,4,6-Trichlorophenol <0.5 <0.5 <0.5 <0.5 <0.5
100-02-7 4-Nitrophenol <0.5 <0.5 <0.5 <0.5 <0.5
87-86-5 Pentachlorophenol <0.5 <0.5 <0.5 <0.5 <0.5

- 98/01468/02/01 Geochem Group Limited
Job Number: 98/ Page 44 o 54



Geochem Analytical Services

Phenols
By
G.CMS.
Sample Matrix : Water
Our Reference: 98/01468/02/01
Date Sample Received: 15/05/98
Date Extracted/Prepared: 27105/98
Scparatory Fumnel Ext. R
Sexteo Extraction: T e
Column Extraction: T R
Date Analysed: "01/06/98
GC-MS Mode: U
Intemal Standard: External

- e Loy

Sample No. 106
Client Ref. Spring M
P.Q.L. 0.5
CAS Number [Units ng/l
108-95-2 Phenol <0.5
95-57-8 2-Chlorophenol <0.5
88-75-5 2-Nitrophenol <0.5
105-67-9 2,4-Dimethylphenol <0.5
120-83-2 2,4-Dichlorophenol <0.5
59-50-7 4-Chloro-3-methylphenol <0.5
88-06-2 2,4, 6-Trichlorophenol <0.5
100-02-7 4-Nitrophenol <0.5
87-86-5 Pentachlorophenol <0.5
Approved by :

Job Number: 98/01468/02/01

Geochem Group Limited
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Geochem Analytical Services

Volatile Organic Compounds ( EPA 624/8260)

Sample Identity - 1468-006 BH3A 3.50m
Client / Sample matrix - Aspinwall & Company/Water
Date Acquired - 05/16/98 02:57
Instrument Name - MSD VolsS

IO

Units - ppb
CAS No. Compound Conc. | |CAS No. Compound Conc.
75-71-8 Dichlorodifluoromethane <1 127-18-4 Tetrachloroethene <1
74-87-3 Chloromethane <1 630-20-6 1,1,1,2-Tetrachloroethane <1
75-01-4 Vinyl chloride <1 108-90-7 Chlorobenzene <1
74-83-9 Bromomethane <A1 100414 Ethylbenzene <1
75-00-3 Chloroethane <1 108-38-3* p/m-Xylene <1
75-69-4 Trichlorofituoromethane <1 75-25-2 Bromoform <1
156-60-5 trans-1,2-Dichloroethene <1 100-42-5 Styrene <1
75-09-2 Dichloromethane <1 79-34-5 1,1,2,2-Tetrachloroethane <1
75-35-4 1,1-Dichloroethene <1 95-47-6 o-Xylene <1
75-34-3 1,1-Dichloroethane <1 96-184 1,2,3-Trichloropropane <1
156-59-2 cis-1,2-Dichloroethene <1 98-82-8 Isopropylbenzene <1
74-97-5 Bromochloromethane <1 108-86-1 Bromobenzene <1
67-66-3 Chloroform <1 95-49-8 2-Chlorotoluene <1
594-20-7 2,2-Dichloropropane <1 103-65-1 Propylbenzene <1
107-06-2 1,2-Dichloroethane <1 106434 4-Chlorotoluene <1
71-55-6 1,1,1-Trichloroethane <1 95-63-6 1,2,4-Trimethyibenzene <1
563-58-6 1,1-Dichloropropene <1 99-87-8 4-Isopropyltoluene <1
71-43-2 Benzene <1 108-67-6 1,3,5-Trimethylbenzene <1
56-23-5 Carbontetrachloride <1 95-50-1 1,2-Dichlorobenzene <1
74-95-3 Dibromomethane <1 106-46-7 1,4-Dichlorobenzene <1
78-87-5 1,2-Dichloropropane <1 135-98-8 sec-Butylbenzene <1
75-27-4 Bromodichloromethane <1 98-06-6 tert-Butylbenzene <1
79-01-6 Trichloroethene <1 541-73-1 1,3-Dichlorobenzene <1
10061-01-5] cis-1,3-Dichloropropene <1 104-51-8 n-Butylbenzene <1
10061-02-6| trans-1,3-Dichloropropene <1 96-12-8 | 1,2-Dibromo-3-chlioropropane <1
79-00-5 1,1,2-Trichloroethane <1 120-82-1 1,2,4-Trichlorobenzene <1
108-88-3 Toluene <1 91-20-3 Naphthalene <1
142-28-9 1,3-Dichloropropane <1 87-61-6 1,2,3-Trichlorobenzene <1
124-48-1 Dibromochloromethane <1 87-68-3 Hexachlorobutadiene <1
106-93-4 4,__2:Dibromoethane <1
N.B. * also CAS No. 106-42-3 o
Approved by -
Job Nurnber: 98/01468/02/01 Geochem Group Limited
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Geochem Analytical Services

Volatile Organic Compounds ( EPA 624/8260 )

