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Executive Summary

It is proposed that the augmentation of water source capacity in the Eastern
Arca of the Department of Environment (NI)’s Water Service is achieved by
either the development of an upland source or by increasing the abstraction
from Lough Neagh. The Water Service anticipate a requirement for an
additional 65 to 130 Mlday!, dependent on the growth in demand. The
proposals are:-

1. 65 Mlday! reservoir scheme at Kinnahalla/Lough Island Reavy.

2. 130 Miday! reservoir scheme at Glenwhirry, constructed in two stages.

3. Various 130 Mlday! direct abstraction options from Lough Neagh,
constructed in two stages.

This study estimates the hydrological impact of the possible schemes on the
downstream river flows and on Lough Neagh water levels Daily mean flow
data (from the Water Data Unit of the Water Service) and daily Lough
Neagh water levels (from the Department of Agriculture, Northern Ireland)
have been used to define the current hydrological regime. The data was also
used to calibrate hydrological models in order to estimate the hydrological
regime at sites without hydrometric data A simulation model of each
scheme was developed and used to predict the impact, at different stages of
development, on downstream river flows and Lough Neagh water levels.

The report identifies the locations where there are changes in three river flow
statistics - namely the mean, the 95 and the 5 percentile exceedance flow. The
95% exceedance, a low flow parameter, is that flow, in cubic metres per
second {m3s1), which is equalled or exceeded for 95% of the time. The 5%
cxceedance, a high flow parameter, is the flow, in m3sl, which is equalled or
exceeded for 5% of the time. Sites where these parameters change by more
than 10, 5 and 2 percent are identified. @~We consider changes in the
parameters of the order of 109% to be significant hydrologically, in that such
changes are greater than the current natural vanability of the flow regimes
and greater than the measurement ¢rror of the flow statistics. In contrast,
changes of the order of 2% are less than the natural variability, are within
the measurement erroers, and may be construed to locate the limit of the
effect of thc proposed scheme.

The impacts of the reservoir schemes, or direct abstraction, on Lough Neagh
levels and flows in the Lower Bann is dependent upon the future operating
procedures for the sluice gates at Toome. There is a statutory requirement to
maintain the Lough™ ... so far as conditions ... permit” within the range
50'0" to 50'6" (Poolbeg Datum) - thesc are the control levelslimits. The
Dcpartment of Agriculture (NI) endeavovrrs to maintain the Lough at a precise
operational level which varies between 50°1" and 50°'5" dependent or the
time of the year.

‘The flows and levels of the Lough were computer-modelled with va'rious

abstraction rates over the period 1981-89. 1984 was an exceptional year in
that the ecarly part of the year was so wet that the Lough cxpericnced its
maximum level for the decade: the Lough expericnced it s minimum level for
the decade later in that ycar as 1984 proved to contain a drought event



approaching a 1 in 50 year return period. The impact of the scheme on
Lower Bann flows is as in thc case of the current regime, strongly influenced
by the operating policy for the Toome Sluice gates. For the purpose of the
computer modelling exercise, when possible, historic Lough levels  were
maintained and the historic flows to the Lower Bann were replicated for the
greatest possible time, ie. when the modelled level was above the operational
level, or when the modelied level was below the operational level and historic
flows below the minimum required flow.  The modelled flow was less than
the actual flow only when the modelled Lough level was less than the
operational level and historic outflows were above the minimum required flow.

The percentage of time that the level is either above the upper or below the
lower control limit was used as a variable to define the change in level
regime. When modelled at the proposed additional abstraction rates of 65
and 130 Mlday’!, the upper limit was exceeded an additicnal 13% and 04%
of the time; the time when levels were less than the lower limit increased by
0.4% and decreased by 03% respectively. 13%, 04% and 03% of the time
are equivalent to 4.7, 15 and 1.1 historic days per year on average. The
Lough fell to a minimum level of 49'2" in 1984; with the additional
abstractions, the minimum levels would have been 49'1" and 49'0"
respcctwely The mean flow in the bowcr Bann at Toome is presently 79.94
m3sl; this is reduced by 075 and 152 m3s! for abstraction rates of 65 and
130 Ml/d. Using the modelling procedure outlined above, these reductions in
flows are concentrated into short periods of time, on average 14 and 35 days
per year respectively.

Glenwhirry stages 1 and 2 and Lough Island Reavy/Kinnahalla reduce the
Lower Bann mean flow by 079, 126 and 049 m3s! respectively. For the
reasons described above, these reductions are concentrated into, on average, 9,
14 and 5 days per year respectively. The upper limit to the control level was
exceeded an additional 09, 0.5 and 16% of the time respectively, whereas the
time when levels were less than the lower limit decreased by 2.7, 19 and
24%. The minimum levels in 1984 would have been unchanged from the
actual 49°2".

Recognising the strategic role of Lough Neagh as a water source which may
be used for even larger abstractions, at some time beyond the foreseeable
future, the hydrological impacts of various further abstraction rates were ajso
tesied. Rates of abstraction (above current) of 175, 220 and 350 Ml day!
were used. As one would expect the greatest abstraction had the greatest
cffect; the time when the Lough was less than its lower control level (50'0")
increased by, on average, 135 days per year and the minimum level in 1984
would have been 48'8". The mean flow in the Lower Bann decreased by
4.08 m3s! and it was reduced on 82 days per year on average.



1. Introduction

It i1s proposed that the augmentation of water source capacity in the Eastern
Area of the Department of the Environment for Northern Ireland, Water
Service is achieved by increased abstractions from Lough Neagh or by the
development of an upland reservoir source. This study estimates the
hydrological impact of these proposcd schemes on the downstream river flows,
and Lough Neagh water levels. Daily mean flow data (from the Water Data
Unit, the Water Service) and daily Lough Neagh water levels (from the
Department of Agriculture, Northern Ireland) have been used to define the
current hydrological regime. These data werc also used for calibrating
hydrological models in order to estimate the hydrological regime at sites
without hydrometric data. A simulation model of each scheme was developed
and used to predict the impact of each scheme at different stages of
development on downstream river flows and Lough Neagh water levels. The
scheme development and details of impact assessment are shown in Table 1.

Table 1 Summary thydmlogical impact assessment

Hydrological impact asscssment
Downstrecam of L. Neagh Lower Bann

Resenor”
Glenwhirry Reservoir Scheme
Current regime 6 siles v v
Stage 1 (yicld 65 Mlday'l) 6 sites v v
Stage 2 (yield 130 MlLday’l) 6 sites v v
Lough Island Reavy/Kinnahalla Reservoir Scheme
Current regime (yield 18 M!.da‘y'l) 8 sites v v
Yicld 83 Ml.day’} 8 sites v v
Lough Neagh Abstraction
Current regime  (nett abstraction average v v
124 Mlday' }
Stage 1 (nett additional abstraction 65 Ml.n:la}fl ) v v
Stage 2 (nctt additional abstraction 130 Midayl) v v
Sensitivity to greater abstractions:
a. {neit additional abstraction 175 Ml.day'l) v v
b. (nctt additional abstraction 220 Miday'!) v v
. (new addiuonal abstraction 350 Midayl) v v

Details of the resource development for ecach stage and the location for
impact assessment were provided by the Water Service. Operating rules for
each reservoir (section 2.1 and 2.2) consisted of constant compensation flows
and constant abstraction rates without reductions in drought periods. A

Ty *.0



simple daily accounting model based on inflow, abstraction, compensation flow,
change in reservoir storage and reservoir spill was used to estimatc the change
in downstream flow regime. Rules for Lough Ncagh (section 23) were
based on constant abstraction rates whilst target levels were maintained by
reducing relcases to the current minimum flows.

The following sections of the report describe the analysis and interpretation of
the observed and_simulatcd data for each of the three schemes as follows:

Section 2.1 River flows below Glenwhirry
Section 2.2 River flows below Lough Island Reavy/Kinnahalla
Section 2.3 Lough Neagh levels and Lower Bann flows for Lough

Neagh abstraction and reservoir schemes

Chapter 3 of the report summarises the impact of water resource development,
the hydrological significance of the changes and comments on the flow series
used in relation to the longer term runoff series.



2. Hydrological impact analysis

2.1. RIVER FLOWS DOWNSTREAM OF THE PROPOSED
GLENWHIRRY RESERVOIR

21.1 Introduction

The proposed Glenwhirry reservoir scheme (Figure 1) would be implemented in
wo stages:

Stage 1. Building a reservoir immediately upstream of Battery Bridge and
abstracting 65 Ml.day! all of which is exported from the catchment.

Stage 2. Increasing the flows into the reservoir by diverting water from four
indirect catchments enabling an increase in the abstraction rate to 130
Mlday!all of which is exported from the catchment.

The existing and proposed schemes have been modelled, using the available
flow records for Kells Water at Curry’s Bridge (gauging station 203021) and
daily and monthly records of rainfall within the CQurry’s Bridge catchment
(section 2.1.2). The results have been used to estimate the hydrologic impact
of the proposed schemes (section 2.13) on downstream rniver flows and Lough
Neagh water levels.

