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1. Introduction 

1.1 Background 

Broad Oak is a proposed surface water reservoir site approximately 3 km to the north east of Canterbury (Figure 
1-1) which is included within South East Water’s (SEW) Water Resource Management Plan (WRMP141) as a 
storage option to help meet the projected supply-demand imbalance in 2030-2035. Jacobs UK Ltd has been 
commissioned by SEW to develop the outline design of the reservoir; this includes a concept plan for 
associated landscaping, biodiversity enhancements, public and private access, and recreation opportunities. An 
important issue for consideration relating to the viability of the design concept is the yield obtainable from the 
reservoir, as governed by the natural inflow to the reservoir. For this a long-term inflow time series is required to 
provide an input to water resources model of Broad Oak reservoir together with pumped inflows from the Stour 
at Plucks Gutter for determining the deployable output of the reservoir taking into account extreme drought 
events of varying lengths that have occurred over the historical period.   

The reservoir will be formed by the construction of a dam on the Sarre Penn a short distance upstream of the 
gauging station at Calcott.  Approximately 2 km of the Sarre Penn runs through the proposed reservoir area 
which would lead to the loss of the stream channel and associated riparian habitats in this area. Part of the 
stream is designated as an EU Water Framework Directive (WFD) water body, currently assessed as a Highly 
Modified Waterbody (HMWB) and achieving Poor Ecological Potential. Under the WFD, the proposed works 
cannot lead to a deterioration in the status of the water body or prevent it from achieving Good Ecological 
Potential. As a result, it is proposed to maintain continuity of the stream by providing a diversion channel around 
the reservoir. 

The Sarre Penn diversion channel would consist of four distinct sections, each with different hydraulic designs. 
The flow duration curve (FDC) for the existing watercourse (to be taken from gauging station No. 40027 on the 
Sarre Penn at Calcott and derived from the long-term simulated streamflow) will aid in the design of the different 
sections of the diversion channel. 

The present report concerns the development of an extended times series of mean daily flow data on the Sarre 
Penn stream: at gauging station; as inflow to the reservoir; and at the point of outflow to the diversion channel 
using a rainfall-runoff model, HYSIM under Stage 1a of the study.  The objective is to inform the design of the 
diversion channel and to provide input to the assessment of the deployable output of the reservoir in Stage 2 of 
the study. 

1.2 Previous Hydrological Studies 

Mid Kent Water, the predecessor to SEW, appointed Atkins in 2007 to undertake a study2 to improve the 
conceptual understanding of the hydrological and hydraulic behaviour of the Stour catchment; this included a 
review of the Sarre Penn and simulation of a long-term streamflow record for use in Mid Kent Water’s modelling. 
Atkins represented the catchment using Catchmod, a rainfall-runoff model. Atkins used the available gauged 
flow record from the Sarre Penn at Calcott from 1990 to 1996 for their model calibration, and August 2006 to 
December 2007 for verification, along with a long-term rainfall record from Canterbury STW and PET data from 
the Environment Agency PENSE model. This study will make comparisons where possible against the results of 
the Atkins modelling and that completed by Jacobs. 

 

                                                      
1 http://www.southeastwater.co.uk/about-us/our-plans/water-resources-management-plan/wrmp-library  
2 Atkins (2007). Strategic Water Resource Investigation: Rainfall Runoff Modelling Report. Mid Kent Water – ‘RR Modelling report v2.doc’ 
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Figure 1-1: Sarre Penn catchment and gauging station location 

1.3 Report structure 

This report discusses the methodology adopted in simulating the hydrology to the proposed reservoir at Broad 
Oak and is structured as follows: 

 Section 2: Provides a review of the hydrometric data including; flow, precipitation, potential 
evapotranspiration (PET). This review includes an assessment of the data quality, suitability for use and 
approach to generating long-term time series for use in modelling the catchment. 

 Section 3: Discusses the approach to the model set up and justification for the initial catchment 
parameter estimates. It then details the model calibration and verification process. 

 Section 4: Presents the long-term simulated streamflow generated from the calibrated and verified 
model taken from Section 3. The methodology adopted for proportioning the total flow to the two 
reservoir feeders is outlined and applied, and flow statistics derived. 

 Section 5: Provides a summary of the study and presents recommendations to improve the output. 
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2. Review of Hydrometric Data 

This chapter reviews the hydrometric data available for this study. The aim is to gain an appreciation of the 
representativeness and quality of the data. Where uncertainties or erroneous values are identified these data 
will be amended or removed before use. The quality of the input data is critical in building a representative 
model and simulating a representative streamflow.  

There are no long-term gauged flow records available to calculate the natural inflow to the proposed reservoir at 
Broad Oak; therefore there is a requirement to simulate the inflows from catchment characteristics and long-
term climate data sets. 

In order to simulate a streamflow over a period longer than the gauged record, sufficient hydrometric data is 
required for use in a catchment rainfall-runoff model. The critical datasets include precipitation and potential 
evapotranspiration (PET); these are discussed further in the following text.  

2.1 River Flow 

The gauged record is critical to developing an accurate model as it is used to calibrate against. The quality of 
the gauged record will determine the representativeness of the final model. 

There are no gauged locations upstream of the proposed reservoir location, but there is a gauging station 
immediately downstream. The gauged record is available from gauging station No. 40027 on the Sarre Penn at 
Calcott (Figure 1-1 and Plate 2-1).  Daily flow data for this site was obtained from the Environment Agency and  
covered two periods: 1975 to 1996 as gauged using a Flat-V weir; and 2006 to date as gauged using a 
Sarasota 200 ultrasonic gauge.  

2.1.1 Gauging Station Summary 

The Calcott flow gauging station was built in 1975 by Mid Kent Water who operated the historic Flat-V weir until 
it was handed over to the Environment Agency to continue monitoring the site in 1990s; until 1996 when it was 
discontinued. The original weir was installed to measure the loss of flow from the Sarre Penn to the then 
proposed reservoir and to ensure a minimum base flow. The revival of the station in 2006 was essentially for the 
same reasons as renewed interest in the proposed reservoir required further investigations due to the demand 
on existing water resources. The Flat-V weir was superseded as the flow measuring method by the current 
ultrasonic site in 2006 after a culmination of issues with the weir gathering accurate discharge data.  

The site was initially a small Flat-V weir where head only was recorded up until 1996 and the flow calculated 
based on a stage-discharge relationship. The modular limit of the weir was low due to the fall over it, so any 
significant events would have drowned out the structure. The site is currently a Sarasota 200 multi path time of 
flight ultrasonic inline system, consisting of 4 paths. The Flat-V weir still exists to artificially raise the head levels 
so that there is sufficient coverage of the bottom transducer path. The current measuring section is capable of 
containing all but exceptional floods, which makes it important for Flood Risk Management. 

A summary of the gauging station statistics covering the gauged record from 1975 to 2013 has been 
reproduced from the National River Flow Archive (NRFA)3 and is presented in Table 2-A.  The data behind 
these statistics was not available from the NRFA to allow them to be verified.   

                                                      
3 http://www.ceh.ac.uk/data/nrfa/data/station.html?40027 
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Plate 2-1: Sarre Penn at Calcott Gauging station photo4 

Table 2-A: Sarre Penn Gauging Station Summary Details from the NRFA 

NRFA Station No.: 

River: 

Location: 

40027 

Sarre Penn 

Calcott 

Catchment Area (km²): 19.4 

NGR: TR 173 624 

Period of Record: 1975 – 2013 (1996 to 2006 was not gauged) 

Flow Statistics: 

Mean Flow (m³/s): 

Q95 Exceedance (m³/s): 

Q70 Exceedance (m³/s): 

Q50 Exceedance (m³/s): 

Q10 Exceedance (m³/s): 

 

0.094 

0.001 

0.009 

0.024 

0.242 

Comments:  Ultrasonic station since 2006; superseded Flat-V (glass-fibre) weir, 1:10 
cross-slope.  

 Originally owned by Mid Kent Water, before being passed to the 
Environment Agency on 1990.  

 Downstream channel control at high flows.  

 Theoretical rating - confirmed by gaugings in low and medium ranges, 
zero flows are possible.  

                                                      
4 © Copyright N Chadwick and licensed for reuse under this Creative Commons Licence - http://www.geograph.org.uk/photo/2819997  
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NRFA Station No.: 

River: 

Location: 

40027 

Sarre Penn 

Calcott 

 Decommissioned in 1994, re-opened in 2006.  

 All but exceptional flows are contained, peak flows truncated at ~1.7 m³/s 
(maximum processed stage).  

 Patchy flow record prior to 1980.  

 A mostly rural catchment developed on impervious Tertiary formations 
(London Clay predominates). 

 Natural flow regime within 10% at 95th percentile flow. 

Data taken from the NRFA - http://www.ceh.ac.uk/data/nrfa/data/station.html?40027  

Table 2-A notes that peak flows are truncated at 1.7m³/s and the Q95 is 0.001m³/s.  Flows are shown to fall to 
zero on both the hydrograph in Figure 2-1, where the lower bound of flow is show to fall below 0.001m³/s 
between June and October, and on the flow duration curve (FDC) in Figure 2-2.  