Sample Identity - 1468-012 BH3B 2.00m
Client / Sample matrix - Aspinwall & Company/Water
Date Acquired - 05/16/98 03:31

Instrument Name - MSD Vols5

. 'E

Units - ppb
CAS No. Compound Conc CAS No. Compound Conc.
75-71-8 Dichlorodiflusromethane <1 127-18-4 Tetrachloroethene <1
74-87-3 Chloromethane <1 630-20-6 1,1,1,2-Tetrachloroethane <1
75-01-4 Vinyl chloride <1 108-90-7 Chiorobenzene <1
74-83-9 Bromomethane <1 100-41-4 Ethylbenzene <1
75-00-3 Chloroethane <1 108-38-3* p/m-Xylene <1
756-69-4 Trichiorofluoromethane <1 75-25-2 Bromoform <1 "
156-60-5 trans-1,2-Dichloroethene <1 100-42-5 Styrene <1
75-09-2 Dichloromethane <1 79-34-5 1,1,2,2-Tetrachloroethane <1
75-354 1,1-Dichloroethene <1 95-47-6 o-Xylene <1
75-34-3 1,1-Dichloroethane <1 96-18-4 1,2,3-Trichloropropane <1 |
156-59-2 cis-1,2-Dichioroethene <1 08-82-8 Isopropylbenzene <1 |
74-97-5 Bromochloromethane <1 108-86-1 Bromobenzene <1
67-66-3 Chloroform <1 95-49-8 2-Chlorotoluene <1
594-20-7 2,2-Dichloropropane <1 103-65-1 Propylbenzene <1
107-06-2 1,2-Dichloroethane <1 106-43-4 4-Chlorotoluene <1
71-55-6 1,1,1-Trichloroethane <1 95-63-6 1,2,4-Trimethylbenzene <1
563-58-6 1,1-Dichloropropene <1 99-87-6 4-Isopropylitoluene <1 i
71-43-2 Benzene <1 108-67-6 1,3,5-Trimethylbenzene <1
56-23-5 Carbontetrachloride <1 95-50-1 1,2-Dichlorobenzene <1
74-95-3 Dibromomethane <1 106-46-7 1,4-Dichlorobenzene <1
78-87-5 1,2-Dichioropropane <1 135-98-8 sec-Butylbenzene <1
75-27-4 Bromodichloromethane <1 98-06-6 tert-Butylbenzene <1
79-01-6 Trichloroethene <1 541-73-1 1,3-Dichlorobenzene <1
10061-01-5{ cis-1,3-Dichloropropene <1 104-51-8 n-Butylbenzene <1
10061-02-6{ trans-1,3-Dichloropropene <1 96-12-8 | 1,2-Dibromo-3-chloropropane <1
79-00-5 1.1,2-Trichloroethane <1 120-82-1 1,2,4-Trichlorobenzene <1
108-88-3 Toluene <1 91-20-3 Naphthalene <1
142-28-9 1,3-Dichloropropane <1 87-61-6 1,2,3-Trichlorobenzene <1
124-48-1 Dibromochloromethane <1 87-68-3 Hexachlorobutadiene <1
106-93-4 1,2-Dibromoethane <1
N.B. * also CAS No. 106-42-3
Approved by -
Job Number: 98/01468/02/01 Geochem g;zx;p#rg;tg:_



