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Appendix C1: Ranked data utility scores
Station Data use 1 2 3 4 5 6 7 8 91011 1213 SCORE
(See section 3.1) - ——
Flow
stations
205004  Lagan Newforge | T A R D D 1 i
201010  Moume Drumnabuoy House T 11 2 1 11 1 10 ¢
202002  Faughan Drumahoe [ R A 1 10 .
201007  Bum Dennet Bumdennel Bridge 1 1z 1 11 [ 9 ¢
203021  Kells Water Cumrys Bridge 1 1 | A U N R 9
203033  Upper Bann Bannfield 1 1 1 1 11 } 9
203040 Lower Bann Movanagher 1 2 1 1 1 9 b
204001  Bush Seneirl 1t 2 1 1 1 9 *
202001 Roe Ardnargle 12 1 1 1 1 1 8 .
203012  Ballinderry Ballinderry Brndge [ | | I D B 1 8
203922  Blackwarer + Derrymeen Bndge [ | 111 11 8
201002  Fairy Water Dudgeon Bndge 111 11 1 7
201008 Derg Casilederg | | | I I 1 7
201009  Owenkillew Crosh [ | 1 11 1 7
203010  Blackwater Maydown Bridge | I | | I | | 7
203028  Agivey White Hill LI | 1 11 | 7
205008  Lagan Drummiller 111 1 11 1 7
205011 Annacloy Kilmore 1 1 2 1 | 1 7 .
206001  Clanrye Mount Mill Bndge [ | 1 11 1 7
203018  Six Mile Water Anuim l | | I | 1 6
203027 Brad Ballee | 1 111 1 6
205005  Ravemet Ravemet 1 1 111 1 6
205020  Enler Comber 1 1 1 [ 1 6
206004  Cambane Bessbrook 1 1 2 | 1 6 .
236009  Swanlinbar Thompsons Bridge 1 1 [ 1 6
236905  Colebrooke + Ballindarragh Bridge 1 l 1 11 1 6
201005 Camowen Camowen Terrace | I | 1 i 5
201006  Drumragh Campsie Bndge | B | 1 3
203019  Clady Glenone Bridge | 1 11 1 5
203020 Moyola Moyola New Bridge i 111 1 5
203024  Cusher Gambles Bridge 1 | 1 l 1 5
203026  Glenavy Glenavy ] 111 1 5
203042 Crumlin Cidercourt Bridge 1 1 11 1 5
203092 Main Dunminning Lower 1 1 1 | 1 5
203093  Main Shanes Viaduct 1 1 1 | 1 5
206002  Jerrctspass Jerretspass (River) 1 2 | 1 5 .
206003  Jemetspass Jerretspass (Canal) 1 2 | 1 5 *
236051 Ballycassidy Ballycassidy Bridge 1 1 1 1 1 5
203025  Callan Callan New Bridge 1 1 | 1 4
203029  Six Mile Water Ballyclare | | S | 4
203041  Ballygawley Water  Tullybryan 1 11 1 4
203043  Oona Waler (2 Nr) + Shanmoy 1 t 1 1 4
203046  Rathmore Bumn Rathmore Bridge 1 t 1 1 4
203932  Woodwville (Flush) + Annesborough r 1 1 4
205029  Lagan Feney 11 | 1 4
236007  Sillees Drumrainy Bridge 1 1 1 1 4
203023 Tormrent The Moor Bridge 111 3
203039  Clogh Tullynewy Bridge | l 1 3
203049  Clady Water Clady Bridge 1 | 1 3
203938  Rocky + Rocky Mountain 1 | 1 3
205915  Couen + Grandmere Park 1 1 1 3
205017  Swand Lough Killough Bridge 1 1 2
205018  Swand Lough Strand Brickworks 1 1 2
236006  Upper Eme Killyhevlin | 1 2

* 2 points included for one statutory data use
¢* 2 points each included for two statutory data uses
+ Broken record
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Station Data use 1 2 3 4 5 6 7 8 910111213 SCORE
(see sction 3.1)

Level-only

siations
203614  Lough Neagh Derryadd Bay 2 1 i 4
203616  Lough Neagh Toome (Lough Neagh) 2 | 1 4
236601  Lower Eme Rosscor 21 1 4
236602  Upper Eme Porora 2 1 l 4
236603  Upper Eme Belle [sle 2 1 l 4
201304  Stule Stone Bridge 1 1 1 k}
203301 Lower Bann Loughan Island 1 1
203308 Lower Bann Portna 1 1
203309  Blackwater Vemers Bridge 1 1
203315  Lower Bann Toome {Lower Bann) 1 1
203902 Lower Bann + Agivey Bann Bndge 1 1
205301  Quoile Quoile Barrier Lower | 1
205302  Quoile Quoile Barrier Upper 1 1
* 2 points included for one statutory data vse
** 2 points each included for two statutery data uses
+ Broken record
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"APPENDIX C.2

DISCUSSION OF THE GAUGING STATION DATA REQUIREMENT IN EACH DATA
USE CATEGORY

1 Prescribed/residual flows/levels

Data were required for statutory functions at five level-only stations on Loughs Neagh and Eme
and also on the Lower Bann at Movanagher. Data were also required from Bannfield and Currys
Bridge to service non-statutory commitments. Levels/flows at these sites generally require
regulation to protect fisheries and other conservation interests.

2 River regulation/transfer schemes

Further to the first category, a few other siles were noted as requiring data for river regulation,
notably the two River Quoile stations, to service operation of the Quoile Bammer at the inflow to
Strangford Lough, and others on the Lower Bann, Blackwater and Swanlinbar. However, it
became apparent that there was considerable overlap in these first two categories; the general
finding being that there is an important gauging station data requirement for maintenance of lake
levels and, to a lesser extent, of rivers where fisheries are important and control is possible by use
of reservoir storages.

