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EXE FRESHWATER MODEL
FOREWORD
The Water Quality function has to assess their response to the determination 
of abstraction licence applications on the basis that the proposed water 
resources development does not cause deterioration in water quality (if at 
all) of more than 10% This effect is defined using key appropriate 
determinands for the affected inland water or ground water. Large 
developments affecting almost the whole of a major river system are assessed 
using a water quality simulation model - QUASAR.
A licence application for a Wimbleball Pumped Storage Scheme was received in 
January 1993.
The generic QUASAR model requires ...

o a design, setting out the physical representation of the river
o calibrating, using a quality controlled data set; and
o a proposed scenario(s) for modelling.

Three associated reports describe these three processes for the assessment of 
the Wimbleball Pumped Storage Scheme proposal.
These three reports are...
RP-NRA 1981AA_1001 (01) Quasar model design
RP-NRA 1981AA_1002 (01) Quasar validation/calibration
RP-NRA 198lAA_1004 (01) Wimbleball pumped storage scheme scenario modelling
This foreword is at the front of each of these separate reports to place them 
in context with one another.

Alan Weston
Water resources planning officer
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E X E C U T I V E  S U M M A R Y

A model of the River Exe has been constructed. In it the river is 
divided into 16 reaches from Wimbleball reservoir to Trew6 Weir, 
Exeter. The model design is described in NRA document, ” Exe 
Freshwater Model - QUASAR Model Design" (ref. NRA-RP 1981AA-1002 
(01)).
The model has been designed to allow the future simulation of the 
operation of the Wimbleball Pump Storage Scheme proposed by South 
West Water Services Ltd.
This document describes the calibration and validation of the model.
River flow and water quality data from 1989 are used for calibration 
and 1990 data are used for validation.
The overall error between the modelled and sampled water quality data 
is 26 per cent for 1989 and 21 per cent for 1990. This error is found 
by averaging over all monitoring sites for the following 
determinands? pH, temperature, BOD, nitrates, ammonia, dissolved 
oxygen.
This is an acceptable error given the errors normally associated 
with water quality sampling.
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1 INITOPUCT1CH

1.1 Purpose
The purpose of this document is to describe the Calibration and 
Validation of the water quality river model, QUASAR, applied to the 
River Exe. The model will be used to help assess the environmental 
impact of the Wimbleball Pump Storage Scheme proposed by SWWSL.

1.2 Audience
The audience is :

NRA South West
East Devon Public Water Supply Strategy Coordination Group

1.3 Scope
The validation/calibration is for the QUASAR water quality model for 
the River Exe, described in NRA document, Exe Freshwater Model- 
QUASAR Model Design, 1992 (ref. NRA-RP 1981AA-1002 (01)).

1.4 List of Abbreviations
The document contains the following abbreviations:
NRA : National Rivers Authority
SWWSL : South West Water Services Ltd.
QUASAR: Quality Simulation Along a River
BOD : Biochemical Oxygen Demand
DO : Dissolved Oxygen
DMF : Daily Mean Flow
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2 METHODOLOGY

2.1 Data
Two years of data are available, 1989 and 1990. Hie model has been 
calibrated using the 1989 data. Once a reasonable fit had been 
established then 1990 data was used as validation (see Appendix G 
for data values).

2.2 Approach
The first aspect of the model calibrated was the flow, flow 
calibration had to be acceptable before the other water quality 
parameters could be checked.
Having calibrated the flows, the temperature and pH profiles were 
calibrated.
This procedure then ensured that the simulation of the 'environment' 
was valid before the interacting water quality determinands were 
checked.

2.3 Water Qiemistry
The interacting determinands, which are :
- Dissolved Oxygen
- Biochemical Oxygen Demand
- Nitrate
- Ammonia
were then examined.
Their concentrations depend on the reaction decay rates, which were 
subjected to sensitivity testing, described in Section 7.1.