l GEQOCHEM Geochem Analytical Services
A
. % k Volatile Organic Compeunds ( EPA 624/8260)
®
' ' Sample Identity - 1468-018 BH4 15.00m
Client / Sample matrix - Aspinwall & Company/Water
l Date Acquired - 05/16/98 04:05
Instrument Name - MSD Vols5
' Units - ppb
CAS No. Compound Conc. | [CAS No. Compound Conc.
' 75-71-8 Dichlorodifluoromethane <1 127-18-4 Tetrachloroethene <1
74-87-3 Chloromethane <1 630-20-6 1,1,1,2-Tetrachloroethane <1
75-014 Vinyl chloride <1 108-90-7 Chlorobenzene <1
';:;1’ 74-83-9 Bromomethane <1 100-41-4 Ethyibenzene <1
75-00-3 Chloroethane <1 108-38-3* p/m-Xylene <1
75-69-4 Trichiorofluoromethane <1 75-25-2 Bromoform <1
' 156-60-5 | trans-1,2-Dichloroethene <1 100-42-5 Styrene <1
75-09-2 Dichloromethane <1 79-34-5 1,1,2,2-Tetrachioroethane <1
' 75-35-4 1,1-Dichloroethene <1 95-47-6 o-Xylene <1
75-34-3 1,1-Dichloroethane <1 96-18-4 1,2,3-Trichloropropane <1
156-59-2 cis-1,2-Dichloroethene <1 98-82-8 Isopropylbenzene <1 |
' 74-97-5 Bromochloromethane <1 108-86-1 Bromobenzene <1
67-66-3 Chloroform <1 95-49-8 2-Chiorotoluene <1
594-20-7 2,2-Dichloropropane <1 103-65-1 Propylbenzene <1
l 107-06-2 1,2-Dichloroethane <1 106-43-4 4-Chlorotoluene <1
71-565-6 1,1,1-Trichloroethane <1 95-63-6 1,2,4-Trimethylbenzene <1
l 563-58-6 1,1-Dichloropropene <1 99-87-6 4-Isopropyltoluene <1
71-43-2 Benzene <1 108-67-6 1,3,5-Trimethylbenzene <A1
. 11.56-23-6 Carbontetrachloride <1 95-50-1 1,2-Dichlorobenzene <1
'“ - 74-95-3 Dibromomethane <1 106-46-7 1,4-Dichlorobenzene <1
78-87-5 1,2-Dichloropropane <1 135-98-8 sec-Butylbenzene <1
75-27-4 Bromodichloromethane <1 98-06-6 tert-Butylbenzene <1
l 79-01-6 Trichloroethene <1 541-73-1 1,3-Dichlorobenzene <1
10061-01-5| cis-1,3-Dichloropropene <1 104-51-8 n-Butylbenzene <1
10061-02-6| trans-1,3-Dichloropropene <1 96-12-8 | 1,2-Dibromo-3-chloropropane <1
' 79-00-5 1,1,2-Trichloroethane <1 120-82-1 1,2,4-Trichlorobenzene <1
108-88-3 Toluene <1 91-20-3 Naphthalene <1
' 142-28-9 1,3-Dichloropropane <1 87-61-6 1,2,3-Trichlorobenzene <1
124-48-1 Dibromochloromethane <1 87-68-3 Hexachlorobutadiene <1
l 106-934 1,2-Dibromoethane <1
N.B. * also CAS No. 106-42-3 *H
l Approved by -
' Job Number: 88/01468/02/01 Geochem Saf:&'gfgm



(Geochem Analytical Services

Volatile Organic Compounds ( EPA 624/8260 )

Sample Identity - 1468-024 BHS 2.00m
Client / Sample matrix - Aspinwall & Company/Water
Date Acquired - 05/16/98 04:40
Instrument Name - MSD VolsS

Units - ppb
CAS No. Compound Conc. | |CAS No. Compound Conc.
75-71-8 Dichlorodiflucromethane <1 127-184 Tetrachloroethene <1
74-87-3 Chloromethane <1 630-20-6 1,1,1,2-Tetrachloroethane <1
75-01-4 Vinyl chloride <1 108-90-7 Chlorobenzene <1
e 74-83-9 Bromomethane <1 100414 Ethylbenzene <1
75-00-3 Chloroethane <1 108-38-3* p/m-Xylene <1
75-69-4 Trichlorofluoromethane <1 75-25-2 Bromoform <1
166-60-5 trans-1,2-Dichloroethene <1 100-42-5 Styrene <1
75-09-2 Dichloromethane <1 79-34-5 1,1,2,2-Tetrachloroethane <1
75-35-4 1,1-Dichloroethene <1 95476 o-Xylene <1
75-34-3 1,1-Dichloroethane <1 96-18-4 1,2,3-Trichloropropane <1
1566-59-2 cis-1,2-Dichloroethene <1 98-82-8 Isopropylbenzene <1
74-97-5 Bromochloromethane <1 108-86-1 Bromobenzene <1
67-66-3 Chloroform <1 95-49-8 2-Chlorotoluene <1
594-20-7 2,2-Dichloropropane <1 103-65-1 Propylbenzene <1
107-06-2 1,2-Dichloroethane <1 106-43-4 4-Chlorotoluene <1
71-55-6 1,1,1-Trichioroethane <1 95-63-6 1,2,4-Trimethylbenzene <1
563-58-6 1,1-Dichloropropene <1 99-87-6 4-Isopropyltoluene <1
71-43-2 Benzene <1 108-67-6 1,3,5-Trimethylbenzene <1
56-23-5 Carbontetrachloride <1 95-50-1 1,2-Dichlorobenzene <1
74-95-3 Dibromomethane <1 106-46-7 1,4-Dichlorobenzene <1
78-87-5 1,2-Dichloropropane <1 135-98-8 sec-Butylbenzene <1
75-274 Bromodichloromethane <1 98-06-6 tert-Butylbenzene <1
79-01-6 Trichloroethene <1 541-73-1 1,3-Dichlorobenzene <1
10061-01-5} cis-1,3-Dichloropropene <1 104-51-8 n-Butylbenzene <1
10061-02-6| trans-1,3-Dichloropropene <1 96-12-8 | 1,2-Dibromo-3-chloropropane <A1
79-00-5 1,1,2-Trichloroethane <1 120-82-1 1,2,4-Trichlorobenzene <1
108-88-3 Toluene <1 91-20-3 Naphthalene <1
142-28-9 1,3-Dichloropropane <1 87-61-6 1,2,3-Trichlorobenzene <1
124-48-1 Dibromochloromethane <1 87-68-3 Hexachlorobutadiene <1
106-934 1 ,g-Dibromoethane <1