3 Abstraction point spillage protection

An anticipated data use was identified only for the River Faughan at Drumahoe.

4 Catchment yield assessment

Data use was identified at 34 of the 54 flow stations for this category, and also at one level-only
station, Strule at Stone Bridge where there is the intention to upgrade the station to flow
measurement status. These stations are widely distributed and include those at the outfalls of most
major catchments. Unlike data use for monitoring purposes, however, such data use is not
specific to the exact locations of the gauging stations. Rather, they are used to indicate flow
characteristics for their respective catchments in general. Coupled with the possibilities offered
by modelling for estimating flow quantiles from spatial data, there appears to be scope for revising
the deployment of gauging stations in this respect. This is discussed further below.

5 Flood forecasting

Four clusters of stations were identified for this use, on the Rivers Moume, Blackwater, Lagan
and Lower Bann and their tnbutaries. Isolated data uses were also identified in other areas. It is
noticeable that on some rivers, the only gauging stations used for flood forecasting are located at
the catchment outfalls (Ballinderry Bridge, Seneirl, Mount Mill Bridge), or immediately upstream
of settlements with particular flood risk (e.g., two stations upstream of Omagh) thus affording
little warming ume in either case. It is argued that flood forecasting should not therefore be used
as a justification for these stations and that consideration should be given to upstream sites which
would offer a clear advantage in these situations, notwithstanding the usc of rainfall data in the
real-time assessment of flood risk.
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6  Flood design studies

Forty-one flow stations were considered useful for this purpose. The remainder are stations
without cableways, thus being unable 10 provide accurate high flow data The widespread
coverage of stations identified with this data use is indicative of a capability to provide data when
required for flood design work, but not that the stations identified are necessanly those points best
suited to providing data for this purpose. Again, therefore, there seems to be scope for change,
this too will be discussed below. It should be questioned whether it is desirable to continue
operation of these stations ad infinitum for the extension of flood series.

7 PARCOM

Stations used for this purpose are those at the outfalls of all major catchments draining from
Northern Ireland into the sea and, subject to adequate hydrometric data quality and co-location
with quality monitoring sites (see Chapter 6), must be retained to continue the measuring
authority’s statutory commitment to providing information on the discharge of materials to the sea.

8 Assimilative capacity

Thirty-eight flow stations across the Province were identified against this item and included those
at the outfalls of all major catchments. Many of those not cited lie in areas of low population
density where there is little pressure on rivers to assimilate effluents. As with yield assessment
and flood design studies, the information requirement here is not highly site specific; the over-
riding need is for flow parameters to support effluent assimilation assessments in all catchments
and consideration could therefore be given to resiting some of these stations if other data uses are
also not site-specific.

9 Consent standards

Monitoring of discharge consents was found to involve use of data from 27 flow stations. All of
these sites were also cited as being useful for assimilative capacity studies. Information provided
in this category allows identification of those sites where there is a specific requirement for flow
data, in contrast with those where only assimilative capacity assessments need to be made. In
discussing possible changes to the network at the end of this section, attention will therefore be
directed towards those catchments where data are required for assimilative capacity studies but
not in relation to any specific discharge.

10 Transmission to NRFA

While there have been some problems recently in transmitting data to the National River Flow
Archive, ES are now well towards resolving these difficulties and data will be supplied for all
flow stations. A score is thus given to each flow station in recognition of the value of these data
on the national archive.
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11 Ecological studies/recreational monitoring

This category registered mainly those gauging stations which provided data useful for monitonng
flows/levels in relation to fisheries interests. Only ten were found in all and most were located
on rivers draining catchments of less than 200 km?. The largest was the Lagan at Newforge, but
data here were required not so much for supporting fishenes interests as for the new city centre
recreational development of the Lagan in Belfast. From discussions it was felt that this type of
data use does not rate highly in the justification of any individual gauging site but again, in the
rivers identified, there is a requirement for some flow data.

12 Benchmark monitoring

Only five stations were recognised in this category of data use and some doubt exists as to
whether there is any clear perception of a benchmark monitoring role within the network
operating/measuring authorities. None of the stations identified is the oldest in its hydrometric
area and it is not apparent from the hydrometric data quality review that they are selected on the
basis of outstanding accuracy of flow measurement. Recommendations for the explicit
designation of benchmark sites are made in Chapters 7 and 8.

13 Hydrological studies

Almost all of the stations in the Northemn Ireland network recorded a score against this data use.
Only three of the 54 flow stations were not cited as being useful, and, in addition, six of the level-
only stations were also identified (including all those on Lough Neagh and Loughs Eme). The
reason for the popularity of this item is the current thrust towards establishing water quality
catchment management plans in Northern Ireland. Gauging station data will be valuable both in
the preparation of the plans (by consultants) and in their subsequent operation. As with some
other categories of data use, it is felt that the use of gauging station data in this way rarely depends
on the availability of a station at a specific point on a river, but more often requires some data
which are representative of all the major catchments involved. This is therefore taken into
constderation in working towards recommendations in Chapter 3.
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APPENDIX D.1

APPLICATION OF THE MICRO LOW FLOWS Q,; ESTIMATION METHOD AND
PRESENTATION OF RESULTS

D1.1 Results

Of 131 gauging stations in Wales available for study, only those which could be designated as
natural (i.e., the gauged flow is estimated as within 10% of the natural flow at or above the 95
percentile flow) were considered for use. Twenty-three natural catchments were identified from
Factors Affecting Runoff codes in the National River Flow Archive; their basic characteristics are
listed in Table D1.1.