 

Figure 2-1: NRFA Hydrograph for the Sarre Penn at Calcott 
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Figure 2-2: NRFA FDC for the Sarre Penn at Calcott 

2.1.2 Environment Agency Review of Calcott Gauging Station 

A review of the gauging station at Calcott, completed by the Environment Agency, raised a number of concerns 
with regard to the compliance of the instrument and quality of the data recorded. These have been summarised 
in the ‘Review of flow derivation method’ document prepared by the Environment Agency (reproduced in 
Appendix A) and the key points are listed below: 

1. For the existing ultrasonic gauge the gauge coefficients / cross section dimensions / path lengths 
appear to have never been adjusted from the as built 2006 survey drawings. However, from a 2008 
topographical survey it has been identified that the existing channel dimensions and path lengths within 
the gauge are different to the original survey.  This raises concerns as to the accuracy of the gauged 
flow post-2006. 

2. The Flat-V weir crest datum (site datum) is currently referenced at 17.659mOD, however the latest 
survey completed in 2008 reveals it to be 17.624mOD; 3.5 cm lower. 

3. The historic rating used to calculate flows over the Flat-V weir is not held by the Environment Agency so 
historic flows cannot be verified. 

4. The modular limit, although not specifically stated by the Environment Agency, of the Flat-V weir was 
said to be low due to the fall over it, so any significant events would have drowned out the weir.  No 
correction would have been made to the flow data as there was no measurement of water level 
downstream of the weir. 

5. After inspection by the Environment Agency the old GRP Flat-V weir was found to be warped and 
currently not compliant with British Standards (BS) but it is unknown whether or not this has always 
been the case. The degree of warping / distortion was not stated by the Environment Agency.  Due to 
this any previous flow data calculated using the BS theoretical Flat-V weir equation should be treated 
with caution. 

6. The Environment Agency stated that the current ultrasonic setup is thought to be operating at the lower 
limit of its specified working range by the manufacturer.  bThe Environment Agency also stated that the 
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low flows and small velocities experienced for the majority of the time at the site may not be favourable 
to ultrasonic technology. On the basis of the limited evidence available, it appears the gauge has 
tended to underestimate flows since the site was installed, especially at low stages quite significantly. 
There are however insufficient spot gaugings to assess the overall performance of this site (Table 2-B). 
The results from the limited available spot gauging shows a consistent under calculation of flow when 
comparing the ultrasonic flows with current meter flows. However, Jacobs note that the results from 
12/10/2006 show no change in water level with the current metering, but a 92% increase in flow 
between two gauging results over a 40 minute period.  There is no comparable level data available for 
the gauging station, but the comparable flows remain constant over that period.  This indicates a 
possible error in the manually recorded data.  Due to these inconsistencies the results from the 
12/10/2006 are not considered in the comparison, along with a number of other spot gauging results 
where comparable ultrasonic data are not available. 

The results from the spot gauging on 30/09/2006 and 09/03/2010 show a degree of similarity between 
the water level recorded by the gauging team and station gauged water levels, but noticeable 
differences between the flows of 1,500% and 39% respectively: the ultrasonic being lower in both cases 
(Table 2-B).  

Table 2-B: Environment Agency spot gauging comparison with ultrasonic record 

Date Time 

Current Meter Gauging Station Deviation 

Stage 
(mALD) 

Flow 
(m³/s) 

Station 
Stage 

(mALD) 

Ultrasonic 
Flow 
(m³/s) 

Flow 
(m³/s) 

Percentage 
(%) 

12/10/2006 12:23:00 0.076 0.024 Not available 0.021 0.003 14% 

12/10/2006 13:06:00 0.076 0.046 Not available 0.020 0.026 130% 

30/09/2009 11:16:00 0.063 0.016 0.065 0.001 0.015 1,500% 

09/03/2010 10:30:00 0.145 0.117 0.141* 0.084 0.033 39% 

* stage was manually infilled by linear interpolation 

For each gauging station the Environment Agency produces a Gauging Station Data Quality (GSDQ)5 score to 
indicate the quality of the data gauged at that site.  There are three scores relating to ‘high’, ‘low’ and ‘general’ 
or ‘mean’ flows and a classification for data use. The results for the Calcott gauging stations are shown in Table 
2-C. 

Table 2-C: Calcott Gauging Station Data Quality Scores 

Flow Range High Flows Low Flows General (Mean) 

Weighted Score* 0.50 0.46 0.28 

Data Use Classification Caution Caution Caution 

* 1 = best quality, 0 = worst quality 

The outcome of the Environment Agency review of the Calcott gauging station indicates that the gauged record 
should be used with caution across all flows. 

2.1.3 Analysis of Recorded Flows from 1975 to 1996 

The flows between 1975 and 1996 were calculated based on a gauged water level over a Flat-V weir and 
making reference to a stage-discharge relationship table derived from empirical relationships and spot 
gaugings.  This table was provided by the Environment Agency and on inspection found to have a range 
between 0.041 m (0.008 m³/s) and 0.699 m (3.690 m³/s). This would suggest that peak flows were not truncated 

                                                      
5 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/290629/sw6-058-tr-e-e.pdf  
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at 1.7 m³/s due to limitations with the processed stage, as stated on the NRFA3 website (Table 2-A), but at 
3.69m³/s. This also indicates a degree of uncertainty with regard to the calculation of extreme flows; <0.008 
m³/s or >3.690 m³/s as these are outside of the gauged range. 

A hydrograph comparing the mean daily flows between 1981 and 1996 from three sources is presented in 
Figure 2-3.  This Figure shows that using the stage-discharge table, extrapolated by curve fitting beyond the 
range of the table, peak flows in excess of 13 m³/s would be calculated (red line).  Flows derived from the stage-
discharge lookup table without extrapolation are shown to be truncated at 3.69m³/s (blue line). However, the 
archived mean daily flows provided for this period by the Environment Agency have a peak flow of 1.612 m³/s 
(green line), which corresponds broadly with the truncated peak of 1.7m³/s stated on the NRFA website.  This 
lack of consistency was raised with the Environment Agency (Christopher Di Marco, Pers. Comm.) but due to 
the archived nature of the data no explanation could be given as the original weir rating used to calculate the 
flows is unknown. 

 

Figure 2-3: Comparison of mean daily flows – 1975 to 1996 

The Environment Agency (Dan Watson and Christopher Di Marco, Pers. Comm.) is unsure as to the method of 
calculation used to derive the mean daily flows and where the upper limit of 1.7m³/s came from, as reported on 
the NRFA website concerning the truncation of peak flows.  

Given the uncertainties surrounding the historic data quality this period was not taken forward into the 
modelling. 

2.1.4 Analysis of Flows from 2006 to 2015 

A comparable set of statistics to those presented on the NRFA website (Table 2-A) are shown in Table 2-D, 
note however, that the statistics cover two different periods of record.  From an analysis of the data, it can be 
seen that there are very low flows present, with flow below Q90 being zero.  It can also be seen that only 54% of 
the data has been flagged as ‘good’, 31% is unchecked and 12.5% has been estimated.  Discussions with the 
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Environment Agency (Christopher Di Marco, Pers. Comm.) confirmed that the new ultrasonic gauge was 
designed to capture all flow ranges and hence there are no concerns with regard to peak flows being truncated. 

Table 2-D: Summary of gauged flow data supplied by the Environment Agency 

NRFA Station: 

River: 

Location: 

40027 

Sarre Penn 

Calcott 

NGR: TR 173 624 

Period of Record: 15th August 2006 – 1st April 2015 

Flow Statistics: 

Mean Flow (m³/s): 

Q95 Exceedance (m³/s): 

Q70 Exceedance (m³/s): 

Q50 Exceedance (m³/s): 

Q10 Exceedance (m³/s): 

 

0.135 

0.000 

0.012 

0.042 

0.349 

Quality Flags (count): 

Estimated 

Estimated [Data Infilled] 

Good 

Good [Partly Missing] 

Incomplete [Unchecked Missing] 

Missing 

Unchecked 

Unchecked [Partly Missing] 
 

 

44 1.4%

349 11.1%

1714 54.4%

10 0.3%

1 0.0%

56 1.8%

968 30.7%

10 0.3%
 

Data supplied by the Environment Agency 7th May 2015 

 

This more recent period of record is believed to be more reliable than the earlier 1975 to 1996 record.  owever, 
before being taken forward into the modelling the flow data were analysed in more detail to remove anomalous 
values which would impact on the model calibration.  The data that were identified as erroneous are listed in 
Table 2-E which indicates the actions taken.  A number of prolonged periods of estimated values were removed 
as, after comparison against the rainfall data, they showed no response to rainfall events; indicating that the 
flow estimates were not representative.  There were also periods where the flow appeared to flat line, again 
showing no response to rainfall events; these too were removed. 

Table 2-E: Data quality issues identified in the record from 2006 to 2015 and actions taken 

Year Start Date End Date Comment Actions Taken 

2006 15/08/2006 31/12/2006 Some zero flows No change 

2007 

06/01/2007 

12/03/2007 

20/10/2007 

10/01/2007 

12/03/2007 

19/12/2007 

Data missing 

Erroneous value 

Data missing 

- 

Removed 

- 

2008 22/04/2008 19/05/2008 
Data constant at 0.048 m³/s, no response to 
rainfall events 

Removed from 
analysis 

2009 July October 
Zero flows recorded, not flagged as ‘estimated’, 
only ‘unchecked’. Dubious as there are rainfall 
events that have not registered with change to 

No change 
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Year Start Date End Date Comment Actions Taken 

flow 

2010 26/07/2010 06/11/2010 
Data estimated, shows no response to rainfall 
events 

Removed from 
analysis 

2011 16/03/2011 10/11/2011 
Data estimated, shows no response to rainfall 
events 

Removed from 
analysis  

2012 01/01/2012 31/12/2012 Data acceptable No change 

2013 01/01/2013 31/12/2013 Data acceptable No change 

2014 01/01/2014 31/12/2014 Data acceptable No change 

2015 01/01/2015 31/03/2015 Data acceptable No change 

 

The hydrograph presented in Figure 2-4 shows the entire daily flow record after the erroneous and uncertain 
values were removed.  The flow duration curve (FDC) for the data is presented in Figure 2-5. 