2.4 Comparative Profiles
For each of the above determinands, annual profiles, for 1989 and 
1990, have been produced. These profiles show modelled values 
compared with the spot samples from the Water Quality Archive. The 
profiles are for reaches where sample data were available;
- Pixton 

Halfpenny Bridge
- Tiverton
- Collipriest
- Ashley
- Thorverton 

Stafford Bridge 
Trews Weir
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2.5 Error Quantification
The di f f e rences between the modelled and obse rved values we re 
quantified by calculating the percentage errors.
error- n J ~fiBS ( X ^  - --- <Ln x 100

1 Ŝnod
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3 FLOW

3.1 Hydrographs
Hydrographs generated by the model were compared with those based on 
the DMFs at the following gauging stations:

Stoodleigh
Thorverton

The hydrographs are shown in figures in Appendix A.
The figures show that the model replicates the main features of the 
DMF hydrograph.
The flow data used as input to the model were supplied by Watson 
Hawks ley, consul taunts to SWWSL. The methodology used to generate 
these data was approved by the hydrology sub-group of the East Devon 
Water Resources Scheme Group. The methodolgy is described in the 
document:

East Devon Water Resources, Wimbleball Pumped Storage 
Scheme, Water Resources Appendix, Water Resources Model: 
Calibration and Development, A6, (ref RP-PLA-1981-034(01))

This supercedes the provisional approach descibed in section 3.3 of 
the document, Exe Freshwater model - QUASAR Model design (ref. NRA-RP 
1981AA-1002 (01)).
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4 TEMPERATURE

4.1 Profiles
The figures in Appendix B compare the model and archive temperature 
data at the sampling points.
The comparison is reasonable.

4.2 Percentage Errors
The percentage errors were:

1989 1990
Pixton 30.05 7.39
Halfpenny 9.70 17.52
Tiverton 11.38 11.65
Collipriest 10.10 17.94
Ashley 18.50 16.68
Thorverton 23.03 16.49
Stafford Br. 14.18 12.29
Exwick 14.39 11.96
Trews Weir 23.33 20.31
All Sites 17.18 14.69
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S pH

5.1 Profiles
The figures in Appendix C compare the model and archive pH profiles 
at the saiopling points.
The comparison is reasonable.

5.2 Percentage Errors
The percentage errors were:

1989 1990
Pixton 1.56 0.83
Halfpenny 0.74 1.19
Tiverton 1.85 1.45
Collipriest 2.99 4.68
Ashley 2.39 3.67
Thorverton 2.16 1.85
Stafford Br. 1.95 1.90
Exwick 3.34 3.76
Trews Weir 3.37 3.08
All Sites 2.26 2.49
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6 WATER CHEMISTRY

6.1 Introduction
The concentrations of :
- Dissolved Oxygen
- Biochemical Oxygen Demand 

Ammonia
Nitrate 

are interdependent.
They depend upon the following reactions :

BOD decay
nitrification
denitrification
DO reaeration and other production/loss processes

There is a consensus amongst modellers for the range of values for 
the BOD, nitrification and denitrification rates. Consequently, 
values within the generally accepted range were used (ref. QUASAR 
Theory Manual, Institute of Hydrology, 1992)
Hie following values were settled upon :

BOD decay rate 
denitrification

nitrification

0.150 /day
0.050 * 10**(0.0293T+0.0294) /day 
where T - temperature
0.250 * 10**(0.0293T+0.0294) /day 

above Thorverton 
0.050 * 10**(0.0293T+0.0294) /day 

below Thorverton
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6.2 Biochemical Oxygen Demand

6.2.1 Profiles
The figures in Appendix D compare the model and archive BOD profiles 
at the sample points.
The modelled and sample results are similar.

6.2.2 Percentage Errors
The percentage errors were:

1989 1990
Pixton 25.18 50.62
Halfpenny Bridge 14.41 34.71
Tiverton 34.73 30.80
Collipriest 26.00 28.18
Ashley 53.98 32.64
Thorverton 44.71 29.08
Stafford Bridge 29.12 27.70
Exwick (128.25) 36.52
Trews Weir 45.91 45.33
All Sites 34.26 35.06

The BOD archive data set has a large variance which is reflected in 
the percentage errors.
Discrepancies in the BOD profiles below Tiverton were identified to 
be associated with large model input loadings from Heathcoats Dye 
Works. Originally the Heathcoats abstraction and discharge were set 
at the maximum consented values of 0.042 cumecs. Following 
discussions with Abstraction Licensing section of NRA South West it 
became clear that the actual abstractions were less then the 
consented values. Consequently the inputs from Heathcotes were 
treated as calibration variables. As a simplification the flow 
quantities were modified to bring the model into agreement with the 
observations. It is not implied that the values for flow used are 
correct, but that the net loadings (which are the product of flow and 
concentrations) below the initial mixing/loss zone are more 
realistic.