Table D1.1  Stations selected from NRA Welsh Region

Station River/station name Catchment
number area (km?)
55008 Wye at Cefn Brewyn 10.6
55012 Irfon at Cilmery 2442
55013 Arrow at Titley Mill 126.4
55025 Llynfi at Three Cocks 132.0
55028 Frome at Bishops Frome 71.7
55029 Monnow at Grosmont 3540
55033 Wye at Gwy Flume 39
55034 Cyff at Cyff Flume 3.1
55035 Tago at iago Flume 1.1
56007 Senni at Pont Hen Hafod 19.9
56013 Y scir at Pontaryscir 62.8
58008 Dulais at Cilfrew 43.0
58009 Ewenny at Keepers Lodge 62.5
60002 Cothi at Felin Mynachdy 2978
60003 Taf at Clog-y-Fran 217.3
60006 Gwili at Glangwili 129.5
61003 Gwaun at Cilrhedyn Bridge 313
61004 Westemn Cleddau at Redhill 197.6
63001 Ystwyth at Pont Llolwyn 169.6
64001 Dyfi at Dyfi Bridge 471.3
64002 Dysynni at Pont-y-Garth 75.1
65005 Erch at Pencaenewydd 18.1
67018 Dec at New Inn 53.9

Measured and estimated Q, values are presented in Table D1.2, along with ratios of the estimated
to measured values. Figure D1.1 presents these ratios in the form of a histogram.
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Table D1.2  Measured and estimated Q,; values and ratios

Station Measured Estimated Ratio
55008 0.07 0.09 1.29
55012 0.75 1.09 1.45
55013 0.26 0.66 2.54
55025 0.16 0.25 1.56
55028 0.09 0.08 0.89
55029 0.68 1.05 1.54
55033 0.04 0.03 0.75
55034 0.02 0.03 1.50
55035 0.01 0.01 1.00
56007 0.10 0.21 2.10
56013 0.18 0.22 1.22
58008 0.25 0.21 0.84
58009 0.38 0.32 0.84
60002 0.91 1.30 1.43
60003 0.82 0.66 0.81
60006 0.41 0.49 1.20
61003 0.16 0.11 0.69
61004 0.72 0.63 0.88
63001 0.57 0.61 1.07
64001 2.09 2.28 1.09
64002 0.53 0.52 0.98
65005 0.09 0.10 1.11
67018 0.22 0.28 1.27

Frequency (stations)

0.75 1 1.25 1.5 1.75 2 2.25 25 2.75
Estimate/measured value ratio: interval upper limit

Figure D1.1 Qys estimated/measured value ratios: Welsh NRA Region natural
catchments
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It can be seen that the ratio values range from 0.69 to 2.54, having a positively-skewed distribution
and a median of 1.11. Only one station has a Qy estimate of more than 25% less than the
measured value, but nine have estimates more than 25% in excess of the measured values,
including two with estimates more than 100% in excess of the actual. While some of these more
serious mismatches may be the result of the periods of record used for the measured Qg
computations, it is clear that there are major variations in the success of the model for estimating
Qys values in this range of catchment types.

It was the purpose of this investigation to identify those catchment types in which the model has
been successful and those where problems have occurred. The required accuracy of flow
parameters varies from one application to another but, as an arbitrary definition, it was assumed
that Q,, values were required to within 25% of the measured value. The characteristics of those
catchments meeting this specification were therefore compared with those which did not.

As a first step in assessing the performance of the Micro LOW FLOWS estimation method, Q,;
estimated/measured ratios were related to a number of basic catchment characteristics:

¢ catchment area

* long-term average annual rainfall
* 10-85 percentile slope

e stalion altitude

¢ FSR soil index.

No strong correlations were found between the ratio and any of these single vanables. The highest
correlation coefficient was r = 0.463 for altitude, suggesting that high altitude catchments were
associated with high ratios and vice-versa. In reality, however, it was found that while some high
altitude catchment Q,4 values were seriously over-estimated, there was a great mix of over- and
under-estimation in lower calchments. This moderately high statistic appears to be the result of
just a few stations exercising undue influence in the correlation procedure. So, a second approach
to elucidating the nature of the relationship between Qg estimation and catchment characteristics
was employed.

[t was decided that rather than looking for linear relationships between single predictor variables
and Micro LOW FLOWS performance, stations would be divided into groups on the basis of a
number of catchment characteristics. Of the five characteristics noted above, it was decided to
discard altitude from the analysis as it was highly correlated with slope (r =0.837) and to a lesser
extent rainfall (r = 0.543). Soil index values were available for only 11 of the 23 sites and
appeared to be highly comrelated with average rainfall and alttude (r = 0.873 and 0.686
respectively), so this too was omitted from analysis.

A table was constructed in which ratio values could be placed according to the physical
characteristics of each catchment, thus allowing patterns to be identified. Values for each of the
three remaining variables (area, rainfall and slope) were divided into three classes, with boundaries
set in order to give approximately equal numbers of cases in each class, while taking into account
the distribution of values for each variable. The class intervals chosen for each variable are shown
in Table D1.3 (four are shown in order to represent better the range of values found).

The distribution of values in this three-dimensional classification is shown in Table D1.4. It can
be seen in Table D1.4 that those stations at which Qg estimation ratios are closest to unity are
generally the smaller and lower rainfall ones, while at higher annual rainfalls or catchment areas,
the chance of an estimate falling outside the £25% range is somewhat higher. It can also be noted
that in each catchment size class, there seems to be a weak inverse relationship between the
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Table D1.3 Class limits and (number of cases) for area, rainfall and slope variables

Low Number | Medium Number | High  Number | Very = Number
range range range high
range
Area (km?) | <20 6 20-100 7 >100 10

Slope (m <6 7 6-16 10 >16 6

success of the estimation method and catchment slope. Although the number of stations in this
analysis is less than ideal, it is thought that these patterns may still have some value. That Qg
values should tend to be over-estimated in steep catchments, for example, may be explained in
physical terms by suggesting that steep slopes cause faster drainage of runoff and therefore lower
Qys runoff values. Also, it should not be unexpected that estimation is more successful in smaller
catchments as these will be hydrologically more simple and therefore more easily modelled. It
should also be noted, however, that flow measurement problems such as gauge insensitivity and
algal growth may also contribute to some of the larger discrepancies between estimated and
measured values.