 

Figure 2-4: Hydrograph for ‘cleaned’ gauged mean daily flow from 2006 to 2015 
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Figure 2-5: FDC for ‘cleaned’ mean daily flow record from 2006 to 2015 

2.1.5 Flow Data Summary 

The review of the historic and current gauging station and recorded flows has highlighted concerns relating to 
the reliability of data over both periods of record, particularly at low flows.  The pre-2006 data have too much 
uncertainty associated with them to be of use without significant interpretation and site investigations / spot 
gauging. 

The post-2006 data are the best available for use in the modelling but there is a requirement to accept that 
calibration of the rainfall-runoff model at low flows will be difficult and trying to achieve a fit over the lower flows 
may not accurately reflect the flow regime. Until the additional investigations are undertaken on site and into the 
data, the recorded flow should be used with caution. 

For the purposes of this study, the ‘cleaned’ time series from 2006 to 2015 was adopted for use in the 
modelling.  The record was divided into two periods, for calibration and then verification. The period of record 
with the least uncertainty is from 2012 to 2015; this was used to calibrate the model against. The period from 
2007 to 2010 was used to verify the calibrated model against.  Due to the large proportion of data missing from 
2011 it was not be used for either calibration or verification. 

It should be noted that the flow period used by Atkins for their model calibration was 1990 to 1996 which as 
shown above has since been identified as having a significant level of uncertainty associated with the flow data. 
The limited duration of gauged data recorded from the ultrasonic and used for verification by Atkins (August 
2006 to December 2007) has also been identified to have potential concerns with regard to the accuracy of 
recorded low flows and parameters used in the instrument set up.  This casts doubt on the accuracy of the 
simulated flows generated in the previous study. 
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2.2 Precipitation 

Precipitation is a key component required in a rainfall-runoff model. A record of rainfall is required that is 
representative of the catchment and covers the period required for streamflow simulation; in this study from 
1920 to 2015.  While there are numerous rain gauges suitable for use in this study (Figure 2-6), few gauges 
have a continuous record of rainfall as far back as 1920, and the data are not always complete or in an 
immediately useable format, i.e. monthly totals as opposed to daily totals.  To generate a long-term daily time 
series it is necessary to use data from a number of gauges to generate a complete long-term and representative 
rainfall dataset. 

 

Figure 2-6: Location of Rain Gauges suitable for use in the modelling  

The Canterbury STW rain gauge was selected for this study as it is in close proximity to the Sarre Penn 
catchment (Figure 2-6), has a long-term record associated with it (Table 2-F) and was used in a previous study 
completed by Atkins2.  

A long-term rainfall record, from 1890 to 2007, for Canterbury STW was obtained from the Environment Agency 
that consisted of the infilled series generated by Atkins in their study from 20072. In order to extend the rainfall 
series to 2015, additional rainfall data were requested from the Environment Agency for gauges at Canterbury 
STW and Canterbury University (Table 2-F). The Canterbury University rain gauge is approximately 3.9km away 
and was used to fill in any gaps in the Canterbury STW time series. The data were screened for non-numeric 
entries and these were converted to ‘0’ or infilled as appropriate. 
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Before the rainfall series from 2007 to 2015 was appended to the existing long-term series a number of checks 
were carried out to ensure consistency.  The period of overlap from 1990 to 2007 was considered.  This 
comparison highlighted small discrepancies between the two datasets.  Unfortunately the Environment Agency 
was not able to provide any explanation as to the reason for these discrepancies as the data came from the 
original work undertaken by Atkins2 and neither the Environment Agency nor SEW had copies of the detailed 
calculation spreadsheets to allow an audit to be completed on the time series generation.  The differences were 
however considered to be small on a daily basis and the total rainfall over the comparable period differed by 
less than 1%.  To ensure the use of best available data, the series from 1990 to 2015 was appended to the 
long-term series, replacing the existing period from 1990 to 2007.  The final extended rainfall series is shown in 
Figure 2-7. 

Table 2-F: Summary of Rain Gauge used in Analysis 

Location Station No. NGR 
Period of 
Record 

Missing 
values 

Comment 

Canterbury STW 664500001 TR 169 597 
01/01/1889 to 
01/01/2013 

N/A 
Raw data not provided 

Canterbury STW 
TBR 

302770 TR 168 596 
11/12/1990 to 
31/03/2015 

922 
- 

Canterbury 
University TBR 

664717901 TR 129 597 
11/10/2001 to 
31/03/2015 

4 

101 days dubious (Mar to Jun 
2012) zero rainfall recorded 
although significant rainfall at 
STW 

Canterbury St. K 664500004 TR 151 568 
01/01/1918 to 
01/01/1945 

N/A 
Raw data not provided 

Canterbury 
London Road 

664500002 TR 141 583 
01/01/1918 to 
01/01/1965 

N/A 
Raw data not provided 

Infilled 

Canterbury STW  302770 TR 169 597 
01/02/1890 to 
31/08/2007 

30  

(01-09 
Sept 2001 
and 29 
Feb 2004)

Long-term rainfall series 
derived by Atkins and supplied 
by the Environment Agency. 
Missing data and monthly 
totals have been infilled / 
proportioned using data from 
neighbouring stations 
Canterbury London Road 
(664500002) and Canterbury 
St. K (664500004). 
Calculation spreadsheets not 
provided. 
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Figure 2-7: Long-term daily rainfall time series for Canterbury STW from 1920 to 2015 

Additional checking was carried out on the extended rainfall time series to identify anomalies or periods where 
totals had been averaged over a missing period.  The peak noted in September 1973 was investigated and after 
comparison with Met Office station data from a rain gauge at Manston (TR 324 661), which showed that 
September 1973 was indeed the wettest September on record stretching back to 1934, this value was retained 
in the series.  Following this final checking process, the final infilled and extended rainfall series from 1920 to 
2015 was considered suitable for use in the modelling and simulation of long-term streamflows. 

2.3 Potential Evapotranspiration (PET) 

Daily PET data from the Environment Agency Stour Soil Moisture Model was provided from 1st January 1962 to 
30th April 2015. As this was a simulated PET series there were no missing values and inspection of the data did 
not identify any obvious anomalies.  This differs from the PET data used by Atkins2; they made use of the 
Environment Agency Penman South East (PENSE) data for the model calibration and Meteorological Office 
Rainfall and Evapotranspiration Calculation System (MORECS) data for the verification. 

A repeating daily series based on the average of the monthly PET values from the Stour model was used to 
hind cast the time series back to 1920 (Figure 2-8). This was considered to offer an acceptable level of 
accuracy as the HYSIM model is less sensitive to PET. 
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Figure 2-8: Extended Daily PET series from 1920 to 2015 derived from the Environment Agency Stour Soil Moisture Model 

2.4 Artificial Influences 

The NRFA3 summary data (Table 2-A) indicates that the catchment is predominantly rural and considered to be 
natural. No artificial influences, abstractions or discharges, were identified within the catchment. 
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3. Catchment Rainfall-Runoff Modelling 

As discussed previously, a long-term flow record for the proposed Broad Oak Reservoir is not available but 
long-term climate data are, along with a short gauged record downstream from the proposed site.  Using these 
datasets a rainfall-runoff model can be built to simulate a long-term inflow sequence. 

To develop a streamflow for the inflow to the proposed Broad Oak Reservoir, a conceptual catchment rainfall-
runoff model was used; HYSIM.  HYSIM is a hydrologic simulation model which uses mathematical relationships 
to determine the runoff from precipitation upon a catchment and was used in this study to simulate flows. 
HYSIM uses rainfall and potential evapotranspiration (PET) data to simulate river flow.  The model has a 
number of parameters, for hydrology and hydraulics, which define the river basin and channels and comprises 
of a linked set of storage components, a maximum rate of transfer between them and equations which govern 
the transfer processes.  

To use the model, parameter values need to be estimated. A first estimate is obtained by a study of the 
catchment type and this is later refined, for a few of the most sensitive parameters, by adjustments based on a 
comparison of recorded and simulated flow.  Once the model has been calibrated and can simulate the gauged 
record, it can be used to simulate runoff when rainfall and climate data are available but runoff data are not. 

This chapter discusses the approach to building a representative catchment model, and the calibration and 
verification processes undertaken. 

3.1 Catchment Description 

The Sarre Penn catchment (Figure 1-1) considered in this assessment is approximately 19.56 km² in area, lying 
to the north of Canterbury, Kent. The underlying geology is impervious, composed wholly of London Clay 
(Figure 3-1), covered with loamy / clayey brown soils (Table 3-A and Figure 3-2). The catchment is 
predominantly rural with land cover comprising of a mixture of woodland, arable or horticultural, and grassland; 
with a small proportion that is urbanised (Table 3-B and Figure 3-3).  The elevation across the catchment 
ranges from 20–120mOD (Figure 3-4). 