21.2 Modelling the existing situation and the proposcd schemes

Appendix A1l describes the generation of three daily flow records at the
proposed site of the dam and at Curry’s Bridge for the period 1972 to 1989
(inclusive}. They represent:

1. undisturbed conditions
2. stage 1 - reservoir with direct catchment - yield 65 Ml.day™
3. stage 2 - reservoir with direct and indirect catchments - yield 130 Miday™

The gencration of the daily mean flow seres for the three stages was carried
out in two steps. First the estimation of inflows into the reservoir, allowing
for diversions from catchwaters where appropriate. Second, a simulation of
reservoir behaviour using these daily inflows, together with precipitation on the
reservoir. -surface, evaporation losses and abstraction in order to estimate the
spil: and compensation water.
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Rescrvoir inflows were calculated from measured flows at Curry's Bridge which
were used for calibrating the model. These flows are not entirely natural
because of the presence of the Killylane reservoir. This was allowed for by
calculation of a naturalized flow record at Curry’s Bridge. Conversion of thesc
naturalized flows to flows in catchments upstream was achieved by
multiplication by both area and average catchment rainfall factors (Appendix
Al). The reservoir simulations were bascd on a daily reservoir water balance.
The outflows (compensation flow plus spill) from the reservoirs, and where
appropriate the undiverted water from the indirect catchments, were input into
the lJower, "natural® part of the catchment to give modified flow records at
Curry’s Bndge. The system was modelled to include a daily abstraction of 14.0
Mlday! from the existing Killylane reservoir.

213 Hydrologic cffect of thc proposed schemes

The cffect of the proposed schemes has been estimated by two means: the
change in mean flow, and the change in flow duration curves. A flow
duration curve (FDC) is a plot of discharge (optionally expressed as percentage
of the mean flow) against the percentage of time when the flow is exceeded.
For example, the 95 percentile flow is exceeded on average 347 days of the
year, that is the flow is less than the 95 percentile flow on average 18 days
of the year. C

Mean flows and flow duration curves (FDCs) were determined for the Kells
Water at Curry’s Bridge and at Battery Bridge (Figure 1) for each of the
three flow series generated (section 2.1.2). These were then used to estimate
the flow duration curve for the period 1972-1989 at each of the six
downstream sites specified by the Water Service (Table 2 and Figure 2).
Estimates were based on a pro-rata adjustment based on the mean flow
calculated from the Institute of Hydrology’s Micro Low Flow system. The
difference between the current FDC at Battery Bridge and the simulated FDC
was then used to estimate FDC for the six downstream sites under the stage
1 and stage 2 resource development,

Table 2 Sites for estimation of FDCs in Glenwhirry scheme

Sile name Grid reference
1.  Moorfieid STW J187 3992
2. Fish Farm, Kells 3173 3984
3 Kildrum, Kells 3130 3978
4. Curry's Bridge {Stn 203021) 3106 3971
5.  Andraid (Stn 203013) 3092 3973
6.  Shane's Viaduct 3086 3896

The procedure for estimating the artificially influenced FDC at a site
downstrcam of the reservoir or intake point (e.g. at point A in Figure 3) is
as follows. Downstream of the dam site, eg. at B in Figure 3 the FDCs

.



resulting after the dam construction are determined by adding up the FDCs,
expressed in m7.s"!, at A and the FDCs for the area above B excluding the
area draining to A, which can be considered the “natural” part of the
catchment B. The shape of predicted FDCs for the “"naturali” arca B-A is
based on the FDC of the records at the gauging station downstream of the
site of interest. The mean flow for area B-A is determined by subtracting
the estimated natural mean flow at A from the estimated mean flow at B.
An example is given in Table 3.

The estimated curent FDCs (Stage 0) and the FDCs for two stages of
reservoir  development are shown in Figures 4a to 4f with discharge
standardised by the mean of the natural flow at the site.  Table 4 presents
the FDCs expressed in ms’!, and Table S summarizes the predicted changes
in mean flow.

From the analyses the following conclusions can be drawn:

1. The mean flow decreases at all sites due to the schemes, and more so
with implementation of scheme 2.

2. The FDCs (in m3.s!) shift downwards due to the schemes, most notably
in the 20-80 percentile range. However, the compensation flow would
markedly increase the 85 percentile and below.

3. The influence of the schemes is negligible after the confluence of Kell's
Water and the Main. However, the exact impact on Lough Neagh levels
and outflows depends on the procedure adapted for operating Lough
Neagh. This will be discussed in Section 23.



Table 3 Adding up artificial and natural FDCs

Pecrecentage FDC at A FDC at A FDClrom B-A FDCfromB-A FDC aa B FDC at B

of time flow (% of MF)  (ms) (% of MF)  (mos) m3sy (% of MP)
exceeded

s 680 68 400 80 148 493

10 350 35 250 50 85 283

20 85 8.5 125 25 335 12

50 15 15 60 12 13.5 a5

80 14 14 20 a 5.4 18

) 13 13 15 3 43 14

95 12 12 12 24 37 12

NB: In this cxample it has been assumed that the mean flow at A = 10 cumecs and
the mean flow at B = 30 cumecs
MF = mecan Oow

Legend

Catchment boundary e— — — - P . SN _—
Stream ' )
Reservoir

Site of interest

Figure 3 Adding up artifical and natural FDCs - illustrative
catchment



Table 4 Current and post-scheme FDCs (in m3s) for 6 sites
downstream of proposed Glenwhirry water resource schemes

Percentage of Site 1 Sie 2
time flow Moorficld STW Fish Farm, Ksls
exceeded
Pre Scheme 1 Scheme 2 Pre Scheme 1 Scheme 2
1 16.6 127 113 170 13.1 11.6
5 8.60 593 426 882 6.15 4.33
10 5.56 335 186 57 350 1.90
20 335 142 0.66 344 1.51 0.69
50 1.16 0.41 038 119 044 0.39
80 037 028 027 037 0.29 023
90 0.21 0.25 025 on 0.26 0.26
95 0.15 024 025 0.15 0.25 0.25
9 0.087 0.23 024 0.089 024 0.24
Site 3 Site 4
Kildrum, Kells Cwry's Bridze
Pre Scheme 1 Scheme 2 Pre Scheme 1 Scheme 2
1 23 185 17.0 237 193 183
5 11.6 8.94 712 3 964 783
10 7.52 830 370 19 535 416
20 4.53 259 1.77 480 287 205
50 157 081 . om 1.66 091 0.86
80 0.49 0.41 040 052 0.44 043
90 029 033 033 031 0.35 0.85
95 0.20 030 030 021 031 03
9 0.12 0.26 0.7 012 027 0.28
Site 5 Site 6
Andraid Shane's Viadwet
Pre Scheme 1 Scheme 2 Pre Scheme 1 Scheme 2
1 95.7 913 924 101.0 102.0 100.0
5 519 49.5 48.6 548 53.7 528
10 356 33.4 320 X 362 349
20 23 20.2 195 235 20 213
50 8.41 7159 752 888 B.26 819
80 34 120 3.8 ) lée0 347 3.46
90 232 225 224 245 244 243
95 1.88 1.86 1.86 1.99 201 201
9 131 137 136 138 1.47 147
8



Table 5 Current and post-scheme mean flows for 6 sites do’:'gszrsam
of proposed Glenwhirry water resource schemes (in m>.s *)

pre-scheme scheme 1 scheme 2
1.  Moorficld STW 228 1.30 099
2 Fish Farm, Kells 234 1.36 1.01
3. Kildrum, Kells 308 210 1.75
4. Cumry's Bridge kWA 229 194
5. Andraid 15.27 14.29 1394
6. Shane's Viaduct 16.11 1552 . 1517
9
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22 RIVER FLOWS DOWNSTREAM OF THE PROPOSED
LOUGH ISLAND REAVY/KINNAHALLA
ABSTRACTION SCHEME

221 Introduction

The proposed scheme (Figure 5) involves augmenting the yield of the present
Lough Island Reavy reservoir scheme by:

1. Addition of two more indirect catchments

2. Construction of a new reservoir, Kinnahalla, downstream of the Spelga
Dam, its yield augmented by flows from three indirect catchments.

Water would be conducted into the Lough Island Reavy water treatment plant
and the total abstraction would be increased from the present 18 Mlday’! to 83
Mlday!, all of which would be exported from the basin.

The exsting and proposed schemes have been modelled, using the available flow
records for the Rocky River (gauging station 203038) and the river Bann at
Bannfield Bridge (gauging station 203033) and daily and monthly records of
rainfall within the Bannfield Bridge catchment (section 2.2.2). A reservoir
simulation was then carried out using these inflows in order to estimate the
hydrologic effect of the proposed schemes (section 2.2.3).

222 Modelling the existing situation and the proposed scheme

Appendix A2 presents the generation of two daily flow records at all relevant sites
(Table 6) for the period 1972 to 1989 inclusive for:

1. current conditions, including existing Lough Island Reavy scheme

2. proposed Kinnahalla reservoir and extended Lough Island Reavy
scheme.

The measured flows in the Rocky River have been used as a basis for modelling
the upland catchments, ie. the direct and indirect catchments draining into the
reservoirs. Conversion of the Rocky River flows to flows in other upstream
catchments has been achieved by multiplication by area factors (Appendix A2).
For the months July and August 1983, December 1984, April to July (inclusive)
1985 and Aprl and May 1986 flow data for the Rocky River were missing and
they were infilled based on the following regression cquation between the Rocky
River flows (203028) and the flows at Bannfield Bridge (203033).

Rocky River = (1315 * Bannfield Bridge98% ,
The cquation was also used to estimate flows beforc the start of the record (1
December 1983). The correlation between the log of the daily flows at Bannfield
Bridge and Rocky River is 0.87. The flows at Bannfield Bridge were used to
model the flows from the lower part of the catchment, unaffected by the schemes.

10
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The simulations of the reservoirs are based on a dailv reservoir water balance. The
outflows from the reservoirs, and the excess water from the indirect catchments
were input into the lower, "natural” part of the carchment to give modified flow
records at Bannficld Bridge.