The results of this simple study seem most helpful when considering the potential role of
hydrological models for low flow estimation in Northern Ireland. In discussing data usage with
ES staff as part of the survey reported in Chapter 3, it became apparent that much of the focus of
model-based low flow estimation work (as in other regions) is concentrated in more developed
areas at lower altitudes (lower rainfall) and in relatively small catchments. Where estimates of low
flow parameters are required on larger rivers, the current network of gauging stations located on
all major rivers provides measured data which may be translated up or downstream to the point
of interest. In small, steep and wet catchments there is generally little demand to utilise water
resources and the lower level of success of the method is not of particularly great consequence.
However, the need for reservoir inflow data and flow regime characterisation for hydro-electric
power generation present obvious exceptions to this.

In all cases, it is important to use information on abstractions and/or discharges to temper the
results of the type of modelling work discussed here. This facility is built into Micro LOW
FLOWS version 2.

D1.2 Conclusions

From this brief study it can be seen that the Micro LOW FLOWS Q, estimation method has been
most successful in catchments smaller than 100 km? and with mean annual rainfall of less than
1750 mm. Taking the range of catchment types in Wales to be broadly analogous with those of
Northern Ireland, this finding may be transferred as an endorsement of the applicability of using
spatial data for estimating low flow parameters in such catchments. The method is seen as having
applicability to a large number of the low flow estimates currently undertaken by the Water
Quality Unit of the ES. However, it is recommended that comparisons should be made, wherever
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possible, between statistically derived low flow estimates and flows measured at gauging stations
in analogous caichments, and to compare measured and estimated values for gauging station sites.
While Micro LOW FLOWS has been seen to achieve a fair degree of success in some types of
catchment, comparison will allow confidence to be justified in catchment types where the method
works well and adjustments made where other catchment characteristics appear to affect estimated
values.

For larger catchments, it is anticipated that measured flow data will be available at some point on
each major watercourse. Estimation methods should be applied to these sites and comparisons
with measured flow data used to condition estimates for ungauged sites. In all catchments, human
modifications to flows should be taken into account when assessing the low flow values likely to
be observed.

The estimation method was not particularly successful in small, upland catchments and while this
may be of little consequence for assessing the impact of any (typically miner) discharges in such
areas, for example, it is rather more important in relation to assessing low flows in conjunction
with water supply schemes in general and supply reservoirs in particular. No evidence has been
found to call the general applicability of the Micro LOW FLOWS methodology into question in
this type of catchment; rather, it is suspected, there are local factors (such as steep slopes) which
cause estimates to be significantly at odds with measured values. In such cases, it is felt that the
collection of flow data at gauging stations (perhaps complemented by spot gaugings) would allow
corrections to be applied to low flow estimates for ungauged sites; such questions are explored in
detail in Chapter 7. The choice of catchments to be gauged is considered to be very important.

Having established the relative merits of using spatial data in a range of catchment types, it
remains to conclude this section with a summary of the wider benefits of using the type of
methodology implemented in Micro LOW FLOWS. The software package offers fast,
reproducible calculation of a wide range of low flow parameters and gives results based on the
consistent application of a specific method. The automatic handling of abstraction and discharge
data further adds to the utility of this system. Its use is therefore strongly recommended as the
basis of a low flow estimation strategy. It should be noted, however, that the confidence which
can be placed in the results will be much greater if model use is underpinned by data from a
network of river flow gauging stations covering a full range of catchment types; without this, the
ability to assess the success of the method in various types of catchment, and make alterations to
estimates where appropriate, will be compromised.
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APPENDIX D.2

COMPARISON OF FLOOD STUDIES REPORT STATISTICAL MEAN ANNUAL
FLOOD ESTIMATES WITH RECORDED VALUES

D.2.1 Introduction

The mean annual flood (MAF) is a widely used index of flood magnitude both at gauged and
ungauged sites. With gauging station records, either annual maximum or peaks-over-threshold
(POT) series can be used for derivation; without such data the Flood Studies Report suggested the
use of either a statistical method (based on catchment characteristics) or a rainfall-runoff method
to estimate the MAF and outlined methods for both. Regional growth curves were then provided
for the estimation of floods of higher retumn periods.

The statistical approach relating MAF to catchment characteristics uses the equation:

MAF = C AREA®* STMFRQ®? S$1085%'¢ SOIL'® RSMD'® (1+LAKE)*%

where C denotes a regional multiplier
(here 0.0213 for all catchments in Wales),
AREA catchment area (km?)
STMFRQ stream frequency (junctions km)
S1085 stream slope (m km™!)
SOIL soil index based on Winter Rain Acceptance Potential
RSMD net 1-day rainfall of 5-year retum period (mm).
LAKE Fraction of a catchment draining through a lake or reservoir

Definitions for each of these parameters are available in the FSR (NERC, 1975). This section of
the work reports on application of this equation to assess the usefulness of spatial data in
estimating a high flow quantile for a range of catchments.

D.2.2 Method

As menuoned above, problems of data availability dictated that this work could not be undertaken
for Northern Ireland catchments. For this section, not all of the necessary catchment
characteristics data were available, so the physical analogue of Wales was again used. It was
found that many of the Welsh gauging sites for which catchment characteristics had been derived
for the FSR are now no longer in operation and with the time constraints of this study, it was not
considered possible to derive such data for stations opened since the time of that work. Therefore,
the study was based exclusively on the data presented in Volume I'V of the FSR; this offered the
advantage of a ready-to-use data set, although the flood series were not as long as would have been
possible using more recent data.