There are two main tributaries to the Sarre Penn. The southern tributary flows in a north-easterly direction from 
its source around Dunkirk, under the A2, passed the villages of Blean and Tyler Hill down to Calcott. The 
northern tributary rises to the north-east of Blean and flows in a north-easterly direction before converging with 
the southern channel at the New Vale Farmhouse (Figure 1-1). From here the Sarre Penn continues to flow to 
the north east under the A291; levels and flows are gauged immediately downstream of the road crossing. The 
Sarre Penn itself is a tributary Great Stour, and it joins this main river at Plucks Gutter. 

Table 3-A: Soil Cover in catchment 
Soil 
Texture 

Soil 
Association 

Soil 
Unit 

Area 
(km²) 

Percent of 
catchment 

Description 

Loam Sonning 2 581c 0.8 4.1% 

Well drained flinty coarse loamy and gravelly soils. 
Associated with slowly permeable seasonally 
waterlogged fine loamy over clayey soils, and coarse 
loamy over clayey soils with slowly permeable 
subsoils and slight seasonal waterlogging. 

Clay Wickham 4 711h 7.2 36.7% 
Slowly permeable seasonally waterlogged fine loamy 
over clayey and fine silty over clayey soils associated 
with similar clayey soils often with brown subsoils. 

Clay Windsor 712c 7.2 37.1% 

Slowly permeable seasonally waterlogged clayey 
soils mostly with brown subsoils. Some fine loamy 
over clayey and fine silty over clayey soils and, 
locally on slopes, clayey soils with only slight 
seasonal waterlogging. 

Silt Park Gate 841e 3.9 20.1% 
Deep stoneless silty soils variably affected by 
groundwater.  

Urban Urban Urban 0.4 2.0% Urban 
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Figure 3-1: Catchment Geology 

 

Table 3-B: Catchment Land Cover as categorised by the NRFA 

Land Cover Percentage Covering 

Woodland 38.1% 

Arable / Horticultural 36.0% 

Grassland 19.7% 

Mountain / Heath / Bog 0.0% 

Urban 1.6% 
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Figure 3-2: Catchment soil type coverage 
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Figure 3-3: Catchment Land Use as defined by the NRFA 

 

Figure 3-4: Catchment elevation as defined by the NRFA 
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3.2 Catchment Representation 

HYSIM requires initial estimates of the hydraulic and hydrology parameters to represent the catchment. These 
parameters can be sub-divided into three groups:  

 Parameters based on catchment specific characteristics derived from photos, the Flood Estimation 
Handbook (FEH), National River Flow Archive (NRFA), British Geological Survey (BGS) soil data, 
Ordnance Survey maps and Google Earth images; 

 HYSIM recommended default parameter values; and 

 Parameters for calibration optimisation. 

3.2.1 Hydraulic Parameters 

The hydraulic parameters for this catchment are all fixed based on catchment specific characteristics; the 
estimated values are presented in Table 3-C. The role of hydraulics in a small catchment such as this with daily 
data is negligible and although a notional channel reach and sub-catchment structure is required by the model, 
the overall significance of the parameters is small. 

Table 3-C: Initial Estimated Values for the Hydraulic Parameters 

Parameter Initial Estimate Source of Estimate 

Channel Top Width (m) 5.0 
Estimated from photos4, Ordnance Survey (OS) 
maps and Google Earth 

Channel Base Width (m) 2.0 
Estimated from photos4, OS maps and Google 
Earth 

Channel Depth (m) 4.0 
Estimated from photos4, OS maps and Google 
Earth 

Channel Roughness (Manning's n) 0.045 
Estimated from photos4, OS maps and Google 
Earth and Chow (1959) 

Floodplain Width (m) 50 
Estimated from photos4, OS maps and Google 
Earth 

Floodplain Roughness (Manning's n) 0.050 
Estimated from photos4, OS maps and Google 
Earth and Chow (1959)6 

Reach Gradient (m/m) 0.007 Estimated from OS maps and Google Earth 

Reach Length (m) 11,800 Estimated from OS maps and Google Earth 

3.2.2 Hydrology Parameters 

HYSIM divides the hydrology parameters into ‘Basic’ and ‘Advanced’. The Basic parameters are the ones for 
which the simulated values are most sensitive (Table 3-D), while for the Advanced parameters (Table 3-E), 
model performance is less sensitive to changes in their values and they tend to be used only in special 
circumstances. Additional explanations regarding the function of each parameter can be found in the HYSIM 
User Guide7. 

 

                                                      
6 Chow, Ven Te (1959). Open Channel Hydraulics. Blackburn Press 
7 http://www.watres.com/software/HYSIM/  
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Table 3-D: Initial Estimated values for the Basic Hydrology Parameters 

Parameter 
Initial 

Estimate 
Source of Estimate 

Interception Storage (mm) 4.60 
Area from NRFA land cover data and factor 
values from HYSIM manual 

Impermeable Proportion 0.02 
Taken from FEH CD-ROM catchment descriptors 
and OS map. Used default value as catchment is 
predominantly rural 

Time to Peak (minor channels) (hrs) 5.4 
Calculated from FEH CD-ROM catchment 
descriptors 

Soil Rooting Depth (mm) 1,262 
Estimated based on land cover  (area from NRFA 
land cover and OS/Google Earth maps with factor 
values from HYSIM manual 

Pore Size Distribution Index (PSDI) 0.12 Data from NRFA and HYSIM manual 
Saturated Permeability at Horizon 
Boundary (mm/hr) 

10 Used default value for later optimisation 

Saturated Permeability at Base of Lower 
Horizon (mm/hr) 

10 Used default value for later optimisation 

Interflow Run‑off from the Upper Horizon 
at Saturation (mm/hr) 

10 Used default value for later optimisation 

Interflow Run‑off from the Lower Horizon 
at Saturation (mm/hr) 

10 Used default value for later optimisation 

Groundwater Recession 0.62 Estimated from gauged record 

Precipitation Correction Factor 1.04 
Default value, to be altered later through single 
parameter optimisation to achieve water balance 

Potential Evapotranspiration Correction 
Factor 

1.00 
Default value, to be altered later through single 
parameter optimisation to achieve water balance 

Catchment area (km²) 19.56 Taken from FEH CD-ROM catchment descriptors  

Table 3-E: Initial Estimated values for the Advanced Hydrology Parameters 

Parameter 
Initial 

Estimate 
Source of Estimate 

Saturated Permeability at the Top of the 
Upper Horizon (mm/hr) 

1,000 Default 

Proportion of Moisture Storage in Upper 
Horizon 

0.3 Default value but maybe subject to review 

Ratio of Contributing Groundwater 
Catchment Area to Surface Catchment 
Area 

1.0 Default 

Proportion of Catchment without 
Contributing Groundwater 

0.0 Default 

Riparian proportion 0.02 Default 

Porosity 0.48 
Data from BGS soil maps and factor values from 
HYSIM manual 

Bubbling Pressure 324.2 
Data from BGS soil maps and factor values from 
HYSIM manual 

Transitional recession 0.34 Estimated from gauged record 
Proportion of Moisture Leaving 
Transitional Groundwater that enters 
Channels 

0.0 Default 

Interception factor 1.25 
Area from NRFA land cover data and factor 
values from HYSIM manual 

Snowfall Correction Factor 1.5 Default 
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3.3 HYSIM Calibration 

3.3.1 Measuring Calibration Success 

Based on the availability of good quality flow data, representative catchment rainfall and PET estimates, the 
period between January 2012 and March 2015 inclusive was selected for the initial HYSIM model build and 
calibration. The model was run from 2009, with the analysis starting in 2012 to allow the model to ‘run in’. 

The approach taken to and the setting of calibration targets are key to the management of the calibration 
process. The measures for assessing the calibration success and that have been applied in this study are 
presented in Table 3-F, while the overall approach to model calibration adopted, as recommended in the HYSIM 
User Guide7, was to: 

1. Set up the model with initial parameter estimates and import input time series (flow, 
precipitation and PET); 

2. Run the model in Single Parameter mode to achieve an initial volume balance, either 
adjusting the precipitation or PET factor depending on the confidence surrounding each 
data set; 

3. Run the model in Multiple Parameter mode; 

4. Run the model with No Optimisation; 

5. Review hydrographs of recorded and simulated discharge; 

6. Make changes to parameter values to address consistent issues. If there are single 
anomalies this might indicate data issues as opposed to model error; 

7. Repeat steps 3, 4 and 5 until content after step 4; then 

8. Extend the period of simulation to match the period of recorded discharge (and the 
analysis period to start two years later); 

9. Run the model in Single Parameter mode once more to regain a volume balance over 
the longer period; 

10. Run the model with No Optimisation;  

11. Review hydrographs of recorded and estimated discharge over this longer period; 

12. Make any final changes to parameter values to address consistent issues and repeat 
as necessary. 

In addition to the steps above, after Step 6, a period of Verification was completed, running the model over a 
short independent period of recorded data to assess the representativeness of the calibrated model. 

Table 3-F: Approach to Assessing the Success of the HYSIM Model Calibration 

Assessment Measure Comment 

Model Statistics 

Water Balance – daily 
Reported in HYSIM output file ‘Stat summary.csv’ - compare daily mean 
simulated and recorded flow, as well as the standard deviation in flow. 