N.B. * also CAS No. 106-42-3

Approved by -

Job Number: 98/01468/02/01 Geochem Group Limited
Page 49 of 54



GEQOCHEM Geochem Analytical Services
E N ()
N % : : )
% - Volatile Organic Compounds ( EPA 624/8260 ) NAMAS

L]
Sample Identity - 1468-030 BH6 14.00m
Client / Sample matrix - Aspinwall & Company/Water
Date Acquired - 05/16/98 05:14
Instrument Name - MSD VolsS
Units - ppb

CAS No. Compound Conc. | |CAS No. Compound Conc.

75-71-8 Dichlorodifluoromethane <1 127-18-4 Tetrachloroethene <1

74-87-3 Chloromethane <1 630-20-6 1,1,1,2-Tetrachloroethane <1

75-014 Vinyl chloride <1 108-90-7 Chlorobenzene <1

74-83-9 Bromomethane <1 100-41-4 Ethylbenzene <1

75-00-3 Chloroethane <1 108-38-3* p/m-Xylene <1

75-69-4 Trichlorofiuoromethane <1 75-25-2 Bromoform <1
166-60-5 trans-1,2-Dichloroethene <1 100-42-5 Styrene <1

75-09-2 Dichioromethane <1 79-34-5 1,1,2,2-Tetrachloroethane <1

75-354 1,1-Dichloroethene <1 95-47-6 o-Xylene <1

75-34-3 1,1-Dichioroethane <1 96-18-4 1,2,3-Trichloropropane <1
156-59-2 cis-1,2-Dichloroethene <1 98-82-8 Isopropylbénzene <1

74-97-5 Bromochloromethane <1 108-86-1 Bromobenzene <1

67-66-3 Chloroform <1 95-49-8 2-Chlorotoluene <1
594-20-7 2,2-Dichloropropane <1 103-65-1 Propylbenzene <1
107-06-2 1,2-Dichloroethane <1 106-43-4 4-Chlorotoluene <1

71-55-6 1,1,1-Trichloroethane <1 95-63-6 1,2,4-Trimethylbenzene <1
563-58-6 1,1-Dichloropropene <1 99-87-6 4-Isopropyltoluene <1

71-43-2 Benzene <1 108-67-6 1,3,5-Trimethylbenzene <1

56-23-5 Carbontetrachloride <1 95-50-1 1,2-Dichlorobenzene <1

74-95-3 Dibromomethane <1 106-46-7 1,4-Dichlorobenzene <1

78-87-5 1.2-Dichloropropane <1 135-98-8 sec-Butylbenzene <1

75-27-4 Bromodichloromethane <1 98-06-6 tert-Butyibenzene <1

79-01-6 Trichloroethene <1 541-73-1 1,3-Dichlorobenzene <1
10061-01-5| cis-1,3-Dichloropropene <1 104-51-8 n-Butylbenzene <1
10061-02-6} trans-1,3-Dichloropropene <1 96-12-8 | 1,2-Dibromo-3-chloropropane <1

79-00-5 1,1,2-Trichloroethane <1 120-82-1 1,2,4-Trichlorobenzene <1
108-88-3 Toluene <1 91-20-3 Naphthalene <1
142-28-9 1,3-Dichloropropane <1 8§7-61-6 1,2,3-Trichlorobenzene <1
124-48-1 Dibromochloromethane <1 87-68-3 Hexachlorobutadiene <1

106-934 1,2-Dibromoethane <1

N.B. * also CAS No. 106-42-3
Approved by -
Job Number: 98/01468/02/01 Geochem Group Limited
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Geochem Analytical Services

Volatiie Organic Compounds ( EPA 624/8260 )

Sample Identity - 1468-066 BH1A 35.00m
Client / Sample matrix - Aspinwall & Company/Water
Date Acquired - 05/16/98 05:48
Instrument Name - MSD Vols5