Table 6 Sites where FDCs were derived from modelled data (Lough
Island Reavy/Kinnahalla scheme)

Site name Grid reference
1. Lough lIsland Reavy reservoir outlet 3293 3337
2. Muddock River intake point 3284 3326
3. Kinnahalla River intake point 3253 3268
4. Kinnahalla rescrvoir outlet 32473285
5. Rocky River intake point 3238 3271
6. Altataggart catchment intake point 3227 3254
7. Upper Bann at Bannfield Bridge 3233 3341

223 Hydrologic effect of the proposed schemc

Flow duration curves for the period 1972-1989 were determined from the
modelled flow records downstream of Lough Island Reavy reservoir and
Kinnahalla reservoir, and downstream of the intake points of indirect
catchments within the Bannfield Bridge catchment (Table 6). Flow duration
curves under current conditions were estimated at the eight downstream sites
(Table 7 and Figure 6) using a pro-rata adjustment based on the mean flow
at each site calculated from the Institute of Hydrologey Micro Low Flow
system. The difference in any FDC between the current condition and the
proposed development was calculated from the modelled data series (Table 6)
and used to estimate the modified flow duration curves ai each of the eight
sites. This procedure has been described in section 2.1.3 above.

Table 7 Sites for estimation of FDCs in Lough Reavy/Kinnahalla
scheme

Site name Grid reference

1. Muddock River

3258 3357
2. Hilltown 3218 3290
3. Bannficld Bridge 3233 1341
4. Katesbridge STW 3206 308
5. Banbridge STW 3116 3468
6. Tultylish 3082 u88
7. Dyne's Bridge 3043 1509
8 Lough Neagh 2960 3628

The estimated current FDCs (Stage () as well as the FDCs for two stages of
reservoir  development  are shown in Figures 7a to 7h, with discharge
standardised by the mean of the natural flow at the site. Table 8 presents
the FDCs expressed in m3s!, and in Table 9 pre- and post-scheme mean
flows are given,

12



Table 8 Current and postscheme FDCs (in m3s 1) for 8 sites
downstream of c;;mposed Lough [Island Reavy/Kinnahalla
waler resource scheme

Percentage of time Site 1 Site 2 Site 3
flow cxceeded Muddock River Milltown Bannficld Bridge
Pre Post Prec Post Pre Post
448 6.00 8& 334 239 19.7
5 205 225 260 1.72 109 7.32
10 132 140 1.67 093 7.01 464
20 0.76 0.78 0.95 034 407 272
50 0326 024 033 0.082 1.40 099
80 0.11 0.10 a1 0.044 0.47 038
€0 0.08 0.070 0.071 0.037 030 026
95 a.om 0.07 0.058 0.035 0.25 023
99 0.062 0.061 0.045 0.032 0.19 019
' Site 4 Site § Site 6
Katesbridge STW Banbridge STW Tullyish
Pre Post Pre Post Pre Post
23 257 3.7 34.1 390 355
5 13.8 104 17.8 144 184 150
10 8.67 646 112 095 116 935
20 4.90 368 631 509 6354 53
50 1.65 129 212 1.76 220 1.83
80 0.68 157 0.83 0.77 091 080
90 043 0.39 055 051 057 053
95 033 032 038 0.41 0.44 043
99 021 ox 024 026 0.28 029
Site 7 Site 8
Dyne's Bridge Lough Ncagh
Prc Post Pre Post
409 373 753 723
5 193 159 358 324
10 121 990 s 203
20 684 5.62 127 115
50 230 1.94 427 n
80 0.96 085 1.7 167
%0 0.60 0.56 L1 107 .
95 0.46 045 036 034 '
99 029 0.30 054 Q.55
13



From the analysis the following conclusions can be drawn:

1. The mean flow decreases at all sites except site 1 where there is a
small increase in mcan flow due to the increased abstraction being
less than the increase in flow from additional indirect catchments.

2. The FDCs (in m3s!) shift downwards due to the scheme, except at site
1 where the pre- and post scheme situation is influenced by Lough
Island Reavy reservoir and Muddock River compensation flow situation.
Higher peak flows arise from the addition of an indirect catchment, as
in 1. above.

3. In comparison with the cxsting regime the hydrological change is a
reduction by 9% for the mean and 2.5% for Q95 at the inflow to Lough
Neagh (site 8).

Table 9 Cuwrrent and post-scheme mean flows i ljough Island
Reavy/Kinnahalla water resource scheme (m’.s 4)

Site pre-scheme post-scheme

A Iniake points and reservoirs

1. Lough Island Reavy rescrvoir 0.076 0.083
2 Muddock 0.037 0.036
3. Kinnahalla River 0.130 0.012
4. Kinnahalla reservoir 0320 0.185
5. Rocky River 0.288 0.058
6. Alataggart River 0.054 0.010
7. Yellow River 0.905 0.384
B. B sites downstream of schemes
1. Muddock River 052 0.53
2. Hilltown 0.66 031
3. Bannlicid Bridge 27 1.92
4, Katesbridge STW 3.66 281
5. Banbridge STW 47N 3.86
6. Tullylish . 4.88 403
7. Dyne's Bridge 5.1 4.26
'8 Lovgh Neagh 9.49 B.64
1 -
14
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23 LOUGH NEAGH LEVELS AND LOWER BANN FLOWS
23.1 Control of Lough Ncagh levels

Water levels in Lough Neagh and outflow from the Lough into the Lower Bann
are controlled by operation of 5 sluice gates at Toome Bridge to conform as
closely as possible to the stipulations laid down in the 1955 Lough Neagh
Drainage Act which applies to this day. These stipulations require that ‘so far as
conditions of rainfall wind and other natural causes appear to the Ministry to
permit’:

1. the water level in the Lough should be maintained within the control
range 50ft 6" to 50ft 0" above Poolbeg Dublin Datum

2. a minimum sluice gate opening of one gate at 6" be maintained at all
times to preserve a minimum flow in the Lower Bann.

In order to maintain the Lough level within the control range for the maximum
time possible a system of sluice operation was developed which aims to maintain
the level as close as possible to an operational level which is as follows:

1 October - 31 March : 50ft 17
1  April - 30 April '+ steady rise to 50ft 5"
1 May - 30 June : S0ft 5
1 July - 30 September :  steady fall to 50ft 1"

The aims of this study are to assess any impact of additional abstraction from
Lough Neagh on the Lough level and outflow in the Lower Bann in the context
of the existing control policy and operational levels.

The impacts of proposed additional direct abstractions from Lough Neagh of
65 and 130 Mlday!, nett exports from the Lough Neagh basin, have been
studied using flow data from the period 1981-1989. In addition the sensitivity
of the system to further abstractions has been tested by increasing the
abstraction to 175, 220 and 350 Mlday’l. The study was limited to this
period because of availability of computerised flow data in the Lower Bann at
Movanagher (station 203040).for the period 1981 to 1989 only. Likewise the
impact of reduced inflow to the Lough resulting from the proposed Glenwhirry
and Lough Island Reavy reservoir schemes has been studied. The current
flow regime at Toome has been estimated by appropriate adjustment of data
from gauging stations 203040 (Lower Bann at Movanagher) and 203019 (Clady
at Glenone Bridge). Lough levels are taken as an average of the records at
Toome Bridge and Daryadd Bay.

23.2 Simulation of Lough Neagh levels with historic outflow and
increased abstraction

For illustrative prupocses only the following “worst case” scenario has been
modelled for one year only. If in the choice of sluice gate settings at Toome
no allowance was made for an additional abstraction, and historic flows were
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maintained the Lough level would continue to fall steadily in proportion to
the rate of abstraction. Figure 9 shows the effect of an additional abstraction
of 130 Mlday'! over thc year 1981 which results in a reduction in Lough
level of 4.9 inches by the end of the year. Tnis illustrates the relative scale
of the impact of the maximum abstraction on Lough levels when no impact
on Lower Bann flows is tolerated. In practice a reduced Lough level would
reduce the head difference across the sluice gates at Toome and therefore the
outflow. The impact of increased abstraction is exaggerated in this simulation,
since outflow ts assumed to have remained unz'tered and hence Lough levels
fall more than they would in reality when outfiows are restricted with falling
Lough levels. For this reason Figure 9 may be viewed as a ‘worst case’. In
order to maintain Lough levels with the increased abstraction the outflow must
of course be reduced and this is considered in the following section.

233 Simulation of Lough Ilcvels with reduced outflow and
increased abstraction or reservoir scheme

Although target flows and levels have been set by the 1955 Lough Neagh
Drainage Act, an explicit operating policy in terms of gate setting for given
Lough levels and time of year is not stipulated. The simulation has therefore
been based on changed flows and levels and for the purpose of this study no
explicit assessment of revised gate settings has been undertaken.

The control policy used in this simulation may be summarised as follows,
1. Replicate historic outflow at Toome if either

a) Lough level is above the operational level

or
b) historic outflow at Toome is less than or. equal to the required
minimum flow.
2. Reduce outflow at Toome to the minimum required flow if
a) Lough level is below operational level
and

b) historic ocutflow is greater than prescribed minimum.

In order to prevent overcompensation an extra criterion was enforced before
any flow reduction was made, which is that the simulated level be below the
historic level. However, the time step was one day, with the consequence
that on some occasions the simulated level did exceed the historic level.

