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4.

EXECUTIVE SUMMARY

Ferruginous minewater discharges from abandoned coal mines in the South and
North Wales coalfields have been causing problems to receiving watercourses
for many years (eg- Pelenna catchment). The rapid contraction of coal
mining in the South Wales coalfield resulted in the closure of many of the
remaining pits during the 1980°s, leaving Tower colliery, near Aberdare,
and Bettws colliery, near Ammanford, the last remaining deep mines in South
Wales. The spate of mine closures, in recent years, has resulted in
several new ferruginous discharges to a number of rivers, particularly in
the eastern area of the coalfield and the effects of these discharges on
the aquatic environment are of growing public concern (eg. R. Rhymney at

Hengoed).

Though the problem of ferruginous minewater discharges is well documented,

the true extent of the problem in the Welsh region of the NRA was unknown
prior to this study. The aims of this survey were to locate all
ferruginous discharges within the coalfield areas and to assess their
impact upon receiving watercourses. The project was carried out in two
stages. The first stage of the assessment of all minewaters involved
analysis of the discharges and the receiving watercourse for iron,
aluminium, suspended solids, pH, dissolved oxygen, conductivity, sulphate
and temperature. Visual assessments of the area of river bed affected by
iron hydroxide (ochre) deposition, the level of deposition and physical
characteristics of the receiving watercourse, such as flow and width, were

also made at sites affected by discharges.

Stage 1 of the survey located 90 discharges and found that the total length
of river impacted by ferruginous discharges in Wales was 59. A km and an

area of 220 x 103 m2 was affected by iron hydroxide deposits.

A ranking method, incorporating the physical / chemical determinands, was
developed to assess the comparative impact discharges were having on
receiving watercourses. Area impacted was the most important criterion,

though length affected and water quality criteria were also included.



A total of 33 of the top ranked discharges (20 to classified watercourses
and 13 to unclassified watercourses) having the highest environmental
impact were selected and chemical, biological and fisheries iImpact

assessments were carried out on these discharges in stage 2 of the project.

Samples of benthic invertebrates were taken immediately above and below the
discharges and at intermediate points downstream until a return to upstream
conditions was reached. Samples were assessed to give Biological
Monitoring Working Party (BMWP) scores. Expected invertebrate quality in
the absence of polluting discharges was predicted for each site using the
computer model RIVPAC’s (River Invertebrate Prediction And Classification

System).

Quantitative electrofishing surveys were carried out upstream and

downstream of discharges. Impact was determined wusing the Regional
Juvenile Salmonid Monitoring Programme classification (RJSMP) to assign a
class to the fishery above and below the discharge, based upon the numbers
of juvenile salmonids caught in a given area. The computer model HABSCORE
(Salmonid habitat score) was used to assess the quality of the habitat for

salmonids and the degree of utilisation of the habitat by salmonids.

Minewater discharges are often referred to as acid mine drainage, but many
of the discharges in the Welsh coalfields were found to have pH values near
neutral. There were exceptions, for example a number of acid discharges
entered the Pelenna causing damage to the biota. Where the discharges were
acidic they were, generally, rapidly neutralised by the receiving
watercourses and pH was not a major problem downstream. This had
implications for the amount of dissolved aluminium downstream of
discharges. The toxicity and solubility of aluminium increases when the
water becomes more acidic, but at pH 6-0 the solubility of aluminium and
thus 1its toxicity are limited. As most of the discharges and many of the
receiving watercourses were in this pH range, dissolved aluminium levels

were not elevated at the majority of sites.

The Environmental Quality Standard (EQS) of 2 mg/l1 total iron was exceeded
on at Ileast one sampling occasion at eleven of the thirty three highest

ranked sites. The precipitation of iron hydroxide, which caused a
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blanketing and binding of the substrate and subsequent 1loss of behthfe:
habitat, was the single most important factor affecting the biota

doqpstream of minewater discharges.

Minewaters can be low in dissolved oxygen following the oxidation of

pyrites below ground. Further oxidation of 1iron hydroxides in the
receiving watercourse also requires oxygen and a small reduction in oxygen
concentration downstream of a discharge occurred at the majority of sites.
The oxygen capacity of the receiving watercourses were, however, sufficient
to meet the oxygen demands of the minewater and the dissolved oxygen level
at most sites, remained above 70 Z oxygen saturation (considered important

for salmonids) downstream of the discharges.

Suspended solid concentrations downstream of discharges were generally at a
level (<25 mg/1) which would not affect the biota. Since, during high flow
events, there will be high suspended solid concentrations due to general
erosion of land and river bed, the resuspension and transport of ochre

deposited on the river bed would probably not be a significant addition.

Biological impact was assessed on the basis of absolute loss and/or

reduction in density of pollution sensitive taxa over significant areas of
river bed. Of the 33 sites assessed in stage 2, a high biological impact
was shown at 10 sites. Three of these discharges to classified waters and
two to unclassified waters were also ranked highly on physical / chemical
impact (based upon stage 1 data) indicating a relationship between the
physicochemical characteristics assessed in stage 1 and biological impact
assessed in stage 2. Medium biological impact was demonstrated at 13 sites

and 9 sites showed no biological impact.

At a number of sites fisheries iImpact was not easily demonstrated because

of poor baseline water quality 1in the receiving watercourse. This, was
particularly evident in a number of the S.E area rivers which suffer from
intermittent storm sewage discharges which affect salmonids. Other streams
had poor upstream fisheries because of low pH, as already described above.
Where the water quality of receiving watercourses was poor it is considered
that the fTull impact of the discharges on Tisheries was masked. However,

fisheries impacts were demonstrated in a number of cases. For example on a
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tributary of the R. Llynfi, where a good nursery stream with an excellent";
upstream salmonid population was reduced by two classes to a moderate
fishery according to the Regional Juvenile Salmonid Monitoring Programme

classification.

In summary, a total of 90 ferruginous discharges impacted on 59.4 km of

river. Impact assessment of 33 of the worst discharges showed high
biological impact below 10 discharges, medium impact below 13 discharges
and no impact at 9 sites. Fisheries surveys of 19 discharges indicated
high impact at 3 sites, medium impact at 5 sites and no demonstrable impact

at 11 sites.

It is important to emphasise that this survey represents a snapshot of the
position in 1993, and there was some evidence that the situation was
changing even during the survey period. The scale of British Coal’s deep
mining operations in Vales has now almost stabilised with one remaining
colliery in S. Wales. However a Jlarge number of small private mines
extract coal and may be the source of future mine discharges. In addition,
further polluted minewater discharges from recently abandoned mines may
emerge in an unpredictable way as the groundwater recharges. These
discharges will continue to pollute, unless preventative or remedial action

can be carried out.

The NRA is currently using the information gathered during this survey to
produce a list of the worst case minewater discharges that will be included

in a study to scope possible remedial solutions.



Minewater Discharges in the Welsh Coalfields






PLATE 1.

Ferruginous minewater entering a tributary of the River Llynfi (15).
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1. INTRODUCTION

This is the Tfinal report for the joint Welsh Office and NRA funded study of
ferruginous minewater impacts in Wales (Ref. WEP/100/138/11) . The study took
place between October 1992 and October 1993.

1.1 BACKGROUND

Ferruginous discharges from both active and abandoned coal mines have caused
pollution problems in Wales for many years (eg. the Pelenna catchment), often
resulting in significant deterioration in water quality and subsequent
detrimental effects on aquatic life. Recent closures of many deep coal mines,
particularly in the South Wales coalfield have resulted iIn additional
discharges to a number of rivers (eg- Rhymney, Ebbw, Sirhowy, Neath) and a rise

in public concern over this issue.

The NRA sets water quality objectives for classified river stretches. At
present 25 % of classified river stretches in South Wales do not meet their
long term water quality objectives. A proportion of these stretches are
affected by Terruginous minewater discharges together with other sources of
pollution such as storm sewage. Ferruginous discharges are therefore an
important factor in the NRA®"s urbanised river recovery programme and, as other
sources of pollution are removed, will become the limiting factor.

In addition to classified reaches, the true extent of the impact of ferruginous
minewaters on the smaller, unclassified streams and rivers was unknown, prior
to this study. Such watercourses are essential nursery areas for fish breeding
and provide genetic pools of organisms which are necessary for the maintenance

of a healthy, diverse aquatic ecosystem and associated terrestrial fauna.

At the Welsh Affairs Committee (11 March 1992) hearing into water pollution
from abandoned coal mines, a recommendation made in the Flowers Report of 1981
that “there was an urgent need to establish the extent of the pollution and
range of costs of the necessary remedial treatment®™ was raised. Since this
recommendation had not been properly addressed in the intervening period this
project to determine the extent of the ferruginous minewater problem in Wales

was carried out.



1.1.1 Chemical processes leading to ferruginous mLnewaters

During mining operations the mineral pyrite, or iron sulphide, which is often
found in the coal seam, 1Is exposed. When exposed to air and water pyrite is
oxidised to ferrous sulphate and sulphuric acid, a process which may be
catalysed by the presence of chemosynthetic bacteria. These are bacteria which
form organic material by means of energy derived from chemical changes. Pumping
operations ensure that active mines are kept free of groundwater and the pyrite
exposed during mining operations which 1is in contact with the air on exposed
surfaces may be subject to such processes. When mines are closed pumping
operations typically cease, water builds up within the mines, dissolves the
available oxidised ferrous salts and acid, and may overspill into surrounding
watercourses. This drainage may be acidic or may have been neutralised during
passage through surrounding base rock (eg. limestone). When minewater enters a
watercourse further oxidation occurs and ferrous sulphate 1is converted to
ferric hydroxide. The ferric hydroxide precipitates out as an orange
flocculant deposit (Ochre) on the river bed. Such minewaters are described as

being ferruginous.

At high concentrations ferrous and ferric iron may be toxic to the aquatic

biota, while the precipitated 1iron hydroxide may smother habitats and
organisms. Blanketing of the riverbed by ferruginous deposits is particularly
detrimental to salmonid reproduction for which clean, well aerated gravels are

essential.

1.2 OBJECTIVES OF THE STUDY

To identify all ferruginous discharges emanating from or connected with
abandoned coal mines in the Welsh region of the National Rivers Authority and
to determine their impacts on the water quality, biological quality and

fisheries status of the receiving waters.

The project was carried out in two stages. In the first stage discharges were
located and their iImpact upon the receiving watercourses was assessed by visual
observation and from water quality analysis. The second stage of the project
involved full 1impact assessment of 33 of the worst case discharges using

biological and fisheries surveys and further water quality analysis.



2. STAGE 1 - METHODOLOGY

2.1 Desk study

The Welsh coalfield areas Co be covered by Che scudy were decermined from
geological maps and marked on 0S 1:10,000 maps. Rivers, tributaries, mines,
collieries, shafts and levels were identified within these areas in advance of

survey work.

2.2 Survey procedures

An inicial survey to identify the sources and decermine the extent of
ferruginous discharge impacts was carried out by visiting sites on all the main
rivers and tributaries in the coalfield areas to visually assess Che presence

or absence of ferruginous deposits.

The rivers were visited at a minimum frequency of one site every km along their
lengths within the coalfield area. All tributaries were visited at a minimum
of one site, usually within one km of the confluence with the main river, plus

additional sites on larger tributaries.

Sections with known or suspected minewater discharges, or where vehicular
access was unsuitable were walked. All sites visited and lengths walked were
marked on both 1:10,000 and 1:50,000 OS maps, and Tferruginous sites were
identified.



2.3 Ferruginous sites

For the purpose of this survey, sites were regarded as lengths of rivers
affected by minewater discharges, even if there were multiple discharges
(within a short distance of each other) into that reach. The downstream impact
was measured as a sum of the discharges and multiple discharges within a reach

were counted as one site.

Ferruginous sites were sampled as follows:

The fTollowing data were determined, either in the field or in the laboratory,

for upstream and downstream of the discharge, and for the discharge itself.

Field Data Laboratory data

Width of river. pH-

Dilution of ferruginous input where Suspended solids (mg/1).
it enters the watercourse, visual Total alkalinity (mg/1).

assessment (eg. 10:1, 100:1, 1000:1)"

Length of river affected.

% Bed affected. Dissolved sulphate (mg/1).
Surface area affected (calculated from

length x average width x % bed affected). Total aluminium (mg/1).
Colour intensity and degree of Dissolved aluminium (mg/1).

flocculant deposit.

pH. Total iron (mg/l).
Dissolved oxygen (mg/1). Dissolved iron (mg/1).
Conductivity (uS) . Dissolved oxygen (% saturation)

Water temperature (*C)



3. STAGE 1 RESULTS
Between October 1992 and April 1993 stage 1 of the ferruginous minewaters
project was completed. A total of one thousand and sixty Tfive sites were

visited and 90 ferruginous sites were identified as follows.

Table 1 Number and occurrence by catchment of Ferruginous Sites in Wales

Catchments No of Ferruginous Sites Length of Surface Area
Surveyed Found Sampled River Affected Affected
(Km) (2000 m)

South East Area
LIwyd 4 4 3.2 13.8
Sirhowy 2 2 2.2 17.4
Ebbw 2 2 10.8
Rhymney 6 5 4.2 38.3
Taff 15 15 6.8 21.9
Ely

18.8 102.2
South West Area
Ogmore 4.4 10.6
A.Cynffig 2 4.5 13.5
Afan/Pelenna 13 13 16.1 52.4
Neath 3.3 14.8
Tawe 2 2 1.5 3.2
Loughor 11 11 8.9 18.3
Gwendraeth Fawr 2 2 0.3 0.3
Gower 3 3 0.6 4.0

39.6 117.1
Pembrokeshire 0.6 0.6
North
Dee/Alyn 11 0.4 0.4
GRAND TOTAL 90 82 59 4 220.3



A total Ilength of 59.4 km of river within the South, Pembrokeshire, and North

Wales coal measures were found to be affected by ferruginous minewaters (Table

1) -

Rivers 1in the South West area accounted for 39.6 km of the total Ilength; the
Afan/Pelenna catchment being the worst in the area. The rivers of the South
East area were affected over a distance of 18.8 kmn; the Taff/Rhondda catchments
being the worst affected in this area. Rivers in the smaller Pembrokeshire and
North Wales coal measures were affected over 0.6 km and 0,4 km length
respectively. The size and extent of the problem in these areas compared to
the South East and South West areas is considered to be small..

A total area of 220.3 x lO?’m2 of river bed was visually affected by ferruginous
minewaters in Wales (Table 1). The Rhymney and Taff/Rhondda catchments in the
South East, and the Afan/Pelenna and Loughor catchments in the South West
account for most of the total area of affected river in the Welsh coalfields.
The area of river bed affected iIn the Pembrokeshire and the North Wales

coalfields was much smaller in comparison (Table 1) .



4. THE RANKING OF MINEWATERS LOCATED IN STAGE 1 OF THE STUDY

The data collected in stage 1 of the ininewaters survey were reviewed and
assessed and a ranking method for the iImpact of minewater discharges on rivers
was developed. The ranking was used to identify which sites should be Tfully

assessed in stage 2.

4.1 METHOD

The following criteria (listed in order of importance as indicators of
environmental impact) were used to describe the impact of ferruginous minewater
discharges on receiving waters. Each impact criterion was graded high, medium
or low based either on absolute ranges or on distributionally derived ranges

which are described further below.
Table 2. Grading of Physicochemical Data From Stage 1 Surveys
IMPACT CRITERIA HIGH (A) MEDIUM (B) Low © NO IMPACT (D)

(In Decreasing Order

of Importance)

1. AREA AFFECTED (m ) > 2,500 10-2,500 < 10
2. LENGTH AFFECTED (Km) > 0.5 0.01-0.5 < 0.01
3. SUBSTRATE QUALITY FOR ROCKS/ BEDROCK/ ARTIFICIAL
SALMONID REPRODUCTION STONES/ BOULDERS/  CHANNEL
GRAVEL ROCKS SAND/SILT
4. IRON DEPOSITION (VISUAL) HIGH MEDIUM LOW
5. TOTAL IRON (mg/1) > 3.0 2 -3 < 2.0

6. pH, DO (%), TOTAL A1 (mg/1) 3 FAILURES 2 FAILURES 1 FAILURE NO FAILURES

The ranking was perfomed in a specific order, so that rivers and streams which
received an A rating for area of river bed affected appeared at the top of the
list, fTollowed by all those receiving a B rating etc. to give three main
groups. These were then ranked according to the second criterion, length of
river affected, to give three sub-groups per main group. Each sub-group was
then ranked according to quality of substrate and so on for the remaining
parameters. For example, a site with an A rating for area affected but a B
rating for all other parameters appears above a site with a B rating for area

affected and an A rating for all other parameters.



This dichotomous method of ranking was derived, Tfollowing a series of trials

with various scoring techniques, as the best assessment of the data.

The discharges were ranked separately for classified and unclassified stretches
so that the most severe cases could be identified for each of the two types
according to the number of A, B, and C ratings. A number of discharges to both
classified and smaller, unclassified rivers were selected from these lists for
the ” second stage assessment as it was considered important to assess

ferruginous minewater impacts on headwater streams as well as on main rivers.

4.2 DESCRIPTION OF IMPACT CRITERIA

4.2.1 Area and length affected

Both the area and length of river bed affected by iron hydroxide deposition
were used to indicate potential 1loss of aquatic habitat and were therefore
considered to be the two most iImportant measures of iImpact. However the area
affected was considered to be the best overall measure of potential loss of
habitat to the aquatic fauna. Area can be large even when the length affected
is relatively short, if the channel is wide and the percentage cover is high.
Area was therefore considered the most important criterion and was calculated
from the actual length of river affected by visible evidence of ferruginous
deposits x the average width of river channel x the percentage cover of the
bed. Length of river affected is more a measure of the scale of. visual impact
and, although it may not always reflect ecological impact as well as area, it

is important to the public perception of impact,

4.2.2 Substrate Quality

Substrate was classified according to its potential to support diverse Tauna
and salmonid reproduction. Absolute classes were used, based upon the critical
criteria from the HABSCORE and RIVPACS computer models. Classification of the
quality of substrate 1is similar in the two models and requires visual
assessment of the substrate based upon the percentage composition of bedrock,

boulders, cobbles , gravel, silt and sand.



4.2.3 Iron Deposition

A visual assessment of the depth and amount of ferruginous material (ochre) was
performed in the Tfield. This gave a comparative measure of the physical
blanketing and binding of the substrate by iron hydroxide precipitation and was
subjectively assessed as high, medium or low. This is a relative measurement

which was applied across the region with photographic evidence to support it.

4.2_.4 l1ron concentration in receiving water

The ranges Tfor the bands describing 1iron concentration downstream of the
discharge were based on a proposed Environmental Quality Standard of 2 mg/1
total iron (annual average) for surface waters supporting salmonids (Mance G.

and Campbell J_A. 1988)

4.2.5 O0Other chemical criteria

pH, dissolved oxygen and aluminium concentration were grouped together so that
a combined score was given based on how many parameters were adversely affected
by discharges at each site. Failures for each parameter were established( if

the following values occurred in the receiving water downstream of a discharge:

pH values less than 7
DO values less than 70Z saturation
Total aluminium concentration downstream of discharge greater than the EQS of 1

mg/1 (ie. The EQS for surface waters of pH 6-8).



5. RESULTS OF RANKING EXERCISE - STAGE 1

Tables 3.1 and 3.2 are ranked lists of all the identified ferruginous
minewaters discharging to classified and unclassified rivers with the
discharges having the greatest impact appearing at the top of the tables. it
can be seen from tables 3.1 and 3.2 that there is a good spread of sites

showing high (A) , medium (B) and low (C) impact for the determinands used in
the ranking.

The selection of sites for full impact assessment, in stage 2, was based upon
impact demonstrated in stage 1 of the study as shown in tables 3.1 and 3.2. The
top 19 discharges to classified waters had high or medium impacts on the area
and length of river to which they discharged. Impact upon substrate, and water
quality was also typically high and these sites were selected for study in
stage 2. 10 discharges to unclassified waters which also had a high impact
upon the area and length of river affected and a significant effect upon the
other determinands used in the ranking were selected for study in stage 2. A
further 4 discharges to the Afan/Pelenna catchment were included for study

because of the remedial work planned for that catchment.

Summarising, a total of 33 discharges were selected for full impact assessment
in stage 2 of the study and included the top 19 discharges to classified
waters, the top 10 discharges to unclassified waters and 4 additional sites on
the Afan/Pelenna (See Tables 3.1 and 3.2). This gave a realistic number of
sites to survey in stage 2 selected from a range of classified and unclassified

streams, ensuring that discharges throughout the coalfield measures were
studied.

The discharge to the Neath canal near Ynysarwed (62) which arose in spring 1993
was assessed after stage 2 had commenced. Details of this most recent

discharge are included in Appendix 3.
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SITE
NO.

24/25

26

16

23

19

21

10
22
67

83
47
20
53
85
63

37
79
55
81
72
36
51
78
86
87
<8
57
58

Table Showing the Scale of Impact of Ferruginous Hinewaters to Welsh Classified Rivers

CATCHMENT

AFAN
LOUGHOR
AFAN
BIRHOWY
KENFXC
LLWYD
AFAH
RHYMNEY

ATAN
EBOW

WAN
LLWYD
LLWYD
SIRHOWY
TAFF
DEE
TAFF
LLWYD
AFAN
LOUGHOR
NEATH
DEE
TAFF
AFAN
AFAN
DEE
TAWE
DEE
RHYMNEY
DEE
NEATH
DEE
GWENDRAETH
RHYMNEY
OGMORE
ALYN
DEE

DEE
TAFF
NEATH
NEATH

"1

RECEIVING
WATER

KANT BLAEN PELENNA

MORLAIS

TRIB OF GWENFFRWD

SIRHOWY

NANT CRAIG Y ABER

A.LLYWD
FFRWD WYLLT
RHYMNEY

RANT GWYTTFI
EBBW

A.CORRWC
LLWYD

LLWYD
SIRHOWY
RHONDDA
BROUGHTON BROOK
UNNAMED TRZB
UNNAMED TRIB
FFRWD WYLLT
LOUGHOR
CLYDACH
CECIDOC

TRIB OF CTNON
AFAN

AFAN

ALYN

A.TWRCH

DEE

RHYMNEY
R.TERRIG
CLYDACH

ALYN
CWENDRAETH FAWR
RHYMNEY

N. GARW

ALYN

ALYN

ALYN

RHONDDA FACH
DULAIS

NEATH

LAB

REFERENCE

mm

248125
253202
248122
250287
251699
245758
248826
250770

251087
246784
248118
250291
245761
246320
250776
165767
249926
233777
251696
254179
254182
165674
249923
251090
251687
165680
254349
165764
246787
165671

165668
252759

165677
249930

SCORE FOR
AREA AFFECTED

O000N00O0O0O00000 MWW WWWIWEIWHIE>>I>>I>I>IIr>r>>>> >

SCORE FOR
LENGTH
AFFECTED

0OO0O0O0O0O0O0O0O00000O0OWWITWIIIIIIIP® OB >>>>>>r2> > >

SCORE FOR

QUALITY OF
SUBSTRATE

W O>>>>>P> >IP0I ISB>I>>P>>EO>O0O0 O0OEO®E>>>>>> >

SCORE FOR
DEPOSITION

000000000 0TI IZPOOWOOOOIT®I S>> >WS>WS >>>>>>>> >> >

SCORE FOR
TOTAL 1IRON
DOWNSTREAM
OF DISCHARGE

00000000 >TN00WOZINO000TONONOO>WOOO OOWIO OO O > >

CUMULATIVE
SCORE FOR
pH DO
ALUMINIUM

lvEvEvEvEvEvEvEvEveoNviIvilvEvivivivivivivivivivivivieNvivivivilviviviviviiviviielNwlvie)

WIDTH OF

RIVER
CHANNEL

MEDIUM
MED IUM
SMALL
LARGE
SHALL
MEDIUM
MEDIUM
V_.LARGE
SHALL
MED IUM
MEDIUM
LARGE
LARGE
V.LARGE
LARCE
V.SMALL
SMALL
SMALL
SMALL
LARGE
LARGE
SMALL
SHALL
MED UM
MEDIUM
LARGE
LARGE
V_.LARGE
LARGE
SMALL
LARGE
SMALL
MEDIUM
LARGE
MED IUM
SMALL
MEDIUM
MEDIUM
LARGE
LARGE
LARGE



Table 3.2
RANK  SITE
m .

1 31

2 33
3 29
4 12
5 15

6 14
7 $9
8 18
9 11
10 17
11 62
12 64
13 68
14 56
15 28
16 43
17 65
18 39
19 46
20 32
21 70
22 71
23 44
24 41
25 45
26 50
27 66
28 27
29 76
30 35
31 77
32 49
33 73
%) 60
35 59
36 40
37 75
38 42
39 52
40 61
41 74
42 80
43 38
44 32

Table Showing the Scale of Impact ofFerruginous Minewatero

CATCHMENT

COWER STREAMS
TAWE
LOUGHOR
TAFF
OGMORE
OCMORE
LOUGHOR
AFAN
TAFF
AFAN
NEATH
LOUCHOR
LOUGHOR
NEATH
AFAN
TAFF

LOUGHOR
RHYMHKY

TAFF
LOUCHOR
LOUGHOR
GWENDRAETH
TAFF

TAFF

TAFF

OCMORE
LOUCHOR

AFAN
PEMBROKESH IRE
EBBW
PEMBROKESH IRE
TAFF
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6. STAGE 2 METHODOLOGY

6.1 Survey procedures

A total of 33 sites (see catchment maps Appendix 1) identified and assessed in
stage 1 of the minewaters study were selected for full impact assessment in
stage 2 of the study, 20 of these sites were located in SW area, 12 were in SE

area, and 1 in the Northern area.

6.1.1 Biological impact assessment

Biological assessments were carried out at each site by taking upstream,
immediate downstream and subsequent downstream samples, at short intervals, to
a point where the visible effects of iron deposition had ended. The final
sampling point was considered to represent a point of recovery. Biological
sampling produced a total of 112 samples from the 33 sites. These samples were
obtained using the standard Institute of Freshwater Ecology (IFE) 3 x 1 minute
kick sampling methodology and were processed in the laboratory to give a
Biological Monitoring Working Party (BMWP) score for each sample. This
involved identifying invertebrates to family level and then allocating each
family a score between 0 and 10 according to its sensitivity to pollution.
Those with the greatest sensitivity scored 10. The BMWP score 1is designed
particularly for organic pollution but it is also sensitive to other types. The
scores for each taxon were totalled to give the BMWP score which provides a
numerical estimate of biological quality. Abundance of invertebrate taxa was
also estimated on a logarithmic scale of 1-10, 11-100, 101-1000 and used in

determining biological impact (See below).

The River Invertebrate Prediction And Classification System (RIVPACS) is a
computer model developed by IFE to predict the invertebrate fauna one would
expect to find in a variety of natural river types under pristine water quality
conditions. The model requires that data on channel width, mean depth,
substrate composition and hardness, are collected for each site. Also, the
slope and altitude of the site are calculated from 1:50,000 maps as is the
distance from source. A grid reference allows the model to locate the site
geographically and, in conjunction with the above data, the package can be used
to predict the expected fauna and BMWP score of a sice assuming it was in
pristine condition. The model uses biological survey data from sites all over
the country to achieve these predictions. The ratio of the observed (0) to the
expected (E), BMWP scores can be used as an Environmental Quality Index (EQI).

See section 10 for further information on the EQI.



The 1impact of a minewater discharge was considered to be significant when a
reduction in BMWP score of > 40% occurred between the upstream and immediate
downstream sites. Additionally, a reduction in log” abundance of 4 or more
high scoring families (i.e. >6) was used to reflect more subtle changes in
species abundance (See Appendix 10C worked example). A combination of these

two criteria was used to grade the biological impact as follows

HIGH IMPACT A A reduction iIn BMWP score >40 % between the upstream
and i1mmediate downstream site AND a reduction in
log”"Q abundance between the upstream and downstream

sites of 4 or more families scoring >6 on the BMWP

sys tem.

MEDIUM IMPACT (3B) Either:A reduction in BMWP score >40 % between
upstream and downstream site;

Oor A reduction in log” abundance between the
upstream and downstream site of 4 or more
families scoring >6 on the BMWP system.

NO IMPACT © Neither of the criteria in A or B.

Biological data was also used to indicate the area of river bed impacted by a
minewater discharge by measuring the surface area of bed affected between the
discharge and the first point downstream at which the biological quality (C)
was the same or better than upstream of the discharge. The area affected was
graded into high (@A), medium (B) or Ilow () impact categories and the band
sizes for each category were the same as applied in the stage 1 ranking for

area of river bed affected, viz:-

IMPACT AREA AFFECTED
High Q) > 2,500
Medium (B) 10 - 2.500
Low © < 10
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6.1.2 Fisheries Impact Assessment

Quantitative electrofishing surveys were carried out upstream and immediately
downstream of the minewater discharges at 15 sites in SW area and 4 sites in SE
area. A number of sites were not electrofished, for a variety of practical
reasons. For example, the Tawe tributary (33) and Broughton brook (34) had
very low flow upstream of the discharges and were considered to be unsuitable
for salmonids. The site at Newbridge on the R. Ebbw (A was not surveyed
because of continuing reclamation of the adjacent colliery site and the recent

re-channelisation of the river (see stage 2 results).

HABSCORE 1is a computer model which predicts the numbers of fry (0+) and parr
(0+) (which are both stages of growth <1 year old) at a site, based upon the
physical characteristics of unpolluted sites iIn Wales (Milner & Wyatt 1991).
The model requires field data to be collected which includes; for each 10 m
section electrofished, measurements of the channel width, depth and substrate
composition (similar to RIVPACS). The stretch is described as riffle, run etc
and the bankside vegetation, important to salmonids for cover, is also
classified along with land use. The slope, gradient, catchment area, altitude
and distance from source are calculated from 1:50,000 maps. The conductivity
of the site is recorded in the Tfield using portable meters. HABSCORE was used
to quantify the potential of the fishery habitat, called the Habitat Quality
Score (HQS) and the Habitat Utilisation Index (HUlI) (see Appendix 12).

Fisheries data were assessed according to the method used by the. NRA for the

Regional Juvenile Salmonid Monitoring Programme (RJSMP) as shown below.

