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This paper outlines some of the interesting aspects of the modelling work carried out by the Ouse
Technical Unit (OTU) on this significant capital project being undertaken, as a result of the Urban
Waste Water Treatment Directive, by Yorkshire Water Services (YWS) to provide a Waste Water
Treatment Works for the City of Hull . It is not the intention to go deeply into the modelling
techniques, but rather to explain the range of uses to which the software was put to assist in the
development of the proposed designs . The paper picks up the work undertaken since this project
was first presented to WaPUG by Tim Milner of the East Riding Technical Unit (ERTU) in 1994.

As the design process was to be complex and quite lengthy, a conscious decision was made at the
outset to involve the Environment Agency (EA) throughout the design period . This was so they were
on board with the philosophies being adopted and so that the final proposals would meet their
criteria.

The existing sewerage system for Hull is divided into two parts by the River Hull . These, along with
the River Hull, discharge to the Esturial waters of the River Humber. Because of the low lying land
and the close proximity to the River Humber the sewerage systems have to deal with all foul
sewage, surface water run-off and some watercourses . They were originally laid out with large
diameter flat sewers, acting as detention tanks. These were allowed to discharge by gravity through
control gates, at low tide into the River Humber. With the expansion of the city, deeper trunk sewers
were laid to pick up the outlying areas and these, along with the existing sewers were connected to
new Terminal Pumping Stations which were capable of discharging against all conditions of the tide.

The models built by the ERTU were prepared on the WALLRUS, SPIDA and MOSQITO software.
These models were inefficient as they had many tanks and bifurcations included in them to represent
the complex looped system of the existing sewerage system . These models were therefore
converted to HydroWorks which had been developed to deal with such systems . The flow and water
quality survey data, collected for the original models, was reused to verify the new HydroWorks
models . Reports on both flow and water quality verification were submitted to the EA for them to
accept the models prior to proceeding with detail design .

Taking account of demographic and industrial changes the hydraulic models were modified to
represent the catchment for the design horizon, the year 2007 .

Two alternative schemes have been considered during the design phase of this project . The first,
involves the retention of the two Terminal Pumping Stations which would be utilised to, deliver storm
flows to the River Humber and, alongwith the installation of new foul pumps, to discharge sewage to
the WwTW. Storm flows up to a 1 in 5 year return period require fine screening prior to discharge to
the River Humber.

The second involves a 3.6m diameter Transfer Tunnel from West Hull to the WwTW, picking up
East Hull enroute . This tunnel will discharge into a new WwTW Inlet Pumping Station from where
the foul pumps will deliver up to the WwTW and Storm pumps convey the balance of flow to the
River Humber.

	

.

The former is being considered by the Local Planning Authority .
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Use for hydraulic models

Benchmark Flooding
Historical records had shown that no significant flooding had taken place in Hull for the past 30
years. In order to check the accuracy of the models they were exposed to a series of design rainfall
events, from 1 to 50 year return period, in order to see when flooding started to occur in the
catchments . The results showed some minor flooding values during 1 in 20 and 25 year events, but
these were put down to simplification techniques used to build the model. The model however did
predict that for rainfall events of 1 in 30 year and above, flooding of the catchment would occur. To
ensure that the proposed works did not cause any detrimental effects in the catchment the flooding
values for the 1 in 30 year event were stored as benchmark values against which all proposals would
be compared.

Maximum Peak Daily Flow
Discussions took place with the EA to ascertain what pumping rate should be adopted for the flow to
the WwTW, either Maximum Daily Peak Flow (MDPF) or 3DWF. The EA required proof that
adopting MDPF would not show a significant decrease in the quality of the River Humber over that
which would exist if the basic 3DWF value was used . It was agreed that the pollutant loads resulting
from the most severe TSR event, on models with MDPF and 3DWF pumps, would be input into a
HNDA model of the River Humber to see what the different effects were . Also the total annual flow
to the WwTW and the total spill volume from all TSR events was considered . These results showed
that the effect on the river from pollutants was indistinguishable and'the annual spill .volume..to the,
River Humber with MDPF pumps installed was 10%, whereas with 3DWF pumps it was 8%.
Agreement was reached that as the effects of pollutants was indistinguishable between the two pump
types and the annual spill volume of screened combined sewage was only increased by 2%, then
there was no significant benefit in expending extra cost on putting in the larger 3DWF pumps and
pumping main .

Screenings, Real Time Control
It was required that the storm flow to the river would receive fine screening for a 1 in 5 year rainfall
event. The peak flow in a 1 in 5 year event for East Hull was 20 .033 m3/s and for West Hull was
22.463 m3/s . The existing pumping station inlet chambers were not large enough to accommodate
the construction of fine screens to deal with these peak flows. It was however possible to fit in fine
screens with capacities of 8.5 m3/s at East Hull and 11 m3/s at West Hull, with the balance of flow
able to receive screening from bar screens . It was decided to investigatq mobilising the sewerage
system's significant detention qualities. The model was used to size a suitable throttle to cause the
peak flow of the 1 in 5 year event to be reduced to these values . Thedepths upstream of the fine
screens were slightly higher than the design value, so in order to give better control for the 1 in 5
year event and to deal with peak flows from more severe events, actuated falling weirs with Real
Time Control (RTC) were introduced at the pumping station inlets to divert excess flows to the bar
screen, prior to entering the wet well . For the models to work well it was realised that it was
necessary to use small increments of movement for the weirs and small increments in the simulation
time step, <2 mins . During a 1 in 5 year event, with this introduction at East Hull, 16% of the inflow
passed over the RTC Weir, whereas at West Hull the value was 24%.