The ‘minimum flow’ has been interpreted as the flow through a single gate
opening of 6" at Toome which is given as 1360 Mlday! (1574 mis’)
(Department of Agriculture, Drainage Division, Junc 1989).  The control policy
is illustrated in the following flow chart:



[LOUGH LEVEL

NO
< OPERATING !
LEVEL
HISTORIC FLOW NO
> MINIMUM ”
FLOW
Ourflow = Minimum flow Outflow = Historic flow
Lough level rises by volume Lough feve! continues to fall
of (Historic - Minimum) flow below historic level

Figure 8 Schematic representation of Lough Neagh model operations

Results of this simulation are summarised in Table 10 for each: of the
constant abstraction rates over the period 1981-1989.

For the proposed reservoir schemes the difference between historic inflow and
predicted inflow has been treated as effective abstraction from the Lough,
which gives a different abstraction value every day. Results for each of the
proposed schemes are summarised in Table 11 using the same measures as
were used to describe the effect of increased . abstraction from Lough Neagh .
The equivalent continuous average abstraction rate of the three schemes has -
been calculated The impact of the Glenwhirry Stage 1 scheme is estimated
to be slightly greater than thc proposed additional daily abstraction from the
upland reservoirs. This is a result of comparing modelled fiow seres with,
actual gauged flow, the difference of 2.5 Midl reflecting the errors in the
modelling procedure.

For Glenwhirry Stage 2 and Lough Island Recavy the impact is less than the

17

L]



actual abstraction 130 MId?! and 65 MILd! respectively. In addition to small
modelling errors this arises primarily from:

1. abstracted water derived from indirect catchwaters that do not drain into
Lough Neagh and thus do not reduce the outflows from the Lough:

2. there is some reduction in rescrvoir storage over the modelled penod;

3. the upland reservoirs are unable to meet the required abstraction rates
for a limited period of time and thus the modelled abstractions are less
than the design figures.

Frequency duration curves for both Lough level and outflow at Toome for all
simulations are presented in Figures 10a to 10f and in Table 12 they are
summarized. Table 13 gives the mean flow and mean Lough Neagh level
for the simulated records. 1984 was the year in which the Lough level took
both its maximum and minimum value, (see Table 10) hence any alteration in
levels would have had maximum impact in this year. Figures 11a to 11f give
hydrographs of Lough levels and outflows according to the simulations over
1984 for three different cases: abstraction rates of 65 Ml.day'1 and 130
Miday!, and the Glenwhirry scheme 2 development. The impact of
Glenwhirry scheme 1 and the Lough Island Reavy/Kinnahalla scheme is less
than that of Glenwhirty scheme 2.

According to the simulations, the Lough Neagh level would experience both
increases and reductions in level compared to historic levels.  Increased levels
are predicted as a result of the daily timescale used for modelling: reduction
of the outlfow from historic to minimum allowed rate for a whole day
sometimes over compensates the fall in level in the preceding dry period.
Refinement of the model would result in no predicted increase in levels.
Evidence that increased levels result only from modelling on a daily time-sclae
and have no physical significance is given by the fact that predicted increases
in levels are largely independent of abstraction rate. Likewise the percentage
of time that the level rises above the upper control level is predicted to be
independent of abstraction rate and should not be seen as being physically
significant.

On the contrary, reductions in the Lough level are augmented with higher
abstraction rates. The daily timescale of the model has little effect on
predicted reduced levels which occur as a result of abstraction and are
physically significant. Likewise the perccatage of time that the level fais to
attain the lower control level is predicted to increase with increased
abstraction. ‘

It is therefore likely that with more precise regulation of outflow than has been
assumed in these simulations, it should be possible to maintain the histonic regime
of the levels that were above the minimum control level. However the average of
levels below minimum control levels, and the minimum experienced levels, are
predicted to decrease with increasing abstraction. The percentage of time that
level is below the minimum control level is predicted to increase with increasing
abstraction.
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Qutflows at Toome

Flow through the sluices at Toome are predicted to be reduced for 3.3 and
8.6% of the time for additional direct abstractions of 65 abd 130 Mifday
respectively (Table 10).  Sensitivity tests predict that this reduction would be
21.3% for an additional abstraction of 350 Ml/day. For the reservoir schemes
the corresponding figures are 0.8 and 13%, for Glenwhirry stages 1 and 2
respectively, and 05% for the Lough Island Reavy/Kinnahalla scheme (Table
11).

Predicted reductions .in the mean outlffow at Toome are 075 m’s ! (0.9%)
and 152 m3s! (19%) for additional direct abstractions of 65 and 130 Ml/day
respectively. An additional direct abstraction of 350 mlday would give a
reduction of 4.08 m3s! (5.1%). For the reservoir schemes the corrcspondin%
reductions predicted are 079 m3! (1.0%), 126 m’s? (16%) and 049 ms
(0.6%) for Glenwhirry stages 1 and 2, and the Lough Istand Reavy/Kinnahall
scheme respectively.

The FDCs (Table 12a) show the maximum reduction in flows to be at the 50
percentile flow (Q50) with this reduction- being augmented by increased
abstraction. For additional direct abstractions of 65 and 130 Ml/day predicted
reductions in the Q50 are 5.7% and 13% respectively. Sensitivity tests predict
a reduction in the QSO of 32% for additional abstraction of 350 ml/day. For
the reservoir schemes the corresponding reductions predicted are 35 and 6.6%
for Glenwhirry stages 1 and 2 respectively and 33% for the Lough Island
Reavy/Kinnahalla scheme.

Flows in the Lower Bann

In the case of an unregulated Lower Bann River, the regime at sites downstream
of the Toome sluices could be calculated from the predicted changes in flow
regime at Toome in much the same way as was described in sections 2.1.3
and 2.2.3. In the present situation, where the Lower Bann is regulated to a
high extent, the way in which a changed flow regime would be transmitted
would depend on the operation of sluices and locks, and thus no detailed
analysis has been made. However, with increased abstraction the mean flow
would become lower, with the decrease in flows concentrated on days where
minimum allowable flow would be released instead of the historic flow.
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Table 10 Simulation of Lough Neagh levels with reduced outflow -

different abstraction rates

Additional abstraction ratc (Ml.day'l) (a)

0 65 130 175 20 30
(current)  {Stage I) (Stage 2) a. b. €.
(sensitivity analysis}

1. Lough level changes (comparcd with historic lovcls)

Madmum increase 1.20 1.20 110 1.10 1.40
level (inches)

Maxmum dccrease 0.90 240 290 390 6.20
leve!l (inches)

Average increcasc in 0.44 0.42 039 0.38 0.43
level (inches) {b)

Average decrease in 030 041 054 0.70 1.08
level (inches) {c)

% of time for which 60.8 67.5 738 798 4
level is reduced .

Average of (level-upper control 589 573 572 555 373 573

levet) for levels above upper
control level (inches) :

Average of (lower control 269 291 338 3.45 357 416
level-level) for levels below lower ‘
contro! level (inches)

% of time level above upper 197 210 201 198 189 176
control [imit (50.67)

% of time level below 210 21.4 207 214 231 233
lower control limit (50.07)

Madmum Lough level 6333 633.7 6329 6324 | 6325 6313
{inches)

{Poolbcg Dublin Datum) 528" 528" 527" 2T 2T 576"
date (10.284) (10.284) (10.284) (10.284) (10.284) (10284)
Minimum Lough leve! 590.1 5893 5880 5817 5869 5549
(inches)

(Poolbeg Dublin Datum) 492" 491" 490" 490" 489" 4483
date (31.884) (319.84) (31584) (319.84) (31.984) (31984)

2 Outflow changes at Toome (comparcd with historic outflow)

Mean fow (m3.s") 79.94 79.18 7842  T187 7735 7386
Reduction in mean flow 0.75 152 206 258 108
over  total ysipulation

period (m’S )

Number and percentage of 106 275 153 477 680
days on which outflow

is “reduced (33%) (86%) (113%) (149%) (21.3%)
(3190 days otal) )

Avcrage reduction in .69 1759 18.12 17.28 19.13
outflow gvey number of

days {(m~.58 ")

Notes: (a) the cwvent abstraction rate is 28 Ml.day'l. The quoted abstraction rates are in
addition to this -
(b) cakculated from all levels above operating levels
(c) cakulated from all levels below operating fevels
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Table 11 Simulation of Lough Neagh levels with reduced outflow

- effect of reservoir schemes

Scheme

Glenwhirry Glenwhirry Lough lsland

Stage 1 Stage 2 Reavy/Kinnahalla
1. Equivalent average sbstraction (Mlday'!) 675 108.8 402
2 Lough level changes (comparcd with hisioric lovelks)
Maximum increase in level (inches) 1.30 1.20 1.30
Maximum decrease in level (inches) 1.00 2.60 0.80
Average increase in level (inches) (a) 0.46 0.44 047
Avcrage decrease in level (inches)(b) 0.20 0.38 0.17
% of time for which level is reduced 47.7 595 48.60
Average of (level-upper control [evel) 5.61 525 560
for levels above upper control level (inchet)
Avcrage of (lower control level-level) 277 281 295
for fevels below lower control level (inches)
% of lime level above upper control 20.6 202 213
limit (50°6™)
% of time level below lower control 183 19.1 186
limit  (50°0")
Maximum Lough level (inches) 6322 630.9 6324
(Poolbeg Dublin Datum) 27T 526" 27
datc (10.2.84) (10.2.84) {10.2.84)
Minimum lough level (inches) 590.9 590.7 589.9
(Poolbeg Dublin Datum) 492" 492" 492"
date (31.8.84) (31.8.84) (31.9.84)
2 Outflow changes at Toome (comparcd with historic outllow)
Mean flow (m>s)) 79.15 78.67 245
Average reduction in flow 0.79 1.26 0.49
over lotal ysiulation
pcnod (m”s )
Number and centage of days 76 125 46
on which outilow is reduced
(3190 days total) (24%) (3.9%) (1.4%)
Average reduction in 330 3227 33.88
outfllow (cumecs; when flow
is reduced