River Exe Water Quality Model 12 15Decemberl992
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6.3 Nitrates

6.3.1 Profiles
The figures in Appendix E compare the model and archive nitrate 
profiles at the sample points.
The modelled and sample results are similar.

6.3.2 Percentage Errors
The percentage errors were:

1989 1990
Pixton 31.41 19.23
Halfpenny Bridge 14.09 17.93
Tiverton 18.16 23.52
Collipriest 36.59 30.26
Ashley 15.68 14.62
Thorverton 24.25 26.70
Stafford Bridge 12.64 23.91
Exwick 25.72 10.66
Trews Weir 13.52 17.70
All Sites 21.38 20.50
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6.4 Ammonia

6.4.1 Profiles
The figures in Appendix F compare the model and archive ammonia 
profiles at the sample points.
The comparison for most points is reasonable, given that the values 
are so small and close to the instrument resolution. The percentage 
errors do not reflect the reasonable overall fit because of 
outriders.

6.4.2 Percentage Errors
The percentage errors were:

1989 1990
Pixton 71.15 33.27
Halfpenny Bridge 41.09 25.54
Tiverton 45.34 26.88
Collipriest 47.12 87.09
Ashley 99.69 83.58
Thorverton 70.33 36.53
Stafford Bridge 98.91 38.94
Exwick (333.48) 42.81
Trews Weir 91.73 44.76
All Sites 70.67 46.60

The large discrepancy at Trews Weir appears to be due to diffuse inputs 
between Exwick and Trews Weir that were not modelled. This is evident by 
comparison of the observations at these two sites where Trews Weir values 
are higher than those at Exwick.

River Exe Water Quality Model 14 15Decemberl992



East Devon Water Resources Issue 1.5

6.5 Dissolved Oxygen

6.5.1 Profiles
The figures in Appendix G compare the model and archive DO profiles 
at the sample points.
Hie modelled and sample results are similar.

6.5.2 Percentage Errors
The percentage errors were:

1989 1990
Pixton 4.75 4.36
Halfpenny Bridge 8.65 4.81
Tiverton 16.19 3.64
Collipriest 6.72 6.00
Ashley 9.05 6.65
Thorverton 7.88 7.42
Stafford Bridge 12.07 7.54
Exwick 13.25 18.72
Trews Weir 6.55 6.64
All Sites 9.46 7.53

There is a consensus for the DO reaeration rate, although the range 
of acceptable values is very large. Consequently the value supplied 
by IH was used. This value gave a reasonable agreement with the 
archive data, except during June to August below Thorverton. During 
these months there is a biomass loading which requires oxygen from 
the river thereby reducing the EX) concentration. The model allows for 
the concentration of dead algae and their respiration rate to be set. 
By so doing the modelled DO concentrations are reduced during these 
months giving a reasonable fit with the data.
The values for June to August at Thorverton to Exwick were:

Dead algae conc. 20.00 mg/1
Respiration offset 0.25
Respiration slope 0.25 /day
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7 SUMMARY ERRORS

7.1 Overall Percentage Errors
The percentage error for the model:

1989 1990 
25.87 21.15

This overall percentage error is formed by averaging the percentage 
errors over all sites and all six evaluated determinands 
(pH, Tempe rature ,BOD, Ni trates, ammonia, DO).

The percentage error for the water chemistry:
1989 1990 
33.94 27.42

This percentage error for the water chemistry is formed by averaging 
the percentage errors over all sites and four determinands 
(BOD,Nitrates,Ammonia,DO).
The spot sample water quality data used in forming these statistics 
are listed in Appendix H.
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8 FIELD VALIDATION

8.1 Survey Data
A field survey of the River Exe was carried out in March 1992, 
consisting of water quality spot sanqples taken at various points down 
the river and of discharges and tributaries taking into account time 
of travel data. Results are given in the following tables. These data 
were intended to give a 9snap-shot' picture of the river and 
although the values cannot be strictly related to the model they show 
the underlying trends down the river system. Hie data are shown 
overleaf.