08 Analysis of Screening Capacities
AMP2 makes allowance for determining the peak flow to be adopted when using 6 mm separation
and TSR data is available. A method of complying with this requires the full series of TSR events to
be run with results stored at intervals of say 4 minutes and the total spill volume determined . These
sliced interval results are ranked in ascending order of spill volume . For the top ten events,
hydrographs for the "Inflow to the pumping station" and the corresponding "Discharge to the river"
are collected into a spreadsheet. These pairs of results are reranked on ascending values of
"Discharge to the river" and the 20 percentile down the results is identified . By plotting the results of
the reranked values of "Inflow to the pumping station" a value of the minimum 6 mm screening
capacity can be identified . For East Hull this was 4.735 m3/s <8.5 m3/s provided and at West Hull
7.71 m /s <11 .5 m3/s provided . In order to see what protection the installed fine screening capacity
was actually achieving, comparison with the reranked TSR values was made. This showed that the
screens in East Hull gave a value of Q99 and those in West Hull gave Q91 .
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Pump Controls

The existing pumping stations are operated by starting pumps, responding to a rise in the level of the
sewage, in order to keep the sewage in the wet well within a constant range . However, following the
peak of the storm there is too much pumping capacity available and the inflow is beaten. All the
pumps have a common BWL and, as the wet well has a relatively small cross-sectional area, it is
emptied quickly . The rising sewage level starts to turn on pumps again, but as it takes 5 minutes for
the pumps to run up to full discharge rate the inflow beats the outflow and a greater pumping
capacity than is required is ultimately mobilised. This results in hunting of the pumps at the back end
of the storm . The model was used to develop new start/stop control levels for the pumps to prevent
the hunting effect . This was achieved by staging the stop levels corresponding to the decrease in
water level thereby matching inflow with pump capacity and reducing the effect of hunting .

Tidal effects

Both Terminal Pumping Stations have to discharge against tide effects in the esturial waters of the
River Humber . This has the effect of varying the discharge capacity of the pumping stations
depending on the state of the tide, at East Hull the range is 12.8 - 16.2 m3/s and at West Hull it is
22.9 - 30.9 m3/s . The hydraulic models were generally run with a tidal effect equivalent to the mean
height between high tide values for spring and neap tides . When a proposal had been finalised it was
tested against a spring high tide value to ensure that the benchmark food value was not exceeded .

Sedimentation

Operation staff were concerned that by utilising the sewerage system for attenuation purposes it may
cause an exacerbation of sedimentation in the system leading to an increase in revenue costs . The
model was used to predict the volume of silt in the existing system and then in the model of the
proposed works. The models were run for a 5 dry day initialisation period to establish a base load of
sediment, then they were exposed to 1 in 1 and 5 year rainfall events to see how the sedimentation
was effected . These results showed to Operations staff that there would be no increase in the
residual level of sedimentation in the system when the proposed works was constructed .

Transfer Tunnel

As the project developed an option which incorporated a transfer tunnel, linking West Hull to East
Hull and then onto the WwTW was investigated and many options for the sizing and gradient of the
tunnel were tested . The interesting aspects of this part of the study was the incorporation of Vortex
controls on the outlet of the East and West Hull catchments to attenuate the flows within the existing
sewerage system . The 1 in 5 year flows from the East and West Hull catchments were limited to
10.3 and 14.0 m3/s, respectively . This allowed a controlled filling of the Transfer Tunnel . The extra
volume of storage offered by the construction of the tunnel enabled the discharge rate of the WwTW
pumping station at the downstream end of the tunnel to be limited to 19.1 m3/s in a 1 in 5 year event,
(2 m /s foul and 17.1 m3/s storm) . In comparison with the original peak flows from the East and West
Hull catchments of 20.033 m3/s and 22.463 m3/s, respectively. -

Initial work on sizing the overspill weir at the vortex control showed that a weir height of 3.5 m was
too low and the sewage over topped this and filled the tunnel too quickly, drowning out the vortex
and reducing the flow through it to zero . By incrementally increasing the weir height to 5.0 m this
proved to be the most efficient height to mobilise the maximum attenuation in the existing sewerage
system whilst filling the tunnel at a controlled rate suitable for the WwTW pumps to cope with .

It is estimated that by utilising the volume of the tunnel, and careful setting of the pump control
levels, it will be possible to prevent the bottom 30 - 40 ranked TSR events from spilling to the River
Humber . Work is ongoing to determine the exact number of events .

Conclusion

The use of hydraulic modelling on this project has enabled a wide variety of options to be considered
and allowed the potential attenuation benefits of the existing sewerage systems to be fully
appreciated . This will allow a design which gives the best value for money to be adopted .
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