Fish densities for fry (0+) and parr (0+) (< 1 year old) age groups are

divided into five categories as follows:-

ABUNDANCE CATEGORIES (Number per 100 m2) FOR JUVENILE SALMONIDS
FOR QUANTITATIVE RUNS

Fry (0+) Parr (>0+)
Excellent >100 >25
Good 50.01-100 L5.01-25
Moderate 25.01-50 5.01-15
Poor 0.01-25 0.01-5
Absent 0 0
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These abundance categories are then combined to give a classification matrix as

follows:-

CLASSIFICATION MATRIX FOR JUVENILE SALMONIDS

(Fry ©+)
ExcellentGood Moderate Poor Absent
Excellent A A A B C
Good A A B B C
Parr Moderate A B B C D
(>0+) Poor B B C D D
Absent C C D D E

Reductions in regional juvenile salmonid monitoring programme (RJSMP) class
between the upstream and downstream sites were used as a measure of the impact

of minewaters on fisheries as follows.

A reduction of 2 classes between u/s and d/s = A (High 1impact)
A reduction of 1 class between u/s and d/s = B (Medium impact)
No change in class between u/s and d/s = C (No impact)

The HABSCORE 1indices (HQS and HUI) were also used in the iInterpretation of

significant changes (Appendix 12) and to determine where habitat quality was

more limiting than water quality.

6.1.3 Water sampling

All 33 sites were sampled chemically a second time when the biological surveys
were carried out, and a third time during the fishery surveys using the same
methods and for the same parameters as in stage 1 of the survey (See section
2.3).

6.1.4 Flow gauging

The flow of the minewater discharges were gauged by SE area and SW area
hydrology departments using standard flow gauging methods. Results are cited

in Appendix 9.
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7. STAGE 2 RESULTS

7.1 WATER QUALITY AND FLOW

All the 33 minewater sites selected for full impact assessment were sampled on
three occasions iIn the periods: November 92 - April 93, June 93 and July -
October 93 except for Broughton Brook (34) in the North which was sampled on
two occasions. Results are tabulated in appendices 5-7. Chemical analysis data
is summarised in Appendix 8 and Tflow measurements for the discharges are

summarised in Appendix 9

7.1.1 Temperature

The results for mean temperature indicate that in all cases there was little
difference between the discharge and the receiving watercourse. However, the
discharge temperatures tended to be fairly constant throughout the year so that
during the winter period they were approximately 2~C higher than the
temperature of the receiving water. Small increases in temperature were
observed at many downstream sites, though these increases are not considered to

be high enough to significantly affect the biota.

7.1.2 Dissolved oxygen

Before they discharge, minewaters can be low in dissolved oxygen due to
absorption of oxygen during the oxidation of pyrites below ground. Further
rapid oxidation to iron hydroxide which precipitates in the receiving
watercourse, also requires oxygen. The results show that at the majority of
sites only a small reduction in oxygen concentration occurred downstream of the
discharge. The oxygen capacity of the receiving waters was sufficient to meet
the oxygen demand of the minewater discharges without the dissolved oxygen
falling to levels which could be deleterious to the aquatic biota. A value of
70 % oxygen saturation was considered to be the value below which salmonid
fisheries and sensitive invertebrate taxa might start to be affected (Proposed

statutory water quality objective).

Sites at which the dissolved oxygen of the receiving water was affected
included Broughton Brook (34), in North Wales, where the stream is composed
almost entirely of minewater. There was a large reduction in dissolved oxygen
downstream of this discharge, to a mean of 36% saturation (Appendix 8). At
this level the stream could not support salmonids and the low oxygen saturation

would also affect many iInvertebrate taxa. Moderate reductions iIn downstream



dissolved oxygen were also noted on the A. Corrwg fechan (18), R. Morlais (30),

R. Clyne (31) and the N. Melyn (32).

In a small stream near Saundersfoot (site 75) the minewater caused a
substantial reduction in dissolved oxygen from 98.6 % saturation upstream to
39.2 % saturation downstream of the discharge in the spring (Appendix 3) . The
levels of oxygen at this site were clearly unsatisfactory and would effect the
survival of salmonids. However, dissolved oxygen levels at most sites were not
significantly reduced and 1low oxygen below the minewater discharges was

generally not a problem.

7.1.3 pH

A low pH is often associated with mine drainage due to the chemical processes
occurring underground. Such discharges are also frequently referred to as acid
mine drainage. However, the results of sampling ferruginous minewaters in the
South and North Wales coalfields demonstrate that most of these discharges were
not particularly acidic. Only four of the 33 discharges had a mean pH less
than 6. These were the discharges to the Nant Blaenpelenna (25), the Gwenffrwd
(26), the R. Cathan (29) and the Tawe tributary (33) (Appendix 8). The
discharge to the Gwenffrwd (26) compounds the pH problems of the receiving
watercourse which was acidic upstream of the discharge on all sampling
occasions (Appendix 6) . The absence of salmonids from sites (18) and (26) is a
reflection of this impact (Appendix 11) . The effects of acid pH were also
evidenced by the impoverished macroinvertebrate fauna of sites (18), (25) and

(26) both upstream and downstream of the discharges (Appendix 10, 10a).

It is assumed that the majority of minewaters had been neutralised by the
limestone which is associated with the South Wales coal measures, especially in
the eastern area, before they emerged to the surface. As a result
precipitation of iron hydroxide occurred quickly at or near the point of entry
to the watercourse. Where pH of the minewater discharge and the receiving
watercourse were more acidic the rate of precipitation was slower. This was the
case for the N. Blaenpelenna (25) and explains why the visual intensity of
deposition increased several hundred metres below the discharge. Part of the
reason why such a long stretch of the river 1is affected is that the iron Iis
taking longer to come out of solution. In the SE area the rivers are near
neutral and the discharges are generally less acidic than in SW area. As a
result of this the rate of precipitation of iron was generally faster and the
area affected was relatively less but the degree of deposition of iron
hydroxide was generally greater near to the discharge.
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7.1.4 lron

The 1iron concent of the rinev/atecs was the most important chemical criterion
affecting the downstream water quality of the rivers. The Environmental
Quality Standard (EQS) of 2 mg/1 total 1iron was exceeded on at Jleast one
sampling occasion at eleven of the highest ranked sites including the R.
Sirhowy at Pontllanfraith (6), R. Rhymney at Hengoed (7) N. Craig yr Aber (16),
N. Blacnpelena (25) and the R. Morlais (30) where the volumes of minewater are
relatively large (Appendix 9). Iron concentrations above 2 mg/1 can be harmful
to fish and may 1impact on the Tfishery (See Tfishery vresults and discussion
section). The N. Gwynfi (19) and the N. Melyn (32) also failed the EQS for

iron on at least one sampling occasion.

High concentrations of total iron were observed downstream of the discharge in
the N. Craig yr aber (@6) 3.17 mg/l1, N. Blaenpelenna (25) 5.81 mg/1, the
Gwenffrwd (26) 4.21 mg/l, R. Morlais (30) 16.46 mg/l1, R. Clyne (31) 5.37 mg/1,
Tawe tributary (33) 3.06 mg/l1 and Broughton Brook (34) 6.26 mg/l. Alabaster &
Lloyd (1980) suggest that for iron hydroxide “there is no evidence that average
concentrations less than 25 mg/l1 have done any harm to fish or fisheries."
These TFfindings refer to the direct toxicity of iron on Ffish and not the
indirect effects of loss of food organisms or spawning gravels which result
from the precipitation of iron hydroxide and which may have an impact upon the
status of the fishery. However, Alabaster and Lloyd (1980) note a case whereby
iron hydroxide precipitating, from acid solutions containing 3 mg/l iron onto
the gills of trout was acutely toxic when pH values rose above 5.5. This

suggests that the actual process of iron precipitation is damaging to fish.

7.1.5 Aluminium

The amount of dissolved aluminium, the toxic component, 1in Tfreshwater Iis
dependant upon the pH of the water. Between pH 5-8 aluminium is least soluble
and has a low toxicity to the biota. At many of the sites in this survey the
pH values were within this range. When the pH becomes more acidic the amount
of dissolved aluminium increases causing a subsequent increase iIn the toxicity.
It was found that aluminium did not exceed the EQS of 1 mg/l1 at pH 6 - 8 at any
of the sites receiving full iImpact assessment. The discharge to the Gwenffrwd
(26) contained 0.969 mg/l1 dissolved aluminium on one sampling occasion but
downstream the concentration was 0.031 mg/1 at pH 6.4 which is within the EQS

for aluminium.
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Garwed Brook, (60) which is a tributary of the R. Neath, received a minewater
discharge which contained 22.38 mg/1 of dissolved aluminium and had a pH of
3.07. The high aluminium concentration of this discharge is compounded by the
receiving watercourse also being acidic (pH 5.73) and downstream of the
discharge the dissolved aluminium concentration considerably exceeded the EQS
(6.9 mg/1 at a pH of 3.59). However, the site was not ranked highly on the

other criteria (physical/visual) in stage 1 and so was not surveyed in stage 2.

7.1.6 Suspended solids

Suspended solids at concentrations of less than 25 mg/l are considered to have
no direct impact upon freshwater Tfisheries (Alabaster & Lloyd, 1980). The
concentrations of suspended solids (SS) downstream of most minewater discharges
generally remained well below 25 mg/1. In the range of 25-80 mg/1 SS Alabaster
and Lloyd (1980) suggest sites should support moderate or good fisheries. For
all of the sites included in the impact assessments, the maximum concentrations
of suspended solids did not exceed the above concentrations downstream of the
discharge eg. R. Corrwg (21) 28 mg/1, Nant y fedw (28) 35 mg/1, R. Morlais (30)
74 mg/1, R. Clyne (31) 50 mg/1 and the Tawe tributary (33) 34 mg/1. 1t 1is
important to note that increases in the level of suspended solids, over a short
distance below a discharge, were not unusual due to the precipitation of iron
hydroxide. During high flow events scouring of the ochreous deposits from the
river bed may result in much higher suspended solid concentrations occurring in
the areas of ferruginous deposition, but these have not been measured. High
suspended solid concentrations during rainfall events are 1iIn. any case a

"natural®™ phenomenon and fish and invertebrates are generally well adapted to

cope with them.
7.1.7 Sulphate and Alkalinity

Sulphate and Alkalinity were measured to enable a better understanding of the
hydrogeology of the coalfield and the quality of the minewater discharges. They

are however not particularly relevant to the biology or TfTisheries components of

this study.

Mine drainage may contain high concentrations of sulphates due to the oxidation
of pyrites. In 32 of the 33 sites sampled, on more than one occasion it was

found that downstream sulphate concentrations were increased, often by as much

as several hundred percent.
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7.1.8 Flows

Minewater discharges were flow gauged to provide information on the volume of
minewater entering a watercourse. A minewater discharge large in volume may,
for example, enter a small stream and cause significant ecological impact.
However, the discharge may be important to the baseline flow of that stream.
Flow gauging of the discharges provided information useful for explanation of
ecological impact but was also important to the understanding of the

hydrogeology of the system.

7.2 BIOLOGICAL IMPACTS

In this section, the biological impact assessments are reviewed and compared
with the vresults of chemical analysis carried out in stage 2. Details on
criteria for assigning the level of impact are given in sections 6.1.1 and 8.0.

Biological assessments are listed in Appendix 10.

7.2.1 Discharges having a high biological impact

A high (A) biological impact was shown at 10 sites, which included the 3 most
significant discharges to classified waters and the top 2 discharges to
unclassified waters, as ranked at the end of stage 1 (Tables 3.1 and 3.2). This
indicates a correlation between physical/chemical impact (stage 1) and actual
biological impact as demonstated in stage 2. Of the top 10 sites showing a
high biological 1impact, 7 are located in S.W area and 3 are located in S.E

area.

The site at which the greatest environmental impact occurred was below the
discharge from Morlais colliery, Llangennech, Llanelli. This discharge drains
minewater from the old Brynlliw colliery and discharges to the R. Morlais near
to the confluence with the R. Loughor. The site is near to the tidal limit of
the Loughor estuary. A riffle site was sampled downstream of the discharge but
further downstream sampling was not possible because of the physical changes in
substrate at the tidal [limit. However, the 82 % reduction in BMWP score
between the upstream and iImmediate downstream site was highly significant and
the minewater was having a dramatic impact upon the iInvertebrate fauna. The
number of taxa scoring >6 (ie. those taxa scoring 6 or more in the BMWP score,
see Appendix 10B) fell from 9 at the upstream site to 1 at the downstream site.

The degree of deposition of iron hydroxide <it the site was very high and the
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downstream iron concentration (max. 26.42 mg/L) was the highest of the 33 sites
studied and well, in excess of the environmental quality standard (EQS) for
total 1iron. Such a high iron loading had a highly deleterious impact upon the
invertebrate fauna causing a complete loss of 14 families and a reduction of 3
families at the site immediately downstream of the discharge. These losses
included the high scoring Heptageniidae, Chloroperlidae, Leuctridae,
Sericostomatidae, Goeridae and Rhyacophilidae. Other families, notably
Gammaridae, Hydroptilidae, Hydropsychidae, Tipulidae, Simuliidae, Planariidae,
Hydrobiidae and Baetidae also suffered loss. The ferruginous deposits impacted
upon a wide range of fTamilies some of which are recognised as tolerant of other

forms of pollution (eg. sewage).

Although the Nant Craig yr Aber (16) and Y Ffrwd (12) receive, discharges in
afforested stretches of their catchments, the 0:E RIVPACS ratio (the EQI) for
the control site on the Y ffrwd was 0.99 and for the N. Craig yr Aber 0.8 which
indicated that the upstream biological quality was close to the optimum for
these sites. The upstream site on the N. Gwynfi (19), however had an RIVPACS
EQl of 0.59 which is significantly poorer and suggests that the upstream water
quality of this site is not pristine. The cause of this poor upstream quality
is not evident but it may be due to the smaller diffuse sources of iron which
occur upstream in the catchment. However, there were no visible affects of
iron at the upstream site during site visits. Although in an afforested
section of the catchment acidification of this watercourse was not evident from
the water quality data, pH values being near neutral. The values for iron and

aluminium at the upstream site were also below the EQS"s.

At sites (16 and 19) the area of river bed biologically impacted was high and
downstream water quality was poor with the mean iron concentration exceeding
the EQS of 2 mg/l1 at site 16 (3.17 mg/l1). On one occasion the EQS for iron was
also exceeded at site 19 (Appendix 6). In the N. Craig yr Aber (16) 10
families were lost below the discharge and there was a reduction in abundance
of 3 families. A reduction in the abundance of Chironomidae at this site was
particularly unusual as this TfTamily is considered to be less sensitive to many
types of pollution than most other invertebrate Tamilies. At site 19 a
reduction in Oligochaeta and Chironomidae was also noted. Reductions in the
abundance of the stonefly Leuctridae were observed and Sericostomatidae were

lost from both sites below the discharges.

In the Y Ffrwd (12), a tributary of the R. Clydach, 8 taxa were lost downstream
of the discharge and a reduction in BMWP score of 62 % was observed. The EQS
for total 1iron was not exceeded downstream of the discharge on any sampling
occas ion.
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The major discharges to Che Gwenffrwd (26) and the Nant Blaenpelenna (25)
caused a high biological impact over a large area of river bed. These two
discharges were ranked numbers 3 and 1 respectively in stage 1 of the study.
Both are in wupland areas with substantial afforestation. On the Nant
Blaenpelenna (25) 10 families were found at the upstream site giving a BMWP
score of 58. Only Leuctridae and Chloroperlidae represented those families
scoring 10 and taxa scoring a range of BMWP scores made up the rest of the
fauna. A reduction in diversity at the downstream site t just 4 families
resulted in a significant reduction (69%) in BMWP score. The RIVPACS EQI

values for the upstream samples at both sites were indicative of poor water
quality (being 0.62 for the N. Blaenpelenna (25) and 0.53 for the Gwenffrwd
(26)). The mean pH of both discharges was < 6 but as che pH of the receiving
watercourses was already acidic (<7 in the Gwenffrwd on all 3 sampling
occasions and < 7 on one occasion iIn the N. Blaenpelenna at the upstream site)
the 1impoverished fauna at the upstream sites was probably attributable to

episodes of low pH.

The discharges to the Gwenffrwd (26) had a similar effect on the bioCa. A
total of 10 families at the upstream site were reduced to 5 families downstream
of the discharges. At both sice 25 and 26 the low pH of the receiving
watercourse meant chat the rate of precipitation of iron from solution was
delayed and, 1in conjunction with the high loading of iron in the discharge,

explains why such extensive lengths of river were visually impacted.

The discharges to the Tawe tributary (33) and the R. Clyne tributary (31) are
to headwater streams with narrow channels and small Fflows. The 1impact of
minewater discharges on these streams was high due to the heavy deposition of
ferruginous precipitates. Further downstream the impact remained high and the
area iImpacted was substantial even though channel width was relatively small.

The Tawe tributary (33) saw a loss of 9 taxa below the discharge and a 75 %
reduction in BMWP score. No > 6 scorers were found at the first downstream
site. The R. Clyne tributary (31) supported 17 families upstream of the
discharge but this was reduced to only 4 families at the site immediately
downstream of the discharge. However, recovery occurred at the subsequent

downstream site, 1.2 km below the discharge, where 18 families were present.

The discharge to the R. Hwyd at Pontnewydd (2) also had a high biological
impact. Here the RIVPACS EQI of 0.88 suggests that the invertebrate fauna had
not been degraded significantly at the upstream site. The high biological

impact occurred over a medium area and was demonstrated by a 45 % reduction in



BMWP score between the upstream and immediate downstream sites together with a
loss of 5 families scoring 6 or more. The families lost included the high
scoring Perlodidae, Leuctridae and Caenidae; additionally reductions in

abundance of Gammaridae and Chironomidae were observed at the downstream site.

The discharge to the R. Llwyd (10) at Blaenavon had a high impact with a 98 %
reduction in BMWP score downstream of the discharge. A total of 23 taxa were
lost below the discharge and the diversity of the upstream site was not

realised at subsequent downstream sites.

7.2.2 Discharges having a medium biological impact

A total of 13 discharges were found to cause a medium biological impact and of
these, 8 discharges caused a medium impact over a large area (Table 5). At
some sites upstream biological quality was relatively poor, as indicated by the
RIVPACS EQI, and difficulty was experienced in assessing the true impact of the

ferruginous discharges.

The discharges to the A. Corrwg (17) and A. Corrwg fechan (18) had volumes of
0.0249 cumecs and 0.0051 cumecs respectively (Appendix 9). They are similar in
that they discharge to their respective watercourses on different sides of the
same hill, and at a similar altitude. This suggests that these discharges,

which arise from old mines, may be hydrogeologically linked.

The RIVPACS EQI values for the upstream sites on the A. Corrwg (17) of 0.44 and
the A. Corrwg Fechan (18) of 0.38 were significantly less than-0.7 and suggest
that an impoverished fauna exists at the upstream sites. This, may be a result
of poor upstream water quality, though the limited water quality data do not
indicate there are problems. However, despite the poor upstream quality the
impact of the minewater discharges at both sites was still significant and 52 %
and 69 % vreductions in BMWP scores were vrecorded at sites 17 and 18
respectively. These 1impacts resulted in the downstream sections of these
watercourses having very limited macroinvertebrate faunas. For example on the
A. Corrwg (17) 10 taxa were observed at the upstream site whilst at the first
downstream site only 5 taxa remained. Downstream of the discharge to the A.
Corrwg fechan (18) 2 taxa remained (Baetidae and Polycentropidae).
Polycentropidae was also fTound downstream of the discharge to the A. Corrwg
(17) which suggests this family of caddis is relatively tolerant of ferruginous

pollution.
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The discharge to the R. Cathan (29), a tributary of the R. Loughor, had a
dramatic aesthetic impact on the river down as far as the confluence with the
R. Loughor, below which impact was minimal. The pH of the discharge was found
to be < 6 on each sampling occasion but at the downstream site the receiving
watercourse remained near neutral. Aluminium was not a problem in the
discharge, whilst iron was found on one sampling occasion to be just below the
EQS at 1.9 mg/l (mean of 1.63 mg/l1l). The discharge had a medium biological
impact based upon the reduction in abundance of high scorers; the reduction in

BMWP score was not significant at 12 %.

The discharges to the R. Ebbw (4), R. Sirhowy (&), R. Sirhowy (6) and the R.
Rhymney (7) are <considered as a group because they are believed to be
hydrogeologically linked to the same mining system. The discharge to the R.
Rhymney (7 at Hengoed has been the subject of recent litigation against
British Coal. The most recent discharge to the R. Sirhowy (6) at Blackwood was
first observed in November 1992 and its close proximity to the R. Sirhowy (6)
discharge at Pontllanfraith, which is 2 kilometres downstream, suggests it may

also be hydrogeologically linked to the aforementioned minewaters.

All 4 discharges were shown to have a medium biological 1impact upon the
receiving water but the area biologically impacted was high. These minewater
discharges are large (see appendix 9) particularly those to the R. Rhymney (7),
and the resulting deposition of 1iron over large areas of riverbed cause

substantial aesthetic impacts.

The discharge to the R. Ebbw at Newbridge (4) arises from the old North Celynon
mine at the site where three shafts were sunk, During 1993 reclamation of the
colliery site has caused major changes to the river channel which have affected
the biota. Firstly the river was rechannelised from a culverted to an open
section and secondly capping of the shafts changed the point of entry of
minewater to the river. All minewater now discharges from two adjacent
culverts on the Ileft bank. General water quality in this area is poor and
sewage litter was recorded at the site on each sampling occasion. The RIVPACS
EQl (0.49) for the upstream site indicates the paucity of the upstream fauna
due to the poor water quality. Nevertheless despite the problems with upstream
water quality due to storm sewage discharges the minewater caused a medium
biological 1impact at this site due to the reductions iIn the abundance of
sensitive 1iInvertebrate taxa. pH, aluminium and iron concentrations were all
within the recommended EQS limits indicat ing again that the impact was due to

the deposition of ferruginous precipitates.
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A total of 4 taxa were lost downstream of the discharge to the R. Sirhowy at
Blackwood (6) and at Pontllanfraith (6) 3 taxa were lost, resulting in
reductions in BMWP score of 24 and 27 % respectively. At site 6 the upstream
RIVPACS EQI of 0.61 suggests that an impoverished invertebrate population
existed upstream of the minewater due to poor water quality. Again, evidence
of pollution, in the form of sewage litter, was prevalent at this site. Still,
despite other pollution problems the area impacted biologically was high at
both sites indicating that the minewater discharges cause an additional effect
over a large area. The EQS for iron was exceeded on one sampling occasion at

site 6 when it reached 3.5 mg/1 at the downstream site.

The R. Rhymney (7) at Hengoed also suffers from water quality problems
associated with storm sewage and the RIVPACS EQI of 0.64 indicates the degree
of impact on the upstream fauna. However, the ochre, deposited over up to 3
kilometres of the R. Rhymney, impacted on the biota over a very large area.
Iron fTailed the EQS at the downstream site when it reached 2 mg/l1 on one
occasion. The mayfly family Heptageniidae were lost at the Tfirst downstream
site and were reduced in abundance at subsequent downstream sites. Other
normally less sensitive families such as Hydroptilidae, Gammaridae, Dytiscidae,

EIminthidae and Erpobdellidae were also lost at the first downstream site.

The discharge to the R. Llwyd at Pontypool (3) had a medium biological impact
causing a reduction in the abundance of high scoring taxa. The RIVPACS EQI of
0.82 suggests that the Llwyd upstream was not significantly polluted. However,
the minewater discharge 1is also close to a storm sewer overflow which
discharges frequently just upstream and may be exacerbating the impact of the

minewater on the invertebrate fauna.

At Tfive sites discharges were having a medium biological impact over a medium
sized area (B and B respectively) . These included minewater from old levels
entering the R. Llynfi tributary (15) which impacted on a stream of excellent
biological quality where the upstream BMWP score was higher than the predicted
(EQI >1.0). The discharge caused a 35 % reduction in score between upstream and
immediate downstream sites, which, although not considered significant was an

appreciable reduction in biological quality.

The R. Clydach tributary (11) 1is a similar stream to the R. Llynfi tributary
discussed above. The minewater discharge to this stream had a medium impact on
the 1invertebrate fauna causing a significant reduction in the abundance of high

scoring taxa. The reduction in BMWP score of 38 %, although again not quite
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significant;, was substantial and indicated that the discharge was affecting the
stream invertebrates. The loss of Heptageniidae, Perlodidae, Sericostomatidae,
Phiiopotamidae and Tipulidae together with reductions in the abundance of
Leuctridae, Rhyacophilidae, Baetidae and Oligochaeta illustrate the range of

taxa affected.

The discharge to the N. Blaenpelenna (24) from middle mine has a medium
biological impact upon the Blaenpelenna with a 46 % reduction in BMWP score

downstream of the discharge and a loss of 4 taxa.

The one site surveyed in the North Wales coalfield concerned a discharge to
Broughton Brook, where the minewater was up to 10 times greater in volume than
the flow of the receiving stream. The effects of this were a very high
deposition of iron hydroxide downstream of the discharge and a 67 % reduction
in BMWP score between the upstream and immediate downstream sites. A wide
range of taxa were affected including the loss of Sericostomatidae, Tipulidae,
Simuliidae, Asellidae, Hydrobiidae and Lymnaeidae plus reductions in

Oligochaeta and Chironomidae below the discharge.

7.2.3 Discharges having no biological impact

Discharges to a total of 9 sites were shown to have no biological impact. The
degree of aesthetic impact to the R. Afan (20), the N. Cregan tributary (27),
Nant y Fedw (28) and the N. Melyn (32) suggested that the biological impact

would not be significant and this was confirmed by the biological data.

The discharges to the R. Rhondda (13) and to the A. Corrwg WDA site (21) which
are relatively large watercourses, did not have as significant an aesthetic
impact as for example, the discharge to the R. Rhymney (7). Significant
biological impacts were not demonstrable at either site as shown by only a 3 %
reduction in BMWP scores between the upstream and immediate downstream site on
the A. Corrwg (21). The discharge to the R. Rhondda was at a point where
sewage litter was evident and the RIVPACS EQI of 0.48 suggests that the
upstream TfTauna was affected by poor water quality, probably as a result of
storm sewer overflow discharges. However, rhe reduction in BMWP score of 30 %
between the upstream and downstream site suggests that the minewater was

affecting the invertebrate fauna.

Minewater discharging to a smaLl tributary of the R. Dare (9 had no
demonstrable biological impact on the receiving watercourse, the 21 % reduction
in BMWP score below the discharge and the Loss of 3 taxa not being significant.
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The minewater discharges to the Ffrwd Wyllt (23) at Goytre and at Bryn (22) had
no biological 1impact as shown by the minimal reduction in BMWP scores between

the upstream and downstream sites of 7 % and 2 % respectively.

7.2.4 BIOLOGICAL SENSITIVITY TO MINEWATERS

A more detailed examination of the susceptibility of invertebrates to iron

deposition follows:

Across the region a total of 12 taxa were apparently eliminated from the
immediate downstream sites by iron hydroxide deposition. They included the
mayfly Leptophlebiidae which was lost from only one site, downstream of the
discharge to the R. Clyne (31). Its occurrence at only one site 1is an
indication of its rarity in rivers within the coalfield area. Cased caddis
larvae of the taxa Goeridae, Odontoceridae and Lepidostomatidae, which are all
high scorers in the BMWP index, were absent below a number of discharges. The
blanketing effect of 1iron hydroxide on the substrate may have a threefold
effect on cased caddis larvae. Firstly by physically reducing available
habitat, secondly by reducing the availability of materials for case building
and thirdly by affecting the availability of suitable food. Helodidae and
Dryopidae, which score 5 in the BMWP system, were also absent at 100 % of the
immediate downstream sites. The lower scoring taxa which were impacted 100 %
by minewaters included members of the Gastropoda, Vviz. Lymnaeidae and
Planorbiidae which are likely to be affected by the loss of epilithon (algal
layer on substrate) on which these gastropods graze. Sphaeriidae (bivalve)
which was lost at 100 % of sites, is a Ffilter feeder and precipitation of iron
hydroxide may interfere with this process. In the BMWP scoring system these
taxa receive a low score because they show a degree of tolerance to organic
pollution. Minewater discharges do not organically enrich the receiving
watercourse and the blanketing of substrate by 1iron hydroxide explains why

these taxa were absent below discharges.

Where taxa were present at a reasonable number of upstream sites (ie. >5) they
were considered to be ubiquitous in the rivers surveyed and complete loss
and/or reductions in abundance of these taxa suggests they are particularly
sensitive to ferruginous minewaters. On this basis the following taxa are
deemed to be sensitive to minewater discharges; Perlodidae, Chloroperlidae,
Sericostomatidae , Cordulegasteridae, Philopotamidae, Limnephilidae ,

Hydropti lidae , Dytiscidae, Hydrobiidae and F.rpobde 1l idae (Appendix 10A) . These



taxa score at all levels in the BMWP index (Appendix 10B) suggesting that the
blanketing and binding of substrate by iron hydroxide is highly deleterious to

a wide range of invertebrate taxa.

The above taxa could be used as indicators of the impact of ferruginous

ininewaters either in addition to the BMWP scoring system or as an alternative.

7.3 FISHERIES IMPACT

Quantitative electrofishing surveys were carried out at 19 sites. The aim of
the surveys was to identify impacts, if any, on the Tfishery status of sites

receiving minewater discharges.

The upstream fishery quality of the majority of sites was moderate (C) to poor
(®) . However, at the Tfollowing sites populations were excellent (A) or good
(B) - The Llynfi tributary (15 (A), R. Cathan (29) (B), N. Melyn (32) (B) and
the R. Llwyd at Abersychan (1) (B) (Appendix 11). The Llynfi tributary is a
small stream with good gravels and the large numbers of fry caught result in
the excellent classification. The sites classified as good by the RJSMP
classification support moderate to good populations of fry and parr. For the
three above sites the good classification was due to the numbers of parr as

none of these sites supported large numbers of fry.

The generally moderate to poor Tfishery quality of many of the receiving waters
suggests either that the habitats are unsuitable for salmonid populations or
that upstream water quality may be limiting the success of salmonids. These

points are considered later.

The R. Clydach tributary (11), N. Craig yr aber (16), A. Corrwg (17), A. Corrwg
(21), Ffrwd wyllt (23), A. Morlais (30) and the R. Clyne (31) all had moderate
upstream quality fisheries. These sites, with the exception of site 11 in S.E
area, are all located in S.W area. They are located throughout the coalfield
and represent all river types from small tributaries to main river channels and

from headwaters to site 30 which is near an estuarine confluence.