River Exe Water Quality Model 17 15December 1992
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Appendix A - Flow Profiles 
Key
H - modelled flow
GS « observed flow at gauging station
Contents:

Annual Profiles for:
Stoodleiĝ i 1989

1990
Ttiorverton 1989

1990
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Appendix B - Temperature Profiles

Contents:
Annual Profiles for:

Pixton 1989
1990

Halfpenny 1989
1990

Tiverton 1989
1990

Collipriest 1989
1990

Ashley 1989
1990

Hiorvertan 1989
1990

Stafford Br. 1989
1990

Exwick 1989
1990

Trews Wfeir 1989
1990
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Appendix C - pH Profiles

Contents:
Annual Profiles for:

Pixtan 1989
1990

Halfpenny 1989
1990

Tiverton 1989
1990

Collipriest 1989
1990

Ashley 1989
1990

Thorverton 1989
1990

Stafford Br. 1989
1990

Exwick 1989
1990

Trews Weir 1989
1990
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Appendix D - bod Profiles

Contents:
Annual Profiles for:

1989
1990
1989
1990
1989
1990
1989
1990
1989
1990
1989
1990
1989
1990
1989
1990
1989
1990
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Appendix E - Nitrate Profiles

Contents:
Annual Profiles for:

Pixton 1989
1990

Halfpenny 1989
1990

Tiverton 1989
1990

Collipriest 1989
1990

Ashley 1989
1990

Thorverton 1989
1990

Stafford Br. 1989
1990

Exwick 1989
1990

Trews Weir 1989
1990
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Appendix F - Amoonia Profiles

Contents:

Annual Profiles for:

Pixton 1989
1990

Halfpenny 1989
1990

Tiverton 1989
1990

Collipriest 1989
1990

Ashley 1989
1990

Ttiorvertan 1989
1990

Stafford Br. 1989
1990

Exwick 1989
1990

Trews Weir 1989
1990

River Exe Water Quality Model 23 15Decemberl992



i

■
1



Ammonia at Plxton 1990



OMI 0 a 0 f  V f
I ... I------------1------------1------------1____________1____________L



1

r II V M J (9(1

U P  I M i O M
I



Ammonia at Halfpenny 1990





Ammonia at Tiverton 1990



19
90



Ammonia at ColHprlest 1990



" n n W a 1? !

i
I



Ammonia at Ashley 1990



A
W
o
n
W
 

a^
™T
 
hW
*v
 
e
W
n

19
09
 

P
H

A
N

 
J 

J 
A 

S
O

 
R 

D 
1
9
9
0



Ammonia at Thorverton 1990



Ammonia at Stafford Br. 1989



Ammonia at Stafford Br. 1990

1991





Ammonia at Exwick 1990



_ _ _ _ _  I

A i M F 6 n H F W F i r ^ ! ^ 8 ^ ®



Ammonia at Trews Weir 1990



East Devon water Resources Issue 1.5

Appendix G - DO Profiles

Contents:

Annual Profiles for:

Piston 1989
1990

Halfpenny 1989
1990

Tiverton 1989
1990

Collipriest 1989
1990

Ashley 1989
1990

Thorverton 1989
1990

Stafford Br. 1989
1990

Exwick 1989
1990

Trews Weir 1989
1990

NB The apparent spot dissolved oxygen concentrations of 0 mgl have arisen 
where there were no DO readings taken. They were therefore not included 
when the percentage errors were calculated.