Notes: {a) calculated (rom all levels above operating levels
(b} calculaied from all levels below operating levels
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Table 13a Current and simulated mean flows at Toome

Scheme Mcan Qow

(m3sh
current (124 M!.day'l) 79.94
65 Miday’! 79.18
130 Miday! 7842
175 Mlday’! 787
220  Miday! 7135
350  Miday! 75.86
Glenwhirry Scheme 1 79.15
Glenwhirry Scheme 2 7867
Lough 1island Reavy/Kinnahalla 79.45
Table 13b Current and simulated mean Lough Neagh levels
Scheme Mean Lough level Mean Lough level

(metres above Mcan Sca (inches above
level Belfast Datum) Poolbeg Dublin Datumy)
current (124 Ml.day'l) 1255 50 ft 35"
65 Ml.day '} 12.53 50 fi 307
130 Mlday’ 1252 50 fr 25
175 Miday ! 122 50 ft 2
20 Miday! 12.52 50 ft 27
350 Mlday! 1252 S0 fu 2
Glenwhirry échcmc 1 12.52 50 fu 37
Glenwhirry r:Schc-.mc 2 12.52 50 fu 37
Lough [sland Reavy/Kinnahalla 1252 50 ft 3
~ 23
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3. Conclusions

The hydrological effect of the implementation of two proposed upland
reservoirs was estimated using riverflow and rainfall data from the period
1972-1989. Table 14 summarises this work, giving the downstream limits of
significant changes (positive or negative) in flow regime due to the proposed
schemes, with thuesholds of 109, 5% and 2% change from historic flows. The
parameters that were used to describe the flow regimes are mean flow, Q95
(for low flows) and Q5 (for peak flows). In all cases thc changes reflect
increases of (95 and reduction of Q5 and mean flow.

Table 14 Limits of change in flow regimes downstream of upland
reservoirs

Scheme Mean flow Q95 Q5

Threshold 10% change

Glenwhirry 1 Andraid (site 5) Andraid (site 5) Andraid (site 5}
Glenwhirry 2 Andraid (site S) Andraid (site 5) Andraid (sitc 5)
LIR/Kinnahalla Lough Neagh (site 8}  Bannfield Bridge (site 3) Lough

Neagh (site 8)

Threshold 5% change

Glenwhirry 1 Shane's Viaduct (sitc 6) Andraid (sitc 5) Andraid (site 5)
Gleawhirry 2 . Andraid (site 5) Shane's (site 6)
} 31121"151;?0 greater Viaduct
LIR/Kinnahalla Kates Bridge STW All sites greater
than 5%

Threshold 2% change
Glenwhirry 1 Andraid (site 5) Shanc’s

) Viaduct (site 6)
Glenwhirey 2 ﬂﬂns‘;g greater Andraid (site 5) All sites greater
LIR/Kinnahalla Dyne’s Bridge (site 7) than 2%

In the United Kingdom, two droughts with significant return periods have
occurred  in the modelled period: 1975-1976 and 1984. However, in
Northern Ireland the 1975-1976 drought was much less severe than in
southern England, and also much less severe than the 1984 drought (Marsh
and Lees, 1984). For the latter, return periods of 20 to SO years have been
estimated for runoff minima of 10 to 180 days duration in Western Scotland,
where the April to August rainfall was a similar or slightly lower percentage
of normal compared with in Northern Ireland. It can therefore be said with
confidence that the modelled results cover a drought event with a return
period of at least 20 years, and probably 50 years. A similar conclusion



was reached in the Study of water demand and supply (Gibb & Partners,
1984, Vol. 2, p439), where it is concluded that “the recent period has
included some notable drought events of both long and short duration with
return periods equal to or in excess of 100 years” (Note: this is for rainfall,
not runoff).

With respect to the impact of the proposed abstraction schemes on Lough
Neagh levels, the simulations for the period 1981-1989 indicate a maximum
decrease in water level to 49ft 17 with an abstraction rate of 65 Mldayl, and
to 48ft 8" with an abstraction rate of 350 Ml.day! compared with a gauged
historic minimum of 49ft 2 (Table 10). Estimates for drawdowns for five
return periods and with given abstraction rates were also published in the
Lough Neagh Working Group report (Vol. 1, p. 59, 1971). The estimated
minimum level with an abstraction rate of 90 Midayland a return period of
20 years is 48ft 8%", and with a return period of 50 years it is 48ft 6"
(assuming drawdown starts at 50ft 5" as on p.60 of the same report). These
drawdowns are greater than the estimates in this report because of the
following reasons:

1.  in this present study the scheme has been simulated to minimize the
impact of additional abstractions on Lough Neagh levels;

2. the Lough Neagh Working Group had less flow data available;
3. differences in the return period between the two studies.

The impact on Lower Bann flows would depend on the operating rules for
maintaining Lough Neagh levels and Toome outflows. However, the simulation
for the period 1981-1989 with the simple operating rules that were used
indicates reduction in the mean outflow at Toome drom 79.94 m3s! (historic
outflow) to 79.18 m’! and 7842 m>! for additional abstraction rates of 65
and 130 Ml/day respectively. Whilst maintaining historic outflows for flows in
the 1-20 and 80-99 percentile ranges the model predicts a reduction in the
QS0 flow from 452 mis! (historic outflow) to 426 m3s! and 393 m3s?! for
additional abstraction rates of 65 and 130 Ml/day respectively (Table 12a).
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Appendix 1

MODELLING THE PROPOSED GLENWHIRRY WATER
ABSTRACTION SCHEMES

1. INTRODUCTION

The proposed scheme would be implemented in two stages:

(i) Building a reservoir immediately upstream of Battery Bridge
(Figure 1) and abstracting 65 Mlday .

(i) Supplementing flows from the direct catchment into the reservoir by
four indirect catchments (Figure 1), two in the lower Kells Water
catchment (Whappstown and Greenhill), and the other two outside
the catchment (Owencloghy and Tidarg). Abstraction rates
would then be increased to 130 Ml.day!.

The purpose of the study was to determine the effects of the two schemes on
flow regimes downstream of Battery Bridge and on water levels within Lough
Neagh. Available hydrologic data inciuded daily streamflows for Keils Water
at Curmry’s Bridge (gauging station 203021) and a number of daily and monthly
records of rainfall within the Kells Water catchment.
In order to assess the effects of the schemes, three records of daily flows at
both Battery Bridge and Curry's Bridge have been produced for the period
1972 to 1989 (inc). These represent:

(i}  undisturbed conditions;

(ii) Stage 1, rescrvoir only;

(iii) Stage 2, reservoir and indirect catchments.

For this purpose, the Kells Water catchment at Curry’s Bridge has been
divided into three parts:

(i) the area draining into Killylane Reservoir;

(ii) the area draining directly into the proposed Glenwhirry reservoir,
but omitting the area in (i);

(1) the area downstrzam of the broposcd IESCIvoir.

o~ A.1.2



The areas involved have been digitised and are as follows:

0] Killylane reservoir catchment 11.77 km?
(i)  Glenwhirry direct catchment -

Killylane reservoir catchment 4998 km?
(i) Kells Water catchment below reservoir 65.25 km?
Total catchment area above Curry’s Bridge 127.00 km?

The Killylane reservoir catchment area is composed of the area of the
reservoir itself (0.3 km?), the direct catchment area (243 km?), and a
catchwater or indirect catchment area (9.04 km?).

For Scheme 2, areas (ii) and (iii)) had to be adjusted slightly to allow for the
four catchwater areas providing additional flow to the reservoir. These
adjustments are described later.

The output of the upstream catchments was used as input to the downstream
catchment. Each of the three areas outlined above have been modelled
scparately. As a first step in the analysis, mean areal monthly rainfall has
been calculated for the areas of the Kells Water catchment below and above
Battery Bridge in order to provide conversion factors for the river flow. The
rain gauges used were as follows:

(i) Above Battery Bridge (see Fig. 1)

Gauge No Grid ref Alt {m) SAAR{mm) Period Type*
1 953554 3313 3983 347 1397 1960 - M
2 953561 3305 4015 290 1400 1966 — 1967 M
3 953563 3318 4013 351 1404 1961 — M
4 953574 3309 4006 7 1435 1962 - M
5 953598 2 3999 213 1400 1980 - D
6 953606 3288 4018 306 1418 1962 -~ M
7 953620 3276 4005 2n 1432 1965 - 1980 D
8 953635 3286 1986 247 1355 1976 - D
9 953649 3253 4019 299 1343 1965 — M
* M = monthly D = Daijly, SAAR = Standard Annual Average Rainfall 1941-1970
(i) Below Battery Bridge (see Fig. 1)

Gauge No Grid ref Ali(m) SAAR(mm) Peniod Type*
1 - 953936 3188 3932 209 1165 1961 -~ 1984 M
2 953976 3144 3968 417 1037 1964 — 1983 D

* M = monthly D = Daily

All available data from these individual gauges have been used to calculate
mean rainfall to the Kells Water catchment, and to areas above and below
Battery Bridge. Annual values for 1972 — 1983 (inc) are given below. No
data for the lower catchment are available after 1983.