No TFish were caught on the Gwenffrwd (26), in the Pelenna catchment, either
upstream or downstream of the discharge. The 1low pH observed upstream and
downstream of the minewater discharge 1is believed to be detrimental to

salmonids, contributing to their absence at this site. No fish were caught at



sice (L8) on che R. Corrwg Fechan which 1is also in an upland afforested area.
There 1is also a Long sceep culverced seccion downstream which may inhibic fish
movemenC up Co chis sice, buC chis does ror. readily explain che absence of che

non migratory salmonids.

At 11 sites there was no reduccion in RJSMP class due co che minewacer
discharges. OFf chese 11, 8 sices showed no change in class and 3 sices had
better fish populations downstream of Che discharges Chan upscream. These

included Cwo sices where no fish were caughc eicher upsCream or downscream (no
change) , sices where more Tfish were caughc downscream chan up and sices where
the upstream water quality was poor. In chis last Cype poor upscream quality
may mask the true effects of the minewaters on the Tish populations of the

receiving watercourses (Appendix 11).

Reductions of 2 RJSMP classes were observed below discharges ac Chree sices.
The discharges to the R. Llynfi (15) affected chis nursery scream by impacCing
on the excellent upstream fry population. The reduccion of 2 RJSMP classes
indicated high (A) fisheries impact. A reduccion of che scacus of Che juvenile
salmonid populacion was noCed downscream of che discharge Co Che N. Melyn (32)
where no fry (0+) were caughc. Downscream of che discharge Co Che R. Morlais
(30) no Ffish were caught indicating the severity of the impact of this

discharge on juvenile salmonids.

Reductions of 1 RJIJSMP class, from good (B) Co moderaCe (C) were noCed below the
discharges to the R. Llwyd at Abersychan () and che R. Cachan (29). These
moderate changes in class indicate the degree of impact below these discharges
where the suitability of habitat is reduced by the blankecing of che substrate
by 1iron hydroxide.

The RJSMP class of the N. Craig yr Aber (16), A. Corrwg (17) and Che A. Corrwg
at the WDA site (21) was reduced by 1 from moderate (C) to poor (D) between the
upstream and downstream sites again indicating the deleterious nature of

ferruginous minewacer.

The numbers of Tfish aC any one sice are dependenc upon a range of complex
factors which include water qualicy, che avai lability of food and the
suitability of the habitat. Habscore, a computer model for prediccing che
suicability of a site fTor salmonids, was applied co 17 of che 19 sites
eleccrofished Co assess their suicabillty and co predicc che salmonid

populacions which che habicac should supporC.
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The Habscore model requires the measurement of physical, natural features in
the field. Habscore can be used to produce a Habitat Utilisation Index (HUI)
for fry (O+) and parr (0+) trout. HUI compares observed and expected
densities and is a measure of the extent to which the habitat is utilised by
salmonids: a value of 0 occurs when the observed density 1is equal to the
expected density and negative values indicate underutilisation. HUI®"s were
calculated for all upstream and downstream sites (appendix 12) and all were
negative, at both upstream and downstream sites, which indicated an under

utilisation of habitat by salmonids at all sites surveyed.

The HUI"s correlated well with the RJSMP classifications and indicated that at
many upstream sites, a perturbed Ffishery exists, ie. poor to moderate (appendix
12). They also showed that, at sites where an excellent or good TFfishery
existed, the quality of the fish populations could be even better. Furthermore,
in many cases the reduction in the downstream RJSMP class of the fishery, due
to a minewater discharge, is indicative of additional detrimental impact on the
fishery which, according to the HUI, may already be under utilised by

salmonids.

Habscore can also be used to produce a Habitat Quality Score (HQS%) which, on a
percentage scale, 1is the approximate proportion of Welsh sites which have a
worse habitat than that observed at this site. A value of 50 therefore
represents a median habitat quality for Welsh streams, and a value of 5, for
example, represents a poor quality below which only 5 % of sites in Wales are

worse " (Milner & Wyatt 1991).

The HQS values (Appendix 12) show that some sites had low to median quality
habitats, upstream and downstream of the discharge, including the R. Sirhowy
(6), R. Rhymney (7). The R. Llwyd (1) had low to medium quality downstream for
parr. This indicates that, despite under utilisation of the above sites, the
relatively poor quality of the habitat explains in part the low numbers of fish

caught.

The HQS values for site 30 on the R. Morlais show a severe reduction in habitat
quality downstream of the discharge. The site 1is close to the Morlais /
Loughor confluence and is near the tidal limit. Tine highly silty downstream
site was poor compared with the upstream site, which comprised shallow riffles,
and no TFfish were caught there. The high impact (A) assigned to the discharge,
due to a reduction in 2 classes of RJSMP. suggests the minewater 1is having a

high impact on the fishery. However, the location of the downstream site near

29



che tidal limit and 1its unsuitability for salmonids is likely to be a strong
contributing factor. Also the 1impact of this Jlarge discharge may deter

migratory salmonids entering the watercourse from the estuary.

Sites on the R. Clydach tributary (11), A. Corrwg Fechan (18), N. Gvynfi (19),
Ffrwd wyllt (23), Gwenffrwd (26), N. Cregan tributary (27), and the Nant y Fedw
(28), (which are in the Taff-Clydach the Afan and Pelenna catchments), all had
very- high quality habitats, both upstream and downstream of the discharge (HQS
values >90 %). However the HUl"s, for all these sites indicate reduced trout
densities upstream and, as a result, there was no discernible impact of the
minewaters on already poor fish populations, and they scored a C for fisheries

impact.

The remaining sites, on the R. Llynfi tributary (15), N. Craig yr aber (16), R.
Corrwg (17), R. Corrwg (21), R. Cathan (29) and N. Melyn (32), (which are in
the Ogmore, Cynffig, Afan and Loughor catchments), also had high quality
habitats, but the discharges to these sites caused high to medium fisheries
impacts. Increased HUI values between sites upstream .and downstream of these
discharges supports the evidence of reduced fish populations by suggesting
greater under utilisation of habitat. At sites 15, 16, 17, 29 and 32 the
minewaters were the sole known source of pollution, as the streams were not
affected by other sources such as stornn sewage overflows. However site 21 on
the R. Corrwg 1is affected by storm sewage overflows and the fisheries impact

may not be solely attributable to the minewater.

This study has demonstrated the scale and impact of ferruginous minewater
discharges in Wales. A significant length and area of river bed are affected
by ferruginous discharges. The impacts vary from largely visual to detrimental
to fisheries and / or the aquatic fauna. The degree of impact on che ecology
is largely related to the degree of depostion of iron hydroxide, which in turn
is dependant on the quality of the minewater discharge and the receiving

watercourse.

A list of the most environmentally damaging discharges has been drawn up and
their impacts ranked according to the -ater quality, biological anc Tfisheries
data collected. A number of these discharges will be selected for the next
phase of the study which will scope the remedial options for reducing or

removing the impacts of these discharges.



8. RANKING METHOD FOR STAGE 2 DATA

A ranking method Co provide an overall assessment of che impact of Che 33
minewaCers on che biological and fisheries quality of che receiving wacers has

been developed.

Briefly, Che method 1is based on chree components: (1) a measurable biological
impacc becween che upscream and immediate downscream sice; chis 1is che most
important component; 2) the area of river bed biologically affected; and 3) Che
Chird component 1is based on fisheries impact (See Seccion 6.1.1 and 6.1.2 ).
Sices have been ranked againsc each of che chree componenCs in turn as high
(A), medium (B) or low / no impacC (C) according Co the rules in 6.1.1 and
6.1.2.

9. RESULTS OF STAGE 2 RANKING

The resulcs of the scage 2 ranking (prior co override) are given in Table 4.

Sices were evenly discribuced becween che selected bands of impact, the most
dramacically impacted sites were ranked ac the top of Table 4. However, it was
felt that a number of sites which were ranked as having a significant physical
/ water quality impact in stage 1 of che scudy buc did noc have measurable
biological or fisheries iImpaccs in scage 2 because of poor upstreaa biological
qualicy, were erroneously placed (eg. sice 1 R. Llwyd at Abersychan, see Table
4 . This led Co che developmenc of an adjuscmenc / override to cake into
account those minewater discharges which had an obvious iImpact iIn stage 1 but

not in stage 2 of the survey.

9.1 Some points about the ranked minewaters: Tables 4 and 5

1. Those sites where fisheries surveys were not carried out are denoted by a

dashed line.

2. The table also includes the ranking posicion of the cinewaters as they
appeared at che end of scage 1 and che final column denotes whether they

discharge Co Classified (C) or Unclass ified (U) stretches of river.



TABLE 4. STAGE 2 RANKING RESULTS

RANK  SITE

1- 30 A. Morlais

2 16 N. Craig yr Aber

3 19 N. Gwynfi

4 25 N. Blaenpelenna

5 26 Gwenffrwd

6 10 R. LIwyd Blaenavon

7 33 Tawe Trib.

8 31 R. Clyne

9 2 R. Llwyd Pontnewydd
10 12 Y Ffrwd Clydach crib
11 17 A. Corrwg

12 29 R. Cathan

13 18 A. Corrwg Fechan

14 6 R. Sirhowy Pontlanf
15 7 R. Rhymney Hengoed
16 4 R. Ebbw Newbridge

17 5 R. Sirhowy B"Wood
18 3 R. Llwyd Pontypool
19 15 LIynfi Trib
20 11 R. Clydach Trib.
21 24 N. Blaenpelenna
22 34 Broughton Brook
23 32 Nant Melyn
24 1 R. LIwyd Abersychan
25 21 A. Corrwg W.D.A Site
26 23 Ffrwd Wyllt Goytre
27 27 Trib. of Nant Cregan
28 28 Nant y Fedw
29 9 R . Dare trib.
30 13 R. Rhondda
31 20 R. Afan
32 22 Ffrwd Wyllt Bryn
33 14 Ogwr Fach

STAGE 2

BIOLOGY

OO0 0O 0O O o000 00 W W w w w W w W W W w w » >»>» > > > > > > > >

IMPACT CRITERIA STAGE
AREA 1
BIOL. FISHERIES ORIG.

IMPACTED RANK

O 0O o0 o0 oo o0 o0 0w w w w > » >» > > »F X > @® oo > > > »>» > » >

[

10

O O O m >

19

10

15

O O O W W

11

14

17
19

7
12

8
27
14
18
16
25
20

O O O w w »

No upstream flow so not ranked.

CLAS



10. OVERRIDE FOR STAGE 2 RANKING

The override system mentioned above was developed as follows. The RIVPACS
system can be used to predict optimum BMWP scores for the upstream “control*
sites as if they were unaffected by other sources of pollution. Using the
predicted BMWP score an Environmental Quality Index (EQI) can be calculated
from the observed : expected, (0:E), BMWP score ratio, which gives a measure of
the actual biological quality of the receiving water relative to its potential
quality. Although there is no absolute value of the EQI which is recognised as
indicating a poorer observed biological quality than that predicted by RIVPACS,
an EQI of <0.7 1is generally considered to be significant. Values of EQI
substantially < 0.7 would certainly suggest the observed fauna was being

affected by poor water quality.

The EQI values calculated for each of the 32 discharges have been used to
override the stage 2 ranking using the following rule. Sites which were ranked
in the top 15 in the stage 1 ranking and which had no measurable biological
impact (ie. scored C) in stage 2, but which had an upstream EQl value of < 0.7,
have been reranked on the assumption that there would have been a moderate
biological impact had the upstream quality been better. Such sites have been
given a subjective (B,B) for biological impact and biological area affected.
This rule has been applied and has resulted in one site (), the R. Llwyd at
Abersychan, being reranked upwards in the table to number 20. (See Table 5)
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TABLE 5  STAGE 2 RANKING RESULTS USING OVERRIDE

TABLE OF RANKED MINEWATERS STAGE 2 IMPACT CRITERIA STAGE
AREA 1 u/s
RANK SITE BIOLOGY BIOL. FISHERIES OR1G. CLASS RIVPA
IMPACTED RANK EQI
1 30 A. Morlais A A A 2 C 0. 78
2 16 N. Craig yr Aber A A B 6 C 0.8
3 19 N. Gwynfi A A C 10 C 0.59
4 25 N. Blaenpelenna A A C C 0.62
5 26 Gwenffrwd A A C 3 C 0. 53
6 10 R. LIwyd Blaenavon A A 19 C 1.33
7 33 Tawe Trib. A A 2 U 0.98
8 31 R. Clyne A B C 1 U 0.88
9 2 R. Llwyd Pontnewydd A B 13 C 0.86
10 12 Y Ffrwd Clydach trib A B 4 U 0.99
11 17 A. Corrwg B A B 10 ] 0.44
12 29 R. Cathan B A B 3 U 0.91
13 18 A. Corrwg Fechan B A C 8 u 0.38
14 6 R. Sirhowy Pontlanf B A C 15 c 0.61
15 7 R. Rhymney Hengoed B A C 9 c 0.64
16 4 R. Ebbw Newbridge B A 1 c 0.49
17 5 R. Sirhowy B"Wood B A 4 c 0.77
18 3 R. Llwyd Pontypool B A 14 c 0.82
19 15 LIynfi Trib B B A 5 u 1.06
20 1 R. Llwyd Abersychan IB] [B] 7 c 0.69
21 11 R. Clydach Trib. B B 9 u 0.84
22 24 N. Blaenpelenna B B 0.54
23 34 Broughton Brook B B 17 c 0.31
24 32 Nant Melyn C C A 19 u 0.79
25 21 A. Corrwg W.D.A Site C C B 12 C 0.81
26 23 Ffrwd Wyllt Goytre C C C 8 c 1.15
27 27 Trib. of Nant Cregan C C C 27 u L.33
28 28 Nant y Fedw C C C 14 u 1.22
29 9 R. Dare crib. C C 18 c 1.10
30 13 R. Rhondda C C 16 c 0.48
31 20 R. Afan C C 25 c 0.86
32 22 Ffrwd Wyllt Bryn C C 20 c L.31
33 14 osWr Facn No upstream flow so not ranked

[ 1 ranked according, to override rules based on RIVPACS - EQI.
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11 DISCUSSION

Ninety ferruginous discharges located in the coal measure areas of Wales affect
a total length of 59.4 km of river and 220.3 103 m2 of riverbed. At present 25
% of classified river stretches in South Wales fail to meet their long terra
water quality objectives. A proportion of these stretches are affected by
ferruginous minewater discharges together with other sources of pollution such
as storm sewage. Ferruginous discharges are therefore an important factor in
the NRA®"s urbanised river recovery programme and as other sources of pollution

are removed, will become the limiting factor.

The majority of minewater discharges were not highly acidic and did not
significantly affect the pH of the receiving watercourse. However, problems of
low pH were noted at some upstream sites and acidic discharges to these streams
did exacerbate the pH problems downstream. The potential toxic effects of
dissolved aluminium in the discharges were generally not realised as the pH of
most receiving watercourses was in the range of 6-8, at which aluminium is not
toxic. Suspended solids concentrations downstream of the discharges were not at

levels harmful to the biota.

The single most important chemical component of the discharges impacting on the
fauna was 1iron, as deposition of Tferric hydroxide onto the substrate has a
highly deleterious impact. The Environmental Quality Standard (EQS) of 2 mg/1
total 1iron was exceeded on at least one sampling occasion for 11 of the 33
sites selected for impact assessment in stage 2. Downstream of the discharge
to the R. Morlais (30) the maximum concentration of iron was 26.42.mg/1, far in
excess of the EQS. Failure of the EQS for 1iron has implications for the NRA"s
ability to meet long term statutory water quality objectives and hinders the

long term improvement of water quality of a number of rivers in South Wales.

The deposition of iron hydroxide on the substratum smothers epilithic algae
(ie. algae which grows on the substrate), reduces plant growth, infiltrates the
substrate interstices and results iIn a general reduction in the quality and
availability of the benthic habitat. The combination of these factors can
result in a reduction in abundance and diversity of invertebrates and inhibit

salmonid reproduction downstream of a minewater discharge.

As expected invertebrate taxa were most significantly reduced or absent in the
areas of highest deposition of iron (near to the point of discharge) and
further downstream the diversity and abundance increased again as the visual
impact of the 1iron deposits decreased. This holds true for the majority of
sites and the picture was general Ly not: complicated by other associated
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problems of low pH, aluminium or suspended solids in che Welsh coalfield
discharges. Biological impacts were  therefore mainly che result of
precipitation of iron hydroxides onto the substrate causing loss of habitat and

epilithic algae, an important food source for many invertebrates.

Biological impacts were demonstrated iIn receiving watercourses ranging in size
from small unclassified streams to main classified rivers throughout the
coalfield. The demonstration of a significant impact on some upland streams, in
which there was already evidence of reduced tnacroinvertebrate faunas, due to
poor upstream water quality ((low pH), 1illustrated clearly the deleterious
effects of the deposition of iron salts downstream of ferruginous .minewater

discharges.

Similar impacts were demonstrated on rivers, particularly iIn the south east
areas of the coal field where intermittent discharges from combined storm sewer
overflows resulted in an already reduced and pollution tolernt fauna comprising
families less sensitive to the effects of organic pollution. Significant impact
on the relatively pollution tolerant families was demonstrated at a number of
these sites and over large areas of river bed. The water quality data suggested
that the iron content of the discharges resulting in the subsequent deposition
of 1iron hydroxide onto the riverbed was the single most important criterion

impacting the fauna.

The BMWP score system was originally designed primarily to demonstrate the
effects of organic pollution. Similarities between the effects, of minewaters
and organic pollution do exist; for example, deposition of organic matter onto
the substrate can cause a loss of habitat as does iron hydroxide precipitation.
However, in many other respects the effects are quite different; for example
iron salts are inert whilst organic deposits can exert an additional oxygen
demand and deoxygenate the sediments. Although some of the highest BMWP
scoring taxa were sensitive to iron deposition the ferruginous deposits also
had an impact on a wider range of invertebrates than organic pollution and
families at all levels of the BMWP index were affected (see Appendix 10A and
10B) . This suggests that the blanketing effect of iron (ochre) deposition was
indiscriminate and highly deleterious to the quality of substrate and it

affected invertebrates from a wide range of taxa.
The blanketing effect of 1iron hydroxide precipitation is also believed to be
detrimental to the success of salmonids by affecting the spawning, the survival

of fry, and consequently the size of juvenile populations.
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Ideally an upstream “control®™ site should support a good population of
salmonids so that any impact of a minewater would be readily detected at the
downstream site. In S_.LE area the R. Sirhowy () and the R. Rhyinney (7) had
poor upstream populations of salmonids and the question of poor water quality
has already been discussed. Intermittent discharges of storm sewage overflows
cause pollution of a number of these rivers resulting in a reduction in water
quality and damage to salmonid Tfisheries. This general deterioration in water

quality has iIn part, masked the impact of some minewaters on fisheries.

The 1impact of minewaters upon salmonid fisheries was not demonstrable where
water quality problems existed above the discharge and where there was a
generally under utilised habitat as indicated by Habscore. The EQS of 2 mg/1
iron was exceeded on at least one sampling occasion at 11 sites downstream of
the discharge (Appendix 5-7). Impact on the Tfisheries at three of these sites
6, 7 and 19) was not demonstrable but on the N. Melyn (32) a reduction of two
RIJSMP classes was observed downstream of the discharge. At two sites (16 and
30) where the EQS for iron was exceeded fisheries iImpacts were demonstrated but
no fish were caught either upstream or downstream of the discharge to the
Gwenffrwd (26) due to acidification of the upper catchment. Iron deposition

downstream of this minewater also probably contributed to the fishery impact.

In conclusion therefore the impact of minewater discharges on fish populations,
was only fully demonstrated at sites where upstream water quality, habitat and
therefore backgound Tfish populations were good (eg- R. Llynfi (15)) but at
sites where the upstream water quality and, in some cases, the fish habitat was
moderate or poor, the deleterious effects of minewaters on the fishery were not

demonstrable.

Improvements in the class of fishery, were observed below a small number of
discharges. The mobility of fish and the variation in habitat suitability at
some sites may account for such findings. These data highlight the fact that

fish are highly mobile and will actively seek good habitat, water quality and

an abundant food supply.
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12.

1.

CONCLUSIONS

The deposition of 1iron hydroxide from ninety ferruginous minewater
discharges affects a total length of 59.4 km of river and an area of 220.3 X
103 m2 of riverbed iIn the coalmeasure areas of Wales. Of the thirty three
most deleterious discharges selected for full assessment, the impacts
demonstrated ranged from mainly aesthetic effects to significant effects on
water quality, biology and fisheries status downstream of minewater

discharges.

The minewater discharges were found to be generally mildly acidic to near
neutral . Neutralisation of minewaters, by limestone associated with the
coal measures, prior to discharge to surface waters, may explain this
phenomenon. The minewaters in the south west area were generally more acidic
than those iIn south east area and some of the more acidic ones discharged to
acidified watercourses which were already supporting stressed or reduced

biota and fish populations.

The concentrations of dissolved aluminium 1in the discharges were not
generally high enough to cause failure of the EQS of 1 mg/1 aluminium at pH

6-8 iIn the receiving watercourses.

Suspended solids, due to precipitation of iron hydroxide downstream of
discharges, were not at concentrations which would significantly affect fish

or the biota.

The deposition of iron hydroxides onto the substrate caused blanketing and
binding of substrate, loss of habitat and reduction in the epilithon, all of
which are essential for a diverse and abundant invertebrate fauna. In 10
cases considerable losses and reductions in abundance of taxa were
demonstrated below discharges to both pristine quality waters and
watercourses where the water quality was relatively poor and the
invertebrate fauna already perturbed. The fact that significant iImpacts were
demonstrated downstream of discharges to watercourses of relatively poor
water quality emphasises the seriousness of the effects of iron hydroxide

precipitation.
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On the other hand, the impact of minewater discharges on fisheries was not
readily demonstrated where" the receiving watercourse -wes® already of -poor
quality, for example iIn some of the south east area rivers. In such cases
the impact of the discharges was partly masked by the poor receiving water
quality, caused, for example, by iIntermittent discharges from combined sewer
overflows. In some of the upland streams acidification was responsible for
poor status of the fish populations. Only where upstream water quality and
habitat were good, was the true iImpact of minewater discharges on fisheries

demonstrable (eg. the R. Llynfi tributary (15)).

It is important to emphasise that this survey represents a snapshot of the
position 1in 1993, and there was some evidence that the situation was
changing even during the survey period. The scale of British Coal"s deep
mining operations in Wales has now almost stabilised with only one British
Coal colliery remaining in South Wales. However a large number of small
private mines extract coal and may be the source of future minewater
discharges. In addition, further minewater discharges from recently
abandoned mines may emerge iIn an unpredictable way. These discharges will

continue to pollute, unless preventative or remedial action can be carried
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Appendix 1

Catchment Maps:

LIwyd

Ebbw/S irhowy/Rhymney
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Ogmore/Cynffig
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Minewater Discharges Ogmore and Cynffig Catchments






. . Ystradfelite
Minewater Discharges Reservoir

Neath and Afan Catchments

Penderyn
Reservoir






Minewater Discharges






Gwendraeth
Catchment
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Loughor Catchment
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Minewater Discharges
Lower Dee and Alyn
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KEY

Minewater Discharges

Discharges with Stage two assessment
site no.

T

Biological Impact

v 1
Aiam Affoctad

naileries Impact
] High Impact
J Moderate Impact
| Low Impact
[ 0 |Zero Osh caught

Not electro-fished

E

: Other discharges



Alford
Brook

Emral
Brook

Isycoedl
Brook






e Minewater Discharges
Dee Estuary

Afon Y
Garth

KEY

Minewater Discharges

Discharges with Stage two assessment
Broughton

site no. Brook

Biological Impact

*

Area Affected
Fisheries Impact
, | High. Impact
[} Moderate Impact
i ] Low Impact
j 0 |Zero fish caught

NF Not electro-fished






Appandlx 2. T«bk ahowtng Phyalcochamlcal data (or Farruglnoua Input*

to Walah Rlvara In tha South Esat Ar*»

1 ..

| NAMECTi

| RECEIVING WATER
1

| LLWYD
1
| UNNAMED TRIB

| LLWYD
1

I
| LLWYD

1
| ABEASYCHAN

| LLWYD
1
1

| SIRHOWY
1
1

| SIRHOWY

1
| ADIT
1

| EBBW

1
1

| EBBW
| nantcyffih

| RHYMNEY
1
|

| RHYMNEY

1

| RUDRY BROOK

| RHYMNEY

| UNNAMED TR19

| AT BEDWAS COLLIERY

RHYMNEY
AT FLEUR-DE-LIS

e )

| RHYMNEY
| UNNAMED TRIB AT
| MACHEN

| TAFF

1
| UNNAMEO TRIB
|

| LAB.
| REF.

| E 234126
| T 233775
| E 233777

| E 245759
| T 245760
1 £245761

| E 245750
| T 245757
| E 245758

| E 250200
7250290
E 250291

E 246316
T 234133
E 246320

E 250265
T 250206
E 250267

E 246763
T 234130
E 246764

7250266

E 246765
T 246766
E 246767

E 240324
T 246325
E 246326

T 250264

E 250767
T 250766
T 250760
E 250770

T 256650

E 246321
T 246322
6 246323

LOCA710N

u/s
DISC
0/s

D/s
DISC
D/s

u/s
DISC
D/3

u/s
DISC
D/s

u/s
DIsC
D/s

u/s
DISC
D/s

uss
DIsC
D/s

DISC

u/ss
DISC
D/s

u/s
DISC
D/s

DISC

uss
DISCI
DISC 2
D/s

DISC

u/s
DISC

NATIONAL
GRID
REFERENCE

SO 2341 0062
SO 24430697
SO 2464 0669

SO 26580 00620
SO 20600 00560
80 2066000570

SO 2707003200
SO 27050 03150
SO 27025 03100

SO 2763001620
$0 27630 01610
8027060 01730

80 16010 95650
SO 1601095570
SO 16010 95550

ST 17600 97370
ST 1759007360
ST 17560 97420

ST 2120597620
ST 21210 97550
ST 2123597420

SO 22280 01340
ST 1561096000
ST 15600 96030
ST 15610 97950
ST 19390 67255

ST 19360 67225
ST 19340 67300

ST 16025 69400

ST 15510 96350

ST 15490 96320

ST 15470 96200

ST 21390 66735

SO 06640 02330
SO 06660 02325
SO 06665 02290

DATE

16-NOV-92
11-Nov-92
11-Nov-92

02-F#6-93

02-Fob-03

01-Mef-93

06-Fab-M
10-NOV-C2
06-faw3

01-Mar-93

10"eb-93
16-NOV-92
10-Fob-93
02-Mar-03

10-Feb-93

06-F«b-93

02-Mar-93

04-Ma/-03

15-Apr-03

06-F#6-03

| TIME

11:40

11:30

15:00

15:.00

13:00

12:00

12:00

14:00

12:00

12:00

11:.00

10:30

10:00

14:00

| WEATHER

| DRY

| DRY

| DRY

| DRY

| DRY

1DRY

| DRY

| WET

| WET

| DRY

| DRY

| DRY

| DRY

| ORY

FLOW

HIGH

MEO

HIGH

LOW

Low

Low

LOW

MED

MED

MED

Low

Low

MED

MED



DISCHARGE
RATIO

10M

100:1

100:1

1000:1

100:1

100:1

1000:1

101

10:1/100:1

1000:1

1000:1

WIDTH
m
2
5
RIVER m
4
STREAM-
25
5
RIVER-
12
ADIT-
1
RIVER*
7
45
05-2
8
2:3
TRIO -
0.0S
12
1
RIVER -
10
TRIB-
25

COLOUR

HIGH

MED

HIGH

HIGH

HIGH

HIGH

HIGH

MEO/LOW

HIGH

HIGH

LOwW

HIGH

HIGH

HIGH

| OEPOSIT

| HIGH

| MED

} HIGH

| HIGH

| HIGH/MEO

| HIGH

| HIGH/
| MEO

J MEO/LOW

| MEO

| MED

| LoW

| HIGH

| HIGH

| HIGH

RIVER
AFFECTEO
Km

5m

RIVER*
2-5m
TRIB-
1 Km

0.25

0.7

15

0.75

0.4

18

21

0.28

0.7

0.5

AREA
AFFECTEO
m2
500
3500
6000
3750
4400
RIVER -
12000
t0S00
250
5
1750
34000
500
RIVER =
5
TRIB -

250

BED
affecteo
%

[

|
|
j TRB-
[ 100%

100

100

100

100

100

100

too



AppondU 2. T»bk *howing Phy>teoch«mlc«l d«U for Ferruginous Input*

to W»I*h RIvV*r» In th« South Eait

NAME OF

receiving water

LLWYD

UNNAMED TRIB

LLWYD

LLWYD

ABER SYCHAN

LLWYD

SIRHOWY

SIRHOWY

ADIT

EBBW

EBBW
NANT CYFFIH

RHYMNEY

RHYMNEY

RUDRY BROOK
RHYMNEY

UNNAMEO TRIB

AT BEDWA3 COLLIERY

RHYMNEY
AT FLEUR-DE-LIS

RHYMNEY
UNNAMED TRIB AT
MACHEN

TAFF

UNNAMED TRIB

—~—

DOMINANT
SUBSTRATE

STONES/PEBBLES

BEDROCK/LAfIGE COBBLES/

OOD BOULDERS

ROCKS/STONES/
BEDROCK

ROCKS/BOULDERS/
BEDROCK

COBBLES/ROCKS

ROCKS/GRAVEU
BEDROCK

ROCKS/BOULDERS/
GRAVEL

FLAT ROCKS/PEBBLES

STONES/COBBLES/
GRAVEL

ARTIFICIAL CHANNEL

ROCKS/BOULDERS/

BEDROCK

SAND/GRAVEL

STONES/COBBLES

TEMP.

d»g. C

81
0.9

0.2

0.3

0.0
103
7.7

03
11.7
0.0

0,0
104

3.7
103
S3

83
11.0
0.2

0.0

7.0
8.4
7.8

31

4.2
10.0
10.0

e.o

9.2

9.0
10.2
03

pH

7.10
730
7.20

0.10
7.90
0.00

0.00
0.10
0.10

0.30
0.10

7.70
7.00
7,50

0.00
830
7.50

™
8.90
7.00

7.40

730
7.50
7.60

0.20
0.10
7.00

8.10

7.00
7.00
7.20
7.40

7.00

0.00
7.70
0.00

FIELD
pH

6.40
7.14
7.93

8.33
7.08
0.21

0.49
0.10
9.34

0.45
0.07
8.41

811
8.70
7.55

751
8.29
8.06

0.48
0.59
0.19

0.05
0.18

7.60
7.07

7.99

8.20
7.01

8.40

031

0.75
0.93
7.58

.85

8.10

0.07

DO

i/l

10.50
1130
12.20

11.30

11.40
11.10

12.00
11.20
11.40
11.80
11.80
11.80
11.80

3.80
11.00
13.10

12.60

13.40
14,30

0.60
13.10

12.00
13.20

12.60

10.80
8.90

13.00
0.40
0.20

14.00

0.20

12.00
11.10
12.40

DO

%

04.5
983
100.0

90.0
903
94.6

90.0
100.0
95.7

9%.1
109.0
95.2

100.0
34.0
93.0

99.3
75.4
99.0

1140
16.7
122.0

59.2
108.0
102.0
111.0
109.0

123
01.9

88.4

17

1093
99.0
108.0



COND.

us

105
379

411

450

375
840
520

500
595
525

1330
754

410
1321
720

479
1015
470

539
400
585
514
402

312
433

494

517
1504
997
770

324

394

381

DISS.
IRON
mfl/l

0.198
0.941
0.288

0.035
0.389
0.084

0.021
0.080
0.220

0.071
0.033
0.890

0.220
5.880
1.500

0.180
5.000
1.400

0.139
15.440
0.137

3.400

0.052
0.458
0.190

0.120
12.900
2.500

64.000

0.150
0.300
0.500
2.000

4.100

0.040
0.300
0.110

TOTAL
IRON

nmy/1

0.355
0.941
0.441

0.532
0.573
0.397

0.102
2.398
0.039

0.330
0.180
0.930

0.400
8.140

0.210
5.100

0.313
20.250
0.420

3.400

0.275
1.408
0.092

0.200
13.100
2.500

07.000

0.300
S.300
0.700
2.000

4.400

0.004
0.080
0.240

DISS.
Al.