Units - ppb
CAS No. Compound Conc. | [CAS No. Compound Conc.
75-71-8 Dichlorodiflucromethane <1 127-18-4 Tetrachloroethene <1
74-87-3 Chloromethane <1 630-20-6 1,1,1,2-Tetrachloroethane <1
75-01-4 Viny! chioride <1 108-90-7 Chlorobenzene <1
74-83-9 Bromomethane <1 100414 Ethylbenzene <1
75-00-3 Chloroethane <1 108-38-3* p/m-Xylene <1
75-69-4 Trichlorofluoromethane <1 75-25-2 Bromoform <1
156-60-5 | trans-1,2-Dichloroethene <1 100-42-5 Styrene <1
75-09-2 Dichloromethane <1 79-34-5 1,1,2,2-Tetrachloroethane <1
75-35-4 1,1-Dichloroethene <1 95-47-6 o-Xylene <1
75-34-3 1,1-Dichloroethane <1 96-18-4 1,2,3-Trichloropropane <1
156-59-2 cis-1,2-Dichloroethene <1 98-82-8 " Isopropylbenzene <1
74-97-5 Bromochloromethane <1 108-86-1 Bromobenzene <1
“ 67-66-3 Chloroform <1 95-49-8 2-Chlorotoluene <1
| 504-20-7 2,2-Dichioropropane <1 103-65-1 Propylbenzene <1
107-06-2 1,2-Dichloroethane <1 106434 4-Chlorotoluene <1
71-55-6 1,1,1-Trichloroethane <1 95-63-6 1,2, 4-Trimethylbenzene <1
563-58-6 1,1-Dichloropropene <1 99-87-6 4-Isopropyltoluene <1
71-43-2 Benzene <1 108-67-6 1,3,5-Trimethylbenzene <1
56-23-5 Carbontetrachloride <1 95-50-1 1,2-Dichlorobenzene <1
74-95-3 Dibromomethane <1 106-46-7 1,4-Dichlorobenzene <1
78-87-5 1,2-Dichloropropane <1 135-98-8 sec-Butylbenzene <1
75-27-4 Bromodichloromethane <1 98-06-6 tert-Butylbenzene <1
79-01-6 Trichloroethene <1 541-73-1 1,3-Dichlorobenzene <1
10061-01-5] cis-1,3-Dichloropropene <1 104-51-8 n-Butylbenzene <1
10061-02-6] trans-1,3-Dichloropropene <1 96-12-8 | 1,2-Dibromo-3-chloropropane <1
79-00-5 1,1,2-Trichloroethane <1 120-82-1 1,2,4-Trichlorobenzene <1
108-88-3 Toluene <1 91-20-3 Naphthalene <1
142-28-9 1,3-Dichloropropane <1 87-61-6 1,2,3-Trichlorobenzene <1
124-48-1 Dibromochloromethane <1 87-68-3 Hexachlorobutadiene <1
106-93-4 _1.2-Dibromoethane <1 I B
N.B. * also CAS No. 106-42-3 *ok
Approved by - ...
Job Number: 98/01468/02/01 Geochem Group Limited
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Geochem Analytical Services

Volatile Organic Compounds ( EPA 624/8260 )

® N 1251
Sample Identity - 1468-072 BH1B 14.00m
Client / Sample matrix - Aspinwall & Company/Water
Date Acquired - 05/16/98 06:23
Instrument Name - MSD Vols5
Units - ppb

CAS No. Compound Conc. | |CAS No. Compound Conc.
75-71-8 Dichlorodifiuoromethane <1 127-18-4 Tetrachloroethene <1
74-87-3 Chioromethane <1 630-20-6 1,1,1,2-Tetrachloroethane <1
75-01-4 Vinyl chloride <1 108-90-7 Chlorobenzene <1
74-83-9 Bromomethane <1 100-41-4 Ethylbenzene <1
| 75-00-3 Chloroethane <1 108-38-3* p/m-Xylene <1
75-69-4 Trichlorofluoromethane <1 75-25-2 Bromoform <1
156-60-5 trans-1,2-Dichioroethene <1 100-42-5 Styrene <1
75-09-2 Dichloromethane <1 79-34-5 1,1,2,2-Tetrachlorocethane <1
75-354 1,1-Dichloroethene <1 95476 o-Xylene <1
75-34-3 1,1-Dichloroethane <1 96-184 1,2,3-Trichloropropane <1
156-59-2 cis-1,2-Dichloroethene <1 98-82-8 Isopropylbenzene <1
74-97-5 Bromochloromethane <1 108-86-1 Bromobenzene <A1
67-66-3 Chloroform <1 95-49-8 2-Chlorotoluene <1
594-20-7 2,2-Dichloropropane <1 103-65-1 Propyibenzene <1
107-06-2 1,2-Dichloroethane <1 106-43-4 4-Chlorotoluene <1
71-55-6 1,1,1-Trichloroethane <1 95-63-6 1,2,4-Trimethylbenzene <1
563-58-6 1,1-Dichloropropene <1 99-87-6 4-|sopropyltoluene <1
71-43-2 Benzene <1 108-67-6 1,3,5-Trimethylbenzene <1
56-23-5 Carbontetrachloride <1 95-50-1 1,2-Dichlorobenzene <1
74-95-3 Dibromomethane <1 106-46-7 1,4-Dichlorobenzene <1
78-87-5 1,2-Dichloropropane <1 135-98-8 sec-Butylbenzene <1
75-27-4 Bromodichloromethane <1 98-06-6 tert-Butylbenzene <1
79-01-6 Trichloroethene <1 541-73-1 1,3-Dichlorobenzene <1
10061-01-5] cis-1,3-Dichloropropene <1 104-51-8 n-Butylbenzene <1
10061-02-6{ trans-1,3-Dichloropropene <1 96-12-8 | 1,2-Dibromo-3-chloropropane <1
79-00-5 1,1,2-Trichloroethane <1 120-82-1 1,2,4-Trichlorobenzene <1
108-88-3 Toluene <1 91-20-3 Naphthalene <1
142-28-9 1,3-Dichloropropane <1 87-61-6 1,2,3-Trichlorobenzene <1
124-48-1 Dibromochloromethane <1 87-68-3 Hexachlorobutadiene <1

106-93-4 1,2-Dibromoethane <1
N.B. * also CAS No. 106-42-3 *%
Approved by - ...