A.1.3



Catchment mean AbeC.= reservoir Below reservoir

{mm) . um) {mm)
1972 1071 130 (1.07) 985 (0.92)
1973 1011 1122 (1.10) 904 (0.89)
1974 1225 13 (1.13) 1055 (0.86)
1975 901 95 (107) 833 (0.92)
1976 1143 120 (113) 990 (0.87)
1977 1200 1353 (1.13) 1062 (08T)
1978 1234 135 (107) 1141 {0.92)
1979 1242 1339 (107 1148 (0.92)
1980 1304 13535 (LO7) 1201 (092)
1981 1386 143 (1.10) 1248 (0.90)
1982 1262 137 (L11) 1124 (089)
1983 918 12 (1.11) 857 (089)
1163 17°5 (1.10) 1045 (0.90)

The figures in brackets refer 1o ratios of rainfall for the upper and lower
arcas compared with the catchment average. These percentages are remarkably
consistent and, on average, show a 10% greater rainfall in the upper area,
compared with the whole catchmen:. with a 10% reduced rainfall in the lower
catchment.  These percentages have been used in modelling streamflow from
the two parts of the catchment

Catchment mean rainfall has been compared, on an annual basis, with
streamflow losses, expressed in mm over the catchmcnt, as measured by the
gauging station at Curry’s Bridge.

RAINFALL P (mm) STREAMFLOW, Q (mm) P-Q
1972 1071 6833 (64%) 387.7
1973 1011 623.6 (62%) 387.4
1974 1225 838.4 (68%) 3866
1975 901 5159 (57%) 385.1
1976 1143 713.6 (62%) 4294
1977 1200 TI0.8 (64%) 4292
1978 1234 8375 (68%) 396.5
1979 1242 873.0 (70%) 369.0
1980 1304 9209 (719) 3831
1981 1386 11320 (82%) 2540
1982 1262 8764 (69%) 3856
1983 978 634.5 (65%) 343.5
1984 . 1168" 8182 (70%) 349.8
1985 220 869.8 (71%) 3515
1986 (1376 9873 (72%) 3888
1987 . 159 780.4 (67%) 3788
1988 1523¢ 1023.0 (67%) 4998
1989 1136 7025 (62%) 4333

* Given by 090 x Rainfall on upper cz:zhment
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The figures in brackets are the percentage of rainfall inputs appearing as
streamflow.  Again, the results are remarkably consistent suggesting the
suitability of the available data for modelling purposes.

The modelling was done in three stages:

(1) Stage 0 - or undisturbed conditions;

(i) Stage 1 - direct catchment inflow to reservoir, abstraction 65 Ml.day L.

(i) Stage 2 - additional from indirect catchments inflows to reservoir,
abstraction 130 Ml.dayl.

21 STAGE 0 - UNDISTURBED CONDITIONS

The measured flows in Kells Water at Curry’s Bridge have been used as a
basis for modelling. These flows are slightly unnatural because of the
presence of Killylane reservoir. In (a} below, this reservoir has been modelled
so that "natural” flows in Kells Water could be used in the simulations for
stage 1 and 2.

(a) Killylane reservoir catchment

Estimates have been made of the areal extent of the Killylane reservoir and
the catchments draining into it. The arcas are as follows:

Killylane Reservoir 030 km?
Direct catchment 243 km? (to reservoir perimeter)
Indirect catchment 9.04 km?

The following inputs to and outputs from the reservoir are considered:

(i) Direct rainfall inputs to the water surface.

(ii) Streamflow inputs from the direct catchment.
(iii) Abstractions from the indirect catchment.

(iv) Open water cvaporation losses from the reservoir.
{v) Abstractions from the reservoir for water supply.

The above are considered on a daily basis, and the daily reservoir ‘balance’
used to estimate streamflow inputs to Killylane Burn below the reservoir,
either as compensation flow or as overflow from the reservoir.

(i) Direct rainfall inputs to the water surface

These were calculated using rainfall data from the three daily-read gauges
(eauges 5, 7 and 8 in Fig. 1) within the upper Kells Water catchment. Daily
rainfall was calculated as the mean of the available daily totals from the
individual gauges For part of the study period, 1972 - 1976, no data wcre
available for any of the three gauges * For this period, reliance had to be
made on the records from eight daily-read rain gauges surrounding Lough
Neagh. Mean annual totals from the Lough Neagh and the Glenwhirry daily
gauges are shown below.
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LOUGH NEAGH GLENWHIRRY
1977 789.2 12949 (1.64)
1979 919.2 1282.5 (1.40)
1980 959.6 13801 (1.44)
1981 9372 15720 (1.68)
1982 9274 1439.8 (1.55)
1983 7436 11158 (1.50)
1984 8245 12129 (1.47)
1985 8739 12984 (1.49)
1986 865.0 1483.1 (L.71)
1987 7959 12321 (1.55)
1988 946.7 15367 (1.62)

The figures in brackets refer to the ratio of rainfall at Glenwhirry compared
to that at Lough Neagh The average value of 155 was used as the
multiptication factor for infilling Glenwhirry daily rainfall data using the Lough
Neagh daily rainfall averages. Daily rainfall totals (mm) were multiplied by the
area of the reservoir (0.3 km?) to give an input in million litres per day.

(ii) Streamflow inputs from the direct catchment

These are obtained using daily mean flows, in m>s’l, from the flow record for
Curry’s Bridge (station no.  203021). These flows were ‘naturalised’ by
adding the daily abstraction from Killylane reservoir although allowances were
not made for changes in reservoir storage. Finally, the flows are multiplied by
two factors:

I The ratio of the catchment areas, in this case 2.43/127.0.

(II) The ratio of the rainfall inputs to the upper Kells catchment compared
to that of the whole catchment, as estimated earlier, 1.10.

Finally, these streamflow inputs to the reservoir were converted to Miday .

(iii) Abstractions from the Indirect Catchment

The first step for estimating these is similar to the estimates of streamflow
inputs from the direct catchment ie., using the naturalised Curry's Bridge flow
record and multiplying by the area ratio, 9.04/127.0, and the areal rainfall
factor, 1.10.

A correction was made to account for the limited capacity of the intakes
which exclude the high flows This correction is based on the fact that only

" 80% of the flow is transferred. Flow Duration curves for typical Northern

Ireland upland catchments show that 80% of the runoff takes place at flows
not cxceeding 300% of the mean flow (Ferguson & Mcllveen, 1977). The
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mean flow, in m3s?, has been calculated, and all individual daily flows below
this value, while allowing for the compensation flow, routed to the reservoir.
For days when the flow was greater than three times the mean flow, the
excess was added to the above compensation flows. The abstracted flows, ABS
in Ml.day’!. are added 10 the inputs to the reservoir.

Therefore, an upper limit of 36.5 Mlday! was abstracted from the indirect
catchments, the rest by-passing the inlets, and added to the compensation flow.
Compensation flow from the two indirect catchments was calculated as
suggested by Ferguson and Mcllveen (1977) by multiplication of the catchment
area by 0.31, giving 0.3 Mlday'km=2

This may be expressed as follows:

If DFLOW < TABS then ABS

DFLOW - COMP and

STREAM = COMP
If DFLOW > TABS then ABS = TABS - COMP and
STREAM = (DFLOW - TABS) + COMP

where DFLOW
TABS

daily flow (m3s!)
total capacity of intakes, 365 Mtday! (300% of mean

flow)
ABS = flow abstracted to reservoir
STREAM = flow retained in stream (to be added later to the modelled
upper catchment not affected by Killylane Rcscrvonr)

COMP compensation flow = 031* catchment area

Finally, the abstracted daily flows were converted to Ml.day™.
(iv) Open water evaporation from the reservoir

The long term Penman potential evaporation, for the area of 403 mm per
year, was derived by overlaying the area on a Ix1 km grid of Penman
potential evapotranspiration and used as the - basis of this estimate. This
annual total was distnbuted on a monthly basis according to figures for
Northern Ireland in the Ministry of Agriculture, Fisheries and Food, Technical
Bulletin No. 16, Potential Transpiration. Actual daily values (mm) used for
each month were:

January 0.04 July 215
February 032 August 1.76
March 082 September 1.14
April 1.55 October 053
May 230 -7 November 0.10
June 249 Dceember 0.02

These daily values were multlphcd by the reservoir area, 03 km? to givc‘

evaporation losses in Ml.day’.

Reservoir water balance

It was assumed that at the start of the modelling period, 1st January 1972,
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the reservoir is full ie. it is at its maximum capacity of 1327 MI. Each day
the water in the reservoir is augmented by the above inputs and outputs, ie.

RES = RES (start) + RAIN+DIR. STREAM+INDIR. STREAM-EVAP
(all values in Ml).

where RES = reservoir volume at the end of the day
RES (start) = reservoir volume at the start of the day
RAIN = direct rainfalt inputs to water surface,

calculated in (i)

DIR.STREAM = streamflow inputs from the direct catchments, as
calculated in (i)

INDIRSTREAM = inflow from indirect catchments, as calculated in (iii)

EVAP = open water evaporation from reservoir

Losses from the reservoir were calculated as the sum of compensation flow «+
abstractions for water supply:

ALOSS = COMP + ABS

where COMP = compensation flow 031 x catchment area = (031 x 2.73 =
0.86 Mldayl.

ARBS = daily abstraction values in Mlday}. Three sets of
values for these were used; the effects of these on the
volume of water in the reservoir will be described later.
losses

ALOSS

A test is made to determine whether the reservoir will be full as a result of
the inputs and [osses.

(1) If the reservoir is full at the end of the day i.e.
RES > 1330 + ALOSS, then:

COMP = (RES - 1330 - ABS)
ie. it is assumed that the rescrvoir ‘overtops’ and the compensation
flow will be equal to the overtopped volume. The reservoir will be

full at the end of the day.