0111
0.039
0.008

0.023
0.008
0.018

0.020
0.007
0.013

0.010

0.008

0.290

0.019
0.004
0.004
0.013

0.000

0.100
0.000
0.079

TOTAL
Al
mgrt

0.190
0.030
0.142

0.020
0.013
0.019

1.210

0.041
0.000
0.004
0.035

0.000

0.150
0.120
0.140

DIss.
SULPHATE

40.00
'110.20
43.40
00.90
77.70
03.10

04.20
230.50
108.20
140.40
120.10
140.00

125.00
013.80
258.00

72.80
790.00
203.40

114.40
791.40
110.00

107.00

92.10
220.90
154.50

21.00
83.70
41.10

1.332.00

139.00
008.00
358.80
204.80

00.40

55.00
70.00
$9.00

TOTAL
SULPHATE

mg/l

47.0
110.2
43.9

00.9
s
08.3

125.0
010.7
258.0

728
790.0
209.0

110.2
795.4
100.1

188.9

921
2209
1558

21.0
80.1
447

1.347.0

1415
800.0
353.5
204.0

00.4

55.0
70.0
59.0

ALKA

LINITY

CaCoO

24.10
07.82
33.92

100.93
121.30
105.75

99.19
290.24
90.40

109.32

97.24
S0.32
05.77

219.20
20.81
107.49

23.84

115.70
210.74
227.90
141.90

07.74

137.54
104.00
120.44

Sus.
SOLIDS

B ot

w A w

SRZES

113

o b bW

33



Apperxdb( 2. Tabla ahowlng Ptiyalcochamfcal data for Ferrvglnoua Input*
to Wolah Rlvars In tha South Ea*t Araa

i name of;; LAB. LOCATION NATIONAL 1 DATE TIME | WEATHER j FLOW
| RECEIVING WATER REF. GRID |

1 REFERENCE |

| TAFF E 247252 U/S ST 0535095360 | 11-Fob-03 11:30 | DRY | MED
J UNNAMED TRI8 T 247259  DISC ST 0537596320 j

| CLYDACH, PWJ. HELYH  E 247254  D/S ST 0536005270 |

| TAFF

| UNNAMED TRIB E 250777 U/S ST 0535005360 | 04-MV-93  15:30 | DRY | Low
| CLYDACH. PWU HELYH T 250778  DISC ST 0534095710 j

| DISC 2 E 250770  D/S ST 05360 05270 (

| TAFF E 247249  U/S ST 0840592500 | II-Fob-03 10:15 | DRY | Low
| UNNAMED TRIB OF LLYJ T 247250 DISC ST 0032502600 |

| NANT AT TAJ HEOL E 247251 D/S ST 0840502870 j

| TAFE

| Y-FFRWD E 247254  U/S ST 0358004340 | 11-Fob-93 12:30 | DRY | Low
| TRIB NANT CLYDACH T 247258  DISC ST 03565 04330 j

| PWIL HELYH E 247257 D/S ST 03600 04400 j

| TAFF E 247258  U/S ST 0449593570 ( H-Fato-03 14:50 | DRY | Low
j LLYSNANT T 247250  DISC ST 04550 03580 |

| AT TWYN-Y-GLOO E 247280 D/S ST 04500 03550

| TAFF E 249921  U/S SN 07000 02020 | 01-Mar-93  10:30 | DRY | MED
1 E 240022 DISC SN 9800002010 |

| TRIBOFCYNON E 249023  D/S SN 0005502010 j

| ® DARE VALLEY PARK

| TAFF/CYNON E 249024  U/S SN 07280 02550 | 01-Mar-03 11:15 | DRY | LOW
| UNNAMED TRIB OF T 240025 DISC SN 9719002060 |

j CYNON AT CWMDARE E 249928 D/S SN 97390 02000 |

| TAFF/RHONDDA E 249028 U/S SS 99100 07600 | 15:00 | DRY | LOW
| RHONDDAFACH T 249029 DISC SS 0015007870 |

j ©OFERNDALE E 249090 D/S SS 00220 97000 j

| TAFF/RHONDOA

| RHONDOA E 250771 u/s ST 0572090470 | 04-Maf-M 13:30 | DRY | LOW
| AT HOPJONSTOWN T 250772  DISC ST 0575000730 |

| DISCI E 250773 D/S ST 05700 90000 j

| TAFF/RHONDOA

| RHONDOA E 250774  U/S ST 0502005640 | 04-M«r-03 13:30 | DRY | LOW
I AT HOPNNSTOWN T2S0775 DISC ST 05040 00500 |

| CHsC2 E 250778 D/S ST 0505090560 j

[ TAFF/RHONODA

j UNNAMED TRIB T 251083 DISC 8590S60 03885 | 05-Mar-03 11:00 | DRY | MED
| AT BWLLFA FARM

| TAFF/CYNON

| TRIBOFCYNON T 240027 DISC ST 0418000710 | 01-Mar-03 13:00 | DRY | LOW
| © ABERDARE SCHOOL

| UNNAMED TRIB OF T 251082  DISC ST 0727068225 | 05-Mar-93 10:00 | DRY | LOW
| TAFF AT UNIVERSITY

| OF GLAMORGAN

| TAFF E 258051 u/s ST 1048008020 | IS-Apr-03 12:00 | DRY | MEO
1 T2SM52 DISC ST 1047006850 j

| NANTCAEACH E 250859 D/S ST 10*40 00030 |



| DISCHARGE WIOTH

| RATIO
m
| SoM 4
| 100:1 1
| 101 2
t 10:1 23
| 101 2
| 100:1 RIVER -
3
DISCH -
50 cm*
| 101 TRIB-
2
| 100:1 7
| 1000:1 10
| 1000:1 10
2
1
| 1000:1 TRIB-
| 2-4m
| 101 1 2
1
| 101 3
t
1
- L J

COLOUR DEPOSIT RIVER
AFFECTED
Km
| MED HIGH
| LOW Low
| HIGH HIGH
HIGH HIGH
| HIGH HIGH
MED RIVER-
| Low
HIGH HIGH
|
| LOW Low 7m
| HIGH LOW
| MED MED
1Low Low
TRtS -
HIGH MED
| HIGH PATCHY
HIGH/10W
1 HIGH HIGH
e
- L ]

0.01

0.35

0.4

0.02

03

0.25

0.28

01

0.6

0.28

AREA
AFFECTEO
m2

4400

10

700

6000

600

RIVER-
60

600

245

2500

2500

200

2000

>200

750

BED
AFFECTED
%

100

100

100

100

100

100

100

100

100

100

100

100



Append Li 2.

Table showing Physicochemical data lor ferruginous Input*

to Wolah Rivera bi the South Cast Aroa

I NAME OF
| RECEIVING WATER

J TAFF
| UNNAMED TRIB
| CLYDACH. PWLL HELYH

| TAFF
| UNNAMED TRIB

| CLYDACH, PWLL HELYH
| DISC 2

| TAFF
| UNNAMED TRIB OF LLY5
| NANTATTAIHEOL

| TAFF

| Y-FFRWD

| TRIB NANT aYDACH
| PWLL HELYH

| TAFF
) LLYSNANT
| AT TWYN-Y-GLOG

| TAFF

| TRIB OF CYNON
| @ DARE VALLEY PARK

| TAFF/CYNON
J UNNAMED TRIB OF
| CYNON AT CWMDARE

| TAFF/RHONDOA
| RHONDDAFACH
| ® FERNDALE

| TAFF/RHONDOA

| RHONDDA

| AT HOPMNSTOWN
I DISC 1

| TAFF/RHONDOA
| RHONDDA

| AT HOPWNSTOWN
| DISC 2

| TAFF/RHONDDA
| UNNAMED TRIB
| AT BWLLFA FARM

| TAFF/CYNON

| TRIB OF CYNON

| @ ABERDARE SCHOOL
| UNNAMEO TRIB OF

| TAFF AT UNIVERSITY

| OF GLAMORGAN

| TAFF

| NANTCAEACH

1

DOMINANT TEMP. j
SUBSTRATE 1
dog. C |

1

ROCKS/80ULOERS 52 |
100 |

02 ]

- 1
GRAVEL/STONES 3.0 |
40 |

37 |

ROCKS/GRAVEL 53 |
101 |

80 |

1

ROCKS/GRAVEL 4.7 )
75 |

05 |

GRAVEL 53 |
70 |

04 |

GRAVEL/STONES/ 6.3 (
SILT 104 |
6.9 |

{

ROCKS/GRAVEL 43 |
109 |

4.7 |

BOULDERS/ROCKS 24 |
021

36 |

1

BOULDERS/BEDROCK 54 |
100 |

5D |

|

BOULDERS/BEDROCK S1 |
OX) i

SS |

1

ROCKS/COBBLES 0.0 |
1

FLAT ROCKS/COBBLES 30 |
1

1

STONES/ROCKS/ 11.0 |
GRAVEL ]
|

ROCKS/GRAVEL 7a |
iti |

0.0 (

pH

7.00
0.20
7.00

7.70
0.10
7.80

7.90
7.10
7.00

0.50
7.30
7.20

7,20
0.00
7.30

7.70

7.00
7.50

7,80
0.60
7.90
7.70
7.70
0.10

™
0.00

0.10
5.00
7.00

7.20

7.70

7.00

7.70
7.10
741

FIELO
pH

7.01
0.14
714

0.05
0.57
0.45

7.07
7.25
7.60

7.70
7.70
7.80

7.70
0.70
7.54

7.49*
0.00
7.45

8.01
0.44
7.00

0.35
7.92
7.99

6.70
6.85
8.05

S.17
7.01
7.40

7.05

0.07

7.55

7.50
6.54
7.09

00

mo/l

13.10
0.80
13.00

13.50
12.30
13.00

12.90
9.90
13.40

14.60
12.40
13.50

13.90
0.00
13.60

11,10
0.60
11.20

12.00
3.00
13.30

14.00
12.90
13.20

15.70
13.00
14.00

13.00
11.10
14.10

12.70

14.20

9.50

11.30
0.10
10.40

DO

%

103.0
78.1
105.0

102.0

940 1

90.5

102.0
00.1
118.0

114.0
104.0
110.0

110.0
72.6
111.0

94.0

07.0
99.0

90.5
35.4
103.0
109.0

104.0
100.0

124.0
123.0
110.0

100.0
93.9
112.0

109.0

100.0

00.3

9S.3

69.3

—_ e —



1 D1SS.
| IRON
| my/l

0.059
1.120
0.265

0.095
0.003
0.093

0.003
2.100
1.030

0.113
0.066
0.054

0.045
5.300
0.205

0003
0.091
0.200

0.100
0.387
0.330

0.03a
0.510
0.109

0.200
1.000
0.470

0330
27.800
0,570

0.040

0.344

19.590

0.397
7.100
1.390

TOTAL

IRON
my/l

0.141
1190
0.301

0.100
4.000
0.003

0.010
2.990
2130

0.141
2.0A0
1.000

0.092
5.300
0.600

0.004

0.051
0.254

0.230
0.400
0.037

0.079
0.047
0.314

0.710
2.300
1.700

1.000
29.200
2.300

0.0s0

1.070

24.240

0.030
7.430
1.580

DISS.

0.037
0.410
0.109

0.020
0.004
0.021

0.004
0.000
0.011

0.130
0.031
0.049

0.135
0.000
0.070

0.004
0.004
0.004

0.004
0.004
0.004

0.000
0.01B
0.0s0

0.019
0.004
0.023

0.025
0.052
0.027

0.004

0.025

0.041

0.013
0.004
0.017

TOTAL

m~l

0.060
0.603
0.202

0.026
0.070
0.021

0.000
0.050
0.022

0.153
0.0sa
0.009

0.106
0.006
0.190

0.004
0.004
0.004

0.004
0.039
0.005

0.156

0.071
0.123

0.100
1.000
0.130

0.004

0.159

0.054

0.070
0.004
0.060

mSSA
SULPHATE

mg/1

40.20
' 102.30
02.40

36.10
1,001.00
43.00

54.70
105.30
105.70

20.10
190.30
40.10

33.10
20.00
29.00

50.70
247.40
57.00

S4.90
210.40
59.70

90.30

101.00

270

41.00
163.40
60.30

TOTAL
SULPHATE

mg/I

49.2
103.0
024

30.1
1.001.0
43.0

554
105.7
100.4

14.0
26.0
238

20.2
190.8
40.1

331
200
29.0

511
27S.0
57.0

54.9
2104
S0.7

09.3

195.6

26

41.0
163.4
60.7

ALKALINITY

mgfl CoCO

56.20
17.99
40.70

70.29
241.37
- 00.97

126.49
81.46
63.49

3.92
32.69
26.27

20.80
26.22

222.14
267.17
232.67

60.95
99.69
60.27

60.40
3157
77.97

95.62
237.07
03.05

90.10
4.35
00.47

00.07

1,044.36

75.05
163.65
64.00

[

—_———

_——

u—

-



Appendix 3. Table ehowlng Physicochemical data lor Ferruglnou* Input*
to Walsh Rivera In tha South West Area

NAME;OP ... *
RECEivitfG WATER

OGMORE
GARW FEQHAN
OGMORE FACH
OGMORE:

UNNAMED TRIB
OF ILYNFI' =

AFAN/PELENNA
AFON

CORRWG FECHAN
AFAN/PELENNA
AFON CORRWG
AFAN/PELENNA
AFON CORRWG

AFAN/PELENNA

TRIB OF
GWENFFRWD

AFAN/PELENNA

NANT BIAEN PELENNA

DISCI

AFAN/PELENNA

NANT BLAEN PELENNA

DISC 2
AFAN/PELENNA
FFRWD WYLLT
AT GOYTHE
AFAN/PELENNA
FFRWD WYLLT
AT BRYN
AFAN/PELENNA
NANT GWYNFI
AFAN/PELENNA
AAFAN

AT GELU FARM
AFAN/PELENNA
NANT-Y-FEDW
AFAN/PELENNA

AAFAN
AT CYMER

| LAB.
| REF.

| E 245143
| T 245144
| E 245145

| T 245142
| T 251004

| E 245140
T 245147
E 245140

E 240110
T 24B111

E 240112

E 240113
T 240114

E 240115

E 240110
T 240117
E 240110

E 240110
T 240120
T 240121
E 240122

E 240123
| T 240124
E 240125

[

E 251881
| T 251502
E 251003

| E 240024
T 24002S
E 240020

E2S1094
T 251005
E 251000

E 251005
T 251000
E 251007

E251000
T 251000
E 251000

E251002
T 251003
E 251004

E 251065
7251000
1 E 251007

LOCATION

u/s
DISC
D/s

DISCI
DISC 2

u/s
DISC
D/s

u/s
DISC

0/s

u/s
DISC
D/s

uss
DISC
D/s

u/s
DISCI
DISC 2
o/s

u/s
DIsC
D/s

u/s
DISC
D/s

u/s
olsc
D/s

u/s
DisC
0/s

u/s
DISC
D/s

u/s
DISC
D/S

u/s
DISC
D/s

u/s
DISC
D/s

NATIONAL
GRID
REFERENCE

SS 90160 00145
SS 90165 00110
SS 90190 00070

SS 07760 90515
SS 00190 00470

SS 00300 07070
SS 09300 07020
SS 69340 67560

SN 0915000040
SN 8013500780
SN 00115 00720

SN 00060 0072S
SN 00925 00090
SN 00070 00610

SS 00305 97000
SS 00290 07600
SS 00305 07570

SS 79920 07325
SS 79000 07300
SS 00000 90015
SS 79940 07190

SS 01505 97275
SS 01015 97230
SS 01620 07125

SS 01590 97550
SS 01540 07515
$58150S 97500

SS 7672009775
SS 70720 00750
SS 70090 09740

SS 01090 92210
SS 01715 02135
SS 61005 02100

SS 69215 07305
SS 00230 07300
SS 6910097290

SS 67100 06340
SS 07200 90300
SS 07190 90270

SS 07770 95000
SS 07040 05700
SS 07000 05020

SS 00300 90135
SS 00300 90100
SS 00300 00105

DATE

Ol-Fab-03

01-Feb-03

02-F«b-03

17-Fet>-C3

17-Fab-93

17-Fab-©3

17-Fab-83

17-fab-03

00*Mar-03

23-Fob-93

Oe-Mar-03

05-Mar-93

05-Mar-03

06-Mar-03

Oft-Mar-03

TIME

12:30

10:55

13:30

10.30

12:00

13:15

15:15

14:45

12:30

14:00

13:15

13:00

14:00

10:30

11:00

WEATHER

ORY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

ORY

DRY

ORY

DRY

FLOW

LOW

HIGH

MED

LOW

Low

Low

Low

LOW

Low

Low

LOwW

LOow

LOW

LOW

Low



| DISCHARGE
| RATIO

| 101

| 101

| 100:1

| 101

| 101

| 501

| 101

111

| 101

| 1000:1

| 1000:1

WIDTH

34

1525

35

35

45

2-3

2-3

253

23

34

COLOUR

2 1 HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

3 1 HIGH

HIGH

4 | HIGH

MEO

HIGH

3 1 HIGH

HIGH

MED

OEPOSIT

HIGH/MED

MED

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

HIGH

MED

HIGH

Low

HIGH

MED

RIVER
AFFECTEO
Km

0.4

125

2.7

17

3.2

12

11

0.01

0.7s

0.25

21

0.01

0.7

15m

AREA

AFFECTEO

m2

600

4375

5400

5100

12600

5400

2750

15000

3000

5250

2100

BED
AFFECT60
%

100

100

100

100

100

100

too

100

100

100

100

100

100

30



Appendix 3.

NAME OF
RECEIVING WATER

OGMORE
GARWFECHAN

OGMORE FACH

OGMORE
UNNAMEO TRI8
OF ILYNFI

AFAN/PELENNA
AFON
CORRWG FECHAN

AFAN/PELENNA
AFON CORRWG
AFAN/PELENNA
AFON CORRWG
AFAN/PELENNA

TRI8 OF
GWENFFRWD

AFAN/PELENNA
NANT BUKEN PELENNA
DISC 1

AFAN/PELENNA

NANT BLAEN PELENNA
DISC 2

AFAN/PELENNA
FFRWO WYLLT
AT GOYTRE

afanfpelenna
FFRWD WYLLT
AT BRYN
AFAN/PELENNA
NANT GWYNFI
AFAN/PELENNA
A.AFAN

AT GELLI FARM
AFAN/PELENNA
NANT-Y-FEDW
AFAN/PELENNA

A.AFAN
AT CYMER

i DOMINANT
| SUBSTRATE

| ROCKS/COBBLES/
| STONES

| ROCKS/
| LARGE STONES

STONES/
GRAVEL/
LARGE ROCKS

BOULDERS/ROCKS/
COBBLES

BEDROCK/BOULDERS

BOULDERS/ROCKS/
GRAVEL

ROCKS/GRAVEL

1 ROCKS/GRAVEU
1 FEW BOULDERS

| ROCKS/GRAVEU
| FEW BOULDERS

| ROCKS/GRAVEL

1 GRAVEUSOME ROCKS

| BOULDERS/ROCKS/
| GRAVEL

| ROCKS/GRAVEL

| ROCKS/GRAVEL/
| BOULDERS

| ROCKS/BOULDERS

TEMP.

d»g. C

73
10.4
6.1

9.1
a.o

7.7
10.2
77
5.0

0.7
71

73
0.4
77
7.9
11.0
0.2
0.0

101
91

0.0
105

55
0.9
85

05
10.2

5.7
fl.O
5.0
5.0
05
0.7
0.9
5.0
6.3

5.0

01

Table showing Physicochemical data for Ferruginous Input*
to Welsh Rivers In the South Wait Area

7.10
7.00
7.00

7.40
0.90

0.00
0.30
0.00

7.00
7.30
0.90

7.50
6.00
7.40

7.50
7.50
7.00

0.70
5.10
4.00
570

7.00
5.70
5.00

0.90
7.20
7.01

7.20
0.60
0.00

7.30
7.20
7.30

7.50
0.00
7.00

7.00
7.00
7.00
0.05
7.40
0.70
7.10

7.10

FIELD
pH

7.50
0.75
728

7.10
7.75

753
0.05
7.00

6.50
7.05
7.30

0.30
0.00
7.55

011
7.00
0.09

7.13
0.19
4.05
7.02

0.15
0.15

0.12

743
7.73

7B2
0.70
7.30

0.00
7.00
7.05

0.30
724
7.50

0.10
7.85
0.01

0.02
7.03
7.40

0.14
729
7.00

DO

12.00
0.90
12.20

1110
11.50

12.00
0.00
11.00

14.40
2.10
12.20

13.40
2.40
12.50

12.40
10.10
12.00

12.30

1.20
10.00
11.00

12.30
0.50
11.00

12.00
11.40
12.30

13.00
9.50
12.50

12.90
12.10
12.00

15.00
1110
14.10

14.20
12.00
12.00

12.90
3.00
12.10

13.00
0.30
1200

DO

%

105.0
6.1
103.0

90.4
102,0

101.0
05.6
07.4

110.0
105
1010

111.0
21.0
105.0

105.0
03.1
110.0

100.0
10.0
09.0
103.0

100.0
703
90.0

102.0

08.5
100.0

111.0
04.7
103.0

103.0
00.0
103.0

124.0
00.1
115.0

110.0
1110
100.0
101.0

90.1
110.0

01.4
102.0



COND. DISS.
IRON
us
118 0.090
344 3.400
180 0.540
244
238
112
535
170
78.3 0.017
529 10.490
230
150 0.039
507 1.386
199
173 0.041
1018 15.710
194 0.304
140 0.040
974 101.400
355 12.150
2S8 9.260
124 0.034
505 25.210
303 9.190
98 0.003
239 0.808
152 0.149
179 0.000
399 4.000
222 0.930
100 0.027
201 0.304
171 0.324
100 0.0ee
447 8 700
194 2.100
189 0.039
224 0.129
173 0.054
57 0.017
299
158 0.840
181 0.049
200 0.119
178 0.055

TOTAL
IRON
mg/I

0.122
9.540
2.100

0.003
0.758
0.197

0.017
1.522
0.848

0.070
0.459
0.122

olss.

0.007

0.004

0.009

0.004
0.008

TOTAL
Al

mg/1

0.120
0.004
0.100

DISS.
SULPHATE
mA~l

33.30
20.10
30.30

TOTAL
SULPHATE

mg/I

31.0
27.0
310

0.5
70.9
34.6
333

315

alkalinity

mg/l CaCo

26.10
41.55
30.77

sus.
SOLIOS

mg/I

o Bas w Bw »

o g w

O w

oo

w o w



Appendix 3. Tabla showing Phyalcoehamlcal data for Farrugtnoua Input*

to Walah Rlvtra In tha South Waal Araa

| NAME ~ *
| RECEIVING WATER

1 AFAN/PELENNA

| TRIB OF NANT CREGAN
| CYNFF1G'

| NANT CRAIG YR ABER

| NANT CYNFFIG

| LOUGHOR
| TRIB OF AFON MOALA19

( LOUGHOR
| MORLAJS

| LOUGHOR
| UNAMED TRIB OF
| AFON LASH

| LOUGHOR
| R.CATHAN

| LOUGHOR
| UNNAMED TRiB OF
| CATHAN

| LOUGHOR

| UNNAMED TRJB OF
| NANTGARRNING

| ATGLANAMAN

| UNNAMED TRIB
| OF LOUGHORAT
| SARON AMMANFORD

| UNNAMED TRIB

| OFLOUGHOR

| ATCAPELHENDRE
| AMMANFORD

| R.LOUGHOR
| AT AMMANFORD

| UNNAMED TRIB
| OFLOUGHOR
1 AT AMMANFORD

| LOUGHOR
| NANT MELYN

| GWEMDRAETH
| TRIB OF
| GWENDRAFTH FAWR

LAB.
REF.