For each of the 45 stations for which all required information was presented in the FSR, MAF
estimates, calculated using the above equation, were compared with BESMAF (best estimate of
the mean annual flood) values derived from the annual maximum series (with the benefit of record
extension where possible). Ratios of estimate to measured values were computed and form the
basis of the analysis. A list of the gauging stations used and their catchment charactenistics, is
presented in Table D.2.1.
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Table D.2.1  Gauging stations used for FSR method and catchment characteristics
No. AREA STMFRQ $1085 RSMD SOLL LAKE
55001 4040 1.04 1.1 384 0.323 0.037
55002 1900 1.05 2 41.5 0.359 0.08
55003 886 0.6 2.32 49.9 0.287 0
55004 72.8 1.94 15.41 67.4 0.489 0
55005 167 1.13 5.8 69.5 041 0
55007 1280 1.16 37 60.1 0.381 0.118
55008 10.4 2.88 37.23 82.4 05 0
55009 357 2.06 7.58 39.6 0.314 0
55010 27.2 3.01 45.3 79.5 0.5 0
55015 24.6 3.5 38.07 58.3 0.433 0
55808 95.3 1.39 14.25 81.7 0.463 0
56001 912 1.18 2.84 55.6 0.37 0.052
56002 217 1.08 10.49 58.3 0.458 0
56003 62.2 1.01 9.02 52.5 0.344 0
56004 544 1.26 4.46 59.1 0.379 0.079
56006 184 1.67 787 62.9 0.322 0.11
57003 487 212 6.58 69.3 0.49 - 0.141
57004 109 233 7.3 79.5 0.495 0
58001 158 2.63 10.33 56.6 0.469 0
58002 191 2.59 13.5 80.2 0.499 0.041
58003 62.9 1.41 925 42.6 0.341 0
58004 85.7 2.87 17.22 47.7 0.5 0
59001 228 2.61 10.35 65 0.489 0
60001 1090 1.19 4.14 61.1 0.359 0
60002 298 0.82 4.82 58 0375 -0
60003 217 1.18 3.85 46.9 0.307 0
61001 198 0.89 2.74 45.5 0.329 0
61002 183 0.89 10.38 484 0.332 0
62001 894 0.72 1.82 48 0.321 ¢
63001 170 1.45 10.61 572 0.34 0
63002 182 1.8 9.89 66.5 0.39 0.249
64001 471 2.1 522 64 04 0
65001 68.6 5.93 3337 109.1 0.5 0.046
66002 220 1.99 6.03 43.4 0.328 0.021
66003 69.9 1.85 17.38 372 0.367 0.034
66011 344 4.18 17.07 66.1 0.398 0.001
66801 10.4 2.68 16.27 117.5 0.5 0.15
67002 1040 1.62 1.42 48.3 0.391 0.212
67003 20.2 1.83 13.3 43.5 0.5 0
67005 114 1.01 10.72 44.1 04140
67006 185 1.83 9.23 47.6 0.401 0.084
67007 728 1.92 1.42 52.8 0.393 0.303
67009 79.5 1.12 6.11 33.6 0.236 0
67801 105 1.78 11.88 81.9 0.472 0.548
67803 1830 1.22 1.51 282 0.387 0.122
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Table D.2.2  Estimated mean annual flood, BESMAF and estimate/BESMAF ratio
No. BESMAF EST/MAF EST/BESMAF
55001 519.28 555.12 1.07
55002 441.68 412.73 0.93
55003 50.04 151.29 3.02
55004 65.57 70.46 1.07
55005 137.01 94.45 0.69
55007 548.97 429.63 0.78
55008 16.74 18.32 1.09
55009 126.06 95.55 0.76
55010 53.21 45.52 0.86
55015 21.06 25.54 1.21
55808 89.22 93.37 1.05 .
56001 365.59 282.06 0.77
56002 87.09 125.47 1.44
56003 23.45 23.46 1.00
56004 341.15 203.82 0.60
56006 162.31 74.06 0.46
57003 285.16 346.66 1.22
57004 67.49 115.52 1.71
58001 103.99 117.96 1.13
58002 215.62 218.85 1.01
58003 19.34 20.78 1.07
58004 67.84 66.90 0.99
59001 196.35 201.79 1.03
60001 361.32 393.63 1.09
60002 139.03 107.79 0.78
60003 53.46 53.49 1.00
61001 44 .44 45.45 1.02
61002 70.74 56.29 0.80
62001 177.59 169.99 (.96
63001 90.46 73.54 0.81
63002 70.59 94.07 1.33
64001 292.31 277.48 0.95
65001 62.31 165.61 2.66
66002 89.34 65.96 0.74
66003 31.38 25.27 0.81
66011 450.39 288.36 0.64
66801 18.33 20.14 1.10
67002 259.39 255.39 0.98
67003 13.38 13.29 0.99
67005 36.12 44.73 1.24
67006 80.23 78.50 0.98
67007 124.20 198.32 1.60
67009 8.88 11.34 1.28
67801 38.36 75.20 1.96
67803 203.94 246.15 1.21
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D.2.3 Results

The results of the estimation work are presented in Table D.2.2 and a frequency distribution plot
of the ratio values is presented in Figure D.2.1. Ratios range from 0.46 to 3.02, with a mean of
1.11 and a median of 1.01. Estimates were less than 75% of BESMAF values in five cases and
greater than 125% in eight, leaving the remaining 32 (71% of the sample) within these limits.

—
w

Frequency (stations)
=]

1 123 15 175 2 225 25 275 3 325 35

Estimate/BESMAF ratio (class upper limit)

Figure D.2.1 MAF estimate/BESMAF ratio frequency distribution

With six independent variables used in the equation to predict MAF, an assessment of the
performance of the method was unlikely to be straightforward. It is worth noting in the first
instance, however, that using the same +25% tolerance as in the Q, section, a greater degree of
success has been achieved in the estimation of MAF values, although this takes no account of any
inaccuracies or bias in the measured flow data.