River Exe Water Quality Model 24 15Decenber1992
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DO at Ashley 1989
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ŵ9
(P

m

1
9
9
1



DO at Thorveton 1989

* 
«





DO at Stafford Br. 1989
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East Devon Water Resources Issue 1.5

Appendix H Spot Saxqple Data Sources and Values

Contents:

Annual Tables for:

Pixton 1989
1990

Halfpenny 1989
1990

Tiverton 1989
1990

Collipriest 1989
1990

Ashley 1989
1990

Uiorverton 1989
1990

Stafford Br. 1989
1990

Exwick 1989
1990

Trews Weir 1989
1990

River Exe Water Quality Model 25 15December1992



Pixton 1969 URN=R05G005 

Nitrate DO BOD Aamonia T«np«ratur* pH

2 5-JAN—8 9 2.1 11.7 0.9 0 . 0 1 6.5 0 7.4
09-MAR-89 2.1 1 1 . 2 1.4 0.04 B . 5 0 7.3
04-HAY-89 1.7 1 1 . 0 1.1 0 . 0 2 14.0 0 7.8
ll-JUL-89 1.6 9.1 1.1 0.03 18.0 0 7.4
15-SEP-89 1.3 9.1 1.4 ^ 0 . 0 2 16.0 0 7.5
02-OCT-89 0.9 9.9 0.7 0 . 0 1 11.5 0 7.5
O6-OCT—8 9 0.8 10.3 1.0 0 . 0 1 1 0 . 0 0 7.5
2 7-OCT—8 9 2.1 9.8 1.1 0 . 0 1 12.5 0 7.4
lO-NOV-89 2.5 10.3 0.8 0 .0 1 1 0 . 0 0 7.2
24-NOV-89 2.1 11.9 1.3 0 . 0 2 5.6 0 7.3
01-DEC—89 2.2 1 2 . 6 2.2 0 .01 5.0 0 7.5
0 8-DEC—8 9 2.1 1 2.0 0.5 0.03 6.5 0 7.5
13-DEC—8 9 1.8 10.9 2.8 0.09 8.0 0 7.5

S



Pixton 1990 URN«R0 5G005

Nitrate DO BOD Ammonia Temperature pH

19-JAN-90 2.70 11 .4 0.5 0.05 7.0 0 7.1
30-JAN-90 2.30 12 .5 2.6 0 . 0 2 8.0 0 7.2
14—WA R—90 2.50 12 .0 1.7 0 . 0 1 8. 0 0 7.4
3 0—APR-90 2.32 10 .8 1.1 0.05 10.5 0 7.7
17-MAY—90 1.60 9 .0 2.3 ^ 0.03 1 2 . 0 0 7.4
18-JUN-90 2 . 0 0 10 .2 2.8 0.04 13.5 0 7.4
ll-JUL-90 2 . 0 0 10 .7 1.9 0.04 13.0 0 7.5
0 5—SEP—90 2 . 0 0 9 .6 2.4 0 . 0 2 14 .0 0 7.5
0 8-OCT-9 0 1.50 10 .8 1.9 0.03 9.0 0 7.5
0 8—NOV—9 0 2 . 20 11 .0 2.8 0.03 8.5 0 7.2
0 4 —DEC-9 0 2.90 11 .5 1.7 0.05 5.5 0 7.1
14—DEC—9 0 2.61 11 .7 1.4 0.04 4.5 0 7.1



0
Halfpenny 

Ritritt DO
Bridge

BOD
1989 URN 
Am o d Ii

»R05£002
Tiapiratur* ph

06-APR-89 1.7 11 6 1.5 0.06 11.0 0 7.527-AFR-89 1.3 11 6 1.5 0.05 8.0 0 7.626-JUH-89 1.4 9 8 1.6 0.07 18.5 0 7.503-AUG-89 1.1 9 6 1.2 0.04 18.0 0 7.718-AUG-69 1.1 10 4 1.2 0.05 15.0 0 7.6ll-SBP-89 1.2 • 8 1.3 0.09 12.5 0 7.409-OCT-89 1.1 1 3 1.3 0.03 12.0 0 7.6



Halfpenny Bridge 1990 OHH«I05E002 

0 R i t r i U  DO BOD Aaiooii Tfipiritur* ph

16-JAH-90 1.60 10 .4 1.2 0.0 5 9.5 0 7.2
29-JAW-90 2.40 11 .4 1.2 0.0 3 9.0 0 7.0
08-HA&-90 1.90 11 .3 1.0 0.0
05-AFR-90 1.29 12 .3 1.3 0.0 C i t  A 7 4