E 251888
7251880
E251890

E 251687
E 251608
E 251699

T 251700

E 253007
T2S300A

E 253200
T2832D1
E2S3202

E 252700
T 252761
E 252782

E 253369
T 253390
E 253381

E 253543
T2S3544
E 253545

E2S3548
T 253547
E 253546

E 253540
T 253550
E 253551

E253552
T 253553
E 253554

E 254177
7254170
E 254179

£254175
T 254176

E 254348

£253004
T 253005
£ 253006

LOCATION

u/s
DISC
D/s

tvs
DIsC
D/s

DISC

u/s
use

u/s
DISC
D/s

DISC
o/s

u/s
DIsC
D/s

u/s
DISC
D/s

u/s
DISC
D/s

u/s
DISC
DIS

uss
DISC
D/s

u/s
DISC
D/s

uss
DISC/STREA

DISC

u/s
DISC
o/s

NATIONAL
GRIO
REFERENCE

SS 84420 97380
SS 60445 97330
S3 8477007315

SS 8584085140
SS 85870 85120
S3 85885 85050

SS 88425 83500

SN 55020 00020
SN 63700 00000

SN 5008002000
SN 5723002260
SN B702S 01070

SN 60090 14120
SN 80135 14120
SNBOtOO 14140

SN 83280 00030
SN 83250 00630
SN 63230 00685

SN 6375000670
SN 84040 09820
SN 83720 00680

SN 87385 12205

SN 80220 12230
SN 602S0 12200
SN 00260 12180

SN 50450 11870
SN 50470 11820
SN 50450 1188S

SN 61070 11980
SN 8200011060
SN 62010 11030

SN 7035010110

SN 53885 12475
SN 53860 12450
SN 53440 12440

DATE

08-MW-93

06-Mar-93

06-Mar-93

10-Mar-M

17-Mar-93

IS-Mar-03

18-Mar>03

10-Mar-93

10-Mar-93

1C-Mar-03

10-Mar-93

24-M«r-93

24-Mar-03

25-Mar-03

16-Mar*03

TIME

14:30

15:40

1245

16:30

15:30

09:00

11:15

10:00

10:30

11:40

12:00

WEATHER

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

ORY

DRY

DRY

DRY

DRY

DRY

FLOW

LOW

LOwW

Low

Low

LOwW

LOW

LOwW

LOwW

Low

Low

Low

Low

Low

LOow

LOwW



DISCHARGE | WIDTH | COLOUR | DEPOSIT | RIVER | AREA
RATIO } | | | AFFECTED| AFFECTEO
| m 1 | | Km | m2
100:1 | 2 | HIGH 1 MEO 1 01 |
1 | | 1 |
1 1 1 1 1
10:1 | 23 | HIGH | HIGH | 45 |
1 | 1 1 I
L [ 1 I 1
| 2 1 MED | MEO | * |
[ 1 | | 1
NOT | 1 | MED/LOW | MED/LOW | « 1
MEASURABLE | | | | |
1011 | 5 | HIGH | HIGH | 1]
| | | t |
1 1 1 1 1
11 | 15 | HIGH | HIGH | 05 |
1 I 1
1 1 1 1 1
1000:1 1 3 | HIGH | HIGH 1 12 |
I I I 1 I
I I I I |
10:1 | 2 | HIGH | H(GH | 0os |
1 1 1 1 1
1 1 1 1 1
1 1 j 1 1
10:1 | 25 | MED/LOW | MEO/LOW | 05 |
! 1 1 1 1
1 1 1 1 1
11 | 1 | HIGH | HIGH | 0.4 |
I 1 I I !
[ 1 1 1
100:1 | 2 | HIGH | HIGH | 03 |
| 1 1 | 1
I 1 I I I
1 1 I I
1000:1 | 6 | HIGH/MED | MEO/LOW | 0.01 |
1 1 1 1 1
1 1 ! 1 1
1 02im |- l- 1
I I I 1 I
- - -
7 77 l l
| 1 1 1
[ 15 | MED | MEO/LOW J Lfl |
10:1 | 1 | HIGH | HIGH | 03 |
- L J - L J

| AFFECTED

200 1

13500 |

2500 |

5000 1

750 |

3000 |

1200 |

1250 [

400 |

1200 |

001 |

2400 |

300 |

| BED

1 %

100

100

100

100

100

100

100

100

100

100

100

100



App*r>du 3.

lo W«l*h RIvor* In tho South W«*t Arca

| NAME OF
| RECEIVING WATER

| AFAN/PELENNA

| TRJB OF NANT CREGAN

| CYNFFIG

| NANT CRAIO YR ABER

| NANT CYNFFIG

| LOUGHOR
TRIB OF AFON MORLAJS

LOUGHOR

MORLAJS

LOUOHOR
UNAMED TRIB OF
AFON LASH

[

LOUGHOR

R.CATHAN

| LOUGHOR
| UNNAMED TRIB OF
| CATHAN

| LOUGHOR

| UNNAMED TRIB OF
| NANTOARRNING

| ATOLANAMAN

i UNNAMED TRIB
| OFLOUGHORAT
| SARON AMMANFORD

J UNNAMED TRIB

| OFLOUGHOR

| AT CAPEL HENDRE
| AMMANFORD

| R.LOUGHOR
| AT AMMANFORD

| UNNAMED TRIB
| OFLOUGHOR
| ATAMMANFORD

| LOUGHOR
| NANTMELYN

| GWENDRAETH
| TRIB OF
| GWENDRAETH FAWR

DOMINANT
SUBSTRATE

GRAVEL/ROCKS

ROCKS/GRAVEL

SMALL ROCKS/GRAVEL/
SILT

GRAVEL/SILT

GRAVEL/STONES/

SILT BANKS

COBBLES/GRAVEL

ROCKS/COBBLES

LARGE ROCKS/GRAVEL

GRAVEUS MALL ROCKS

STONES/GRAVEL

BEDROCK/GRAVEL

ROCKS/GRAVEL

GRAVEL

GRAVEUS MALL STONES

I
| TEMP.
1

1 d«g.C

P

i

R RR [

PP

— R RR

Tabl* showing Phy*fcoch«mk*| data tor Fvrruglnou* Input*

1
50 |
9.7 1
75 |

71 |
70 |

00 1

®* 1
°o |

<3 |
105
9.2 |

a7
5.0
34

P——

6-5
0-5
80

-

[

*ak
08
00

PR PP

07 |
107
75 |

54 |
00 |

57 1
105
05 |

pH

5.39
6.70
7.17

0.00
0.60
7.10

7.60

750
4.63

7.30
6.70
6.90

9.00
7.20
7.00

7.70
5.60
7.20

7,50
0.40
7.40

0.30
7.10
0.20

0.10
7.30
7.60

7.40
0.50

7.00

0.20
7.40
7.60

0.30
7.10

6.90

0.10
4.67
7.20

FIELD
pH

0.00
7.34
751

0.26
7.43
7.60

754

7.40
7.54

6.17
6.90
7.32

0.03
6.60
7.06

7.96
5.50
6.04

7.66
6.25
7.59

6.42
7.00
0.42

7.94
741
7.61

7.46
6.40
0.62

0.26
6.07

0.26
7.16

7.92

6.25
6.56
6.94

DO

12.60
11.40
1£10

12.10
11.10
11.60

11.30

13.00
13.00

12.00
0.20
10.40

9.70
5.00
8.70

11.30
1.00
10,70

11.50
0.30
11.00

\ZOO
10.10
12.10

11.00
10.30
11.00

12.30
4.00
10.00

14.10
0.00
11.70

13.50
0.30

12.30

13.10
1.20
9.30

DO

%

90.0
100.0
101.0

100.0
929
90.1

95.0

1180
113.0

106.0
95.4

04.1
51.0
774

97.0
9.1
92,5

09.0
27
95.0

93.4
00.4
95.0

00.1
91.0
93.0

97.7
424
922

1150
0.1
96.0

107.0
54.6

99.4

113.0
10.6
61.0



COND. DISS.
IRON
ul mQrt
105 0.010
394 3.230
205 1.000
106 0.153
234
50 0.537
520 0.701
o1 0.520
100 0.913
109 0.202
2230 03.130
1011
725 0.003
1102 2.090
1070 0.548
’ o ”
212 0.040
900 01.100
235 1.900
...... — I
155 0.042
097 24.000
515 0.505
290 0.070
401 0.047
310 0.070
214 0.117
010 2,920
450 1.020
104 0.300
310 0.400
205 2.430
337 0.058
1083 5.100
030 1.200
555 0.074
504 3.800
Q0 0.742
397 0.293
021 2.923
078 1373

TOTAL
IRON
mg/l

0011
3320
2470

0203
1990
0.099
0051
0005
1,331
0.410

73.000
10.300

0.060
25.500
2010

0.110

0.117

0.152

4.110
1.710

0.540
13.000

0.200
7.200
1.300

0.103
4.600

0.060

0.429
3.000
2401

Qlss.
Al

mg/I

0.011
0.003
0.053

0.007
0.010
0.000
0.010
0.050

0.032

0.020
0.100

0.011

0.010
0.004
0.004

TOTAL
Al

0011
0.123
0.236

0.022
0.013
0.011

0.031

0,130
0.000
0.120

0.005
0.011

0.010

0.030
0.000
0.022

01Ss. TOTAL ALKALINITY  sus.
SULPHATE  SULPHATE SOLIDS
mg/| mg/| mart GsCO ny/1
10.00 160 170 31
150.60 153.7 30.13 01
00.40 00.0 2025 17 |
14.70 147 1122 3
19.90 19.9 17.75 5 |
25.30 253 22.00 3
125,50 1255 12530 7
0.90 0.9 1234 31
750 75 2014 P
24.10 241 3266 31
965.00 1.057.0 222.02 73
390.60 4004 103.62 50 |
214.50 2145 19055 31
304.00 304.0 240.15 3j
272.20 275.0 345.60 01
42.20 225 50.03 31
400.70 400.7 10.10 4 j
54.00 54.9 47.02 0]
- I — e e
13.70 137 4220 4
406.70 400.7 @10 45 |
144.00 207.0 45.05 12 j
.................. Fe
34.50 352 121.97 3
179.40 52,40 23 |
40 00 409 110.02 3
10.70 100 03.03 3]
100.00 109.9 13247 141
115.20 171 110.13 81
14,50 145 59.13 10 |
25.00 34.9 90.40 20 j
17.70 17.7 62.00 30 |
42.50 425 12352 3]
144.10 1452 570.04 15 |
505 104.72 32 |
101.90 102.2 213.40 33
53.00 53,0 224.44 01
7.00 79 2304 31
00.00 00.0 120,17 a
243.40 2434 330.00 71
105.70 1071 227.47 '3

LIl VA



Appendix 3. Tabl* showing Physlcochamfcal data lor Fsrruglnoua Inputs
to Wslsh Rlvsrs In ths South Wsst Ar*«

lnameof;-" LAB. LOCATION NATIONAL DATE TIME WEATHER | FLOW
| RECSViHg WATER REF. GRID
REFERENCE

| GWENDRAETH FAWR 6 2S27S7  U/S SN 50105 11210 15*Mar-93 13:30 DRY | LOW
T 252758 DISC SN 5015011180

1 - E 252759  D/S SN 50130 11185

| GOWER =~ »

| UNNAMED TRIB AT E2S3203 u/s SS 55350 95080 17-Mar-93 16:00 DRY | LOW

| BLUE ANCHOR T 253204  DISC SS 55330 95060

| GOWER E 253382 U/S SS 55180 91370 16-Mar-00 09:00 DRY | LOW

| UNNAMED TRIB OF T 253383  DISC S3 55200 91380

| PENARDP1L E 253384 D/S SS 55200 91330

| GOWER E 253365 U/S SS 58780 94300 1&M*r-B3 11:40 DRY [
T2S33A0 DISC1 SS 58780 94270

| TRIB OF CLYNE T 253387 DtSC 2
E2S3388 D/S SS 58810 94250

| PEMBROKESHIRE E 253947 u/s SM 69520 23010 23-Mar-93 10:00 DRY | LOW

| UNNAMED TRIB OF T 253948  DtSC SM 09500 23590

| BRADY BROOK E2S3949  D/S SM 89405 23590

| PEMBROKESHIRE E 253950 u/s SN 11875 00990 23-Mar-g) 18:30 DRY | LOW
T 253951  DISC SN 1184000985

| CRESWELL RIVER E 233952 D/S SN 11790 00980

| PEMBROKESHIRE E 253953 u/s SN 12410 04605 23-Mar-93 17:15 DRY | LOW

| UNNAMED TRIB AT T 253954 DISC SN 12490 04860

| SAUNDERSFOOT STW E2S3955  D/S SN 12555 04880

| NEATH E 254180 U/S SN 74140 00055 24-Mar-93 16:00 DRY | LOW
T 254181  DISC SN 74140 00040

| CLYDACH E 254182  D/S SN 74110 00020

| NEATH E 250092 U/S SN 83430 02530 13-Apr-S3 10:30 V.WET | HIGH
T 250093  DISC SN 83390 02530

I CLYDACH BROOK E2S0004  D/S SN 8338002510

| NEATH E 250095 u/s SN 81350 02ft40 13-Apf-W 11:30 WET | HIGH

| GARWED BflIOOK T 2S0006 DtSC SN 6137002925

| ATABERGARWED E 250097 D/S SN 81300 02805

| NEATH E281137 u/s SN 8110 0190 23-Sao-M 09:30 DRY | LOW
7281138 DISC SN 80800175

| NEATH CANAL E 281139 D/s SN 6035 0110

| NEATH E 250098  U/S
T 250099 DtSC SN 80900 05070 13-Apr-93 13:30 DRY/WET | HIGH

| RiVERGWRACH E 250700 D/S

| NEATH E 250701  U/S SN 79460 04020 14*Apf*93 11:30 DRY | MED

| CRYNANT T 2SA702 otac SN 79470 04700

| TRIB OF DULA1S E 255703  D/S SN 7945004700

| TAWE E 254347 U/S SN 75405 12010 25-Mar-03 13:30 ORY ( Low
T2S4348 DtSC SN 7547011990

| ATWRCH E 254340 0/S SN 75400 11980

| TAWE E 254515 U/S SN 7002005305 20-Mar-93 11.00 DRY | LOW

| UNNAMED TRIB OF T 254516  DISC SN 70020 05330

| LOWER CLYDACH E 254517 D/S SN 70010 05300



DISCHARGE [ WIDTH | COLOUR j OEPOSIT | RIVER I AREA ! BED

RATIO 1 | | | AFFECTED |  AFFECTED | AFFECTED

| m | | I Km | m2 | %
~ 1 | | | | |

1000:1 |34 I LOW | Low j- | 2] i
| | | | | |
| | | | | |
1 1 ( . 1 1 1

NOT | 0.5 | MED/LOW J Low | 01 | 500 | >00

MEASURABLE | 1 I I I |

1000:1 | 4 ) MEO/LOW | LOW | - t 2]
[ [ [ [ [ [

tii | CLINE m I HIGH | HIGH | 175 | 3500 | 100
| 2j i [ | |
1 TRIB- | I | J I
| 12 | t I | I

101 | 11 MED | MED/LOW | 001 | 5 | 50
| | | | | |
| | 1 | | 1

100:1 | 1 | MED | MEO | 04 | 400 | >00

_ [ 1 1 1 1 1

11 | 1 | MED | MED | 0.15 | IS0 | 100
| 1 1 | |
1 1 1 - - -

1000:1 | 5 | MED |Low | 001 | 10 | I
| | | | | |

L [ I I I I I

1000:1 | 4 | HIGH | HIGH | 0.4 | 1500 | 10c
| | | | | |
i | | | | |

11 I 3 | HIGH [ HIGH | 04 | 1200 | 100
| | | | |

- 1 1 1 1 1 "

1000:1 | 45 | HIGH ( HIGH | 2j 1CO00 | 100
| | | |
| | | | | |

1000:1 | 23 | LOW |- |- i - |

| | | | | |

100:1 | 4 | HIGH | HIGH | 05 | 2000 | 103
| 1 1 | | |
I 1 | I I |

1000:1 j 0 | MED/LOW j MED/LOW | 20m | ICO | 100
| 1 1 | | |
| 1 1 1 1 1

100:1 | 1-2 | HIGH | HIGH/MED [ 15 1 3000 | toc



AppvndIx 3.

lo Waleh RI»*r* In th« South W*rt Ar*a

NAME OF
RECEIVING WATER

GWENDRAETH FAWR

GOWER
UNNAMED TRIBAT
BLUE AMCHOP

GOWER

UNNAMED TRIB OF

PENARD PIL

GOWER

TRIB OF CLYNE

PEMBROKESHIRE

UNNAMED TRIB OF

BRADY BROOK

PEMBROKESHIRE

CRESWELL RIVER

PEMBROKESHIRE

UNNAMED TRIBAT

SAUNDERSFOOT STW

NEATH

CLYDACH

NEATH

CLYDACH BROOK
NEATH

GARWED BROOK
AT ABERGARWED
NEATH

NEATH CANAL
NEATH

RIVER GWRACH
NEATH

CRYNANT

TRIB OF DULAIS
TAWE

A.TWRCH

TAWE

UNNAMED TRIB OF
LOWER CLYDACH

[

| DOMINANT
| SUBSTRATE

ROCKS/GRAVEL

SMALL ROCKS/GRAVEL/
SILT

COBBLES/GRAVEL

GRAVEL/ROCKS

GRAVEL/SMALL STONES

SMALL STONES/SILT

GRAVEL/SMALL STONES

GRAVELS/STONES

BOULDERS/ROCKS/
GRAVEL

BOULDERS/ROCKS/
GRAVEL

ROCKS/GRAVEL/
BOULOERS

ROCKS/BEDROCK

GRAVEUSTONES

1
| TEMP.

1
| dog.C

R R R

S

(S

R R R

i

9.2
10-3

«®»

10.0

90
ey

9.3
114

74
0.0

60

«2
9.0
9-2

7.5
*0
7.5

7.0
'2,5
71

9.0
i0-«
9.0

10.5
133
112

«'7
12.2
94

71
0-0
71

71
10-3
71

S0
95
00

Tabl* ihowing Phy*koch*mlc*l daU for Farnigtnou* Input*

—_ Rk e - N bR —— G o=

R —_

pH

0.20
7.50
7.50

7.50
7.50

7.40
0.40
7.40

7.50
7.00
0.30
7.10

7.00
0.70
5.20

7.40
0,70
7.10

750
0.60
0.60

7.40
7.20
7.20

0.00
7.40
0.00

0.00
2.00
3.10

7.30
3.20
7.10

7.40
7.00
0.30

0.70
4.00
0.30

7.70
0.00
7.40

0.00
5.00
0.20

FIELD
pH

0.40
7.32
7,42

7.50
7.47

7.20
0.30
7.20

0.10
0.75
0.79
0.01

0.00
570
0.70

7.03
7..13
7.05
0:95
7.90
7.14

0.00
C.02
7.12

$.73
3.07
3.59

0.00
0.30
7,01

7,40
0.00
7.45

0.10
0.50
0.00

0.74
0.30
7.40

0.20
0.00
0.25

DO

mg/t

11.00
4.00
9.40

0.50
0.00

9.50
3.40
0.00

10.20
1.00
7.30
0.20

13.90
10.90
11.80

12.20
0.00
10.00

11.00

4.50
12.10
tZ70

12.10
0.10
11.00

11.20
10.00
11.10

10.30
3.53
0.00

1130
0.90
11.20

11.20
12.20
12.20

11.90
0.90
12.70

12.00
0.20
12.00

DO

%

104.0
35.0
0L1

75.4
70.1

01.3
29.5
70.9

09.0

9.2
07,0
5S.0

110.0
94.0
97.3

104.0
03.1
00.0
15.0
39.2

101.0
11.0

100.0

90.0
0oB.4
07.1
00.0
07.0
02.5
33.0
70.5
07.2
97.0
92.0
105.0
1010
00.4
105.0
05.5

00.5



COND. DISS.
IRON
ul mg/I
379
005 0.274
440 0.233
476 0.341
566 0.654
220 0.593
240
21 0.536
207 0,166
541 7.617
455 27.600
469
240 0.180
254 0.230
261 0.200
244 0.560
360 18.600
270 2.000
235 0,560
362 0.410
347 0.390
200 0.330
237 1.400
200 0.310
93 0.052
046 22.630
13S 1.064
63 0.056
1563 100.600
316 22.090
224
3360 130.000
450 4.400
91 0.056
416 0.610
109 0.026
70 0.016
327 2.640
155 0.338
120 0.031
640 3.910
141 0.160
312 0.136
556 30.300
331 1.490

TOTAL
IRON
mg/|

0.360
0.429
0.277

0.470
1.306

0.764
6.250
0.716

0411
8.175
27.600
4777

0.220
2.000
0.220

0.374
22.630
1.102

0.190
102.900
22.090

0.340
136.000
5.600

0.094
7.780
0.001

0.028
3.020
0.760

0.045
4.290
0.101

0.224
44.700
2.120

DISS.
A.
mg/|

0.004
0.004
0.004

0.015
0.006

0.034

0.029

0.014
0.006
0.057
0.010

0.044
0.360
0,250

0.024
0.043
0.026

0.017
0.004
0.004

0.041
0.006
0.038

0.062
0.058
0.106

0.002
22.360
6.900

0.130
0.054

0.023
0.014
0.004

0.078
0.159
0.078

0.032
0.004
0.047

0.009
0.061
0.016

TOTAL

Al
mg/I

0.023
0.004
0.007

0.000
0.330
0.190

0.097
0.045
0.030

0.103
0,780
0.350

0.074
0.004
0.047

0.042
0.421
0.041

DISS.
SULPHATE
ma/|

57.20
67.30
64.10

100.80
92.80

14.30
12.70
14.30

13.00
73.70
129.60
49.70

22.40
12.10

12.00
133.30
26.20

6.30
42.90
7.80

132.00
204.00
136.00

TOTAL ALKALINITY
SULPHATE
mg/| mgfl CoCO
57.4 130.15
67.6 418.60
66.1 162.27
103.1 106.32
94.7 112.27
143 52.72
126 35.55
14.3 50.65
20.7 66.70
76.7 199.60
129.9 SO0.00
56.4 150.10
224 27.67
175 1331
135 1.56
13.6 75,37
04 91.41
12.2 77.87
133 67.01
20.6 149.12
10.5 135.84
40.4 40.62
35.9 5451
39.6 42.27
21.4 7.50
460.0 64.10
36.2 0.49
140 eflo
1.032.0
314.7
30.5
1,274.0
1423
11.2 21.00
7.7 234.20
103.7 148.00
121 511
143.6 142
40.6 6.20
6.3 47.90
42.0 354.00
76 59.50
132.0 11.70
204.0 47.60
136.0 = 13.80

Sus.
SOLIDS
mi/1

w w w

B8oRo svwo Bo

W o w

Zi
16

w o,

3/

ININ

24

Zi

27

w



Appandbt 4. Tab)* showing Physlcochsmleal data for Farruglnoua Input*
to Walsh Rlvsr* In th« North Araa

NAME OF.;. | LAB. LOCATION NATIONAL DATE TIME  WEATHER  FLOW
RECEiviNG WATER | REF. GRID
REFERENCE
DEE 1E 105000  U/S
j T 105070  DISC S1207000200  21-Apr-93  11:40 DRY
R.TERRIG | 6105071  D/S
OEE | E 105504 0/S 20-Apf03 1530 DRY
| T 105500 DISC SJ 27330 07450
WEPRE BROOK | E 105505  D/S
DEE | E 105000  U/S 21-Apt03  10:30 DRY | MED
i ] 7105007 DISC 3J 27490 01060
RIKLYN e 18500# ors
OEE | E 105072 U/S 21-Apf03 1400 DRY | MED
j T 165073  DISC SJ 29200 54060
R.CEGIDOG | E 105074  D/S
DEE | EIDS705  U/S SJ 3005005700  23-Apr03  00:00 DRY MED
j T 185700 DISC SJ 30080 05710
BROUGHTON BROOK 1 E 105707  D/S 8J 30660 65720
DEE | E 105702 U/S SJ 2730041880  22-Apr-03  14:50 WET MED
AT MONSANTO j T 185703  DISC SJ 27340 41880
j E165704  D/S 8J 27320 41050
DEE | E 105078  U/S SJ 3143055340  21-Apr03 1515 DRY MED
j T 105070 DISC SJ 31440 55200
RALYN | E 105000 D/S SJ 31450 55340
DEE | E 105675  U/S

T 105070  DISC S1 3252054310  21-Apte3 1000 DRy MEO
RAIYN | E 185077  D/S



DISCHARGE
RATIO

| WIDTH

A

1001

100:1

10001

100:1

10:1

1000:1

1000:1

1000:1

COLOUR

HIGH

HIGH

Low

MED

HIGH

HIGH

MED

MEO/LOW

1
[ DEPOSIT
1

| STREAM.

| HIGH

1

| RIVER

| AFFECTEO
| Km

im

—_ —_—p

STREAM -

AREA
AFFECTEO
m2
0.l
0.15
STREAM =
oli
OEE =
0.02

100

150

100

002

20

BED
AFFECTEO
%
20
1
100
100
STREAM-
100
5



Appandli 4.

to Wolth R]y*r* In th« North Aroa

| NAME OF
| RECEIVING WATER

| OEE
| R.TERRIG
| OEE

| WEPRE BROOK

| OEE
| RALYN

| DEE

| R.CEG1DOG

| DEE

| BROUGHTON BROOK

| OEE
| AT MONSANTO

| DEE
| RALYN
| OEE

| RALYN

| DOMINANT
| SUBSTRATE

1

| SMALL ROCKS

| SILT GRAVEL*

| GRAVEL

| GRAVEL/ROCKS

| GRAVEL/SILT

| RIVER *SILT
| STREAM =GRAVEL

| BEDROCK

I GRAVEL

1
| TEMP.

1
| dog.C

N e e

(S [

e

B—_—F

0.3
0-0
0-2

120
H.2
12.0

0,6
o.l

100
114

101

0.7
10.7
10.5

10.1
11.2
105

111
10.0
10.6

no
0.6
no

Tal>la showing Phyakoch«mlcal data tor Famiytnou* Input*

- R —_k sk

P o———

1
|
|

pH

e.30

790

7.70
0.60
7.20

0.00
7.40
7.50

0.30
0.70
7.60

7.70
6.70
6.00

0.00
7.00
7.50

6.40

6.10

S.40

7.50
6.50

FIELD
pH

7.04
0.67
7.60

7.85
6.25
7.82

7.65
7.40
7,80

6.18
6.62
7.15

6.06
7.00

7.48
0.32
752

6.04
6.26
7.96

6.32
731
0.34

DO

mgfl

e

11.10
0.30
0.60

10.10
210
10.10

10.50
6.10
7.70

11.20
6.10
10.60

6.50
0.20
140
11.50

0.80
6.60

11.20
2A0
10.60

11.40
7.50
11.50

DO

80.8
26
74.8

83.8
18.2
83.8

826
68.5
66.8

88.4
745
86.1

74.8
135

102.0
8.2
70.0

102.0
21.3
87.7

104.0
65.9
105.0

COND.



| oIss.
| IRON
| mgfl

0.900
4.770
0.17#

0.010
2.900
0.030

0.0s0
0.000
1.030

0.004
0.590
0.449

0.301
10.270
8.420

0.102

0.000
0.200

TOIAL

IRON

0.930
0.040
0.214

0.310
3.400
2.950

0.191
14.310
3.440

0.195
0.090
0.597

0.504
10.300
9.420

0.12s
10.300
2371

0.393
23.130
3.400

0.431
7.970
0.690

@Isu
Al

mo/l

0.310
0.361
0.315

0.020
0.002
0.032

0.344
0.320
0.034

0.207
0.285
0.201
0.193
0.200
0.255

0.074
0.141
0.135

IU1A
Al
mij/

0.350
1.000
0.309

0.277
0.200
0.293

0.200
0,270
0.204

0.100
0.330
0.200

uiy i>
SULPHATE

20.79
1 07.50
20.03

74.40
746.04
210.50

47.55
04.55
. 03.40

37.05
310.33
49.09

44.60
242.20
21551

0.72
250.42
31.00

73.57
230.02
03.03
75.70
S3.77
75.22

101A1
SULPHATE

ny/1

1,331.0
202.0

253.0
221.0

9.2

73.0

237.0
87.1

rr

mg/lI CaCO

205.00
294.00
215.00

203,50
405.00
252.50

204.00
110.00
200.00

210.00
332.00
210.00

iu'v
SOuU0sS 1

46 |

132 |



Appendix 4a

Ferruginous Sices not Sampled

Catchment Receiving Site Location

Rhymney

Ograore

Neath

Neath

Neath

Dee

Dee

Dee

Water

Rhymney ST
Cwm Garw SS
Clydach SS
Dulais SN
Neath SN
Alyn SJ

Trib Cedidog SJ

Alyn SJ

1538

9138

7392

7833

7776

2335

2719

3348

9948

8767

9876

0300

0063

6496

5811

5387

Comments

Low Fflow minewater passing over a
trunk sewer.

Discharge from culvert negligible
effect on Garw

Minewater staining at foot of drain

Several areas of bankside staining
below Blaenant Drift Mine.

Low level of bankside staining.
Bankside staining, no Fflow.
Marshy area and stream affected by

minewater.

Spoil tip causes bankside staining.



App«n4bi 5.

on bD aampttng oecatlona.

| SITE NAME OF

| NO.

RECEIVING WATER
10 LLWYD
UNNAMED TRIB
*
3 LLWYD
AT PONTYPOOL
t LLWYD
atabersyckan
2 LLWYD
AT PONTNEWYDO
6 8IRHOWY
AT PONTUANFRAITH
5 SIRHOWY

AT BLACKWOOD

LAB.
REF.

£234120
T233775
£233777
E265724
T28572S
E255723
E279509
1279570
E279571

E245759
T2457C0
E245761
£205727
T20572#
E285729
E279575
T279570
E279577

E245756
T245737
E245756
E384050
T284060
E284001
E278379
TZ78360
E278361

E2S0289
7250290
E250291

E204002
T2MOM

E204064
E279572
T279573
E279574

E246318
7234133
£248320
E284503
T264504
E204505
E278870
T27S071
E278872

E2502B5
7250268
E2502B7
E204500
1264501
£284502
E276673
1276074
E27067S

LOCATION

urss
DISC
D/3
urss
o(sc
D/S
uPs
DISC
D/s

u/s
DISC
D/S
u/3
DIsSC
D/s
u/s
DISC
0o/s

u/s
DISC
D/s
u/3
DISC
D/s

.uss

DISC
0/3

u/s
DISC
D/s
u/s
DISC
o/s
u/s
olsc
D/s

u/s
DISC
D/s
u/s
DISC
0/8
u/s
DISC
D/8

u/s
OIsC
D/8
u/s
asc
0/s
u/s
DISC
Ccvs

[
[
[
j
j
|
j
j
|
[
[
|
[
i
j
)
I

J

o—— e s e s

|
i
i

|
i
i
|

|
)
i

i
[

|
|
i
|
|
|
i
|
i

NATIONAL
GRID
REFERENCE

8023410902
SO 2443 0997
SO 2484 0869
SO 2341 0902
S 02443 0897
802464 0809
SO 2341 0982
SO 24430697
SO 2464 0669

SO 28590062
8020600056
80 2066 0057
8028590062
S 029800056
SO 2066 0057
80 2059 0062
8020000058
SO 2066 0057

$02707 0320
S0 27050315
80 27020310
S0 27070320
SO 27050015
SO 27020310
SO 2707 0320
SO 27050315
S0 27020310

802763 0162
SO 27830161
S0 27600173
S0 2703 0162
SO 27830181
802766 0173
80 2783 0162
SO 27830181
8027880173

SO 1001 9585
SO <601 9S68
SO 1801 9S55
SO 1801 9585
SO 1801 9588
8016010555
SO 1801 9565
801801 9566
80 1801 9555

8T 17809737
ST 17579736
ST 1756 9742
8T 17609737
ST 17879736
ST 1756 9742
8T 17809737
ST 17579738
8711758 9742

Chtmkal Oats (or 12 S.E. dlachargaa (aalactad for ttagt 2 aaaaaamant)

DATE

10-Nov-92
11-Nov"92
H-No*92
H-Jun-93

14-$ap-93

02-Fa6-93

U-Jun-03

14-S«p-93

02-Fab-93

03*Jun*93

07-S*p-93

01-Mar-93

ttJ-Jun-03

14*Sap*93

00-P*t>-M
NVNov-92
Ofrfato-93
04*Jun-C3

06*Sap*93

01-Mar-93

04-Jun-®3

06-Sap-93

TIME

11:40

10:30

09:1$

11:30

11:30

10:35

15:00

11:30

15:00

00:55

13:00

14:30

10:50

12:00

13:30

12:10

WEATHER

DRY

WET

ORY

ORY

WET

DRY

ORY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

ORY



TEMP.

dag, C

0.0 |
01 j
09 |
124 j
11.2 |
120 |
107 |
11.2 [
109 j
02 |
9.0 j
03 j
11.0 |
10fi

114 |
109 |
100 [
100 |

00 |
103 j
77 |
107 |
113 |
112 |
10.7 |
134 |
121 j

05 1
117 |
0.0 j
108 |
11 1
109 |
107 |
112 j
11.0 |

00 |
104

—

14.2
100 j
133
136
11.2 j
125

-

37
10
s3
13.0
10.7
135
137 j
109 |
13.7 |

7.10
7.30
720
7.00
720
7.00
7.10
7.20
7.30

0.10
7.90
0.00
7.00
7.70
7.00
7.00
7.90
7.50

0.00
0.10
0.10
7,00
7.70
7.00
0.00
7.70
8.00

0.30
0.00
0.10
7.03
7.50
7.78
7.50
7.50
7.40

7.70
7.00
7.50
7.90
7.00
7.50
7.30
0.90
7.10

6.00
0.00
7.50
0.10
0.70
7.90

0.00
7.40

FIELD
pH

6.40
7.14
793
041
7,64
7.09
7.20
7.04
7.39

6.33
7.00
6.21
6.20
e.oe
6.21
7.50
7.40
7.70

0.49
0.10

6.31
8.05
6.11
8.38
791
6.11

6.45
0.07
6.41
7.96
7.e0
7.75
7.45
7.01
7.39

811
0.78
755
7.71
0.02
10.00
7.09
8.83
0.45

751
0.29
0.66
8.05
0.41
7.67
7.70
0,37
7.60

00

mg/|

10.50
11.30
12.20

9.00
10.30
11.50
1050
10.10
10.23

11J0

11.40
11.10
12.00
12.50
1200
10.53
10.04
10.06

12.00
11.20
11.40
14.20
14.10
14.20
11.23

10.00

11.00
11.60
11,00
1150
11.10
10.10
10.64
10.49
10.02

11.00
3.00
11.00
10.40
9.30
10.00
9.05
7.07
0.79

13.10

6.40
12.00
10.00

1110
0.85
0.60
9.70

00

64.5 |
95.0 |
1000 |
92.0 |
94.0 j
100.0 |
94.0 j
922 |
92.7 |

90.0 |
90.8 |
94.0
110.0
113.0
110.0
95.5
95.0
90.0

_———  ————

90.0 |
100.0
95.7
120.0
129.0
130.0
101.0
95.9
965 |

—_— ——

90.1 1
109.0 j
98.2
104.0
101.0
91.6
97.6
95.8
905

P o ——— =

100.0
340 j
93.9
102.0
84.1
102.0 j
035
71.9
62.7 |

99.3 |
75.4
99.6
104.0
012 |
107.0
033 |
022 |
93.7 |



Appendix 5. cntd.
| SITE NAME OF
| NO. RECOVING WATER
| 0 LLWYO

UNNAMED TRIB

»
| 3 LLWYD

AT PONTYPOOL
| 1 LLWYD

AT ASERSYCHAN
1 2 LLWYD

AT PONTNEWYOO
1 g 8IRHOWY

AT PONTLLANFRAITH
1 5 SIRHOWY

AT BLACKWOOD

LAB.
REF.