Water Balance – monthly 
Reported in HYSIM output file ‘Stat summary.csv’ - compare monthly mean 
simulated and recorded flow, as well as the standard deviation in flow. 

Percentage of explained 
variance  - daily 

The working assumption is that anything above 60 is considered a 
reasonable calibration, while anything over 75 is considered to be a good 
calibration. 

Percentage of explained 
variance – monthly 

These percentages will always be better than the daily percentages. The 
working assumption is that any values over 90 are considered a good 
calibration. 
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Assessment Measure Comment 

Time Series 

Visual check – peaks 
Check to see that model is not consistently under or over estimating peak 
flows. 

Visual check – low flows 
Check to see that model is not consistently under or over estimating low 
flows. 

Visual check – recession 
Check to see that the timing and magnitude of the recession after increased 
flows is matched. 

Visual check – timing of flows 
Check to see that the timing of increases and decreases in flows are 
matched by the model. 

Plots 

Flow duration curve 
comparison 

Check to see that model is not consistently under or over simulating peak 
flows. 

Cumulative flow vs time 
comparison 

Check to see that model is not consistently under or over simulating low 
flows. 

Table 3-G: Overall Assessment of the FDC Calibration Success 

Overall Assessment Justification 

Excellent 
Very close match between recorded and simulated flows, difficult to visually identify 
many major differences between the series. Flow recession well matched. 

Very good 
Close match between recorded and simulated flows, though some limited 
divergence. Flow recessions mostly well matched. 

Good 
Close match between recorded and simulated flows, with some under or over 
simulation of flows at the extremes. Flow recessions on average well matched. 

Reasonable 
Some degree of noticeable over or under simulation in the calibration for parts of 
the FDC. Flow recessions may be variably matched. 

Adequate / Acceptable 
Over or under simulation of the FDC for a large part of the FDC, however on 
average flows are similar. Flow recessions may not be well matched. 

Poor 
Significant over or under simulation of the FDC in parts and the average flow or the 
flow recession shape may not be well matched. 

3.3.2 Calibrated Model Parameters 

The Hydraulic and ‘Advanced’ Hydrology parameters remained unchanged after the calibration, the ‘Basic’ 
Hydrology parameters were optimised and changes are presented in Table 3-H. 

Table 3-H: Calibrated Basic Hydrology Parameters 

Parameter 
Initial 

Estimate 
Source of Estimate 

Interception Storage (mm) 4.60 Unchanged from initial estimate. 

Impermeable Proportion 0.02 
Adjusted through manual calibration, but default 
estimate remained appropriate. 

Time to Peak (minor channels) (hrs) 5.42 Unchanged from initial estimate. 

Soil Rooting Depth (mm) 250 
Adjusted through manual calibration, resulting in 
a much lower value than that originally estimated 
based on soil types. 
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Parameter 
Initial 

Estimate 
Source of Estimate 

Pore Size Distribution Index (PSDI) 0.12 Unchanged from initial estimate. 

Saturated Permeability at Horizon 
Boundary (mm/hr) 

13.449 Adjusted through multiple parameter optimisation. 

Saturated Permeability at Base of Lower 
Horizon (mm/hr) 

40.000 
Adjusted through multiple parameter optimisation 
and further adjusted through manual calibration. 

Interflow Run‑off from the Upper Horizon 
at Saturation (mm/hr) 

20.665 Adjusted through multiple parameter optimisation. 

Interflow Run‑off from the Lower Horizon 
at Saturation (mm/hr) 

10.111 Adjusted through multiple parameter optimisation. 

Groundwater Recession 0.9 

Adjusted through manual calibration, resulting in 
higher value than originally estimated but 
required to achieve a better fit over the low flow 
range. 

Precipitation Correction Factor 0.900 
Adjusted through single parameter optimisation to 
achieve a water balance. 

Potential Evapotranspiration Correction 
Factor 

1.000 
Unchanged from initial estimate - single 
parameter optimisation did not alter value. 

Catchment area (km²) 19.56 Unchanged from initial estimate. 

3.3.3 Goodness of Fit (GoF) Statistics 

The Goodness of Fit (GoF) statistics associated with the calibration are given in Table 3-I. 

Table 3-I: Goodness of Fit (GoF) Statistics 

Daily Values Simulated Recorded 

Mean Daily Flow (m³/s) 0.173 0.173 

Standard Deviation 0.266 0.298 

Correlation Coefficient (r²) - 0.830 

Percentage of Explained Variance - 68.58% 

Nash-Sutcliffe Efficiency - 0.686 

Root Mean Square Error (RMSE) - 0.167 

Monthly Values Simulated Recorded 

Mean Daily Flow (m³/s) 0.173 0.174 

Standard Deviation 0.166 0.187 

Correlation Coefficient (r²) - 0.948 

Percentage of Explained Variance - 89.52% 

The GoF statistics presented in Table 3-I were marginally improved on for other calibration runs; however, the 
overall fit across the entire range of flows was best achieved with this run. A full record of the calibration runs 
and GoF statistics is presented in Appendix B.  The magnitude of the flows recorded at the site makes 
calibration of the model very sensitive to the choice of parameters, but given this and the uncertainty with the 
recorded flows the GoF statistics are considered reasonable.  
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Given the known uncertainty and data quality issues with the gauged data and issues with zero flow being 
recorded during the summer months; inspection of the statistics in Table 3-I, indicate that the model calibration 
has achieved a water balance for mean daily and monthly flows, and that the percentage of explained variance 
is reasonable. To further validate these GoF statistics, hydrographs, flow duration curves (FDC) and cumulative 
flow plots were generated to visually compare the recorded against simulated flow series. 

3.3.4 Hydrographs 

Hydrographs of simulated and recorded daily mean flows over the calibration period are presented in Figure 
3-5, with the recorded flows plotted as a blue line and the simulated flows as a green line.  The visual 
examination of hydrographs can confirm if the model matches the low flow periods, has a similar rate of 
recession and matches summer and winter storm peaks.  Not every feature can be replicated within a model, 
but this assessment provides a representation of the general hydrograph shape and success of the calibration. 

The hydrographs (Figure 3-5) show a generally acceptable calibration with peak flows being both over and 
under simulated, although generally the timing of peaks is replicated well.  Where peaks have not been 
replicated in the simulated series, further investigation into the rainfall data did not identify significant rainfall 
events, suggesting that either there are uncertainties with the gauged record or that additional unidentified 
artificial influences are being picked up in the recorded data.  The model does not perform well with respect to 
simulating low flows and recession rates are matched where comparisons can be made.  As there are no 
consistent issues, further optimisation is difficult.  Adjustments could be made to various hydrological 
parameters to improve the hydrograph fit, but this would result in unrealistic values and make it 
unrepresentative of the catchment and also this would provide little improved confidence in the simulated flows 
when considering the accuracy concerns relating to the calibration data.  Overall the calibration is reasonable; 
however improvements could be made with a better understanding of the quality of the gauged data and 
limitations with the instrument. 

 

Figure 3-5 Hydrograph covering calibration period from 2012 to 2015 
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A further hydrograph using a log-axis for the mean daily flow (Figure 3-6) was generated to provide an 
additional level of detail in assessing the recession periods and to assist in the visual comparison between the 
recorded and simulated flows. This shows that the general rate of recession is simulated in most cases, 
however, the lower flows have been both under- and over- simulated.  

 

Figure 3-6: Hydrograph covering calibration period from 2012 to 2015 using a log axis for mean daily flow to better represent 
recession rates 

The comparison of flow hydrographs indicates that the calibration is reasonable and has reproduced the timing 
of the observed flow record, although it is noted that the magnitude of events has been both over and under 
simulated in some instances and the low flows have been difficult to replicate.  

3.3.5 Flow Duration Curves (FDC) 

Performing a visual examination of the FDC can help identify how well the simulated flows match the recorded 
flows across the entire flow range, but of particular importance is the fit for extremes; low and high flows.  The 
aim is to achieve a good fit over the whole record.  The use of a log curve to display FDCs accentuates the 
lower part of the FDC allowing at a glance, the goodness of the fit at low flows to be assessed.  The flow 
duration curves are presented in Figure 3-7. 
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Figure 3-7 FDCs for simulated and recorded mean daily flows over calibration period from 2012 to 2015 

From the FDC presented in Figure 3-7 it can be seen that there is a reasonable fit across the entire flow range, 
with a slight under simulation at the lowest flows. 

A more detailed comparison of flow duration percentile estimates is given in Table 3-J, which identifies the level 
of agreement between recorded and simulated flows.  The overall water balance has been achieved, with the 
simulated and recorded mean and cumulative flows being approximately equal.  The largest magnitude 
difference across these percentiles is 0.050m³/s at the 20th percentile flow. This is equivalent to 18.5% i.e. the 
simulated flow is 18.5% larger than the recorded flow at this flow percentile.  The largest percentage difference 
is -148.1% at the 95th percentile flow, which is equivalent to a simulated flow value 0.005m³/s less than the 
recorded flow. It should also be noted that zero flows were calculated below the 96th and 98th percentiles for the 
simulated and recorded flows respectively.  