Job Number: 98/01468/02/01 Geochem Group Limited
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Geochem Analytical Services

Yolatile Organic Compounds ( EPA 624/8260 )
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Sample Identity - 1468-078 BH2 23.00m
Client / Sample matrix - Aspinwall & Company/Water
Date Acquired - 05/16/98 06:57
Instrument Name - MSD Vols5
Units - ppb

CAS No. Compound Conc. | |CAS No. Compound Conc.
75-71-8 Dichlorodifluoromethane <1 127-18-4 Tetrachioroethene <1
74-87-3 Chloromethane <1 630-20-6 1,1,1,2-Tetrachloroethane <1
75-01-4 Vinyl chloride <1 108-90-7 Chlorobenzene <1
74-83-9 Bromomethane <1 100-41-4 Ethylbenzene <1
75-00-3 Chioroethane <1 108-38-3* p/m-Xylene <1
75-69-4 Trichlorofiuoromethane <1 75-25-2 Bromoform <1
156-60-5 trans-1,2-Dichloroethene <1 100-42-5 Styrene <1
75-09-2 Dichloromethane <1 79-34-5 1,1,2,2-Tetrachloroethane <1
75-35-4 1,1-Dichloroethene <1 95-47-6 o-Xylene <1
75-34-3 1,1-Dichloroethane <1 96-18-4 1,2, 3-Trichloropropane <1
156-59-2 cis-1,2-Dichloroethene <1 98-82-8 Isopropylbenzene <1
" 74-97-5 Bromochloromethane <1 108-86-1 Bromobenzene <1
67-66-3 Chloroform <1 95-49-8 2-Chlorotoluene <1
594-20-7 2,2-Dichloropropane <1 103-65-1 Propylbenzene <1
107-06-2 1,2-Dichloroethane <1 106-43-4 4-Chlorotoluene <1
71-55-6 1,1,1-Trichloroethane <1 95-63-6 1,2,4-Trimethylbenzene <1
563-58-6 1,1-Dichloropropene <1 99-87-6 4-Isopropyitoluene <1
71-43-2 Benzene <1 108-67-6 1,3,5-Trimethylbenzene <1
56-23-5 Carbontetrachloride <1 95-50-1 1,2-Dichlorobenzene <1
74-95-3 Dibromomethane <1 106-46-7 1,4-Dichlorobenzene <1
78-87-5 1,2-Dichloropropane <1 135-98-8 sec-Butylbenzene <1
75-27-4 Bromodichloromethane <1 98-06-6 tert-Butylbenzene <1
79-01-6 Trichloroethene <1 541-73-1 1,3-Dichlorobenzene <1
10061-01-5] cis-1,3-Dichloropropene <1 104-51-8 n-Butylbenzene <1
10061-02-6] trans-1,3-Dichloropropene <1 96-12-8 | 1,2-Dibromo-3-chloropropane <1
79-00-5 1,1,2-Trichloroethane <1 120-82-1 1,2,4-Trichlorobenzene <1
108-88-3 Toluene <1 91-20-3 Naphthalene <1
142-28-9 1,3-Dichloropropane <1 87-61-6 1,2,3-Trichlorobenzene <1
124-48-1 Dibromochloromethane <1 87-68-3 Hexachlorobutadiene <1