E234120
1233775
E233777
E265724
T20572S
E205720
E279509
T279570
E270571

E2457S9
T24S700
E24S701
E265727
7265728
E205729
E279575
T27P570
E279577

E245750
1245757
E245750
E2640S9
T204060
E204001
E278379
T278300
E270381

E250209
7250290
E250291
E264002
7204003
E204004
E27D572
T279573
E279574

E2403IS
7234133
£240320
£204503
7204504
E204505
£270070
T270071

E278072

ESS0205
7250260
E2502B7
E204500
T204501
£204502
£270073
1278074
E27807S

LOCATION

u/8
DISC
Cvs
u/s
DISC
Cvs
UPS
DIsSC
Cvs

u/8
DtsC
D/s
u/s
Cx8C
0/8
u/s
DIsSC
D/s

u/s
ofsc
D/s
u/s
0isC
D/s

DISC
D/s

u/s
DISC
0/s
u/s
DISC
0/s
u/s
DISC
D/s

u/s
DISC
Cvs
u/s
olsc
0/8
uss
use
D/s

u/s
DISC
D/s
u/s
DISC
0/8
u/8
DIsC
0/8

1
| COND.

lu*

—— e ——— e —— ———— ———— —— ————— e ——p —_——— e — — —— —

———p — — -

105
379
101
141
S00
303
170
570
354

540
450
310
390
303
310
490
330

375
040
520
224
009
312
510
1250
090

509
595
528
300
302
304
302
422
374

409
1330
754
377
1320
654
370
1542
1000

410
1321
720
277
1207
277
312
1230
310

QlIss.
IRON

0.190
0.941
0.200
0.201
2.730
0.014
0.150
0.900
0.270

0.035
0.309
0.004
0.099
04s1
0.101
0.139
0.304
0.150

0.021
0.000
0.220
0.090
0,773
0.234
<0.003
<0.003
0.004

0.071
0.033
0.090
0.142
0.225
0.210
0.123
0.244
0.590

0.220
5.000
1400
0.132

0490
7.200
3400

0.100
5.000
1.400
0.000

0.100
1400
0.100

| TOTAL 0ISS. TOTAL DISS. TOTAL ALKALINITY
| IRON Al Al SULPHATE  SULPHATE
| mg/1 mgfi mg/1 mg/1 mg/) mgfl CaCO
| 0.355 0111 0.405 40.00 470 24.10
| 0.941 0439 0.149 110.20 1102 0742
| 0.441 0j000 0412 43.40 439 3342
| 0493 0.005 0.142 2040 204 37.05
| 2.950 0417 0.203 2251 111.20
| 0420 0497 10740 1074 72.00
1 0.100 0.000 0.123 3540 371 30.50
| 1.020 0.021 0.075 92.14 1100 100.00
| (07%1) 0440 0.090 00.12 90.2 00.00
| 0.832 0.023 0.003 00.90 00.9 100.93
| 0573 0.003 04)00 77.70 777 121.30
| 0407 0.010 0.000 03.10 M3 105.75
I 0400 0.019 0.007 01.90 01.9 10240
| 0.025 0.005 0.033 77.30 774 127.50
I 0.443 0.015 0.075 80.00 004 111.00
| 0400 0.003 0.100 54.78 50.1 01.00
| 0412 0425 0.045 09.00 00.1 145.00
| 0419 0.000 0.150 50.27 594 00.00
| 0.102 0410 0.045 04.20 04.2 01.90
I 2400 0X04 0.011 23040 2305 195.13
| 0430 0417 0.043 100.20 100.2 11317
| 0.240 0401 0.152 40.50 211 00.00
| 2.440 0.052 205.00 205.0 170.00
t 0.678 0455 0.115 70.90 714 7040
| <0,003 0412 0.012 11040 1254 123.00
| 6.200 <0.004 0.020 42040 4204 299.00
| 1.700 0404 0.000 20040 2914 221.00
| 0430 0.012 0.010 140.40 140.0 15147
| 0.100 0.004 0.030 120.10 1201 123.55
| 0.930 0450 0.008 140.00 140.7 132.29
| 0.429 0.044 0.102 5540 594 7240
f 0404 0407 0.000 9340 941 0740
| 0,463 0421 0.091 0740 0710 79%30
| 0.260 0.092 0.100 5341 534 7040
| 0400 0432 0.032 9141 914 02.00
] 0.747 0403 0.200 0145 834 0140
1 0.400 0442 0.130 125.00 125.0 07.19
| 0.140 0400 0413 01340 010.7 227.12
1 1.600 0420 0.000 258.00 2504 11921
| 0.174 0421 0444 71.20 71.0 0140
7410 0.016 0410 040.2 21340
1.160 0410 0,010 213.70 2304 115.00
| 0.200 0410 0.100 0040 004 03.00
1 7400 0413 0.020 04040 057.0 22140
| 4400 0409 0402 40740 5394 172.00
| 0.210 0440 0470 7240 724 95.05
| 0.700 1400 786.00 7004 100.79
| 1.400 0.250 0470 203.40 2994 97.04
| 0.100 0410 0437 £040 50.9 109.00
2.290 0420 0.437 0144 11740
0.06S 0419 0.023 52.00 52.0 79.00
| 0.250 0416 0.100 0440 044 07.00
| 1.000 0407 0.120 00040 000.0 15140
| 0.230 0.010 0.140 0240 02.0 0740
- L J L ]

Sus.
SOuos
mg/1
15
0
n
<3
7
<3
<3
5
<3
3
4
3
<3
<3
4
5
<3
4
3
0
4
0
10
5
<3
10
n
3
7
3
4
2
3
4
4
5
5
10
17
<3
29
7
14
13
100
21
10
5
<3
10
<3
0
4
15



App«ndtx 5.

| SITE
j NO.

<n all aampdng occaatonk.

NAME OF
RECEIVING WATER

EBBW
AT NEWBRIDGE

RHYMNEY
AT FLEUR-DE-U3

TAFF
UNNAMED TRIB OF
R. CLYDACH

TAFF
YFFRWD
TRIB OF NANT
CLYDACH

TAFF/CYNON
UNNAMED TRIB OF
CYNON AT
CWMOAAE

TAFF/RHONDOA
AT HOPMNSTOWN
DISC 2

1
JuB.
| REF.

1

1
| E240783
| T234130
| E244784
| £204497
| T2944M
| £264409

| E250767
1 T250766
| 7250760
| £250770
| £269454
| 7206455
| 7260450
| £209457
| E292145
j T2B2140
| £282147

| E247252
| T2472S3
| E247284
| E200074
j T2mMC7s
j E2B007B
| E282140
j T2s2149
1 £262150

| £247255
j T247250
| E247257
| £208070
| T2M071
| T2S0072
| £260073
| E262315
| T2B2310
j 7202317
| E282316

| £240924
j T240025
j E240926
] E264664
| 7284065
| E264000
| £278578
| 1270570
| £270590

| E250774
| 1250775
| E250776
j £290077
| 200079
| £209070
| EZ79501
j T27Bs82
j E279S63

LOCATION

u/3
DISC
0/s
u/s
ofsc
D/8

u/s
CKSsC1
DISC 2
D/s
uss
oisc1
DISC 2
D/s
u/s
DISC
0/3

u/s
olsc
0/3
u/s
DISC
Cvs
u/s
DIsC
Ccvs

u/s
DIsC
D/S
u/s
DISCI
DISC 2
0/s
u/s
DISCI
DISC 2
0/9

u/s
DISC
D/s
u/s
ol8C
0/8
u/s
DISC
D/s

uss
CXSC
D/S
u/s
DISC
D/S
u/s
olIsC

| NATIONAL
j GRID
| REFERENCE

| 8T 2120 0762
j ST 2121 0759
| 8T 21230742
| ST 2120 0702
| ST 2121 0750
| ST 2123 0742

| ST 1551 0035
| ST 1547 0032

| 8T 15470029
| 3T 1551 0635
| ST 15470032
j ST 15470032
j ST 1547 0629
| ST 1551 0035
j ST 15470032
| 8T 15470029

| 8T 0535 0S36
| ST 05370532
| ST 05300527
| 8T 05350530
| 8T 0537 0532
j 8T 05300527
| ST 05359530
| 8T 0537 9532
| 8T 0536 0527

| ST03500434
j ST 03589433
j ST 0360 9440
| ST 0356 0434
| 8T03S6M3J
j 8T0411 0402
j ST 0309 ©440
ST 0356 9434
| 8T 0359 0433
| ST 0350 0429
j ST0360 9440

SN 0720 0255
SN 0719 0260
SN 0739 0260
8N 0726 0255
8N 0710 0260
8N 9739 0260
SN 0726 0255
SN 9710 0266
8N 07390260

ST05020504
8T 0504 0050
8T 0505 0030
8705020504
ST 0504 0050
j 8T 0505 0050
| 87 05020504
| ST 0504 0059
| 8T 05050050

—_— ——

Cttamfcal Data for 12 |I.E. dlacharg** (Mlaetad for stag* 2 a*Matm«nl)

DATE

10*Fat>*93
16-No*-92
1*Fob-93
04-Jurv03

04-Maf*93

30slu(vo3

29*S«P'93

II-Fab-03

15%tun-03

29-S«p-93

1I-Ftb-03

15-Jun-03

01-Oct-03

01-M«f-03

06-Jun-03

14*Sap-03

04-Mar-93

15-Jun-M

14-Sap-93

TIME

12:00

10:30

10:30

10:55

11:30

13:00

13:45

12:30

10:30

10:50

11:15

13:30

12:00

13:30

14:00

13:00

WEATHER

DRY

DRY

DRY

ORY

DRY

DRY

DRY

ORY

DRY

DRY

ORY

ORY

DRY

DRY

DRY

DRY



TEMP.

dog. C

83 j
11.0

82 |
121 |
122 |
127 |
42 |
108 |
108 |
00 1
104 |
11.0 |
109 |
152 1
113 j
109 1
114 |

s2 |
100 j

110'j

9.9
114
100
10.2
10.0

—_— ——

©
w
o —— e —— —

©
N

110
10.3
110
103

—
=
N

S1

55
16.0
114
105
11.0
11.0
11

o
o
————

7.90
0.90
7.00
0.50
0.90
8.10

7.90
7.00
7.20

7.00
0.90
7.10
7.00
7.50
7.10
7.10

7.60
020
7.00
7.70
020
7,32
7.10
0.20
6.60

6.50
7.30
7,20
6.90
7.40
6.00
7.30
0.10
6.00
0.30
0.70

7.60
0.90
7.90
7.70
0.20
7.00
7.10
7.70
7.20

8.10
S.90
7.90
7.92
7.00
7.90
7.40
7.10
7.00

FIELD
pH

8.48
6.59
0.19
8.42
0.94
7.57

851
0.75
0.93
7.50
0.2s
7.12
7.03
7.47
7.07
0.30
6.92

7.81
0.14
714
771
0.55
7.00
0.04
7.60

7.70
7.70
7.00
7.95
0.10

0.14
6.96
7.70
7.33
7.01

0.01
6.44
7.06
7.05
7.02
7.20
7.72
7.02
6.09

9.17
7.01
7.40
6.51
7.50
044
7.40
7.27
7.56

DO

mg/l

13.40
1.80
14.30
11.40
4.40
9.40

13.50
0.40
0.20

14.00

10.70
0.30
0.30

10.90

10.50
0.10
9.00

13.10

6.60
13.00
12.20
11.00
12.50
10.57

8.20
10.30

14.00
12.40
13.50
13.00
15.00
11.20
12.40
10.52
10.02
10.40
10.56

12.00

3.90
13.30
11.60

4.00
11.10
1051
10.13
10.69

13.60
11.10
14,10
11.10
14.10
12.10
1050
10.55
10.13

DO

%

114.0 j
107 |
122.0
106.0 j
411 |
88.8 |

100.0 |
30 j

113.0

75.4
2.7
109.0
96.1

03.3

103.0
781
105.0
1130
97.4
115.0
95.2
736
93.3

o —— e

1140 |
104.0 j
110.0 i
122.0
136.0
106.0
112.0
02.3
91.0
92.3
02.0

90.5
35.4
103.0
100.0
447
102.0
94.0
93.0 j
95.0 |

108.0 |
039 j
112.0
1150 |
1290 |
1240 j
90.0 j
6s.6 |
923 |



Appendix 5. Crrtd.

| SITE NAME OF
| NO. RECEIVING WATER

j 4 EBBW
AT NEWBRIDGE

| 7 RHYMNEY
ATFIEUROE-US

1 v TAFF
UNNAMED TRIB OF
R. CLYDACH

1 TAFF
Y FFRWD
TRIB OF NANT
CLYDACH

1 9 TAFF/CYNON
UNNAMED TRIS OF
CYNON AT

CWMDARE

1 13 TAFF/RHONDOA
AT HOPWNSTOWN
DISC 2

0
m >
mw

I
| £246763
j T234130
j E246784
| E264497
| 1264496
j E204499

| E250787
| T2S0768
| 7250709
| 250770
t £266454
| T2C6455
j T200450
| E268457
| E262145
| 252146
j £262147

| E247252
j T247253
| £247254
j E266074
| T26607S
j E266076
j E262146
| 7262149
j E202150

| E2472S5
j 1247256
) E247257
j E266070
j T266071
17266072
| E266073
| E252315
| 7262316
| 1282317
| E262316

| £249924
| 249925
| E249026
J £264664
| 7264665
j E264666
| E279576
j 1279379
| E279S60

| £250774
| 1250775
j E250776
| E2S6077
| 7266078
| E266079
j £279561
j 1279562
j E279563

LOCATION

u/s
olsc
D/s
u/s
DISC
0/3

u/s
DISCI
DISC 2
0

DISCI
WSC 2
0/3
u/3

DISC
D/9

u/s
DISC
Ccvs
u/s
DISC
D/s
u/s
DISC
0/3

us3
DISC
cvs
urss
DIsCI
DISC 2
P/S
us3
DIsCI
DISC 2
0ss

u/3
DISC
D/3
u/s
osc

uss
otscC
D/8

uss
DIsSC
0/s
u/s
asc
D/s
u/3
otscC
0/3

_—  ———— — —

—_—— e o ——

479
1615
476
415
1556
464

517
1564
997
TTH#
457
1769
1133
754
466
1254
694

226
277
236
165
276
196
230
296
242

7
160
145

74
267

52
137

78
176

58
136

204
596
229
153
380
157
138
308
140

313
496
326

91
315

224
218
222

DISS.
IRON
mgn

0.139
15.440
0.137
0.145

0.150
6.300
6.500

0.205

3530
1.270
0.147
6.400
2220

0.0s9
1.120
0.265
0.101
1.030
0.252
0.096
0.730
0.163

0.113
0.668
0.654
0.213
1.130
0613
0.526
0.200
1.300
0.460
0.650

0.196
0.367
0.336
<0.003
12.20
0.190

0.031

0.330
27.600
0.570
0.319
6.720
0.372
0.220
2410

TOTAL
IRON
mg/1

0.313
20.250
0.420
0.222
16.95
0.562

0.360
6.300
6.700
2.600
0.205
3.390
3.950
1.270
0.187
6X00
3.900

0.141
1.190
0.361
0.127
1.060
0.266
0.131
0.750
0.268

0.141
2.040
1.080
0.262
2.030
0.737
0.061
0.240
2.300
0.510
0.640

0.238
0.460
0.637

<0.003
13X0
0.240
0X19
0.035
0x20

1.600
29.200
2X00
0.499
7.470
0.626
0.270
2x10
2.190

DIss.
Al

mg/1

0.032
0X31
0X18
0.029

0.025

TOTAL
Al

mg/I

0.061
0.045
0.164
0X63
0.042
0X29

0.041
0.008
0.004
0.035
0.028
0X16
0.111
0.030
0.022

<0.004
0.020

0X66
0.663
0.202
0.072
0.469
0.143
0.046
0.460
0.134

0.153
0.056
0.069
0.162
0.009
0.236
0.048
0.160
0.051
0.260
0.063

0.004
0.039
0.005
0X09
0.053
0X13
0x17
0X13
0.026

0.100
1X00
0.130
0X39
0.441
0.048
0.043
0.206
0.176

DIss.
SULPHATE

mg/I

114.40
791.40
116X0

95.10
742.30
14430

139.60
606.00
358.60
264.60
117.00
736X0
405.00
256.00

94.30
450X0
292X0

49.20
102X0
62.40
37.40

46X0
41.70
101.20
52,60

14X0
26.60
23.60
14.40
27X0

9X0
23.70
16X0
30.70
13X0
23.70

26.10
196.30
46.10
51X0
127X0
29X0
22X5
43.56
22X1

54X0
216.40
59.70
40X0
62.40
39X0
32.48
36.69
36X9

TOTAL
SULPHATE

mg/1

116.2
795.4
166.1

95.1
747X
1446

1415
600.0
359.5
264.6
117.0
730.0
405.0
256.0

96X
452.4
294.4

49.2
103X
62.4
37X
96.0
49X
41.7
101.2
52.8

32.6
38X
36X

ALKALINITY

mg/l CaCO

99.19
290.24
96.46
89.00
266.00
109.00

115.70
210.74
227.90
141.90
112.00
210X0
232.00
135X0
120.00
229.00
159.00

56.26
17.99
46.79
45X2
16.07
40.10
60.40
21.90
54.90

3.02
3269
20.27

7.70
37.50
10x4
26.35

9X6
38.80
12.90
27.90

80.95
99.69
69.27
36.00
69X0
45X0
40X0
109X0
40X0

96.10

4X5
90.47
77.00
41.00
75.50
04.00
46.00
51X0

SuUs.
SOLIDS
mg/I
3
36
3
<3
12
5
3
4
4
6
5
7
e
/
<3
1
3
3
3
3
<3
<3
<3
3
6
3
15
3
<3
6
<3
<3
5
15
4
9
4
6
<3
8
<3
<3
5
<3
5
24
5
3
14
5
<3
14
8



Appendix S. Chemical Data for 20 8.W. dlochargaa (m lacted lor ataga 2 meeeeemart)
on all aampnng oceaalona.

| SITE NAME OF
| NO. RECEIVING WATER

1 14 OGWRFACH

1 15 OGMORE
UNNAMED TRIB OF
LLYNF1

1 e AFAN/PEIENNA
AFON CORRWG
FECHAN

1 *7  AFAN/PELENNA
AFON CORRWG

1 2 AFAN
AFON CORRWG

1 ®  AFAN/PELENNA
TRIB OF CWM
GWENFFRWD

1
| LAB.
| REF.

1

1
| 1245142
| 7251064
| 1255730
| 7285731
| E285732
| 1270584

| E245146
| 1245147
( E245146
| E200725
| 7260728
| E286727
| £270X0
| 1273604
1 E273003

) E248110
| T248111
| E248112
| E266785
| 7256700
| E266787
| E273800
| 1273801
| E273602

| E248113
| T246114
| E248115
| E260728
| 7280729
| 7266730
| E200731
| E272330
| 1272331
| 1272332
| E272333

| E248116
| 1248117
| E248118
| E267403
| 7287404
| E207405
| E272850
| T2720s1
t £272652

| E248119
| 7246120
| 1248121
| E248122
| £268441
| 1286442
| 7266443
| E2B6444
| 273235
| 7273230
17773237
| 273236

1
| LOCATION | NATIONAL

| DISCI
| DISC 2
| DISCI
| DISC2
I D/3

| DISCI

1u/s
| DISC
| D/S
1 U/s
| DISC
| D/S
1ufs
| DISC
| D/S

1 u/s
| DISC
I D/S
I U/s
| DISC
1D/
1 u/s
| DISC
I D/S

1 U/9

| DISC

l, D/S
1uis

| oIsC |
| DISC 2

1068

| cxsc1
' DISC 2

| uls
| DISC
| D/S
1U/8

}8)“
0s
| DISC
1o/s

1uls

| DISCI

| oisc 2
D/S

1%

] DISC 1

| DISC 2

I D/S

1U/S

| DISCI

| DISC 2
1 0/8

| GRID
| REFERENCE

1

| SS 07759051
| S3 0619 0047
) SS 0776 0051
| S3 0610 0047
| 83 07809055
| SS 0776 0051

| SS 80388767
| SS 89388762
| 83 0934 8750
| 8S 89388787
| S3 80308762
| SS 89348758
| 83 69388787
| S8 8938 8762
| 83 6934 8756

| SN 8815 0064
| 8N 88130078
| SN 8811 0072
| 8N 68150084
| 8N 8813 0078
SN 8811 0072
SN 88150084
SN 8813 0078
SN 8811 0072

SN 68900072
SN 88920000
SN 88870061
| SN 88960072
| SN 68920069
| BN 8888 0067
| 8N 88870001
| SN WOO 0072
| 8N 68920009
| SN 6868 0067
t SN 8687 0081

| SS 80389780
| 83 8829 0788
| 88 6638 9757
| SS 6638 0766
| SS 6629 9768
| 83 86380757
| 88 0638 0760
| 83 8029 0768
| 8S 86389757

| 83 79929732
| 83 7090 9730
| 83 80069691
1SS 7994 9719
| 83 79920732
| 8S 7996 9730
| SS 8008 9091
| SS 7994 9719
| 88 79920732
| 83 70980730
| 88 8006 9091
| 83 79940710

| DATE

i

Ol-Fato-93

14-Jun-93

14-Sap-93

02*Fab-93

17*Jun*93

03-Aug-93

17-Fab-03

1S-Jun*83

04-An0-93

17-F«b-93

17-Jufh03

23-Jul-w

17-Fab-93

23-Juivo3

26*JuM)3

17-fab-93

30-Jun*93

3CXM-93

TIME

10:55

14:00

13:50

13:30

11.00

14:00

10:30

11:30

11:00

12:00

14.30

10:30

13:15

10:30

10:00

15:18

10:30

11:00

WEATHER

DRY

ORY

DRY

DRY

DRY

WET

WET

DRY

DRY

DRY

ORY

DRY

ORY

DRY



TEMP.

d»g.C

1
91 |
9.6 |
93 |
96 |

1
9.9 |

77 |
1020 |

77 |
124 j
120 |
124 j
118 j
11.6
129 1

59 |
0.7 |
71 j
106 |
100

11 1
11.2 |
10.0 |
11.0 |

7.40
0.90
7.40
7.00
7.90
7.20

6.00
6.30
6.60
7.20
6.90
7.00
6.50
6.60
0.50

7.00
7.30
6.90
6.10
6.60
6.70
6.50
6.70
6.70

7.50
0.60
7,40
7.60
6.10
6.60
7.60
7.10
6.30
6.70

7.00

7.50
7.50
7.60
7.50
7.10
7.70
6.90

6.60

6.70
5.10
4.00
5.70
6.00
5.34
431
6.40
5.10
6.10
5.60
5.90

FIELD
PH

6.50
7.05
730
7.46
6.6s
6.62
7.52
6.56
721

6.30

7.55
7.99
5.64
6.66
7.65
7.40
0.00
6.36

7.45

6.11
7.66
000
7.69
7.40
7.66
7.30
7.10
711

7.13
6.19
4.05
7.08
7.00
6.29

741
4.80
5.50
5.72
5.95

DO

mg/l

11.10
11.50
12.70
11.50
12.60
10.06

12.00
9.00
11.60
12.70
0.10
11.50
12.70
7.90
12.20

14.40
2.10
12.20
13.80
2.60
11.40
10.40
6.70
10.10

13.40
2.40
12.50
15.00
2.60
0.90
13.00
10.s4
246
0.43

10.46

12.40
10.10
12.90
13.40
12.10
13.40
10.20

9.45
10.00

1230
120
10X0
11.60
13.60
1.90
13.80
13.60
0.73
3.60
0.09
0.73

DO

%

%4 |
1020 |
111.0 j
101.0

69.3 |

101.0 |
65.6
974 |
1190 j

106.0
116.0
72.6
116.0 |

116.0
185
1010
125.0
231
104.0
95.0
77.2
91.6

_——— s —

111.0
21.0

105.0

136.0
246

1200
07.1
21-S

3.6
07.3

P ———r e

105.0
93.1
110.0
1260 j
116.0
127.0
94.0
60.7
93.0

 ——— —

106.0
10.6
60.0

103.0

140.0
17.1

129.0

140.0
03.6
32.2
63.4 |
034 j

—_— —_——



Appendix 0. cntd.

| SITE NAME OF
| NO. RECEIVING WATER

1 14 OGWR FACH

! 15 OGMORE
UNNAMED TRIB OF
ILYNF1

| 10  AFAN/PELENNA
AFON CORRWG
FECHAN

1 17 AFAN/PELENNA
AFON CORRWG

1 21 AFAN
AFON CORRWG

] 20 AFAN/PEIENNA
TRIB OFCWM
GWENFFRWD

I LAB.
| REF

1

| T245142
| 7251004
| 7265730
j T20S731
| E205732
| T2705M

| E245140
| 1240147
| £245140
| E26672S
| Taw72s
| E206727
| E273003
| T273004
j E273005

| E240110
| T240111
j E240112
| E200705
| T200706
1 E200707
| £273000
| T273401
| 273002

| E240113
| T240114
| E248115
| E200728
j T200720
| 7260730
| E200731
( E272330
| T272331
| 1272332
| E272333

| £240110
| T240117
| E240110
| E2B7403
j T267404
| E207405
t £272050
| 1272051
| E272652

| E240110
i 1240120
| 1240121
| E240122
| E260441
| 1285442
j T200443
j £200444
| E273235
| 7273230
j 1273237
| E273230

LOCATION

0lsC1
DISC 2
DISCI
DISC 2

DISCI

u/s
DISC
o/s
u/s
DtSC
0/3
u/s
DISC

u/3
DtSC
o/s
u/s
DISC
D/3
u/s
DISC
D/s

uss
R/ISC
S
u/s
OlIsCl
oisc 2
D/s
u/s
DISCI
DISC 2

urss
DISC
D/S
ur/s
DISC
D/S
ur/s
DISC
D/8

u/s
DISCI
DISC 2
D/S
u/s
DIsSC 1
DISC 2
D/S
u/s
ol1scl

a)CZ

| COND.

_——_— = —

_—— i — ) ——— —

—— i — — ——

230
334
214
200

112

335
170
87

425
100

105
216
111

703
520
230
40
057
02
00
547
140

150
507
100

575
127
120
570
602
100

173
1010
104
120
000
149
toe
300
132

140
074
355
250
iso
764
330
100
102
140
210
112

olSss.
IRON
mg/1

0.000
0.500
1.100
0.400
0.1s0
0.770

0.140
0.000
0.500
0.310
0.000
1.070
0.100
0.500
0.573

0.017
10.400
NO RESUL
0.003
11.000
0.420
0.050
10.550
1.530

0.030
1.300

NO RESUL
0.071
19.500

0.500
0.054
10.020
0.370
0.040

0.041
15.710
0.304
0.005
21.200
0.300
0.001
4.440
0.320

0.040
101.400
12.150
0.200
0.045
32.050
2.540
2.120
0.170
0.050
2310
0.329

TOTAL
IRON

mg/1

0.000
0.077
1,100
0.630
0.205
0.770

0.100
0.000
0.000
0.500
7.500
2.070
0.370
0.050
0.012

0.0s4
10.400
2.700
0.100
12.000
0.510
0.000
11.150
1.540

0.065
15.200
1.000
0.090
10.700
0.500
0.000
0,074
11.330
10.050
0.052

0.129
27.070
0.750
0.102
24.700
0.503
0.100
5.200
0.350

0.120
103.200
12.200
0.500
0.000
30.450
2.030
2400
0.104
3.050
2410
0.340

0Ss.

mg/|

0.00
0.00
<0.004
<0.004
<0.004
<0.004

0.040
0.005
0.027
0.041
0.030
0.039
0.030
0.023
0.035

0.005
0.010
0.300
0.100
0.013
0.100
0.120
0.010
0.111

0.270
0.022
0.030
0.071
0.050
0.010
0.057
0.020
0.041
<.004
0.010

0.025
0.020
0.022
0.045

0.044
0.104
0.000
0.005

0.129
0.170
1401
0.037
0.109

0.000
0.031
0.350
0.015
0.177
0.210

TOTAL
Al
mg/|

0.00

<0.004
<0.004
<0.004
<0.004

0.110
0.010
0,340
0.130
0.055
0.160
0.125
0.550
0.100

0.110
0.010
0.052
0.360
0.044
0.370
0.157
0.010
0.134

0.031
0.031
0.032
0.062
0.050
0.044
0.071
0.034
0.040
<.004
0.033

0.035
0.002
0.042
0.070

0.052
0.107
0.020
0.1s4

0.273
0.100
1514
0.202
0211
0.020
0.070
0.230
0.407
0.022
0.204
0.313

QlIss.
SULPHATE
mart

21.00
4240
21.00
37.40
20.70

13.30
00.40
20.40
13.70
40.00
17.50
1170
50.00
15.00

0.00
141.00
52.70
0.00
145.00
13.00
0.30
121.40
20.00

14.10
35.40
NO RESUL
11.00
242.00
210.00
23.10
11.00

229.40
33.60

32.20
370.20
30.00
22.40
231.60
20.50
17.00
69.00
2140

30.10
512.20
145.20

03.60

30.00
340X10
130.00

04.00

22.70

25.30

64.00

26.20

TOTAL

SULPHATE

mg/|

210
42.3
21.0
375
20.7
12.9

130
103X)
204
13.7
404
175
131
03.2
15.0

0.0
142.2
52.7
10.0
145.0
14.0

1214
20.0

141
202.0
30.0
114
242.0
221.0
234
120
102.1
220.4
33.0

322
307.0
304
227
3354
20.5
17.0
07.3
224

30.3
510.3
145.2
03.0
36.0
340.0
130.0
07.0
23.0
254
05.0
20.2

ALKALINITY

mS/I CaCO

03.31
73JO0
107.00
71.00
105.70
74.00

0.70
2743
10.00
16.50
33.50
14.50

0.16
40.00
10.00

1635
123.39
40.00

240
127 fD
6.30
1140
131.00
23.70

54.00
44.02
52.77
2540
3040
00.40
24.05
3040
47.20
6200
40.40

42.29
207.12
45.01
35.30
177.00
02.40
2340
00.00
25.70

0.00
1.10
NO RESUL
144
040
040

5.14
147
15.80
3.70
343

Sus.
SOLIDS
my/1

<3

<3

<3

<3

<3

<3

<3

<3

<3

<3

w

[«

838BY 0w wu
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Appandtx 0.

| SITE

I NO.