Table 3-J: Comparison of Flow Percentiles for simulated and recorded mean daily flows over calibration period from 2012 to 
2015 

Percentile 
Simulated Flow 

(m³/s) 
Recorded Flow 

(m³/s) 
Difference from 
Recorded (m³/s) 

Percentage 
Difference from 
Recorded (%) 

Q99 0.000 0.000 0.000 - 

Q95 0.003 0.008 -0.005 -148.1% 

Q90 0.010 0.016 -0.006 -65.2% 

Q80 0.019 0.022 -0.003 -13.4% 

Q70 0.031 0.026 0.005 16.9% 

Q60 0.045 0.038 0.007 16.0% 
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Percentile 
Simulated Flow 

(m³/s) 
Recorded Flow 

(m³/s) 
Difference from 
Recorded (m³/s) 

Percentage 
Difference from 
Recorded (%) 

Q50 0.060 0.059 0.001 2.3% 

Q40 0.080 0.088 -0.008 -9.4% 

Q30 0.148 0.143 0.006 3.7% 

Q20 0.270 0.220 0.050 18.5% 

Q10 0.536 0.493 0.043 7.9% 

Q5 0.733 0.757 -0.025 -3.3% 

Mean 0.173 0.173 -0.001 -0.4% 

Maximum 2.080 2.380 -0.300 -14.4 

Total  17,701 (Ml) 17,777 (Ml) -76 (Ml) -0.4% 

3.3.6 Cumulative Flow 

A cumulative flow comparison through the calibration period is presented in Figure 3-8.  This plots cumulative 
flows through this period, highlighting any periods of departure in a similar manner to double mass plots, except 
here both series are plotted against time.  This plot shows the cumulative differences and helps to provide 
additional detail on the timing and magnitude of differences between the recorded and simulated flows. 

 

Figure 3-8 Cumulative Flow Plots for simulated and recorded mean daily flows over calibration period from 2012 to 2015 

The plots presented in Figure 3-8 demonstrate a reasonable agreement between the recorded and simulated 
flows through the calibration period.  There is a minor departure between the plots in 2013 and 2014, with an 
under-simulation of lower flows through the summer months but convergence is achieved by the by the end of 
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each year and continues through to the end of the calibration period. Thus, from this it is considered that the 
calibration presented here has been successfully completed to a reasonable level of agreement between 
recorded and simulated flows. 

3.3.7 Overall Calibration 

Overall the calibration is considered to be reasonable given the known uncertainty with the gauged record and 
difficulty simulating low and zero flows.  There are both over- and under- simulations of flows but the rates of 
recession are generally replicated and the overall water balance achieved.  Comparison across the entire flow 
range using the FDC shows a reasonable fit with a slight under estimation at the extreme low flows. 

As summarised in Section 1.2, Atkins completed a similar study to this in 2007, and calibrated their model for 
the period between 1990 and 1996, which was gauged using the Flat-V weir, and has been noted to have a 
high level of uncertainty surrounding the accuracy of the flows.  In that study Atkins2 had to make an adjustment 
of -25% to the catchment area in order to achieve an acceptable calibration across the flows.  They still 
however, noted concerns with the simulation of low and zero flows.  Atkins reported their GoF statistics as 
having an r² value of 0.66 and a Nash-Sutcliffe Efficiency of 0.62; both lower than the values from the present 
study (Table 3-I).  The flow duration curve presented in the Atkins report (Figure 3-9) highlights the deviation at 
low flows. 

 

Figure 3-9: FDC for Atkins Sarre Penn calibration for period from 1990 to 1996 

Given the uncertainties with the calibration data the Jacobs model is considered fit for taking forward to the 
verification phase. The confidence associated with the calibration can only be improved if there are better data 
to calibrate against. 

3.4 Model Verification 

The calibration period discussed in Section 3.3 was used to build a model and optimise the parameters to 
simulate flows that are representative of the short period of gauged data between 2012 and 2015. To gain an 
appreciation of the calibration success and the representativeness of the parameter values against an 
independent period, the model was run again between 2007 and 2010 inclusive and the same GoF statistics 
were generated to measure the success (Table 3-K).  2011 was not included in this initial verification run as 
65% of the data in this year was removed.  
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The same HYSIM model parameters from the calibrated model were used, with single parameter optimisation 
applied to regain the water balance. This was then also repeated over the entire period of recorded data. 

3.4.1 Verification over period from 2007 to 2010 

A verification period between 2007 and 2010 inclusive was used to verify the representativeness of the 
calibrated model on an independent period of gauged data.  Due to the limited length of the gauged record only 
a short warm up period of 5 months was available to run the model in.  The recorded data were not of the best 
quality and had several missing periods therefore the analysis was only completed against comparable periods 
of data.  It was not an ideal data set due to the absence of low flows during the summer months in many years, 
but was the best available.  The GoF statistics and visual assessment of hydrographs, FDCs and cumulative 
plots are discussed below. 

3.4.2 Goodness of Fit 

The Goodness of Fit (GoF) statistics associated with this verification period are given in Table 3-K.  Again, as 
with the calibration period the magnitude of the flows recorded at the site make the model very sensitive to the 
choice of parameters.  Whilst the mean flows have been matched, the Percentage of Explained Variance is 
noticeably lower than for the calibration period.  This could partly be explained by the quality of the data that 
have been used to verify against, as there are numerous missing periods, particularly for lower flows during the 
summer months. 

Table 3-K: HYSIM Generated GoF Statistics for Verification Period 

Daily Values Simulated Recorded 

Mean Daily Flow (m³/s) 0.106 0.105 

Standard Deviation 0.172 0.247 

Correlation Coefficient (r²) - 0.675 

Percentage of Explained Variance - 45.52% 

Nash-Sutcliffe Efficiency - 0.470 

Root Mean Square Error (RMSE) - 0.182 

Monthly Values Simulated Recorded 

Mean Daily Flow (m³/s) 0.101 0.103 

Standard Deviation 0.099 0.120 

Correlation Coefficient (r²) - 0.743 

Percentage of Explained Variance - 54.58% 

3.4.3 Hydrographs 

The hydrographs ( 

Figure 3-10) show an acceptable calibration however the peak flows are generally under simulated, although 
the timing of events is replicated well.  The model does not perform well with respect to simulating low flows.  
The recession rates are matched where comparisons can be made, but as can be seen on the hydrograph in 
Figure 3-11, using the log-axis for mean daily flows, there is a poor simulation of lower flows.  The over 
simulation of low flows is not considered to be significant failure of the model due to the concerns raised earlier 
(Section 2.1) about potential under recording of low flows by the ultrasonic gauge. Overall the verification is 
acceptable given the uncertainty and gaps associated with the verification data. 
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Figure 3-10: Hydrograph for simulated and recorded mean daily flows over verification period from 2007 to 2010 

 

Figure 3-11: Hydrograph covering verification period from 2007 to 2010 using a log axis for mean daily flow to better represent 
recession rates 
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3.4.4 Flow Duration Curves 

From the FDC presented in Figure 3-12 it is evident that there is a poor fit across the entire flow range, with a 
significant over prediction at the lowest flows.  Again, without knowing the extent to which the ultrasonic gauge 
is potentially under recording low flows the relative significance of these differences at low flows is uncertain. 

A more detailed comparison of flow duration percentile estimates is given in Table 3-L, which identifies the level 
of agreement between recorded and simulated flows over the verification period.  The overall water balance has 
been achieved, with the simulated and recorded mean and cumulative flows being approximately equal.  The 
largest magnitude difference across these percentiles is 0.034m³/s at the 5th percentile flow.  This is equivalent 
to 6.7% i.e. the simulated flow is 6.7% larger than the recorded flow at this flow percentile.  The largest 
percentage difference is 90.7% at the 90th percentile flow, which is equivalent to a simulated flow value 
0.010m³/s larger than the recorded flow.  Zero flow was recorded for the 91st percentile and below, whilst no 
zero flows were simulated by the model over this verification period.  The under recording of low flows by the 
ultrasonic gauge may partly explain these significant differences at low flows. 

 

Figure 3-12: FDCs for simulated and recorded mean daily flows over verification period from 2007 to 2010 
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Table 3-L: Comparison of Flow Percentiles over Verification Period 

Percentile 
Simulated Flow 

(m³/s) 
Recorded Flow 

(m³/s) 
Difference from 
Recorded (m³/s) 

Percentage 
Difference from 
Recorded (%) 

Q99 0.005 0.000 0.005 - 
Q95 0.008 0.000 0.008 - 
Q90 0.011 0.001 0.010 90.7% 
Q80 0.015 0.004 0.011 72.9% 
Q70 0.022 0.010 0.012 54.3% 
Q60 0.033 0.021 0.012 35.5% 
Q50 0.041 0.031 0.010 24.6% 
Q40 0.058 0.047 0.011 19.1% 
Q30 0.078 0.070 0.008 10.3% 
Q20 0.138 0.122 0.016 11.3% 
Q10 0.271 0.255 0.016 5.8% 
Q5 0.501 0.468 0.034 6.7% 

Mean 0.106 0.105 0.001 0.9% 
Maximum 1.425 3.380 -1.955 -137.2% 

Total  11,685 (Ml) 11,579 (Ml) 105 (Ml) 0.9% 

3.4.5 Cumulative Flows 

The cumulative plots presented in Figure 3-13 demonstrate an acceptable agreement between the recorded 
and simulated flows over the verification period. There are noticeable departures between the recorded and 
simulated series, with both the over- and under- simulation of flows, but convergence is achieved by the end of 
the verification period. The periods where the series flat line are a result of missing data.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-13: Cumulative flow plots for simulated and recorded mean daily flows over verification period from 2007 to 2010 
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Thus, from the above assessment it is considered that the verification has demonstrated an acceptable level of 
agreement between recorded and simulated flows over the available verification period. 