106-934 1,2-Dibromoethane <1
N.B. * also CAS No. 106-42-3 *¥
Approved by -

- Job Number: 98/01468/02/01 Geochem Group Limited
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l Geochem Analytical Services
l Volatile Organic Compounds ( EPA 624/8260 ) _ ARG
3o
I Sample Identity - 1468-084 SPRING
Client / Sample matrix - Aspinwall & Company / Water
l Date Acquired - 05/28/98 03:37
Instrument Name - MSD Vols5
I Units - ppb
CAS No. Compound Conc. | |CAS No. Compound Conc.
l 75-71-8 Dichlorodifluoromethane <1 127-18-4 Tetrachloroethene <1
74-87-3 Chloromethane <1 630-20-6 1,1,1,2-Tetrachloroethane <1
75-01-4 Viny! chloride <1 108-90-7 Chlorobenzene <1
'? ) 74-83-9 Bromomethane <1 100414 Ethylbenzene <1
: 75-00-3 Chloroethane <1 108-38-3* p/m-Xylene <1
75-69-4 Trichlorofluoromethane <1 75-25-2 Bromoform <1
l 156-60-5 trans-1,2-Dichloroethene <1 100-42-5 Styrene <1
75-09-2 Dichioromethane <1 79-34-5 1,1,2,2-Tetrachloroethane <1
l 75-35-4 1,1-Dichloroethene <1 95-47-6 o-Xylene <1
75-34-3 1,1-Dichloroethane <1 96-18-4 1,2,3-Trichloropropane <1
156-59-2 cis-1,2-Dichloroethene <1 98-82-8 iIsopropylbenzene <1
' 74-97-5 Bromochloromethane <1 108-86-1 Bromobhenzene <1
67-66-3 Chloroform <1 9549-8 2-Chlorotoluene <1
594-20-7 2,2-Dichloropropane <1 103-65-1 Propylbenzene <1
' 107-06-2 1,2-Dichloroethane <A1 106-43-4 4-Chlorotoluene <1
71-55-6 1,1,1-Trichloroethane <1 95-63-6 1,2,4-Trimethylbenzene <1
563-58-6 1,1-Dichloropropene <1 99-87-6 4-Isopropyltoluene <1
l 71-43-2 Benzene <1 108-67-6 1,3,5-Trimethylbenzene <1
o 56-23-5 Carbontetrachloride <1 95-50-1 1,2-Dichlorobenzene <1
l 74-95-3 Dibromomethane <1 106-46-7 1,4-Dichlorobenzene <1
78-87-5 1,2-Dichioropropane <1 135-98-8 sec-Butylbenzene <1
75-27-4 Bromodichloromethane <1 98-06-6 tert-Butylbenzene <1
l 79-01-6 Trichloroethene <1 541-73-1 1,3-Dichlorobenzene <1
10061-01-5] cis-1,3-Dichloropropene <1 104-51-8 n-Butylbenzene <1
10061-02-6] trans-1,3-Dichloropropene <1 96-12-8 | 1,2-Dibromo-3-chioropropane <1
' 79-00-5 1,1,2-Trichloroethane <1 120-82-1 1,2,4-Trichlorobenzene <1
108-88-3 Toluene <1 91-20-3 Naphthalene <1
' 142-28-9 1,3-Dichloropropane <1 87-61-6 1,2,3-Trichiorobenzene <1
124-48-1 Dibromochloromethane <1 87-68-3 Hexachlorobutadiene <1
106-934 1,2-Dibromoethane <1
l N.B. * also CAS No. 106-42-3 ** Water blank subtracted
l Approved by -
l Job Number: 98/01468/02/01
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AppendiX continued 7

Results of Chemical Analysis of Groundwater from
Boreholes

Table 2.7 indicates that the groundwater beneath the site is generally of good
quality. It is of neutral to slightly alkaline pH with slightly elevated electrical
conductivity (EC), indicative of a high total dissolved solids. This is not unusual
given the nature of the geology beneath the site. However, excepting nitrate in
Borehole 1B and sulphate in Borehole 2 none of the major ions exceed the EC
maximum admissible concentration (MAC) in drinking water (where a value is
given - Ref 4). The elevated nitrate may be due to local agricultural use, whilst the
sulphate may be naturally derived from mudstone strata. Bicarbonate at Borehole
6 is also elevated, although the reason for this is unclear.

The major ions have been plotted as a piper diagram (Appendix 2) and indicate the
similarity between the groundwater at all locations except borehole 2. The
determinands are dominated by calcium and bicarbonate ions typical of limestone
groundwaters. Borehole 2 is the exception as although calcium in the
groundwater at this location is high, bicarbonate is low, whilst sodium, sulphate,
phosphate and ammoniacal nitrogen are elevated compared to the other locations.
This may be a facet of the nature of the borehole as much as the aquifer - limited
water was encountered at this location, permeability was low and borehole
purging/ development was not extensive. Of the metals for which analysis was
undertaken, the majority were present at concentrations less than the limit of
detection. The exceptions are discussed below.

Arsenic can be found naturally in groundwaters at concentrations in excess of 50
ng/l, although the norm is less than 1 pg/1 (Ref 6). The concentration of 710 pg/|1
measured in Borehole 2 is therefore elevated in comparison, whilst the 2280 pg/1 in
Borehole 3B is greatly elevated. It can be much higher in geothermal waters,
values of 40 mg/1 being recorded in the US (Ref 7). No trial pits were dug in the
close vicinity of Borehole 3 to indicate local soil concentrations.

Boron is greater than the limit of detection in Boreholes 14, 2, 5 and 6, however, it
was nowhere detected at a concentration greater than the EC guide level.
Cadmium was only detected in Boreholes 5 and 6, at 0.1 and 0.2 mg/1 respectively,
only just greater than the limit of detection of 0.05 mg/l. The natural background
concentration is around 1 ug/1 (Ref 6). Chromium was not significantly greater
than the limit of detection at any location.