2s

23

22

to

on ail aampting oecaatona.

NAME OF
RECEIVING WATER

AFAN/PELENNA
NANTBLAEN
PaENNA DISCI

AFAN/PEIENNA
NANT BLAEN
PELENNADISC 2

FFRWD WYLLT
AT GOYTRE

FFRWD WYLLT
AT BRYN

AFAN
NANT OWYNR

1
| LAB.
| REF.

1

|
| E248123
j T248124
| E24812S
j £207855
| 1207858
1 E267BS7
| £273557
| 1273558
| E273550

| E251091
j 1251802
| E251603
| E207658
| 7287850
| £287000
| E273560
| 7273501
| £273542

| E248824
j T2am2s
| E248829
| E207400
j T207410
j £287411
| E274510
| T274511
| E274512

| E251094
| 251008
| E251000
j E2D7400
j T207407
| £207408
| £200028
| T200027
| E280028

| E2510GS
| 7251000
| E251007
| E287355
| 7207350
t £207357
| E207352
| 728733
j E207354
| E274507
j T274500
| £274509

LOCATION

u/s
DISC
D/3
u/3
DISC
0/3
u/3
DIsSC
0/3

u/8
DISC
D/3
u/3
DISC
0/3
us3
DtsC

u/3
DISC
D/s
u/3
olsc
D/3
u/3
DIsC
0/3

u/s
DISC
D/S
u/s
DtSC
D/S
u/8
DISC
0/8

u/s
olsc
D/3
u/8
DISCI
0/8
u/8
DISC 2
0/3
u/s
DISC
0/3

1

| NATIONAL

| GRID

| REFERENCE

1

j SS 81590727
| 83 61010723
| 3381020712
| 33 8158 0727
j 3881010723
j 3881020712
| 33 8158 0727
j 3381010723
| 33 81020712

| 38 8159 0755
j 338154 0751
| 33 81580750
| 33 8150 07S5
838154 0751
33 8158 0750
38 8150 0755
888154 0751
SS 8158 0750

88 78728077
83 78726075
89 7800 9074
S3 78728077
S3 78728075
33 7880 8074
1SS 70728977
j 3 78728075
| S3 7000 8074

S3 8180 0221
33 8171 0218
83 81080218
SS 8100 0221
S$3 8171 0216
83 81880218
33 8180 0221
| 838171 0218
| 33 81880218

| 38 80210738
j 8380230730
| 38 80180729
| 83 80210738
j 8880230730
j 38 80180720
j 8880450781
j 8380400774
| 83 80380787
j 8880210738
j 8880230730
| 33 8018 0720

Chamlesl Data for 20 S.W. tflaebargta (aakctad for staff* 2 ««Maimvnt)

| OATE

17-Fab-03

24-Jurv03

02-AU0-03

ObMtr-n

24-Jun-03

02-Aug*03

23*F«b*03

23-Jun*C3

0$-Aug-03

08-Msr-03

23-Jun-C3

1$-Stp-03

0S-Mar-03

21*Jun*03

05-Aug-SC



TIME

14:50

10:30

10:00

12:30

11:30

11:00

14:00

13:30

14:00

13:15

12:00

09:30

13:00

11:55

14:00

WEATHER TEMP.

deg. C

DRY

ORY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

ORY

DRY

0.0
105

13.7
114
13.0
13.0
11.4
12.9

130
11.0
120
133
11.0
133

57
S.9
5.9
122
121
11.9
104
100
105

10.3
11.0

5,70
5.00
7.10
5.39
0.90
020
5.40
5.40

0.90
7.20
7.01
0.00
0.90
7.00
6.10
0.70
6.50

7.20
6.60
6.90
7.00
6.70
7.10
7.10
6.90
6.90

7,30
7.20
7.30
740
7.40
7.50
7.10
7.10
7.00

7,50
0.00
7.00

6.50
7.02

7.20
7.17
6.60
6.60
e.eo

6.15
0.15
0.60
7.97
6.32
0.51
7.06
5.52
5.00

0.12
7.43
7.73
7.00
7.46
7.79
0.85
7.40
6.02

7.02
6.76
7.30
7.09
721
7.75
7.65
6.15
0.43

0.00
7.69
7.93
8.10
7.04
7™

751

7.46

6.36
7.24
7.58
791
6.93
7.27
6.62
6.62

784
6.79
7.30

12.30
8.50

14.00
1260
16.50
11.80
12.30
11.60

12.60
11.40
120
15.90
15.80
18.90
12.50
11.90
12.90

13.60

9.80
12.50
14.10
12.30
12.70

9.72

9.80

12.90
12.10
12.80
15.50
14.50
15.40
1041
10.53
10.50

15.00
11.10
14.10
12.10

9.30
12.00
10.20

6.90
10.10
11.10

7A0
10.80

106.0 j
763 |
90.0 j
144.0 j
117.0 |
159.0 j
1140 |
1130 |
11z0 |

102.0 |
96.5 1
1000 j
150.0

140.0 j
184.0
120.0
107.0
123.0

—_—— -

111.0 i
64.7
103.0
134.0
113.0
120.0
931 |
73.7
93.9 j

103.0
99.6
103.0
145.0
135.0
143.0
93.3
94.8
94.3

124.0

90.1

115.0 j
110.0 i
61.2 |
109.0 j
903 |
75.3 |
69.0 |
103.0 j
69.7 |
995 |



Apptndte 0, cnld.

| SITE

| NO.

25

24

23

22

]

NAME OP
RECEIVING WATER

AFAN/PELENNA
NANTBLAEN
PELENNA OISC 1

AFAN/PELENNA
NANTBLAEN
PELENNA DISC 2

FFRWD WYLLT
AT GOYTRE

FFRWD WYLLT
AT BRYN

AFAN
NANT GWYNFt

| LAB.
| REF.

1
| E240123
| 1240124
| E240125
t E257655
| 7267050
j E267857
) E273557
| T273556
| E273559

| E251601
| 1251692
| E251593
1 £207850
j 1257650
| E267000
| E273560
| 1273501
i E273502

| E246024
) T24002S
| E246020
| E267400
j 7207410
j E267411
j E274510
| 1274511
| E274512

| E251094
| 1251088
j E251080
| E267406
| 1267407
| E207406
| E290020
t 1260027
| E260026

| £251065
| 7251060
| 251067
| E267355
| 7207350
| £207357
| E207352
j T2673S3
j E267354
| £274507
| T274506
| E274500

LOCATION

u/s
DISC
0/s
u/s
DISC
0/9
u/s
DISC
0/s

j COND.

| u*

—————

124
505
303
114
505
207
61

400
218

00
238
152
07
223
117
04
200
100

179
389
222
142
277
140
I1SO

160
201
171
123
144
132
100
130
104

100
447
104
76
339
95
50
156
115
60
310

—_—— ———

| OISs.
| IRON
| mo/I

—_——— e e

0.034
25.210
0.100
0.133

0.732
0.292
15.240

0.003
0.600
0.149
0.105
0.641

0.154
0.317
0.349
0.341

4.000
0.930
0X920
2.060
0.169
0.075
3.157

0.027
0-304
0.324
0.023

0.104
0.060
0.246
0.242

0.000
0.700
2.100
0.050
7.270
1.023
0.306

1.103
0.121
4.027
0.509



TOTAL
IRON
mg/L

0.220
25.030
11.010

0.218
18.560

0.641

0.364
15.240

4786

0.111
1.126
0.020
0.154
0.777
0.661
0411
0.705
0.450

0.009
4.400
0.930
0.046
2.490
0.28ft
0.075
3.745
0.40Q

0.0s0
0.442
0.509
0.077
0.143
0.235
0.069
0.276
0.250

0.122
9.540
2.100
0.104
7.270
1.032
0.374
3.470
1178
0.152
5.233
0.569

Olss.
Al
mg/1

0.040
0.169
0.007
0.192
0.175
0171
0.254
0.416
0.252

0.035
0.016
0.035
0.222
0.066
0.155
0.292
0.056
0.210

0.030
0.009
0.022
0.011

0.043
0.055
0.006
0.047

0.026
0.032
0.036
0.060
0.061
0.074
0.034
0.004
0.063

0.042
ox127
0.027

0.027
0.071
0.138
0.092
0.036
0.157
0.029
0.136

TOTAL
Al.
mg/l

0.365
0.353
0.915
0.402
0.212
0.410
0.407
0.564
0.361

0.326
0.640
0.570
0.308
0.760
0.410
0.361
0.971
0.465

0.079
0.026
0,046
0.025
0.013
0.113
0.092
0.039
0.079

0.046
0.046
0.002
0.095
0.061
0.076
0.048
0.075
0.074

0.043
0.043
0.043
0.088
0.035
0.074
0.371
0.162
0.062
0.174
0.048
0.145

0lSs.
SULPHATE
mg/1

24.20
265.60
121.90

27J0
268.90

35.00

18,00
185.50

62.10

19.40
46.30

29.20
20.00

26.40
13.60
52J0
25.40

29.50
92.70
46.10
18.00
50.60
24.80
2130
74X30
29.60

20.60
19.00
19.40
17.20
18.60
18.30
1640
20x10
17.50

11.30
163.40
53.60
10X30
112.20
2710
10.40
1130
11.10
0.00
96.60
20.00

TOTAL
SULPHATE
mg/l

24.2
267.6
122.4

27.9
279.6

36J

18)
190.2

62.1

196
46.9
29.2

20.1
54.3

26,6
141
52.3
254

29.7
9zr
47.0
189
50.8
254
214
744
29.9

206
191
195
J7.4
186
187
193
20.0
221

11
163.4
53.6
10.1
112.2
275
10.6
119
11.1
m 92
10t.l
20.4

»

ALKALINITY

mg/l CaCO

15.14
5.32

13.60
3.73
12.27
5.35
3.62
Z70

11.90
55.47
23.50
7.00
40.73
14,00
3.20
2551
9.97

26.10
65.95
41.20

9.70
60.80
21.40
17.50
78.00
26.60

32.50
34.92
35.68
18.40
30.60
29.30
36.20
40.00
41.00

27.05
52.07
34.74
16.90
36.00
20.50

3.60
57.20
36.50

631
31.00

831

sus.
SOuDS

<3

<3

<3

<3

<3

<3

<3

<3

oo w
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Appandbr 0,

| SITE

| NO.

20

29

27

18

32

30

on all aampting oeeaalona.

NAME OP
RECSVING WATER

AFAN
AATAN
AT GEUJ FARM

AFAN
NANTYFEOW

AFAN
TRIB OF NANT
CREGAN

CYNFFIG
N. CRAIG YRABER

LOUGHOR

nantmelyn

LOUGHOR
MORLAIS

1
| LAB.
| REF.

1

|
| E251099
| 7251099
| £251090
| £287359
| 7207359
| E207300
| E280029
| 7280030
| E290031

| £251092
| 7251063
| E251004
| £209449
| 7269449
| E269450
| E274504
| 1274505
| E274500

| £251099
| 7251099
| E251690
( £290445
| T268440
| £209447
| £272853
| 7272854
| E272S55

| E251007
| E251000
| E251090
| £269451
1 7200452
| E200453
| E273000
17273907
| £273909

| £254349

1

| E269913
| T200014
| E260015
| £271095
| 1271090
| £271007

| £253200
| 7253201
| 253202
| E260505
| T2C0500
} £209507
| £271706
| 1271707
| £271709

LOCATION

u/3
olsc
D/3
u/8
DtSC
0/9
u/8
DtSC
D/8

u/8
DtSC
D/3
u/3
DtSC
D/S
urss
DtSC
D/3

u/3
DISC
D/S
u/s
DtSC
D/S
u/3
DtSC
D/3

u/3
DISC
Cvs
u/s

DISC
D/s

u/3
DtSC
D/3

olsc/
STREAM
urss
DtSC
D/S

u/s
DISC
D/8

us3
DISC
D/S
u/s
DISC
0/3
u/8
DtSC
D/S

|
| NATIONAL

| GRID
| REFERENCE

1

| SS 97100034
| SS 07200030
| $3 97100027
| S3 0710 0034
| 88 07200090
| 1107190027
| 90 67100034
| 8307200030
| S3 97100027

| 83 07770590
[ 8807040570
j 3397900592
| SS 0777 0590
| SS 9704 0570
| S3 9790 0592
| 83 97770590
| 83 9704 0570
| SS 97900502

| 8894420730
| SS 9044 0733
| SS 0477 9731
| 83 94429730
| S3 90440733
| S3 04779731
| SS 0442 0730
| SS 0044 0733
) SS 04779731

| 83 0504 9514
| S3 9555 0455
| SS 9509 9505
| 83 9504 9514
| 83 05550455
| SS 0500 8505
| SS 9504 0514
| 8s 0555 9455
1SS 9500 0505

|1 SN 7030 1011

1

| SN 7023 1104
| SN 7022 1100
| SN 7021 1107
| SN 7023 1104
| 8N 70221100
| SN 7021 1107

N 5900 0200
N 5723 0220
N 57020107
N 50090200
N 5723 0220
N 57020107
| SN 5009 0200
| SN57230220
| SN 57020197

|S
| S
IS
| s
(IS
|s

Chamleal Data for 20 8.W. dlaehargos (aafoclad for ataga 2 aaaaaamant)

| OATE

| OS-Msr-03

j 21-Jun-93

| 15-8ap-93

| 00-Mar-03

| 30-Jun-93

| 05-Aug43

| Cfc-Mar-e3

| 30-Jar>-C3

| 20%ut93

| 08-Mer-03

| 30-Jun*03

| 03-AU0-03

| 2S-Mar-93

| 00-Jut-03

| 223ure3

( 17-Mar-93

| 07-Jul-93

| 21-Jul-93

TIME

14:00

14:30

10:45

10:30

10:15

10:30

12:.00

14:00

14:00

14:30

13:00

19:00

11:40

11:00

10:15

12:45

11:00

11:30

WEATHER

ORY

ORY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

DRY

ORY

DRY

DRY



1
8.7 |
9.7 J
80 |
132 |
120 |
133 |
10.1 j
108 |
10.2 j

»
o

i
© w
©

i
N
©

—
=
©
——

~
(&)
— G ————

HH
SR
oo

NN
o

13.6
12.4
128
12.6
124

125 |

6.2

143
11.6
13.8
123
1.8
123

_——

9.6
14.5
11.4
14.0
14.4
14.0
14.6
146 |
146 |

—_—— -

7.60
7.80
7.60
7.40
7.70
7.40
0.90
7.20
7.00

6.65
7.40
6.76
7.00
6.50
7.30
6.70
6.70
6.90

6.39
6.70
7.17
7.20
6.70
7.20
s.20
6.60
6.20

6.90
6.60
7.10
7.00
0.30
6.40
6.50
6.40
6.40

6.90

7.00
6.90
7.10
6.70
6.60
7.00

7.30
6.70
6.90
7.30
6.70
7.00
7.00
6.60
6.00

REUD
pH

6.16
7.65
6.0l
791
771
7.62
7.22
7.42
7.20

8.62
7.03
7.49
7.60
751
7.66
6.90
6.36
7.10

6.00
7.34
751
7.37
6.66
6.92
5.42
6.41
5.72

6.26

7.60
7.06
6.44
6.73
6.63
592
6.36

7.92

6.27
5.39

7.52
6.49
6.63

6.17

7.32
8.27
7.60
7.60
752
6.63
721

DO

14.20
12.60
12.00
10.20
10.10
10,70
10.09
10.92
10.67

12.00
3.60
12.10
11.30
2.70
11.50
12.80
3.60
12.10

12.60
11.40
12.10
13.00
15.50
15.10
10.00
10.20
10.04

12.10
11.10
11.80
110

2.80
10.20
11.60

3.30
11.10

12.30

9.50
0.70
7.60
9.46

6.23

12.00
020
10.40
1Jo
0.10
7.90
10.00
0.10
0.60

DO

%

116.0 j
111.0 [
>00.0 j
07.5
03.9
1020
05.1
033 j
952 |

101.0 |
331 |
061 [
110.0 |
230 j
100.0 |
1190 j
338 j
112.0 |

06.6 |
1000 1
101.0 1
1300 j
137.0 |
1430 j
1020 |
005 j
929 |

100.0 |
929 |
08.1
109.0
203
06.8
111.0
31.0 j
104.0

- —— o —

994 |

93.0

6.5
75.5
66.6
15.7 j
771

106.0 |
20 |
05.4 j

111.0 |
1.0 ]
782 |

107.0 j
10|
06.6 j



AppvndLx 0. entd.

3 SITE
| NO.

1 »

1
1 27
( B
| 3
| 30

NAME OF
RECEIVING WATER

AFAN
AAFAN
AT GELL1 FARM

AFAN
NANT Y FEDW

AFAN
TRIB OF NANT
CREGAN

CYNFFIG
N. CRAIG YR ABER

LOUGHOR
nantmelyn

LOUGHOR
MORLAIS

| E251066
| T251005
| E251000
t E287358
| 1287350
| E267360
| E260020
| 7260030
| £260031

| E251082
) 7251003
| E251604
| £260440
| 7268440
j E2M450
j E274s04
| 1274505
| E274506

| 251680
| T251668
| E251690
| E250445
| 7208449
| E268447
| E272653
| T272854
| E272655

| £251667
| £251606
| E251680
j E266451
| 1266452
| E260453
| E273606
| 7273807
| E273606

-

| E253200
| 7253201
| E253202
| E260S05
| 260506
| E260507
| E271766
| 1271767
) E271768

LOCATION

urss
DISC
0/8
urss
DISC
0/8
us3
DISC
o/s

u/s
w8c
0/8
u/s
DISC
ors
u/s
DISC
tvs

u/8
otsc
0/8
urss
DISC
D/S
urss
DISC
ovs

u/s
olsc
D/8
u/3
DISC
D/S
urss
DISC
D/S

DISC/
STREAM
u/s
DISC
0/8

u/8
0oSsC
o/s

u/s
DISC

u/s
DISC

u/s
olsc
0/s

1
| COND.

1

1ur

1

_——

—_—— e

o b ———

160
224
173
112
160
104
116
192
122

57

1ISO

265
132

322
100

105
384
265
03
321

74
302

06

100
234
1SO
131
1414
498
131
1376
331

74
1037
615
110
1060
436

169
2230
1011

204

1239
169
2120
720

1
|

DISs.

1IRON

—_—_— ——_—— —_————— —_———

o ——— S —

—

mo/t

0.036
0.129
0.054
0.039
0.154
0.049
0.044
0.177
0.060

0.017
NORESUL
0.640

0.900
0,447
0.044
1.363

0.010
3.230
1.660
0.026
0.620

1.150
0.066

0.1s3
NORESUI
0.537
0.293
10.410
4.760
0.295
14.600
3.190

0.742

0.211
5.450
2.137
1.240
5.760
2.190

0.262
63.130

NORESUL
0.275

22.570

0.316
74.010
12.600



| TOTAL

| IRON
| mg/1

—— — ——— —— — ——— S ——— —

0.043
0.75a
0.187
0.000
0.249
0.078
0.058
3.370
0.082

0.017
1.522
0.048
0.024
1.170
0.447
0.044
2,000
0.230

0x11
3.320
2.470
0.020
1.010
0.500
0.025
1.530
0.088

0.345
8.190
2,282
2380
6.000
2.540

0.416
73X180
10.300

0.345
31.770
28.420

0.307
81.120
12.600

QlSss.

mgfl

0.030
0.004
0.024
0.092
0.008
0.032
0.040
0.005
0.032

0.007
0.004
0.004
0.012
0.000
0.012
0.034
0.000
0,027

0.011
0.083
0.059
0.019
0.080
0.002
0.910
0.087
0.203

0.007
0.010
0,000
0.018
0.034
0.011
0X125
0X120
0.020

0.011
0.004

<0.004
0X110
0.008
0.005

0.028

0.100
NO RESUL

0.035

0.029
0.024
0.178
0.021

TOTAL
Al
mg/I

0.030
0.011
0.037
0.059
0.020
0.039
0.052
0.119
0.045

0.009
0.015
0.01S
0.014
0.142
0.064
0.038
1.005
0.009

0.011
0.123
0.230
0.019
0.107
0.070
0.940
0.109
0.285

0.022
0.019
0.011
0.020
0.050
0.010
0.09a
0.077
0.086

0.018

0.010
<0.004
0.009
ox141
0.008
0.010

0.058
0.175
0.034
0.035
0.061
0.029
0.055
0.189
0.033

otss. TOTAL ALKALINITY |
SULPHATE  SULPHATE
mg/ mg/L mg/l1CaCO j
30.00 31.0 35,55 ]
27.80 27.0 89.42 |
30.80 31.0 30.09 (
17.60 17.7 23.40 |
25.00 25.0 65.60 |
18.20 184 27.10 |
25.10 20.2 25.00 |
25.20 2s.2 81.00 j
20.70 31.4 20.70 |
8.50 0.5 = 7.00 |
70.90 70.9 74.58 |
34.20 34.9 1040 |
4.70 4.7 0Jo |
59.00 59.0 72.00 |
24.30 24.0 29.10 |
6.00 0.9 ™7 |
58.90 57.8 71.00 |
15.90 191 21.20 |
18.60 10.0 178 |
150,80 159.7 36.19 |
88.40 ea.o 28.25 |
11X10 14.0 14.00 |
114.00 110.0 30.07 |
00.00 0813 22,50 |
14.00 14.4 100 j
89.80 100.0 20.30 |
20.70 210 430 |
14.70 14.7 11.22 |
10.00 19.9 17.75 (
25J0 25] 22.00 |
10.30 19.2 16.50 |
500X10 573.0 117.00 [
189.00 174.0 43.00 |
10.00 10.0 11.00 |
538.7 30.80 |
101.90 101.9 27.00 |
7.80 7.0 23.04 |
5.90 54 21.00 |
254X10 280.0 315.00 |
145X10 151.0 188X10 |
6.50 80 34J0 |
248.00 2S83.2 315X10 |
02300 020 120X0 |
24.10 24.1 3236 |
085.00 1.057.0 222.82 |
300J0 400.4 103.82 |
2050 20.5 42.00 |
729X10 720%) 254.00 |
45810 450.0 15010 |
20.10 20.4 38.00 )
911.20 018.8 244.00 |
249]0 249.0 88.00 |

sus.
sonos

mg/l

<3

<3

<3

<3

<3

<3

NN

How BB 8N oo

w

o No v o

~ oo o

83 o

H
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Appandtx 6. Chamleal Data lor 20 tW ,dlachargo* (aotoctad lor ataga 2 aaaaaamant)
on an aampting oecaafena.

NAME OF
RECSYWG WATER

LOUGHOR
CATHAN

TRIB OF aYNE

TAWE
UNNAMED TRIB OF
LOWER (XYDACH

1
| LAB.
| REF.

1

1
1 E253369
| 1283390
| E253391
| E266934
| 1250835
| E266936
| E271966
| 1271968
| E271990

| E253365
| 7253366
| 7253367
| E25339A
| E200500
| 7209509
| 7289510
| E269511
| £271762
| 271763
| 1271764
| E271765

| E254515
| 7254516
| E254517
| E269916
| 7269917
| £209916
| E290032
| 7290099
| E200034

| LOCATION

I U/s
| DISC
i o/s
1 U/3
| DISC
1o/s
1 U/3
| DISC
| D/S

| U/s

| DISCI
| DISC 2
t D/3
1u/s

| DIsC 1
| DISC 2
| D/S

1 U/s

| DISCI
| DISC 2
| D/S

lu/s
| DISC
1D/S
| U/8
| DISC
D/S
uis
| DISC
1D/S

1
1 NATIONAL

| GRID

| REFERENCE

1
| SN 63200963
| SN 6325 0963
| 8N 6323 0960
| SN 0329 0903
| SN 6325 0963
| SN 6323 0966
| SN 6326 0963
| SN 63250963
| SN 6323 0966

| 8S 9673 9434
( 88 56789427
| S3 5927 9362
| 88 5931 9369
| SS 59739434
| SS 5678 9427
| 83 5927 9362
| SS 5931 9369
| 88 5673 9434
| 89 5678 9427
| 88 5927 9362
| 83 8931 9369

z

7002 0536
7002 0533
7001 0530
70020536
70020533
7001 0530
70020536
7002 0533
7001 0530

zzzzz

NV nnnunnunn
zZ2 2

z

| OATE

[

18-M#r*93

02-Jul-93

22-Jul*93

16-Mar-93

07*Jul-93

Z0-Jul-93

20-Mar-03

06-Juf*93

15-S«p-93



TIME

1

15:30
12:30

11:00

11:40

14:00

15:00

11:00

13:00

11:30

WEATHER TEMP.

d*g. C
NI

DRY
DRY

DRY
DRY
DRY
DRY
ORY

DRY

DRY

6.0
1.0

S.9
14.1
113
139
131
1.6
131

9.3
114
114
106
13.7
12.3
12.0
125
145

125
12.7

5.0
9.5
00

165

114

151

123

11.3

12.3

—_—_—

e —————— ——

7.70
5.60
7.20
6.20
5.70
6.70
7.10
5.50
7.00

7.50
700
6.30
7.10
7.60
7.00
6.30
7.00
7.10
7.00
6.10
6.90

6.90
5.60
6.20
6.90
5.60
6.10
0.70
5.70
6.30

FIELD

pH

7.96
5.50
6.64
741
6.36
7.62
7.66
5.61
713

6.19
6.75
6.79
6.91
6.90
7.52
741
7.70

7.05
7.52
7.60

6.29
6.06
6.25
6.46
5.47
6.37
7.50
5.75
5.96

00

mofi

1130
100
10.70
10.90
110
10.20
10.40
4.72
10.23

10.20
100
7.30
6.20
9.30
6.20
6.70
7.60
6.70

6.50
6.90

12.00

12.00
9.00
0.70
6.90
9.95

6.79

DO

%

97.0 |
91 |
925 |
106.0
101 j
99.0
99.2
435
97.5

69.0

67.0
55.8
69.9

—_— e ——

62.0
734
65.6 j
66.7
61.1
64.1

955 |
1.6 |
965 |
924 1

]

66.7 |
93.2
9.2 |
62.3 j



Appendix 0. cntd.

| SITE NAME OF
| NO. RECEIVING WATER

1 20 LOUGHOR
CATHAN

1 31 TRIBOFCLYNE

1 * TAWE
UNNAMED TRIB OF
LOWER CLYDACH

_—_—
bl
m >
mw

1

| E253308
| T2S3300
| E2S3301
| E205034
| T266W5
| E200030
| E271000
| 7271000
| 271000

| E253305
| 7253300
| T2533A7
| E2533W
| E258509
| T2fl0S00
| 7200510
| E260511
| 271702
| 1271703
| T2717M
| E271705

| E2S4515
| 7284510
| E25*517
| E200010
| 7250917
1 Eaeoois
| E200032
| T280033
| E200034

| LOCATION

1u3
| DISC

108

| 85

e

t U/s
| DISCI
| DISC 2
t CVS
1 U/3
| bIscl

148

I u/s
t DISCI
| DISC 2
t CVS

1 u/s
] DISC
| D/S
| U/S
| DISC
| D/S
1uss
1DISC
| 0/S

1
j cono.

1
Lul

—_ e ——— o ——

e —

212
235

010
210
214
002
234

207
sS4

400
230
403
942
440
213
423
440
400

312
55fl
31
540
507
010
324
014
300

0OISS.
IRON

0.040
81.100
1400
0.040
73.000
1.200
0.150
50.700
1.000

0.170

7.020

27.500
NORESU

0.172

22.170
5.4T0
0.313
$.353

20.415

0.140
30.300
1.400
0,037
21.310
2.300
0.100
20.450
2,000

TOTAL
IRON

mg/I

01.030
1051
0.120

73.000
1.200
0.150

01.000
1,750

0.410
0.160
27.000
4.700
0.173
0.620
22.200
7.170
0.302
0.403
30.004
4.100

0.220
44.700
£120
0.004
21.310
4.000
0.334
42.700
3.000

olss.
Al

mg/I

TOTAL
Al

mg/|

0.020
1.203
0.000
0.022
1.000
0.042
0.010
0.057
0.037

0.060
0.010
0.090
0.030
0,030
0.060
0.075
0.074

0.050
0.070
<0.004

0.040
0.420
0.040
0.022
0.042
0.044
0.107
0.113
0.005

Qlss.
SULPHATE

mg/t

42.20
400.70
54.00
32.00
444.00
4240

502.20

13.00
73.70
129.60

40.70
6.00
00.00
121.00
07.00
15.50
40.50
110.00
82.30

132.00
204.00
130.00
284.00
103.00
27440
147.20
300.00
100s0

total
SULPHATE
mg/l

475
400.7

320
444.0
42.0
304
515.0
47.2

20.7
70.7
129.9
50.4

77.0
1214
07.0

60.7
1104
82.3

1320
204.0
130.0
204.0
103.0
274.0
140.4
300.0
103.0

ALKALINITY

mg/l CsCO

50.03
10.10
47.02
40.00
24.50
43.00
40.40
15,70
40.30

00.70

150.10
0440
205.00
52.00
113.00
0340
153.00
5240
100.00

11.70
47.00

13.00

15.30
40.00
10.70
22-30
7340
26.00

SUS.
SOLIOS

<3

<3

—
o NMNO R ®

207



Appendix 7. Chemical Data for the N. discharge (selected for stage 2 assessment)

on all sampling occasions.

| SITE  NAME OF | LAB.
|NO.  RECEIVING WATER | REF.
LERIR) ,,Trl’-,,,,,
| 34 DEE f E165705
| T165766
BROUGHTON BROOK | E165767
| E28U40
| T201141
i E261142

Appendix 7. cntd.

|
SITE | NAME OF | LAB.
NO. | RECEIVING WATER | REF.