The following section discusses the success of the verification across the entire gauged record. 

3.4.6 Verification over entire gauged record from 2006 to 2015 

The calibrated Hydraulic and Hydrology parameter values were used and the Single Parameter optimisation run 
to achieve a water balance across the entire gauged period. To gain an improved fit against the recorded data 
additional parameter values were adjusted. A final set of parameter values used in the model has been 
presented in Table 3-M. 

Table 3-M: Final Basic Hydrology Parameters 

Parameter 
Initial 

Estimate 
Source of Estimate 

Interception Storage (mm) 4.60 Unchanged from initial estimate 

Impermeable Proportion 0.02 Unchanged from calibration 

Time to Peak (minor channels) (hrs) 5.42 Unchanged from initial estimate 

Soil Rooting Depth (mm) 250 Unchanged from calibration 

Pore Size Distribution Index (PSDI) 0.12 Unchanged from initial estimate 

Saturated Permeability at Horizon 
Boundary (mm/hr) 

13.449 Unchanged from calibration 

Saturated Permeability at Base of Lower 
Horizon (mm/hr) 

40.000 Unchanged from calibration 

Interflow Run‑off from the Upper Horizon 
at Saturation (mm/hr) 

20.665 Unchanged from calibration 

Interflow Run‑off from the Lower Horizon 
at Saturation (mm/hr) 

10.111 Unchanged from calibration 

Groundwater Recession 0.75 
Adjusted through manual calibration to improve fit 
at lower flows 

Precipitation Correction Factor 0.839 
Adjusted through single parameter optimisation to 
regain water balance 

Potential Evapotranspiration Correction 
Factor 

1.000 Unchanged from initial estimate 

Catchment area (km²) 19.56 Unchanged from initial estimate 

3.4.7 Goodness of Fit 

The GoF statistics were generated against the complete recorded flow time series, from 2006 to 2015, where 
comparable values were available. These GoF statistics are presented in Table 3-N. 

Again, as with the calibration period the magnitude of the flows recorded at the site makes the model very 
sensitive to the choice of parameters. Whilst the mean flows have been simulated, the Percentage of Explained 
Variance is lower than for the calibration period, which would be expected.  
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Table 3-N: HYSIM Generated GoF Statistics for entire gauged record from 2006 to 2015 

Daily Values Simulated Recorded 

Mean Daily Flow (m³/s) 0.136 0.136 

Standard Deviation 0.222 0.268 

Correlation Coefficient (r²) - 0.771 

Percentage of Explained Variance - 59.15% 

Nash-Sutcliffe Efficiency - 0.608 

Root Mean Square Error (RMSE) - 0.171 

Monthly Values Simulated Recorded 
Mean Daily Flow (m³/s) 0.138 0.139 

Standard Deviation 0.142 0.159 

Correlation Coefficient (r²) - 0.904 

Percentage of Explained Variance - 81.62% 

3.4.8 Hydrographs 

The hydrographs (Figure 3-14) show an acceptable calibration however the peak flows are both over- and 
under- simulated, although generally the timing of peaks is replicated well.  The model does not perform well 
with respect to simulating low flows but as noted, this is where the greatest uncertainty lies with the calibration 
data. The recession rates are matched where comparisons can be made, but as can be seen on the hydrograph 
in Figure 3-15, using the log-axis for mean daily flows shows the poor simulation of lower flows.  Overall the 
verification is reasonable given the uncertainty and gaps associated with the recorded data. 

 

Figure 3-14: Hydrograph for simulated and recorded mean daily flows over entire recorded period from 2006 to 2015 
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Figure 3-15: Hydrograph covering entire recorded period from 2006 to 2015 using a log axis for mean daily flow to better 
represent recession rates 

3.4.9 Flow Duration Curves 

The FDC presented in Figure 3-16 demonstrates a reasonable fit across the entire flow range.  The most 
noticeable variation occurs for flows between the Q65 and Q85. 

A more detailed comparison of flow duration percentile estimates is given in Table 3-O, which identifies the level 
of agreement between recorded and simulated flows over the entire recorded period.  The overall water balance 
has been achieved, with the simulated and recorded mean and cumulative flows being approximately equal. 
The largest magnitude difference across these percentiles is 0.051m³/s at the 10th percentile flow. This is 
equivalent to 12.8% i.e. the simulated flow is 12.8% larger than the recorded flow at this flow percentile.  The 
largest percentage difference is -51.9% at the 80th percentile flow, which is equivalent to a simulated flow value -
0.004m³/s less than the recorded flow.  Zero flow was recorded for the 94th and 93rd percentile flows and below, 
for the recorded and simulated series respectively. 
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Figure 3-16: FDCs for simulated and recorded mean daily flows over entire recorded period from 2006 to 2015 

Table 3-O: Comparison of Flow Percentiles over entire gauged record 

Percentile 
Simulated Flow 

(m³/s) 
Recorded Flow 

(m³/s) 
Difference from 
Recorded (m³/s) 

Percentage 
Difference from 
Recorded (%) 

Q99 0.000 0.000 0.000 - 

Q95 0.000 0.000 0.000 - 

Q90 0.003 0.002 0.001 31.4% 

Q80 0.008 0.012 -0.004 -51.9% 

Q70 0.017 0.021 -0.004 -25.5% 

Q60 0.030 0.028 0.002 7.3% 

Q50 0.046 0.042 0.004 8.4% 

Q40 0.072 0.064 0.009 11.9% 

Q30 0.113 0.099 0.014 12.4% 

Q20 0.198 0.168 0.030 15.1% 

Q10 0.400 0.349 0.051 12.8% 

Q5 0.633 0.631 0.002 0.3% 

Mean 0.136 0.135 0.001 0.7% 

Maximum 1.918 3.380 -1.462 -76.2% 

Total  32,068 (Ml) 31,854 (Ml) 213 (Ml) 0.7% 
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3.4.10 Cumulative Flows 

The cumulative flow plots presented in Figure 3-17 demonstrate an acceptable level of agreement between the 
recorded and simulated flows over the entire recorded series. There is a departure starting in 2008 and 
diverging further in 2009 which continues until 2013 before convergence is again achieved and continues to the 
end of the record. The periods where the series flat line are a result of missing data.  Given the uncertainties 
with the recorded data it is considered that the verification over the entire record has demonstrated an 
acceptable level of agreement between recorded and simulated flows. 

 

 

Figure 3-17: Cumulative flow plots for simulated and recorded mean daily flows over entire recorded period from 2006 to 2015 

3.5 Summary 

The present model provides better GoF statistics than reported by Atkins2 from the calibration of their Sarre 
Penn model, however, it should be noted that the Atkins and Jacobs models were built using different platforms 
(CatchMod and HYSIM respectively), over different periods of time and using data from different gauges (flat-V 
weir and ultrasonic respectively), making any direct comparisons difficult. 

Given the uncertainty with recorded low / zero flows within the data used to calibrate the model against, it is 
considered that the above Jacobs calibration has produced a reasonable simulation of flows across the entire 
flow range.  This preliminary model that has been constructed and calibrated based upon the available data and 
shows a good fit in terms of the timing of peaks but needs to be updated when an improved flow data set 
becomes available following a spot gauging programme and the development of a solution to accurately 
determine low flows . The calibration can only be improved with a reduction in uncertainty in the recorded flow 
data from the Sarre Penn gauging station, in particular the recorded low flow data. 

0

5000

10000

15000

20000

25000

30000

35000

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

C
u
m
u
la
ti
ve

 F
lo
w
 (
M
l)

Recorded SimulatedDRAFT



HYSIM Modelling Study 

 

39 

 

4. Simulated Inflows 

This section provides a summary of the approach used to simulate a long-term inflow sequence for the Sarre 
Penn at Calcott and the methodology for proportioning this flow to the two inflows to the proposed reservoir. 

4.1 Long-term Streamflow Simulation 

The calibrated and verified parameter file (Table 3-C, Table 3-E and Table 3-M) was used along with the 
extended rainfall (Section 2.2) and PET (Section 2.3) to simulate a streamflow from 1920 to 2015.  The resultant 
hydrograph and FDC are presented in Figure 4-1 and Figure 4-2 respectively.  A more detailed list of flow 
percentiles and statistics is presented in Table 4-A; this shows that flows below the Q95 are zero. 

 

 

Figure 4-1: Long-term simulated Hydrograph for the Sarre Penn at Calcott from 1920 to 2015 
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Figure 4-2: Long-term simulated FDC for the Sarre Penn at Calcott from 1920 to 2015 

Table 4-A: Statistical Flow Summary for the Long-term simulated flows on the Sarre Penn at Calcott 

Percentile 
Simulated Flow 

(m³/s) 

Q99 0.000 

Q95 0.000 

Q90 0.001 

Q80 0.005 

Q70 0.010 

Q60 0.018 

Q50 0.029 

Q40 0.046 

Q30 0.074 

Q20 0.140 

Q10 0.291 

Q5 0.507 

Mean 0.105 

Maximum 4.250 

Total  316,229 (Ml) 
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The cumulative flow plot for the extended Sarre Penn streamflow is presented in Figure 4-3 and does not show 
any sudden changes in the gradient of the line indicating erroneous values.  The noticeably wet winters, such as 
2000/01, can be seen in a steepening of the gradient. 