(ii) If the reservoir is not full at the end of the day ie.
RES - ALOSS < 1330 then

COMP = 086 Mlday!
RES = RES - COMP - ABS

ie. the level in the reservoir will drop to an extent equal to the sum °

of the abstracted water and compensation flow.

If there is insufficient water in the reservoir to satisfy the amount of
abstraction and compensation flow, it is assumed that no water is abstracted
from the reservoir, and its volumc drops only by the amount of compensation
to the stream.
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The compensation flows from Killylane reservoir have been added to those
from the indirect catchments to give total flows from the Killylane scheme.
These have been subtracted from the gauged flows at Curry’s Bridge to give
flows from the ‘natural’ part of the catchment, ie. below Killylane reservoir.

(b) The ‘natural’ part of the catchment above Battery Bridge

These have been obtained by multiplying the flows from the total ‘natural’
catchment, obtained as outlined above, by the area ratio, 49.98/115.23, and the
areal rainfall factor, 1.10.

{(¢)  The ‘natural’ part of the catchment below Battery Bridge

The flows from this part of the catchment are obtained as above, multiplying
by the area ratio, in this case 65.25/115.23, and the rainfall factor, 0.90.

Finally, the flows at Battery Bridge were given as (a) + (b), whilst those at
Curry’s Bridge, used for comparison with the observed, given by (a) + (b) +

(c).

22 STAGE 1 - GLENWHIRRY RESERVOIR - DIRECT
CATCHMENT ONLY

Three areas have becn considered:

0] The reservoir itself, 3.87 km?,

(ii) The catchment upstream of the reservoir unaffected by the Killylane
reservoir scheme, 46.11 km?,

(iiiy  The Killylane reservoir scheme, 11.77 km?

The proposed reservoir is modelled in much the same way as the existing
Killylane reservoir by considering inputs and outputs on a daily basis, the
‘balance’ being fed into Kells Water below Battery Bridge ecither as
compensation flow or as overflow from the reservoir.

The following inputs and outputs were estimated:

(i) Direct rainfall inputs to the water surface

These were calculated using the daily rainfall record for the upper
Kells Water catchment, described previously. Each mean dail
rainfall value, in mm, was multiplied by the reservoir area, 3.87 km?,
to give an input volume in Ml.day.

(i) Stream flow inputs from the direct catchment
. \

These were obtained using daily mean flows, in mls!, from the

previously modelled flow record for the ‘natural’ part of the catchment ,;

above Battcry Bridge. Each daily flow value was multiplied by the
ratio of arcas, in this case 46.11/(46.11 + 387).

\.t’
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{iii) Inputs from Killylane reservoir scheme

These were modelled flows (compensation and  overflow) from the
reservoir and its indirect catchments. s

{iv) Open water evaporation
These were estimated wusing the long-term Penman potential

cvaporation, distributed on a monthly basis as described previously.

Reservoir Water Balance

As for Killylane, it was assumed that at the start of the modelling period, 1st
January 1972, the reservoir is full ie., it is ar its maximum capacity of 13964330
MI.  (Ferguson and Mcllveen, 1977). Each day the water in the reservoir

is augmented by the above inputs and outputs, converted into Mlday?, ie.,

RES = RES (start) + RAIN + DIR STREAM + KILLRES - EVAP
where  KILLRES = output from Kiltylane reservoir, calculated in Stage 0
For other symbols, see section2.1.

Total losses, ALOSS, from the reservoir were calculated as the sum of
compensation flow + abstractions for water supply:

ALOSS = COMP + ABS

where COMP = 031 x catchment area = 031 x (3.87 + 4611 + 11.77)
= 19.14 Ml.day’

65.00 Mi.day! :

ABS

i

The reservoir was modelled taking into account the following constraints:

(i) The amount of water in the reservoir is not allowed to fall below
1800 Ml (Ferguson and Mcllveen, 1977),
ie., if:

RES - ABS - COMP < 1300
then no abstraction or compensation is taken out of the reservoir.
(ii) If the reservoir is full at the end of the day, ie.

RES - ALOSS > 17390
COMP = (RES - .7390 - ABS)

j.e, it is assumed ‘hat the reservour ‘overtops’ and the compensation

flow will be equal to the overtopped volume. The reservoir will be
full at the end of the day.
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(i) If the reservoir is not full at the end of the day ie.
RES - ALOSS < 17390

COMP = 19.14 Mlday!
RES = RES - COMP - ABS

ie., the level in the reservoir will drop to an extent equal to the
sum of the abstracted water and compensation flow.

The total flow from the reservoir, ie. compensation flow plus overtopped
volume, are the modelled flows at Battery Bridge under Scheme 1. These
have been added to the flows from the ‘natural’ part of the catchment below
Battery Bridge, estimated previously, to give modelled flows at Curry’s Bridge.

23 STAGE 2 - GLENWHIRRY RESERVOIR - DIRECT AND
INDIRECT CATCHMENTS

The modelling of this stage of the scheme is similar to that of Stage 1, with
the following modifications:

(i) Water has been diverted from four indirect catchments, two outside and
two inside the Kells Water catchment, into the proposed Glenwhirry
reservoir, Details of these indirect catchments are as follows:

Outside Kells Water

Owencloughy 508 km?  Compensation = 112 Mlday’!
Tildarg 492 km? " = 1.08 Mlday!
Inside Kells Water

Whappstown 319 km?  Compensation = 092 Ml.day’!
Greenhill 6.02 km? " = 175 Mlday?

Inputs to the reservoir from each indirect catchment is obtained using
the modelled flows for the ‘natural’ part of the catchment above
Battery Bridge multiplied by an area factor and by 864 te convert into
Ml.dayl, A correction was made to account for the limited capacity
of other intakes, which exclude high flows, in the same way as above
(see section 2.1.).

(i The reservoir storage capacity is increased to accommodate the extra
inputs to 21620 Ml and the abstraction rate increased to 130
Ml.dayl.

(ili) When calculating the flows at Curry's Bridge, flow from the reservoir,
ic. compensation and overtopping, arc added to the ccmpensation and
excess flows from the Whappstown and Greenhill indirect catchments.
These summed flows are then added to the modelled flows from the
‘natural’ flows from Greenhill and Whappstown by multiplying by (6525
- 319 - 6.02)/65.25, ie. the unaffected areajtotal area,
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Appendix 2

Modelling the proposed Lough Island
Reavy/Kinnahalla water abstraction scheme
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Appendix 2

MODELLING THE PROPOSED LOUGH ISLAND
REAVY/KINNAHALLA WATER ABSTRACTION SCHEME

1.  INTRODUCTION

The proposed scheme involves augmenting the vyield of the present Lough
Island Reavy reservoir scheme, with direct catchment and two indirect
catchments, in two ways:-

()] By the addition of one further indirect catchment. As from the
second proposed indirect catchment (Fofanny) only reservoir spills were
going to be conducted into Lough Island Reavy reservoir, DoE NI
directed us to discard this clement of the analysis.

- (i) By constructing a new reservoir, Kinnahalla, downstream of the present

Spelga Dam Reservoir (see Fig.l), its yield being augmented by flows
abstracted from three indirect catchments.

Water would be pumped from the Kinnahalla Reservoir into the Lough Island
Reavy water treatment plant and the abstraction rate of both reservoirs
together would be increased from the current 18 Mlday! to 83 Mldayl.

Estimates were required of the effects of the scheme on flows downstream of
the reservoirs, in the Upper Bann and on water levels in Lough Neagh.

In order to assess the ecffects of the schemes, records of daily flows have
been produced for the period 1972 to 1989, representing modelled flows at
two stages:

{i) present conditions, including existing Lough Island Reavy reservoir;

(ii)) proposed Kinnahalla reservoir and extended. Lough [sand Reavy
scheme.

Flow records were required for both stages at the following sites:

{i) Lough Island Reavy reservoir outlet

(ii) Muddoch River intake point

(iii} Kinnahalla River intake point

{(iv) Kinnahalla reservoir outict

v) Rocky River intake point

(Vi) Altataggart catchment intake point .
{vi) Upper Bann at Bannfield Bridge ;

In order to model case (i), Lough Island Reavy reservoir has been modelled
similarly to Killylane reservoir, while taking into account that the flows at
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Bannficld Bridge were not allowed to fall below the required minimum flow.
In this casc the Bannfield Bridge catchment was divided into three parts,
namely (i) and (ii) above plus the remaining area downstream. The "natural”
flows from the arcas (iii) to (vi) were estimated scparately.

In order to model case (ii), the Bannfield Bridge catchment was divided into
parts (i) to (vi) above plus the remaining area downstream.

In the following, the same principles will be applied that have been used to
model the Glenwhirty reservoir scheme.

2.1 PRESENT LOUGH ISLAND REAVY SCHEME

Estimates have been made of the arcal extent of the Lough Island Reavy
Reservoir and the catchments draining into it. The areas are as follows:-

Lough Island Reavy reservoir 1.04 km?
Direct catchments 451 km?
Indirect catchments - Muddock river 526 km?

- "Moneyscalp river -~ 304 km?

Of the indirect catchments, the Muddoch is within the Upper Bann caichment,
whilst the Moneyscalp is outside.

The following inputs to and outputs from the reservoir have been considered:

(i) Direct rainfall inputs to the water surface.

(ii) Streamflow inputs from the direct catchment

{iii)  Abstractions from the indirect catchments.

{iv) Open water evaporation losses from the rescrvoir.

{v) Abstractions from the reservoir for water supply.

(vi) Compensation to the Muddoch river below the reservoir.

() Direct rainfall inputs to the water surface.
Rainfall inputs to the high altinde arcas of the Upper Bann were

calculated as the mean of data from six daily-read gauges. The position
of these gauges are shawn in Fig2 and dctails given below.