Five stations stand out as having conspicuously high EST/BESMAF ratios; in descending order
of ratio they are: 55003, 65001, 67801, 57004 and 67007 (see Table D2.2). In the case of 55003,
values of STMFRQ, SOIL and to a lesser extent S1085 are all very low, but BESMAF is
exceptionally low in relation to AREA, so the estimate is greatly in excess of the measured value.
With three very low values of predictor variables, this over-estimate is surprising; it is possible that
data errors or other unidentified influences are responsible for the discrepancy in values. With the
next three catchments, there is a coincidence of high RSMD, SOIL and STMFRQ values and it
is not surprising that over-estimation occurs: the regression equation was developed with exponent
values which minimised differences between observed and estimated values for all catchments in
the FSR, and this type of error is difficult to avoid. At stations 67007 and 67801 extremely high
LAKE values are recorded and it seems possible that the attenuating effect on flood values has not
been fully represented in the MAF estimation for these catchments.

Considering the five stations for which MAF is most seriously under-estimated (56006, 56004,

66011, 55005 and 66002), some similarity can be found with the over-estimated values in the
reasons for less successful MAF estimation. At stations 55005 and 66002 several of the
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independent variables are low or very low, with a compounding effect on the MAF estimate. With
stations 56004 and 56006, reservoirs are sited in the catchment headwaters and it is feit that this
must be at least partly responsible for the under-estimation of MAF. Finally at station 66011,
under-estimation ts not expected owing to very high STMFRQ and high S1085 values. As with
the over-estimate at station 55003, it is possible that the effects of these factors have not been fully
accounted for by the regression equation; these two stations appear to be somewhat anomalous in
comparison with other stations for which there are large over- or under-estimates.

D.2.4 Discussion

Generalisation of the performance of the statistical MAF estimation method has been difficult, but
it can be noted that estimates at 71% of stations in the sample lie within £25% of BESMAF
values. The most common reason for estimates being less accurate is the coincidence of very high
or very low independent variable values, resulting in MAF over-estimation or under-estimation
respectively. This appears to be an inevitable consequence of the regression approach to the FSR
statistical method and must be accepted as the price to be paid for the benefits which accrue from

its application. The Welsh catchments in which estimation was seen to be less successful cover
a range of types.

Many of those with high estimates are neither especially small or large but drain wet catchments
with soils of low permeability and high drainage densities, and may be characterised by flood
attenuation by lakes. Relating this to Northemn Ireland, this focuses the need for gauging stations
not so much towards the headwaters, but to moderately sized catchments of say 100 km? draining
upland areas. Analysis in Chapter 2 has indicated the NI network to be well provided for in this
respect.

Of those catchinents with low estimates, those which are due to reservoir effects should not be
counted as failures of the method, as in any study this type of effect could be specifically catered
for. The remainder seem to follow no clear pattern and are relatively few in number: it therefore
seems wise to make no specific gauging recommendation in this respect.

D.2.5 Conclusions

With any regression equation, estimation of an unknown quantity will inevitably be more
successful in some cases than in others. As found in Chapter 2, it is advantageous to collect data
in extreme types of catchment as well as in the areas of more typica! rainfall, slope and soil
characteristics of a region. This study of mean annual flood estimation has found that where
extreme high or low values of predictor variables coincide, estimation is less reliable than in more
commonly occurring types of catchment. A good spread of catchment types in the Northern

Ireland gauging network will guard against the dangers of such (rare) coincidences leading to
serious errors in design studies.

A particular feature of this work has been to identify the occasional importance of lake attenuation
on flood peaks and it therefore follows that the NI gauging station network should benefit from
the inclusion of data from stations located below lakes. Although this has not been specifically
addressed in Chapter 2, stations do exist below the major storages of Lough Neagh and Upper
Lough Eme (but not Lower Lough Eme: its outfall is very close to the Republic of Ireland border),
and with some other stations on rivers with reservoired headwaters, it is felt that the network
addresses this need quite adequately.
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Appendix E:
INSTITUTE OF HYDROLOGY EXPERIENCE WITH UPLAND GAUGING

As the foremost practitioner of upland gauging in the UK, the history of the operation of these
flow gauges has some relevance to this review. This section is included to acquaint the Water
Executive with the commitment which may be required to realise good results; it should be
recognised that the IH investigations always push the measurement techniques to their limits in
the pursuit of convincing results. All the IH gauges are structures; although some of the early
gauges were inherited from other organisations, they have generally been revamped or rebuilt so
that they now conform to the Bntish Standard 3680, where such a standard exists for the structure.

El.1  Plynlimon gauges

At Plynlimon the catchments are of three types. The main outfall gauges comprise a compound
Crump profile weir with two crest levels and three sections (River Wye), and a trapezoidal long
throated flume (River Severn). The subcatchment gauges are specialist, steep stream flumes
where the shallow, wide natural channel is transformed into a narrow, deep flume. Froude
numbers can be halved by increasing the depth and decreasing the width by four times, whilst
maintaining velocity. Supercrtical flow in the approach channel is reduced to critical flow in the
throat. The following comments apply to the structures:

i.  Compound weir - Wye at Cefn Brwyn. Found to be essential that accurate surveying of
the weir dimensions, particularly the crest levels, is underntaken regularly. Any use of the
theoretical calibration should utilise as-constructed dimensions. Incorrect recording of
peaks was experienced after transitory deposition of sediment around the intake pipe
sump during spates; these deposits were flushed out on the falling stage. This was
remedied by the installation of a gabion sediment trap in the upper half of the stilling
pool. A more fundamental problem was encountered with a departure of the low flow
flume from the theoretical calibration. This was resolved by a combination of intensive
current metering and quantitative (buckets!} flow measurements in drought conditions.

il. Trapezoidal flume - Severn at Piynlimon. Costly to install to achieve a high quality,
symmetrical structure. The disruptive effects of upstream accretion were solved by the
excavation of a 160 m* sediment trap upstream. This was based on estimates of the
annual sediment yield but proved oversized; the trap requires emplying about every five
years.

iti. Steep stream structures. Costly to install as their deep throat and upstream energy
dissipating section require complex shuttering and a lot of concrete. The flumes, with
their stecp entry ramp into the throat, were designed to operate best at bankfull discharge
when the water levels in the natural channel and the approach section were level. In
lower flow conditions, energy dissipating ripples were incorporated in the entry ramps
to reduce the kinetic energy of the water accelerating down the slope. Only one flume
has suffered from sediment accumulation within the throat but in all cases, there is a
substantial reduction in velocity as the water Icaves the structure downstream, with the
result that after some spates shoals are deposited downstream. If these are large enough
to drown the structure, then they must be removed by excavation.