06-APR-90 1.29 13 .1 1.8 0.0 6 7.0 0 7.1
21-MAY-90 1.70 .1 2.0 0.1
18-JVIV-90 1.50 .9 2.6 0.1 4 1 3 10 0 7 * 3
09-JUL—90 0.70 .9 0.9 0.0 5 14.0 0 7.3
07—SBP-90 1.20 .9 0.9 0.1 6 12.5 0 7.5
U - S E F - 9 0 1.20 .2 1.9 0.1 2 10.0 0 7.2
04—OCT—90 0.40 10 .6 2.2 0.0 5 10.0 0 7.1
06-HOV-90 1.40 11 .5 0.9 0.0 3 6.0 0 7.2
0 3-DEC-90 1.86 12 .2 1.6 0.0 5 7.5 0 7.1



Tiverton 1909 URH-R05E004

0 Iitr«t« DO BOD Aaionla Teaperatur*

06-AFR-89 2.1 11.8 1.3 0.03 11.5
27-APR-89 1.6 11.8 1.4 0.04 8.0
26-JUB-89 1.9 9.3 1.9 0.02 17.5
03-AUG-89 1.3 8.2 1.0 0.02 21.0
18-AUG-89 1.2 12.3 1.3 0.05 17.0
1 l-SEF-89 1.6 9.3 1.6 0.04 13.0
09 -OCT-89 1.2 4.7 2.9 0.03 13.0
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Colliprlett 1989 VRB«B05E005 

0 Iltrit* DO BOD A n o n l t  T«iptrttur«

06-APB-89 2.3 12.0 2.3 0.05 13.0
27-APR-89 1.7 11.8 2.1 0.05 9.0
26-JUB-89 1.6 8.7 2.4 0.07 18.0
03-AUG-89 1.3 10.2 1.3 0.03 18.0
0 5-OCT-89 0.8 9.6 1.3 0.14 11.0
16-OCT-89 1.0 10.3 2.1 0.02 11.7
30-OCT-89 1.8 10.7 1.9 0.02 12.3
24-HOV-89 5.6 13.0 1.4 0.05 9.0

r



C o l l i p r l « s t  1990 U R H - R 0 5 E 0 0 5

0 lltrttt DO BOD Aaaonia Ttiptraturi

1 2 - JAN-9 0 2.60 10 9 0.9 0.10 0.5
20-FEB-90 2.60 11 0 1.6 0.06 10.1
14-KAR-90 4.70 12 2 2.1 0*05 t.o
23-APR-90 1.72 12 0 2.0 0.01
15-KAT-90 3.50 10 0 2.3 0.01
19-JUN-90 1.79 • 6 2.9 0.03 16.0
2 4 - JUL-90 2.00 9 1 1.7 0.02 17.0
21-AUG-90 1.00 • • 1.5 0.03 17.0
24-SEF-90 1.30 10 1 2.1 0.01 14.5
23—OCT-90 0.90 9 5 1.2 0.01 13.0
15-WOV-90 2.77 10 8 1.3 0.03 9.0
10-DEC-90 3.20 11 9 3.2 0.21 6.0



0 lltritt 00 BOD Aaionit T»ip«r«tur*

0 6 -APR-a9 2.6 12.3 1.9 0.04 11.5
27-APR-89 1.8 11.7 2.0 0.05 7.5
26-JUH-89 2.7 6.2 2.6 0.09 18.5
03-AUG-I9 2.0 9.4 1.5 0.04 , 18.0
10-AUG-a9 1.5 8.9 2.9 0.10 22.0
16-OCT-89 1.8 10.4 1.6 0.12 12.1
30-OCT-89 1.9 10.5 2.1 0.02 12.3
24-BOV-09 2.2 12.7 1.1 0.06 9.0
2 a-b o v - a9 2.1 13.3 2.2 0.04 9.0
03-DBC-89 2.5 13.3 2.4 0.06 4.3
05-DBC-89 2.3 12.7 0.7 0.09 4.2
13-DBC-89 2.8 10.6 7.1 0.42 7.1
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T