Gauge No Grid ref. Alt {m) SAAR{mm} Period Type
i 940628 - 3263 3173 n7 1659 1955 — D
2 940648 3275 3304 263 1585 1976 = D
3 9ISI1S 3285 3292 283 1585 1907 —~1966 D
4 975130 3301 3304 215 1590 1985 — D
5 975666 3293 3242 3N 1500 1977 1982 D
6 975691 3305 3216 129 1402 1958 — D
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Mean daily values from these gauges were multiplied by the atea of the
reservoir, 1.04 km? to give inputs in Miday’!

{i1) Stecamflow inputs from the direct catchment.

‘Thesc were calculated using daily mean flows, in m3sl, from the flow record
for the Rocky River (203038). This flow record is restricted to 1984
onwards, and it was nccessary to correlate the natural logarithms of daily
flows from this station with those from the Battery Bridge station (203033)
and to use the coefficients of the subsequent linear regression analysis for
infilling the flow record pre-1984.

The estimated and measured flows were multiplied by the area ratio (4.51/6.8)
and converted to Ml.day’]

(iii) Abstractions from the indirect. catchments.

Natural daily flow records were calculated using the same input data as used
for the direct cawchment, using the appropriatc area ratio. These were
transferred to the reservoir after allowing for compensation flows of 0.24
Mlday! from the two catchments. An allowance was also made to account for
the limited capacity of the connecting aqueducts which exclude the higher
flows. The average daily flow, in m>s!, has been calculated, and all individual
daily flows below three times this value transferred to the reservoir. For days
when the flow was greater than three times the average daily flow, the excess
flow remained in the stream,in addition to the compensation flow.

In the case of the Muddock catchment, the sum of compensation flow plus
any non-abstracted flows were retained within the Upper Bann catchment; for
the Moneyscalp catchment, they were lost from the Upper Bann catchment.
(iv) Open water evaporation from the reservoir.

This was calculated using the fong term Penman potential evaporation, 398
mm per year, distributed on a monthly basis according to the figures given in
MAFF Bulletin no.16 (sce also Appendix section 2.1).

Daily values were multiplied by the reservoir area, 104 km?, to give

evaporation losses in Mi.dayl.

Reservoir Water Balance -~

It was assumed that at the start of the mddclling period, Ist January 1972,
the reservoir was full, ic. at its maximum capacity of 9170 Ml. Each day the
water in the reservoir is augmented by the above inputs and outputs ie.

RES = RES (start) + RAIN + DIR. STREAM + INDIR STREAM - EVAP

No compensation flows are allowed for in agrcement with DoE NI, but the
flows at Bannfield Bridge are not allowed to drop below 18 Miday! or 0.208
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cumecs. This compensation flow of maximum 18 Ml.day! was taken from
the reservoir.

ie. RES = RES - ABS when FLOW > 18 Miday’!

RES = RES - ABS - (18.0 - FLOW) when FLOW < 18 Mlday!
where RES = reservoir volume

ABS = abstraction rate

FLOW = flow at Bannfield Bridge

A test was made to determinc whether the reservoir is full as a result of
these inputs and outputs. If so, it was assumed that, according to
information given by DoE NL no abstractions from the indirect catchments
have taken place. Under these circumstances, flow from the indirect catchments
is equal to the “natural” modelled flow.

For the Muddoch catchment, this flow remains in the Upper Bann catchment;
for the Moneyscalp catchment, it is lost to the system.

If the reservoir is still full at the end of the day, it was assumed that it
overtops by a quantity OVERTOP where:-

OVERTOP = RES - 7190 - OUTPUTS

where OUTPUTS = ABS + (if necessary, 180 - FLOW)
The reservoir will be full at the end of the day.

If the reservoir is not full at the end of the day, the volume of water will
drop by an extent equal to the total outputs.

ie. RES = RES - OUTPUTS

Any water overtopping from the reservoir was added to compensation plus
excess water from the Muddoch to give total 'returned’ water to the Bannfield
Bridge caichment The existing Spelga reservoir area is considered separately. A
simple water balance is applied. This consists of rainfall inputs as described
above, and outputs in the form of abstracted water, 16.77 M!.day'l
compensation flow below the reservoir, and evaporation as described above.
The water balance is applied daily. If, at the end of the day, the reservoir is
full, then it is assumed that it overtops and the compensation flow will be
augumented by this overtopped volume. If the reservoir is not full at the
: end of the day, its volume will drop by an amount equal to the abstracted
yield and compensation flow. The totals from the Lough Istand Reavy scheme
plus Spelga reservoir were subtracted from the measured flows at Bannfield

Bridge, modified as described above to ensure that flows never dropped below.

0.208 cumecs, to give total flows from the arca of the Bannfield Bridge
catchment  not influenced by the present Lough Island Reavy reservoir
scheme.
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22 PROPOSED KINNAHALLA RESERVOIR AND
EXTENDED LOUGH ISLAND REAVY RESERVOIR
SCHEME

The eadasting and proposed scheme are as follows:-

Lough Island Reavy

Reservoir area Edsting 104 km?
Direct catchment Existing 451 km?
Indirect catchments:

Kinnahalla River Proposed 324 km?
Moneyscalp River Existing 3.04 km?
Muddock River Existing 526 km?
Kinnahalla

Reservoir area Proposed 0.43 km?
Direct catchment below

Spelga reservoir E Proposed 3.11 km?
Spelga reservoir area Existing 054 km?
Spelga direct catchment Existing 683 km?
Indirect catchments:

Rocky River Proposed 720 km?
Altataggart Proposed 136 km?
Yellow River Proposed 546 km?

In order to estimate the effects of the new proposal it was necessary to
estimate flows from those areas of the Bannfield Bridge catchment, unaffected
by the present Lough Island Reavy scheme, but which would be affected by
the new proposals.  These areas were the Kinnahalla River catchment, the
Kinnahalla reservoir area and its direct catchment below Spelga reservoir, the
Spelga reservoir area and its direct catchment, and the Rocky River and
Altataggart catchments.

Flows from the Bannfield Bridge catchment area unaffected by the existing and
proposed scheme, are calculated as the measured flows at Bannficld Bridge,
adjusted to maintain minimum flows, minus flows from the existing Lough
[sland Reavy Scheme (see Appendix Section 2.1) multiplied by an area factor
(post-scheme unaffected area/pre-scheme unaffected area).

(a) Extended Lbugh Island Reavy Scheme

The flows of the proposed extension for the Lough Island Reavy Scheme have
been modelled 'in the same way as the effects oi the existing scheme with the.
following exceptions:-

(i) Flows from the indirect catchments were increased to take into account
abstractions from the Kinnahalla River catchment. Allowance has been made to
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account for the limited capacity of the connecting aqueducts which exclude the
lugher flows. Compensation flows have been set at 025 Mlday ! km 2.
For the Kinnahalla river catchment, all excess high flows and compensation are
retained within the Lower Bann catchment.

(ii) Abstraction rates from the reservoir are increased to 457 Miday’!, which

is the proportion of the total yield of 83 Mlday! for Lough Island Reavy
reservoir.

‘(b)  The Kinnahalla scheme

The following inputs (o and outputs from the reservoir have been
estimated:

() Direct rainfall inputs to the water surface.

(ii) Streamflow inputs from the direct catchment.

(iii)  Abstractions from the indirect catchment.

(iv) Open water evaporation losses from the reservoir.
v) Abstractions from the reservoir for water supply.

The above are considered on a daily basis, and the daily reservoir ‘balance’
used to estimate streamflow inputs to Kinnahalla River below the reservoir,
cither as compensation flow or as overflow from the reservoir.

(i) Direct rainfall inputs to the water surface

These have been calculated usihg the rainfall data record for the Upper Bann
catchment, described previously. Daily values, in mm, have been multiplied by
the reservoir area, 0.43 km? to give inputs in Midayl.

(ii) Streamflow inputs from the direct catchment

This includes the effect of the Spelga reservoir. Following the procedure
outlined above, it was assumed that if the reservoir is over-full at the end of
the day, it overtops and the excess water is added to the compensation flow.
If the reservoir is not full at the end of the day, its volume drops by an
amount equal to the compensation plus abstraction.

Streamflow inputs from the rest of the direct catchment have been estimated
using the flow record for the Rocky River, multiplied by an area factor
(9.94/6.8) and converted to Ml.day'l.

(i) Abstractions from the indirect catchments.

These were calculated using the flow record for the Rocky River using the
appropriate area ratios The allowance for the limited capacity of the
aqueducts was applied, and compensation flow allowed as follows:-

]

Rocky River 027 Mlday! km?
Altataggart 0.23 Mtday! km?2
Yellow River NIL
S A - 1 - j.a



Compensation and cxcess flows for the Rocky River and Altataggart River
catchments were retained within the Upper Bann catchment, those from the
Yellow River were lost from the catcament.

(iv) Open water evaporation from the reservoir.
This was calculated using the monthlv distributed Penman potential evaporation

for the area, 398mm pcr year, mulrahed by the reservoir area, 0.43 km?, to
give outputs in Ml day

Reservoir Water Balance

The reservoir water balance was calculated on a daily basis using estimates of
all inputs and outputs, assuming that the reservoir was full, at its maximum
storage volume of 6800 MI, at the start of the modelling period.

Compensation at Q.16 Mlday was allowed for, and the rate of
abstraction set at 373 Mlday, wtuch is the proportion of the combined yield
of 83 Miday! for Kinnahalla reservoir, gwcn the relative design yields for
Lough Island Reavy and Kinnahalla reservoir. .
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