1

1
34 | DEE | E165765

1 | T165768
| BROUGHTON BROOK | E165767
I | E281140
I | T281141
I | E281142

| LOCATION

[ u/s
| DISC
D/S
u/s
DISC
D/S

| LOCATION

luw/s
| DISC
I D/S
1ws
| DISC
| D/S

| NATIONAL | DATE
| GRID I
| REFERENCE |

j SJ3065 6570 | 23-Apr-93

| SJ 3068 6571
} SJ 3068 6572

SJ 3065 6570 j 22-Sep-93

| SJ 3068 6571
| SJ 3068 6572

COND. DISS.
IRON
us mg/1
326
976
867
570
1070
1018

0.381
10.270
9.420
0.390
13.100

TIME

—

09:00

12:30

TOTAL
IRON
mg/1

0.504
10.360
9.420
0.400
13.100
3.100

WEATHER  TEMP.
deg. C
_H.x
DRY 9.7
10.7
105
DRY 11.9
10.8
11.0
DISS. TOTAL
Al. Al
mg/I mg/|
0.193 0.260
0.260 0.270
0.255 0.264
0.046 0.046
0.043 0.082
0.010 0.010

FIELD
pH
_» X
7.70 8.06
6.70 6.34
6.90 7.00
7.90 7.35
7.60 6.31
7.80 6.66
DISS. TOTAL
SULPHATE SULPHATE
mg/1 mg/|
4486 NO RESULT
242.20 253.0
21551 221.0
75.80 75.8
271.10 275.6
237.80 237.8

DO DO

mg/I %

8.50
0.20
1.50
10.05
0.78
6.39

ALKALINITY

mg/l CaC03

69.00
232.00
211.00

74.9 |
18 |
135 |
93.3 |
71 |
581 |

SUS.
SOLIDS

mg/|

4.0

13.2
<3

20



Appendix 8.

Water Quality Data Summary

Site

1 Lliwyd

at Abersychan

2 Llwyd
at Pontnewydd

3 Liwyd
at Pontypool

4 Ebbw
at Newbridge

5 Sirhowy

at Blackwood

6 Sirhowy
at Pontllanfraith

7 Rhymney
at Fleur de Lys

u/s
disc
d/s

u’/s
disc
d/s

u/s
disc
d/s

u’/s
disc
d/s

u’/s
disc
d/s

u’/s
disc
d/s

u/s
disc
d/s

Terap
°C

9.3
11.7
10.3

9.3
11.3
9.6

10. 2
10. 1
10.2

10.2
12.0
10.5

10.3
10.7
10.8

12 3
10.8
11.4

10.6
10.9
10.9

D .0.
%

109
108
108

99
102

103
103
100

no
29
105

99

70

100

99

93

104

17
102

MI*AN VALUES

ol

7.96
7.83
7.9

7.88
7 .67
7. 76

7.83
7.83
7.77

8.2
6.9
7.95

7 .83
6.7
7.6

7.6
6.97
7.37

7.47
7 .06
7. 17

total Fe total J

mg/1

0.117
3.68
1.073

0.348
0.288
0. 713

0.446
0.569
0. 387

0.266
19.6
0.982

0.187
4.997
0. 565

0.288
2.275
2 .42

0.251
5.788
2.5

mg/1

76 .8
288.2
156.9

86.9
104 .7
103.6

75.6
81.4
76. 1

105. 7
771. 5
155.5

62.6
692.9
128.1

88. 5
706.6
342.3

118.8
665. 5
278.3



Appendix 8 continued.

Site
9 Dare Trib. . u/s
at Cwmdare disc
d/s
10 Llwyd u/s
at Blaenavon disc
d/s
11 Clydach Trib. u/s
at Ynysybwl disc
d/s
12 Y Ffrwd u/s
at Ynysybwl disc
d/s
13 Rhondda u/s

14

15

16

17

at Hopkinstown disc

d/s
Ogwr Fach disc
at Evanstown d/s
Liynfi Trib. u/s
near Bettws disc
d/s

Nant Craig y Aber u/s

Nr. Aberbaiden disc

farm d/s
Afon Corrwg u/s
Nr Glyncorrwg disc

da/s

Temp
°C

8.6
11.6
8.9

9.7
10.2
10.1

9.2
10.0
9.4

8.9
9.9
8.8

11.0
10.1
11.0

9.4
9.7

10.6
11.5
11.0

11.1
10.8
10. 9

9.9
9.7
10. 5

D.O.

%

100
58
100

90

100

104
83
104

107
106
105

106
106
109

99
102

113
53
107

107
50
100

115
16
107

MEAN VALUES

pH

7. 57
6.93
7 .57

7.27
7.23
7. 37

7.27
6.2
7 .17

6.5
6.92
7 .07

7.81
6.67
7.6

7.33
6.95

6.83
6.67
6.77

6.8
6.63
6.63

1U
6.46
7.33

total Fe
mg/1

0.087
4 .498
0. 300

0. 313
1.637
0.587

0.133
1.000
0. 305

0.214
1.523
0.967

0.856
13.193
1. 705

0.919
0.755

0.386
8.75
1.194

0.369
11.32
3.173

0.088
14.437
1 181

total S
mg/1

33.7
123.2
32.8

36.9
148 4
80.6

42.9
100.1
54.7

15.1
28.4
23.7

42.9
105.9
45.5

18.9
39.9

13.5
71.9
20.8

17.3
377.2
100.4

217. /
31



Appendix 8 continued.

SLte
18 Corrwg Fechan u/s
Nr .Glyncorrwg disc
d/s
19 Nant GwynTi u/s
at BlaengwynfTi disc
d/s
20 Afon Afan u/s

21

22

23

24

25

26

Nr. Gelli farm disc
d/s

Afon Corrwg u/s

Nr. Glyncorrwg disc

d/s
Ffrwd Wyllt u/s
at Bryn disc
d/s
Ffrwd wyllt u/s
at Goytre disc
d/s

Nant Blaenpelenna u/s
Nr . Tonmawr disc
d/s

Nant Blaenpelenna u/s

Nr. Tonmawr disc

d/s
owmim Gwenffrwd u/s
Nr. Tonmawr disc

Temp
°C

9.3
9.9
9.7

9.5
9.8
9.3

10.0
10.8
10.1

10.8
12.6
11.0

9.4
9.9
9.4

10.9

11.1
11.1

10.5
9.7
10.3

12.0
11.1
11.9

12.8
10.5

DO.

%

112
40
99

112

101

103
99
103

109
100
110

114
110
113

113
90
106

124
119
126

121
102
122

113
20

MEAN VALUES

pH"

6.53
6.93
6 .77

7.18
6 .57
6.99

7.3
7.5
7.33

7.3
7.17
7.37

7.23
7.23
7.27

7.1
6.8
6.97

6.6
6.93
6.8

6.77
5.5
6.03

6.23
5.51

total Fe total

mg/1

0.07
11.513
1.587

0.125
7.348
1.289

0.065
1.458
0. 12

0. 113
19.337
0.534

0.068
0.286
0.354

0.074
3. 545
0.543

0.225
0.871
0.582

0.267
19.81
5.813

0. 134
48.233

mg/1

9.7
136.2
30.9

10.2
125.6
33.8

25
25.9
26.9

24.0
273.3
30.2

19.2
19.2
20.1

23.3
72.6
34.1

18
51.2
27.8

. 23.5
245.8
80.3

32.4
294 9

S



Appendix 8 continued.

Site

27

28

29

30

31

32

33

Nant Cregan Trib.. u/s

at Troed y rhiw

Nant y Fedw

at Gelli farm

Cwm Cathan

Nr Garnswllt

Afon Morlais

at Llangennech

Clyne

at Dunvant

Nant Melyn

at Cwmgors

Tawe Trib.
Nr. Llechart

farm.

Broughton Brook

at Hawarden.

disc
d/s

u/s
disc
d/s

u/s
disc
d/s

u/s
disc
d/s

u/s
disc
d/s

u/s
disc
d/s

u/s
disc
d/s

Temp

°C

10.8
9.9
10.7

10.3
9.7
10.3

11.9
11.3
12.0

13.0
14.5
13.6

12.5
12.4
11.9

13.3
11.7
10.8

11.5
10. 7
11.1

10.8
10. 8
10. 8

N.0.

%

113
109
112

110

30

106

101

42

96

108

90

72

45

71

91

=

()]

89

86

36

MEAN VALUES

pH total Fe
5.93 0.020
6.67 1.953
6.86 1.041
6.78 0.029
6.87 1.833
6.9 0.442
7.0 0.126
5.67 71.877
6 .97 1.633
7.2 0.387
6.67 61.99
6.9 16.46
7.47 0.325
7 26.715
7 5.37
6 .86 1.203
6.85 6.14
6.97 1.894
6.83 0.216
5.77 36.267
6.17 3.063
7.8 0.452
7.2 .74
7.4 6.26

total
g/l

15
124. 1
58.5

6.7
62.6
26. 2

37.6
482.6
48.0

24.7
901.5
368. 7

14.4
123.6
75.2

6.2
261.1
83.6

188.1
244 .3
191.9

75.8
264.3
229.4

S



Appendix 9. Flow data for Che rainewaters assessed in stage

period June - October 1993.

Site N.G.K. of discharges Flow
1 R. LIwyd (Abersychan) SO 2705 Oil 5 0
R. Llwyd (Pontnewydd) SO 2763 0181 0

3 R. Llwyd (Pontypool) SO 2860 0058 0
10 R. Llwyd (Blaenavon) SO 2443 0897 0
4 R. Ebbw (Newbridge) ST 2121 9758 0
R. Sirhowy (Blackwood) ST 1757 9736 0

R. Sirhowy P* llanfraith) ST 1801 9568 0

7 R. Rhymney (Hengoed) ST 1547 9632 0
11 Clydach Trib (Ynysybwl) ST 0537 9532 0
12 Y Ffrwd (Ynysybwl) ST 0358 9433 0
13 R. Rhondda (Hopkinstown) ST 0594 9059 0
14 Ogwr Fach SS 9776 9051 0
SS 9819 9047 0

15 Llynfi Trib SS 8936 8762 0
16 N. Craig yr Aber SS 8555 8455 0
17 A. Corrwg SN 8892 0069 0
SN 8888 0067 0

18 A. Corrwg Fechan SN 8813 0078 0
19 N. GwynFi SS 8923 9730 0
20 R. Afan (Nr. Gelli farm) SS 8720 9630 0
21 Corrwg (W.D.A Site) SS 8629 9768 0
23  Ffrwd Wyllt SS 7872 8975 0
24 N. Blaenpelenna SS 8156 9751 0
25 N. Blaenpelenna SS 8161 9723 0
26 Gwenffrwd SS 7996 9730 0
SS 8006 9691 0

28 Nant y Fedw SS 8784 9579 0
29 R. Cathan SN 6325 0963 0
30 R. Morlais SN 5723 0228 0
31 R. Clyne trib (Dunvant) SS 5878 9427 0
32 N. Melyn SN 7022 L106 0
33 Tawe tributary SN 7002 0533 0

2 over the

(Cumecs)

.1143
.0932
L2277
-0265
-0507
-0182
-0552
-1589
.0126
-0082
-0126
21139
-0074
.0028
.0327
-0095
-0154
-0051
-0169
.0122
-0018
.0116
.0318
-0265
-0180
.0171
-0298
-0031
.162

-0083
-0223
.0027



Appendix 10. Biological survey data for the minewater sites assessed

stage 2

scores and reduction

Site Sample
1 A. Llwyd ups
Abersychan dssl
d/s2

2 A, Llwyd ups
Pontnewydd dssl
d/s?2

3 A. Llwyd ups
Pontypool dssl
d/s2

4 R . Ebbw ups
Newbridge dssl
ds/s2
dss3

5 R. Sirhowy ups
Blackwood dssl
d/s2

6 R. Sirhowy ups
P *lanfraithi d/sl

d/s?2
d/s3

7 R . Rhymney ups
Hengoed dssl
dss2
d/s3

9 R. Dare ups
trib dssl
d/s2

10 A. Llwyd ups
Blaenavon d/ssl
dss2

d/s3

NCR.

SO
SO
SO
SO
so
SO
SO
SO
SO
ST
ST
ST
ST
ST
ST
ST
ST
ST
ST
ST
ST
ST
ST
ST
SN
SN
SN
SO
SO
SO
SO

270
270
272
276
276
278
286
286
289
212
212
211
217
176
175
177
180
180
180
178
155
154
955
148
971
972
973
234
244
247
253

031
030
021
018
017
016
005
005
004
976
974
969
955
973
973
969
956
955
954
947
963
962
949
927
028
028
025
095
089
088
084

including observed

in BMUP scores.

BMWP
©)

116
71
114
63
124
111
96
69
65
65
49
60
106
8l
88
83
61
73
72
87

78
86
146
115
127
166

55
56

Indicates a significant reduction

Indicates a significant reduc tion

130. 7
132 9

132 .3
133 4

135.4
136

132 6
133 .7

136.4
135.4

135.6
136 .7

135.5
1.36.3

132.3
133.6

126 4
130. 7

% Redn.

in (O

45

14
38

25

24

17

27

13

37

10

21

13

98

67
66

in BMWP score

(0) and expected (E) BMUP

No.
)

16

20

21
21
17
13
13

10

19

15
15

14
13
16
11
14
16
22
19
19
25

10

in log ~ abundance of >6 taxa

in

**

**

**



Appendix 10 Continued.

Site Sample

LL R. Clydach ups

13

14

15

16

17

18

19

Ynysybwl d/sl
ds/s2
Y Ffrwd ups
Nr Ynysybwl d/sl
d/s2
d/s3

R . Rhondda ups
Hopkinstown d/sl
d/s2
Ogwr Fach
Evanstown d/sl
d/s2
d’/s3
R. Llynffi ups
trib d/sl
d/s2
d/s3
N. Craig yr- ups
aber d/sl
d/s2
d’/s3
R. Corrwg ups
d/ssl
d/s2
d/s3
A. Corrwg ups
Fechan dssl
d/s2
d/s3
N. GwynfTi ups
dssl
d/s2

NGR

BB B8 G

053
053
055
041
oQQ
044
052
059
059
059

977
978
979
893
893
893
891
855
855
831
825
889
888
879
866
881
881
875
875
892
891
879

953
952
951
945
944
943
949
906
905
905

905
904
892
876
875
873
865
845
845
833
831
007
006
993
979
008
007
995
992
973
972
968

BMWP
©)

113
70
113
89

86
134
60
42
48

120
136

88
103
133
100

106
115
56
27
59

35

41
89
73
41
100

Indicates a significant reduction

Indicates a significant reduction

CK>

133.8
134 .8

89.3

127.1

124.6
125.6

127 .3
105.9

124 4
134.2

126.4
125.3

90.4
94 .4

122.2
123.8

% Redn

in (0)

38

62

20

24

61

52

69

in BMWP score

in log

No. taxa.
© 6
17 21.4
12 21.7
v
14 15.2
6 20.2
14
21 e
12 21.4
9 215
11
7
12
21
22 17 .8
13 17.9
6
22 R
17 20.0
7 21.2
17
19
10 20.0
5 19.8
0 -
3
6 15.3
15.8
g
5
1 19.3
8 19 6
15

abundance of >6 taxa

**x

*a



Appendix 10 Continued.

Site Sample

20 R. Afan ups
Nr. Gelli fm d/sl
d/s2

21. R. Afan ups
W.D.A site d/ssl
d/s2

22 Ffrwd wyllt ups
Bryn dssl
d/s2

23 Ffrwd Wyllt ups
Goytre dssl
d/s2

24 Blaenpelenna ups
dssl

d/s2

25 Blaenpelenna ups
dssl

d/s2
d/s3

R. Afan d/s4
d/s5

26 Gwenffrwd ups
dssl
d/s?2

27 Trib. of N. ups
Cregan dssl
d/s2

28 Nant y Fedw ups
Gelli fTarm d/sl
d/s2

29 R. Cathan ups
dssl

d/s2

**x

N.G:.R.

SS
SS
SS
SS
SS
SS
SS
SS

SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
SN
SN
SN

871
871
872
863
863
862
817
816
813
787
786
785
815
815
816
816
816
809
787
793
781
799
799
787
844
847
844
878
877
871
632
632
621

963
962
962
976
975
966
924
921
921
898
897
897
975
974
973
972
971
961
953
940
919
973
961
953
973
973
971
958
958
960
096
096
102

BMW.P.
© ®
98 113.3
922 114.2
84

98 120.0
95 125.4
88
127 96. 6
125 135.6
97
136 117.9
127 135.6
109

63 115. 2
34 1111
49

58 2.1
18 117 6
44

66

94

93

58 108 .1
20 90 .0
47

145 108 .7
93 123 3
65

111 91.1
91 122 6
117

123 134 6
108 135 2
129

Indicates a significant reduce ion

Indicates a significant reduction

% Redn
in (0O

14

10

25

20

46
22

69
24

66
19

36

18

in BMWP score

in log

abundance of >6

No.
O

15
16
15
15

14
19
19
16
20
21
17

\I

10

[o0]

15
10

23
14
11
17
14

19

&

of taxa

®

17.9
18.0

19. 2
20.1

16. 3
21.5

19. 7

18. 2

17.9

15.,6
18..8

17 .8
15 3

17 5
19 5

15 .4
19 4

21 .3
21 .4

taxa



Appendix 10 Continued.

Site

30 R. Morlais

31 Clyne Trib

32 N. Melyn

33 Tawe trib.

34 Broughton

Brook

Sample

ups
d’/s1
ups
dssl
d/ss2
d/s3
ups
dssl
d/s2
ups
dssl
d/s2
d/s3
ups
dssl
d/s2

N.G.R.

SN

A

B8 4

SN
SN
SN
SN
SN
SN
SN
SJ
SJ
SJ

570
570
587
593
593
598
700
702
700
700
700
698
688
306
306
318

020
019
943
936
931
924
102
111
120
053
053
048
043
657
657
302

LHMW.p.
© q@o
117 144 8
21 135.9
99 112.2
18 136.3
110
122
111 139.6
95 133.3
78
89 90.7
22 91.7
20
52
43 134 8
14 133.6
<%}

* Indicates a significant reduction

** Indicates a significant reduction

% Redn

in (O

82

82

14
30

75
78
42

67
11

in BMWP score

No . of taxa

©

19

5
17

4
18
22
20
16
15
15

6

10
10

®
24.

3
24 .3
7
2

in log ~ abundance of >6 taxa



Appendix 10A Summary of invertebrate taxa lost or reduced in abundance
at the first downstream site below a minewater discharge.

Taxa BMWP No. of d/s sites at No. of U/S
SCORE which taxa were: sites at
LOST () REDUCED () which taxa
were PRESENT
Heptageni idae 10 7 35 6 30 20
Ephemerellidae 10 5 21 8 35 23
Leptophlebiidae 10 1 100 1
Perlodidae 10 6 75 8
Chloroperlidae 10 10 66 1 6.6 15
Leuc tridae 10 7 24 6 21 29
Sericostomatidae 10 10 77 13
Goeridae 10 4 100 4
Odontoceridae 10 1 100 1
Lepidos comatidae 10 3 100 3
Cordulegas teridae 8 7 87.5 8
Philopotamidae 8 7 77 1 11 9
Caenidae 7 3 27 2 18 11
Nemouridae 7 8 53 15
Rhyacoph ilidae 7 9 31 5 17 29
Polycentropidae 7 10 40 2 8 25
Limnephilidae 7 7 63 11
Ancylidae 6 3 75 4
Hydroptilidae 6 5 83 6
Gammaridae 6 4 26 5 3 15
Mesoveliidae 5 2 100 2
Gerridae 5 1 100 1
Dytiscidae 5 7 87.5 8
Gyrinidae 5 1 100 1
Hydrophilidae 5 2 50 2 50 4
Helodidae 5 4 100 4
Dryopidae 5 3 100 3
EIminthidae 5 6 31 3 16 19
Hydropsychidae 5 6 31 6 1l 19
Tipulidae 5 10 41 3 12.5 24
Simuliidae 5 7 28 7 28 25
Planariidae 5 8 61.5 13
Baetidae 4 6 18 9 28 32
Hydrobiidae 3 7 43.7 5 31 16
Lymnae idae 3 5 100 5
Planorbiidae 3 2 100 2
Sphaeriidae 3 4 100 4
Erpobdellidae 3 3 43 1 14 7
Asellidae 3 2 22 1 n 9
Chironomidae 2 10 0 33
Oligochaeta 1 1 3.1 9 28 R



Appendix 10B Specimen copy of BMWP score sheet as used for recording

stage 2 biological survey details

RIVER : __REG. NO.

SITE : _ SAMPLE TYPE

N.G.R.: __PURPOSE

DATE: __ANALYST

FAMILY FAMILY FAMILY

SCORE 10 A/P SCORE 7 A/P SCORE 4 - A/P
HEPTAGEN I DAE CAENIDAE BAETIDAE
EPHEMERELL IDAE NEMOUR I DAE SIALIDAE
EPHEMER IDAE RHYACOPH I L IDAE PI1SCICOLIDAE
LEPTOPHLEBI IDAE POLYCENTROP IDAE

SIPHLONUR IDAE LIMNEPHIL 1DAE SCORE 3
POTAMANTH I DAE

PERL IDAE SCORE 6 VALVAT IDAE
PERLOD IDAE HYDROBI I1DAE
CHLOROPERL IDAE ANCYL IDAE LYMNAE IDAE
LEUCTRIDAE VIVIPARIDAE PHYSIDAE
TAENIOPTERYG I DAE NERITIDAE PLANORBI IDAE
CAPNI IDAE HYDROPTIL IDAE SPHAERI IDAE
SERICOSTOMAT IDAE GAMMAR 1 DAE GLOSSIPHONI IDAE
GOERIDAE UNIONIDAE HIRUDIDAE
BRACHYCENTRIDAE COROPH IDAE ERPOBDELL I DAE
ODONTOCER IDAE COENAGRI IDAE ASELL IDAE
PHRYGANE I DAE PLATYCNEMIDIDAE

MOLANN I DAE SCORE 2

BERAE IDAE SCORE 5

LEPTOCERIDAE
LEPIDOSTOMAT IDAE
APHELOCHEIRIDAE

SCORE 8

ASTACIDAE
LESTIDAE

AGRI11DAE
GOMPHIDAE
CORDULEGASTERIDAE
AESHNIDAE
LIBELLULIDAE
CORDUL I'1DAE
PSYCHOMY 1 DAE
PHILOPOTAMIDAE

ABUND .CATEGORIES
1-1-9 organisms

? - 10-99

3 - 100-999

4 - 1,000-9,999
5 - >10,000

A/P - ABUNDANCE 7/
PRESENCE

MESOVEL I DAE
HYDOMETR IDAE
GERRIDAE
NEPIDAE
NAUCORIDAE
NOTONECTIDAE
PLEIDAE
CORIXIDAE
HALIPLIDAE
HYGROBI 1DAE
DYTISCIDAE
GYRINIDAE
HYDROPHIL1DAE
CLAMIDAE
HELOD IDAE
DRYOP IDAE
ELMINTHIDAE
CHRYSOMEL 1DAE
CURCULIONIDAE
HYDROPSYCHIDAE
TIPULIDAE
SIMULTIDAE
PLANARI IDAE
DENDROCOEL IDAE

CHIRONOMIDAE

SCORE 1

OL1GOCHAETA

SCORE O

NO OF FAMILIES
BMWP SCORE
CLASS

A.S.P.T.



Appendix 10 C

This is a worked example of the calculation of biological impact using BMWP
Score and reduction in 1°610 abundance criteria. If the following were the
results of two biological samples, taken upstream and downstream of a
discharge, the following assessment would be made.

FAMILIES RECORDED BMWP SCORE LOG  ABUNDANCE LOSS/ INCREASE
PER FAMILY u/s D/S IN ABUNDANCE

Heptageniidae 10 2 0 -
Ephemerellidae 10 2 1 -
Perlodidae 10 1 1 :
Leuctridae 10 1 1
Sericostomatidae 10 2 1 -
Lepidostomatidae 10 1 0
Philopotamidae 8 1 0 -
Nemouridae 7 1 2 +
Rhyacophilidae 7 2 0 -
Limnephilidae 7 1 0 -
Gammaridae 6 3 3 *
Ancylidae 6 1 0
Haliplidae 5 1 1
Dytiscidae 5 0 1
EIminthidae 5 2 1
Simulidae 5 2 0
Baetidae A 3 1
Hydrobiidae 3 2 1
Asellidae 3 0 1
Erpobdellidae 3 1 0
Chironomidae 2 2 2
Oligochaeta 1 2 1

BMWP SCORE 129 81

(-) = Reduction in abundance
(+) m Increase in abundance
(*) = No change in abundance

The Z reduction iIn BMWP Score between upstream and downstream is 37Z which
is less than the critical 40Z value and therefore not quite significant.

OFf the families scoring 6 or more on the BMWP score (ie. those above the
dotted line) 8 showed a decrease in abundance of one or more on the
scale, 2 showed no change and 1 showed an increase of one or more iIn 1°6%q
abundance. The net number of families which showed a reduction iIn 1°8%q
abundance was therefore 7, which is significant (ie. >4 families).

The result of this iImpact assessment according to the scheme used for
biological assessment would therefore be B, Medium Impact.



Appendix 11

Fisheries Data from Electrofishing Surveys with R.J.S.M.P Classification

Site

1 Llwyd @ Abersychan

LIwyd recovery site

Sirhowy

7 Rhymney

1
15
16
17
18
19
21
23
25
26
27
28
29

31

Clydach Trib.
Llynfi Trib.

Nant Craig yr Aber
Afon Corrwg

Afon Corrwg Fechan
Nant Gwynfi

Afon Corrwg

Ffrwd Wyllt(Goytre)
Nant Blaenpelenna
Cwm Gwenffrwd

Nant Cregan Trib.
Nant y Fedw

R. Cathan

R. Morlais

Clyne

Nant Melyn

Denotes that Tfisheries

Ups tream
Area No
m) o+
102 4
277 0
297 0
131 3
55 39
91 4
191 20
114 4
412 27
155
163 0
151 2
110 6
117 8
281 6
113 2
50 4

impact

Downstream

RJISMP

RJISMP

Lsli Class Area No. of Fish Class

>0 i (m ) o0+
18 B 153 7
209 9

14 D 210 1
14 D 245 0
3 C 121 2

12 A 111 14
U C 79 1
14 C 272 10

no fish caught

0 D 151 7
36 C 268 0
9 C 204 3
2 D 197 0
no Tfish caught
1 D 155 2
4 D 85 0
43 B 163 5
23 C 296 0
13 C 94 35
12 B 71 0
demonstrated.

>0+

19
27
14

8
18

**x

11
18

0O U Omou O Uoom oo oo o oo o o

23

o
m
*
*

18

o

(O+) and (>0+) above refer to fry and parr respectively both of which are

jJjuvenile salmonids less than one year old.



Appendix 12 Habscore results for sites electrofished in stage 2 of the surveyl
showing HUI and HQS % for each site.

Site Upstream Downstream
HUI (-ve) HQS% HUL (-ve) HQS%
O+ >0+ 0+ >0+ o+ >0+ O+ >0+

1 Llwyd @ Abersychan 1.0 0.5 27 60 0.1 0.0 26 52
6 Sirhowy 3.5 0.1 46 14 0.4 0.5 16 1
7 Rhymney 1.7 0.5 13 12 0.4 0.2 7 8
11 Clydach Trib. 3.7 2.3 86 93 3.9 2.5 85 98
15 Llynfi Trib. 0.3 1.7 96 99 2.8 2.9 97 96
16 Nant Craig yr Aber 3.9 3.2 96 99 4.4 4.3 89 99
17 Afon Corrwg 2.4 3.5 93 99 4.0 4.8 95 99
18 Afon Corrwg Fechan 6.0 5.5 93 97 6.4 5.9 96 98
19 Nant Gwynfi 3.4 5.5 88 96 3.5 3.9 93 98
21 Afon Corrwg 2.7 0.4 88 50 2.3 2.4 2 79
23 Ffrwd Wyllt(Goytre) 2.8 3.1 86 95 4.2 2.8 88 96
26 Cwm Gwenffrwd 5.7 6.8 90 100 5.9 5.8 92 98
27 Nant Creagn Trib. 4.9 4.6 95 96 4.7 2.8 93 920
28 Nant y Fedw 3.0 3.5 90 94 6.0 3.8 93 98
29 Cwm Cathan 4.2 0.1 99 97 4.5 1.4 97 90
30 Afon Morlais 4.0 0.3 89 38 1.6 0.6 33 7
32 Nant Melyn 2.9 0.6 95 93 4.4 1.8 80 84
For full details of Habscore see Milner & Wyatt 1991.

HQS
This is the Habitat Quality Score (HQS). It is a measure of the habitat

2
quality expressed as the expected density of fish in numbers per 100m
HQS %

"This is the habitat quality score (HQS) on a percentage scale, and is the
approximate percentage of Welsh sites which have a worse habitat than that
observed at this site. A value of 50 will therefore represent a median habitat
quality for Welsh streams, and a value of 5, for example, will represent poor

quality for which only 5 % of sites in Wales are worse."
HUI

The Habitat Utilisation Index (HUI) is a measure of the extent to which habitat
is used by salmonids. It is a calculation based upon the observed density
(0OBS) and that which is expected under pristine conditions (HQS) divided by the
standard deviation of the HQS. Hence a HUI of O will be observed when the HQS
and the OBS are exactly the same and negative values of che HUI will be noted
when the observed densities of salmonids are less than expected. The HUI
values above in BOlIJ) are values which are significant ac che 5 % level.
Therefore, a negative value of HUT above 1in hold would suggest chat chere was a

significanc under utilisation of che habir.ai & che 5 % level.