Hitrtt

orvarton

DO

1989 U 

OD All

H-R05D001

nil T*ap«ratur« ph

12-JAN-8 9 2. 12.1 .3 .06 5.5 0 7.5
14-PE8-89 1. + • • • • • w 3f • • • 0 7.6
05-APR-89 2. 11.4 .3 •05 5.5 0 7.5
0 6-APR-89 2. 11.6 .7 .03 -12.0 0 7.0
11—APR-89 2. 10.3 .0 .06 15.0 0 7.7
27-APR-89 2 . 11.8 .4 .02 8.0 0 7.0
26-JUN-89 2. 7.6 .7 .03 19.0 0 7.6
30-JUN-89 2 . 8.3 .0 .03 16.0 0 7.4
24-JUL-89 2. 6.6 .9 .06 21.0 0 7.7
03-AUG-89 2. 9.0 .3 .03 19.0 0 7.8
15-AUG-89 2. 10.3 .5 .02 17.0 0 8.1
0 4-SEP-89 2 . 9.3 .3 .06 14.0 0 7.7
13-SEP-89 2* 9.8 .7 .14 16.0 0 7.8
1 9-SEP-89 1. 10.6 .3 .03 17.0 0 7.3
25-SEP-89 1. 9.5 .4 .01 0 7.6
03-OCT-89 1 . 9.2 .6 .02 11.5 0 7.5
09-OCT-89 2 . 9.9 .1 .01 12.7 0 7.5
12-OCT-89 2. 9.4 .1 .07 13.4 0 7.4
16-OCT-89 1 . 10.1 .1 .06 13.0 0 7.4
19-OCT-89 2. 10.1 .7 .02 12.7 0 7.5
27-OCT-89 1. 10.3 .9 .03 12.0 0 7.3
30-OCT-89 3. 10.0 .3 .10 12.4 0 7.1
lO-NOV-89 3. 10.5 .9 .03 10.4 0 7.1
2 4-HOV-89 2. 12.8 * 9 .06 5.0 0 7.4
0 l-DEC-89 2. 12.6 .4 .07 3.0 0 7.7
05-DEC-89 2. 7.5 .4 .08 4.6 0 7.7
06-DEC-89 2. 12.6 .0 .10 9.0 0 7.7
08-DEC-89 2. 12.6 .7 .09 S.5 0 7.6
12-DEC-89 2. 11.7 .3 .19 5.5 0 7.8
1 3-DKC-89 2. 10.8 .5 .26 5.9 0 7.6
14-DEC—89 4 . 10.6 .1 • ♦ J w ♦ ̂ 0 7.3
1 5-DEC-89 3. 11.9 .9 • W ¥ 9 « © 0 7.3

I

I



Thorv«rton 1990 9 

■ltrat* DO BOD Kmm

■»

nl

05D001

T t a p t r t U r t

12-JAH-90 3.40 11.0 0.9 .0 8.7
1 7 - JAH-90 2.60 11.4 1.5 .0 8.0
2 4 - JAH-90 3.10 11.0 2.6 .0
15-PEB-90 9.70 11.4 1.6 .1
20-TEB-90 3.90 11.1 1.5 .0 9.5
05-KAR-90 4.70 11.7 1.6 .0 9.0
14-HAR-90 3.30 12.0 1.9 .0 9.0
2 3—HAR-90 2.90 12.4 1.1 .0 9.0
26-AFR-90 2.20 10.2 3.3 .0 12.7
2 4—MAY-90 3.11 0.1 1.9 .0 14.0
26-JUH-90 2.20 6.7 2.2 .0 15.0
0 6 - JUL-90 0.90 10.1 1.8 .0 13.0
1 7—JUL-90 1.70 0.6 1.5 .0 17.0
23-JUL-90 2.10 0.7 1.4 • 0 18.0
1 4 -AUG-90 2.30 9.0 1.5 .0 17.0
1 7—AUG-90 2.10 10.0 1.5 .0 16.0
2 2—AUG-90 1.S0 8.6 1.3 .0 18.0
0 3—OCT-90 1.20 9.3 2.5 .0 14.0
2 6-OCT-90 1.20 9.7 2.4 .0 10.0
3 0—OCT-90 1.61 10.7 1.5 .0 9.5
0 5—HOV-90 2.00 11.6 1.2 .0 7.5
13—HOV-90 2.32 9.9 1.4 .0 12.0
22-907-90 2.20 11.9 1.2 .0 6.0
27-HOV-90 4.55 11.7 0.7 .0 7.0
0 7—DEC-90 3.06 8.2 1.9 .0 5.0
12—DEC-90 3.66 10.3 1.7 .0 6.0