Appendix E: 101



El1.2

Balquhidder gauges

At the Balquhidder catchments, economy was of greater concern than at Plynlimon, which ruled
out the steep stream structures. Level crested Crump profile weirs were chosen for the catchment
outfalls; a shatlow Vee, 1:10 cross slope weir was installed as a headwater gauge in one
catchment. The following comments apply:

The level crested weirs were designed to contain the one in 50 year estimated flood and
arc insensitive at low flows for an experimental catchment. At one site, prefabricated
fibreglass trapezoidal flumes were installed downstream to refine the low range but were
not entirely successful. Both approaches to the weirs are rocky and steep and far from
ideal, although the sitings were below high energy dissipating sections. Investigations
using an array of current meters (up to 6 at 10-20 cm intervals on a rod) indicated that
there were significant asymmetries in both the flow pattern and the velocity distributions
on the approach aprons, such that the Coriolis coefficient (or energy flux correction)
showed a wide departure from the value normally assumed (unity} and the maximum
recommended (<1.25). Using estimates of the mean approach velocity and the flows
obtained from both current metering and dilution gauging using sodium iodide, a new
index of velocity asymmetry was derived (Hudson et al., 1990), which could be utilised
in the theoretical equation. However, in all other respects, the structures have proved
durable and the rating and the apron accretion have remained stable, modular conditions
stilt obtaining when a flow of 27 m’s’' was recorded (design capacity, 30 m’s™).

The shallow vee weir was sited 2 km distant from the access track and was prefabricated
in duralumin alloy with stainless steel crest sections and transported to the site by
helicopter. This has proved a very successful installation. The channel conditions were
less extreme as the site was around the break of slope from the plateav-like, peat covered
interfluves. The high surface finish and accuracy permitted by working in metal has

ensured a very accurate gauge, although the small catchment size renders the sensitivity
poor at the 95 percentile flow.
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Appendix F:
EVALUATION OF EXISTING STATIONS

The results of the preceding chapters can now be used to assess the worth of continuing to operate
existing stations. These are dealt with in turn, followed by recommendations for new sites.

Review of stations not justified by any continuing specific data requirement

201004 Strule at Stone Bridge (level-only)

Plans exist to upgrade this station to rated status for specific data uses; retention is therefore
desirablc,

201005 Camowen at Camowen Terrace

Good data quality is achieved at low flows at this site, with over 20 years of data accumulated in
a river draining west from the Sperrin Mountains. It is seen as being particularly valuable for
drought monitoring and its retention in the network is recommended.

201006 Drumragh at Campsie Bridge

Like its neighbour 201005 this station has alse accumulated a relatively long period of record but
none of the data uses demanded of it, except flood forecasting, would benefit significantly from
further extension. Closure is therefore recommended, with consideration to be given to
establishing a new headwater tributary site. This would improve knowledge of headwater flow
regimes, enhance network representativeness and provide greater flood warning time, particularly
in westerly weather conditions.

203301 Lower Bann at Loughan Island (level-only)

203902 Lower Bann at Agivey Bann Bridge (level-only)

203308 Lower Bann at Portna (level-only)

While data uses have been noted for these stations, attention should be given to the possibility of
using models to provide leve] data at these locations, since they lie in relatively close proximity
and there are other flow gauges in the area with secure futures (see Chapter 3). Elimination of any
of these stations would reduce annual maintenance costs. Further review is therefore
recommended.

203009 Blackwater at Verners Bridge (level-oniy)

As the network stands at present, it ought to be possible to estimate flow at this point accurately
on the basis of gauged flows at Maydown Bridge and Callan New Bndge. If station 203025 is
closed (see below) and flow information is required at this site, it is felt that an ultrasonic
installation would be appropriate here. With very limited use being made of the data generated
at this station, it is recommended that its future be reviewed.

203020 Moyola at Moyola New Bridge
A high quality of data is achieved at this site, lying at the outfall to Lough Neagh of a moderately
large and quite natural catchment. It is seen as making an important contribution to the network

as a whole. It should be designated as a benchmark site and its operation continued into the
future.
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203024 Cusher at Gambles Bridge

The station has accumulated more than 20 years flow data and has similar physical characteristics
to some neighbouring gauged catchments. None of the data uses associated with it justifies
continued operation, so closure is recommended. The network would be enhanced, in terms of

catchment diversity and representativeness, by establishment of a new station in the headwaters
of this catchment.

203025 Callan at Callan New Bridge

Little demand exists for the data being produced from this station. Those which have been
produced over the past 20 years are of limited quality and there seems to be little justification for
extending this record; closure is recommended.

203026 Glenavy at Glenavy

This station is associated with an agricultural abstraction and is therefore poor in terms of
naturalness; the quality of low flow data is also poor. Closure is recommended unless monitoring
of this abstraction is a priority, in which case attention should be directed towards stabilising the
low flow control.