Copper was only present at greater than the limit of detection at Borehole 3B and
then not significantly greater than the EC GL. Mercury concentrations detected in
Boreholes 1B, 4 and 6 are elevated compared to the EC MAC, but are less than
twice the limit of detection and must therefore be interpreted with caution. The
concentration of 140 ng/1 measured at Borehole 1A is elevated compared to the
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Appendix continued 7

MAC of 1 pug/1l. No natural sources can be suggested for its origin, whilst analysis
of shallow soils near Borehole 1 do not indicate elevated concentrations.

Nickel was only detected at greater than the limit of detection (and the EC MAC)
in Borehole 3B. However, the concentration was only four times the limit of
detection. Nickel can be found naturally occurring in groundwaters in the UK at
over 0.1 mg/], although typically concentrations are less than 0.01 mg/1 (Ref 6).
Nickel concentrations in soil across the site are very low.

Lead was detected at a concentration slightly greater than the limit of detection
(and the EC MAC) at four locations, although only at one of these was the
concentration slightly greater than four times the limit of detection. Natural
concentrations of lead in groundwater are generally below 1 ug/1 (Ref 6). Selenium
was not detected at any location greater than the limit of detection.

Zinc was present at a concentration greater than the limit of detection at four
locations, but only at Borehole 3B was the concentration significantly greater than
the limit. There is no EC MAC for zinc, although the concentration exceeds the
EC GL, but not the Dutch Intervention value. :

Although at the majority of locations the metal concentrations in groundwater do
not exceed the limit of detection there are a number of instances where this does
occur. In general the concentrations are not significant being only up to four times
the limit of detection. Furthermore comparison has been made to guideline
concentrations for potable water which are not necessarily applicable to
contaminated land assessments such as this. The only exception is in Borehole 3B
where arsenic appears to be anomalously high.

Organic Determinands

A number of screening tests were undertaken in order to identify, in broad terms,
if organic contaminants were present in the groundwater. These included COD,
BOD, TOC, Mineral Oil, TPH and NSO/resins. In addition, analysis for diesel
range organics (DRO) was carried out to improve the detection limits for
hydrocarbons.

COD was only elevated in Borehole 1A at 478 mg/1 and slightly elevated in
Borehole 6 at 77 mg /1. The cause of the very high concentrations in Borehole 1A
could not be determined by the laboratory and was not paralleled by elevated
concentrations of any other “indicator” tests, including TOC and BOD. COD is
generally used as an indicator of the presence of “polluting” material, although in
this instance such material could not be identified.

BOD was slightly elevated in Borehole 1B, although not to an extent to cause any
great concern. Of the remaining “indicators” used, all were less than, at, or close
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Appendix continued 7

to, the limit of detection, indicating that the groundwaters are not significantly
contaminated by organic material. The analysis for diesel range organics also
indicates no significant contamination.

The DRO analysis indicates that the groundwater sampled from the boreholes is
not contaminated by hydrocarbons. The slightly elevated concentration measured
in Borehole 2 is not significant, especially given that it was not possible to
effectively purge the borehole due to the slow groundwater inflow rate.

Results of Chemical Analysis of Spring Water

Inorganic Determinands

The spring water chemistry is detailed in Table 2.8. This indicates good quality
water with a neutral pH and slightly elevated EC typical of groundwater from
oolite strata. As with the borehole waters the major ion concentrations are
generally less than the MAC for potable water (where a value is given). The
exceptions are from springs C2 and D where nitrate concentrations of 119 and 97
mg/] respectively were measured. These are probably associated with inputs from
agricultural sources.

The piper plot (Appendix 2) indicates that the springs are all of a similar chemical
type, as with the borehole waters, being dominated by calcium and bicarbonate
ions. Only spring I appears to have a slightly different chemistry with calcium,
chloride and sulphate being generally lower. This is likely to be a reflection of the
conditions under which spring I was sampled (i.e. following heavy overnight rain)
compared to all other locations (stable conditions).

There are slight differences in the chemistry of the borehole and spring waters.
The spring waters tend to have higher calcium, potassium, chloride, and
ammoniacal nitrogen concentrations and lower magnesium and sodium. This may
be a reflection of bedrock quality variations, groundwater residence times in the
aquifer, and equilibration of dominant ionic species.

Of the metals, all except lead and zinc at Spring I are less than the limit of
detection. The concentrations at spring I are less than or equal to twice the limit
of detection and should therefore be treated with caution. In both instances, if the
values are true, they are not significant in terms of environmental contamination.

Organic Determinands

All of the indicators of organic contamination are either less than the limit of
detection, or close to it, suggesting that there is not significant pollution of spring
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Appendix continued 7

water. Although DRO was detected at greater than the limit of detection at three
locations these concentrations are not considered to be significant.
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