0 DO BOD Aaaonia T.ap.r.tur.

S tafford 19*9 Q U I - R O S 0 0 0 2

06-AFR-89 3.9 11 1
27-AFR-8 9 3.0 10 7
26-JUH-89 3.5 6 7
03-AUG-89 3.3 7 6
11-AUG-89 3.3 7 ft
08-SEP-89 3.7 14 4
19-SBP-89 2.0 9 0

1.9 0.07 12.0
2.0 0.10 1.0
1.5 0.03 19.0
2.0 0.03 <■ 11.0
2.2 0.11 19. 5 
0.7 0.02
1.5 0.07 1C.0



Stafford 

0 Ritratf DO

12-JAH-90 4.50 10.
17-JAH-90 3.90 10.
15-PBB-90 3.30 10.
14-MAR-90 1.20 11.
26- A P R - 90 3 .€0 9.
24-KAY-90 4.31 9.
26-JUH-90 2.90 7.
14—AUG-90 3.40 7.
0 3—OCT-90 2.20 9.
05-90V-90 2.40 11.
27—HOV-90 5.86 11.
12—DEC-90 5.27 11.

ld?« 1990 URH-R05D002 

BOD Aaaonia T«ap«ra

1.1
1.4
1.1
2.1
3.3
2.7
1.7
1.8 
2 .2  
1.2
1.3 
2.1

Br

7
«
7
7
4
1
0
s
2
4
1
4



ExVlck 1969 !HtH-Jt05D003

Vltrat« DO BOD Aiaoali Y«ap«ratur«

06-APE-69 11.2 1.6 0.01 12.5
27-APE-89 11.3 2.2 0.07 8.0
26-JUH-09 9 • w 7.2 1.5 0.02 19.5
03-AUG-89 9 9 9 €.3 4.3 0.41 ,18.5
1 l-AUG-89 W • W 1.5 2.5 0.20 19.5
04-SEP-89 0.5 14.0 9.4 0.01 16.0
19-SBP-89 2.2 9.6 1.3 0.06 16.0



Exwick 1990 URH-R05D003 

littatt DO BOD Ai B o n i a  Ttiptrtturt

12-JAJY-90 .00 11.
2 4- J A H - 9 0 .70 12.
23—APR-90 .59 11.
0 9—KAY-90 .23 8 .
0 5- J V H - 9 0 .50 9 .
0 8 - J U S - 90 .20 12.
10-JUL-90 .90 9.
3 0 - AUQ-90 .10 9 .
2 5- S S P - 9 0 .50 12.
2 3—O C T—90 .50 9.
0 7—HOV-90 .80 11.
1 3- 8 0 V - 9 0 .21 9.

1.1 0.08
3.5 0.11
1.8 0.03 1
2.7 0.09 < 1
2.0 0.04 1
3.5 0.02 1
1.2 0.04 1
1 . 2  0 . 0 2  1
1.8 0.04 1 
0.8 0.03 1
2.0 0.04
2.0 0.09 1

0
9
9
4
7
2
9
7
12
1
5



T

Vltr*t

•vi V i l r  1 9 9 9  V  

D O  B O D  A b b

* • * 0 5 0 0 0 4  

nia T « a p « r * t u r *

12-JAJI-0
05-A P B - 8
06-APB-*
11—APR—8 
27-APB-8
26-JVH-8 
30-JUB-* 
0 3 - A U G - 8 
lO-AUO-6
1 5-AUG—8 
0 4-SSP-8 
14-SEP-8 
19-SEP-0 
25-SEP-8
03-OCT-8
09-OCT-8
1 2-OCT—8
16-OCT-8 
19-OCT-8
27-OCT-8 
30-OCT-8
10-HOV-8 
24-HOV-8 
3 0 - N O V - 8 
0 1—DEC-8
04-DEC-8
0 5 - D E C—8
06-DEC-8
0 7-DEC—8
08-DEC-ft
12—DEC—8
13-DEC—8
14- D E C - 8
15—DEC-ft
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