203028 Agivey at White Hill

The station is noted as having a high level of data use and good data quality. [t has a long record,
a natural catchment and lies in a geographical area with only a modest density of gauged
catchments. The combination of these factors indicates it is well suited to serving as a benchmark
monitoring site and its retention in the network is recommended.

203038 Rocky at Rocky Mountain

In the context of the network as a whole, this station has a very valuable location on account of
its high altitude, high rainfall, small size and steep slopes. From an operator's point of view,
however, it is very problematic. It has not yet been possible to obtain high flow gaugings, and
boulders can be deposited on the apron of the weir. Difficulties with the local landowner
compound these problems. Nonetheless, the site is a very valuable one and it is recommended that
the operating authonty perseveres with it. A concerted effort to obtain high flow gaugings
(imensive activity through a major event), perhaps using alternative flow measurement techniques
such as dilution gauging, would enhance the value of data being obtained and should be
considered. It may be found helpful to draw on experience gained in the [H experimental
catchments at Plynlimon and Balquhidder (see Appendix E).

203039 Clogh at Tullynewy Bridge

There is little demand for flow data from this station, but it does lie in a useful location. Weed
growth is known to be a problem, warranting attention in its maintenance. Continued operation
is recommended, though not perhaps beyond another $ years.

203042 Crumlin at Cidercourt Bridge

While the charactenistics of the catchment draining to this station are somewhat similar to those
of some of its neighbouss, it achieves a good data quality and its 13 years of record accumulated
to date would benefit from further extension; retention in the network is recommended.

203043 Oona Water at Shanmoy
With a Flat Vee weir installed and only about 10 years of data collected to date, this station is seen
as having potential to add 1o the value of the Northern Ireland hydrometric database, although it

need not necessarily be seen as having any long-term strategic value. Continued operation is
recommended.
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203046 Rathmore Burn at Rathmore Bridge
This small, relatively steep and natural catchment makes a useful contribution to achieving
diversity in the network and should be retained.

203049 Clady Water at Clady Bridge
Another relatively small catchment with good data utility and only a short record: operation should
be continued.

203093 Main at Shanes Viaduct
This station lies at the outfall of one of the major tributaries of Lough Neagh and achieves a high
data utility score. It is seen as having strategic value and its continued operation is recommended.

205015 Cotton at Grandmere Park
The catchment draining to this station is the lowest in the NI network and, with its coastal location
and part-urban land use, is a valuable member of the network. Retention is recommended.

205017 Strand Lough at Killough Bridge

205018 Strand Lough at Strand Brickworks

DANI data requirements, and the nature of the relationship between levels at these two sites,
suggest that both these stations should remain in the network.

205020 Enler at Comber

A good quality of data is achieved at this site on a river draining a useful mixture of rural and
urban areas. An existing DANI plan to gauge some of the tributaries of this river would enhance
the value of the station, and retention is recommended.

236006 Upper Erne at Killyhevlin

Erme flow data from the Republic of Ireland, relating to its course upstream of Northern Ireland,
is understood 1o be of limited value. With 2890 km? draining to this station, it is clearly of some
strategic importance, although backing up effects mean that flow data cannot be reliably obtained
from the stage record. Retention does scem to be justified, particularly considering the
forthcoming catchment management plan for the Eme system, but data quality does need
improvement; installation of an ultrasonic gauging station should be considered.

236007 Sillees at Drumrainy Bridge

Low flow data quality at this station is rather poor and is not appropriate to the uses made of data
from this station. Gauging is of a generally low density in Fermanagh when compared to Northern
Ireland as a whole, so existing sites are of significant value and the topography of this catchment
in particular further merits its retention in the network. Attention should, however, be directed
towards stabilising the low flow control.

236009 Swanlinbar at Thompsons Bridge

Little information was available regarding the quality of data being generated by this relatively
new station, however the demand for data indicates that effort would be well justified. The
catchment is likely to expericnce a rain-shadow effect, and the consideration of any future gauge
sitings in this area shoutd be done with regard to this.

236051 Ballycassidy at Ballycassidy Bridge
No single data use justifies retention of this station in the network, but its information from a

relatively sparsely gauged area is of strategic value, justifying continued operation subject to
adequate data quality.
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Stations with major inconsistencies between data utility scores and required data uses

203023 Torrent at The Moor Bridge

This station is renowned for periodic problems of by-passing, irrespective of river flow.
Rectification appears to be costly, but in the meantime operation of the station serves no useful
purpose. A station on this reach of the Torrent is desirable owing to data requirements in relation
to Coalisland consent standard monitoring. Options for resiting or solving the bypassing problem
should be reviewed.

203027 Braid at Ballee

Data quality is very poor at this station, particularly at low flows, to an extent which invalidates
its usefulness for the functions required of it. Some of the problems associated with this site, €.g.
high flow gauging, are insoluble and closure is strongly recommended. Station 203021 may be
used as a surrogate for some purposes and the siting of a new station in the headwalers of the
Braid 1s recommended in order to provide data specific to this catchment and representative of an
upland area with peat and gley soils.

203029 Six Mile Water at Ballyclare

Data quahity is wholly inadequate for the assimilative capacity estimation and consent standard
monitoring functions required of the station. Re-siting is recommended, preferably to a site with
good containment for the benefit of the flood forecasting function also demanded of this station.
If the new site selected is a significant distance from the points at which data are required,
modelling techniques should be used.

203041 Ballygawley Water at Tullybryan
This station is very insensitive and unsuitable for present data needs. It lies in a useful paosition

and relocation to a site with a good low flow control and full containment is therefore
recommended; benchmark status may then be afforded.

205004 Lagan at Newforge

With the highest data use score of any NI station, this is clearly an important site, but the low flow
score awarded indicates that the data being collected are not of adequate precision for some
purposes. The site is alrcady well contained but the installation of an informal shallow vee weir
is recommended as a means of reducing the scatter amongst low flow gaugings. Such an
improvement is only proper for a station of such strategic importance.
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