 

Figure 4-3: Cumulative flow for extended Sarre Penn streamflow 

4.2 Proportioning of flow to represent catchment at point of diversion 

To assist in the design of the bypass / compensation channel the flows relating to the catchment at the point of 
diversion are required.  The flow has been derived based on the proportion of associated catchment area 
(Figure 4-4 and Table 4-B) as no better understanding of flow contribution from each sub-catchment is 
available. 

Table 4-B: Feeder Streams to reservoir 

Catchment NGR 
Catchment Area 

(km²)* 
Proportion of 

simulated flow (%) 

Sarre Penn at Calcott TR 17350 62450 19.56 100 

Northern Inflow TR 16782 62287 7.04 36.0 

Southern Intake TR 14256 60484 8.51 43.5 

Intermediate 
catchment area 

Between TR 14256 60484 
and TR 16808 62246 

(2.95) (15.1) 

* Catchment areas derived from FEH CD-ROM 
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Figure 4-4: Sarre Penn and Broad Oak Reservoir inflows sub-catchments 

Currently the intermediate catchment area downstream from the diversion at Tyler Hill has not been accounted 
for.  The compensation / bypass channel will flow in a north-easterly direction through this area, intercepting 
some runoff, but the exact alignment has not been determined at the time of writing this report. 

The hydrographs representing the mean daily flows for the northern inflow and at the point of diversion on the 
southern feeder stream are presented in Figure 4-5.  The FDCs and further flow duration percentile statistics are 
presented in Figure 4-6 and Table 4-C respectively.  Finally, the cumulative flow plots for each catchment are 
presented in Figure 4-7. 

These proportioned flows are considered acceptable for use in the initial design of the bypass / compensation 
channel around Broad Oak reservoir and assessment of potential reservoir yield; on the understanding that the 
results are expected to change following a series of spot gauging and improved understanding of the gauged 
record used in the model build and calibration.  
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Figure 4-5: Long-term Proportioned Inflow Hydrographs from 1920 to 2015 

 

Figure 4-6: Long-term Proportioned Inflow FDCs from 1920 to 2015 
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Table 4-C: Long-term Statistical Flow Summary for two Reservoir inflows 

Percentile 
Simulated Flow for 

Northern Inflow 
(m³/s) 

Simulated Flow for 
Southern Intake 

(m³/s) 

Q99 0.000 0.000

Q95 0.000 0.000

Q90 0.000 0.001

Q80 0.002 0.002

Q70 0.004 0.004

Q60 0.006 0.008

Q50 0.010 0.012

Q40 0.017 0.020

Q30 0.027 0.032

Q20 0.050 0.061

Q10 0.105 0.127

Q5 0.182 0.221

Mean 0.038 0.046

Maximum 1.530 1.849

Total  113,817 (Ml) 137,582 (Ml)

 

Figure 4-7: Cumulative flow plots for the two upstream catchments that will feed the proposed Broad Oak Reservoir 
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5. Summary and Recommendations 

An extended streamflow sequence has been generated based for the Sarre Penn stream using the HYSIM 
rainfall-runoff model, at the location of the gauging station, as inflow to Broad Oak reservoir and at the intake 
point for a diversion channel around the reservoir.  The HYSIM model was calibrated against the best available 
gauged record immediately downstream of the proposed Broad Oak reservoir site.  It is acknowledged that the 
quality of the gauged record is uncertain and there are known to be issues with regard to the extreme flows 
recorded at the station. 

The model produced has an improved calibration in comparison with the Atkins model produced in 2007.  
Further improvements can be obtained by improving the quality of the flow data at the Sarre Penn gauging 
station.  This can be achieved by improving the quality of the station rating  has been shown, but the only way to 
improve on the modelling further is to have better quality flow data with which to calibrate against, unfortunately 
this is not available for this study. 

5.1 Recommendations 

A number of recommendations are presented which can improve the confidence in the simulated flows, these 
include: 

 Working with the Environment Agency to tidy up / correct historical gauged record for Sarre Penn (1975 
- 1996) to allow a longer period of model verification to be completed; 

 Request that the Environment Agency address the list of recommendations they made with regards to 
the gauging station, or provide an update on progress; 

 Undertake a site visit to determine the condition of the gauging station and its limitations; feeding this 
back into the gauged record; 

 Undertake a programme of spot gaugings over a range of flows to improve the empirical rating for the 
ultrasonic gauge and get a better calibration for the Flat-V weir; 

 Update the ultrasonic settings with the revised channel dimensions and datum and recalculate the 
flows; 

 Confirm the exact location of the point of diversion, upstream catchment area and route of bypass 
channel to allow the accurate determination of catchment areas; 

 Undertake a series of spot gaugings on each upstream feeder to confirm the proportioning of flow by 
catchment area is an accurate approach to estimating flow in the two tributaries of the Sarre Penn 
upstream of the Broad Oak reservoir site; and 

 Make an allowance for the side-long runoff from the intermediate catchment area to the reservoir and 
bypass channel. 

Once the above recommendations have been addressed it is advised that the calibration and streamflow 
simulation is revisited. 

Further possible actions which would lead to an improved flow record from Sarre Penn at Calcott in future are 
given below, however these are not recommended at present as they would impact on activities to improve the 
quality of the historical flow data: 

 Replace the Flat-V weir with a British Standard compliant structure.  This would improve the accuracy of 
future low flow measurements; and 

 Consider the replacement of the existing ultrasonic instrument with one that is capable of accurately 
measuring the low flows / velocities. 
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Appendix A. Environment Agency Review of flow derivation at 
Calcott gauging station 
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Site details  

Station number 654715002 

Station name Calcott GS 

River name Sarre Penn 

Grid reference TR 17391 62459 

Year opened 1981 

Description of station 
(control/building/equipment) 

The site was initially a small flat V weir where head only was 
recorded up until 05/06/2006. Modular limit of weir was low 
due to fall over it, so any significant events would have 
drowned out the flat V and no correction would have been 
made to the flow data. Site is currently a Sarasota ISO multi 
path time of flight ultrasonic inline system, consisting of 4 
paths. Old weir still exists to artificially raise the head levels 
so that there is sufficient coverage of the bottom transducer 
path. Stage measured via internal dip on old weir head 
stilling well and compared to external gaugeboard level. The 
equipment recording the primary level is a single Shaft 
Encoder (4-20mA) rather than an arbitration between 3 
pressure transducers which is the regionally agreed 
standard. Gauge is a Sarasota 200 connected to a Dynamic 
Logic 7141 series telemetry outstation. A Technolog Newlog 
3.25 (128k) connected to a shaft encoder is used as a 
backup to the Sarasota 200 level in case it fails. 

SLA level Silver 

Station datum 17.659mAOD (All data is recorded in relation to weir crest 
datum). 17.624 is the bottom of the flat V according to latest 
survey 20536-CALC-2 taken 27/08/08.  

Bankfull level Approximately 18.49mAOD (height of lowest point on left 
bank from 2008 survey 20536-CALC-2). 

Internal dip point datum: 1.949 Dipped to top of concrete stilling well (paint mark).  

External dip plate datum: Gaugeboard in local level and levelled to weir crest. 

Last topographic survey July 2008 by Longdin & Browning (20536-CALC-1, 20536-
CALC-2) 

Flow derivation method Velocity area method. Velocity calculated using up to 4 

Review of flow derivation method  

SE Region, Kent and South London Area, 654715002 Calcott Gauging Station 
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ultrasonic paths. 

Last rating review Never reviewed. 

Last rating change Gauge coefficients/cross section dimensions/path lengths 
appear to have never been adjusted from the as built 2006 
survey drawings. It has been identified that the existing 
channel dimensions and path lengths within the gauge are 
different to the original survey. The new parameters should 
be taken from the 2008 topographic survey listed above, 
which is more accurate and up to date data. When these 
dimensions are inputted into the gauge it will mean that there 
will be a new rating for the site from that point onwards so it 
is most important that this is documented. Prior to the 
ultrasonic installation there must have been a rating for the 
old Flat V weir but this is not held within the Environment 
Agency H&T team as the weir was adopted from Mid Kent 
Water. Because of this a rating was developed (22/12/2011 
by PSB) based upon the historic weir gaugings which 
enabled the section to be rated and historic flows to be back 
calculated for the archived 15 minute stage data back to 
1981. The 15 minute flows agree quite well with the archived 
daily min, mean and max flow data calculated from the Mid 
Kent Water weir rating.                    

Spot flow gauging location Unknown (no comment in Biber) but most likely from the 
bridge or banks just upstream of the ultrasonic measuring 
section with Streampro, Rio Grande or Flow Tracker. 
Historically gauged 60m downstream of the old weir where 
velocities are sufficient enough to obtain a good estimate of 
flow from a rotating element current meter (REM). 

Maximum gauging 0.117 cumecs on 09/03/2010 

Minimum gauging 0.009 cumecs on 22/09/2010 

Maximum gauging stage 0.145m 17.804mAOD on 09/03/2010 

Minimum gauging stage 0.055m 17.804mAOD on 20/05/2005 

Maximum recorded flow 30.30 cumecs on 30/03/1988 (records commence 
01/06/1981).   

Minimum recorded flow 0.000 cumecs throughout the record (records commence 
01/06/1981). 

Maximum recorded stage 1.756m 19.415mAOD on 30/03/1988 (records commence 
01/06/1981). 

Minimum recorded stage 0.000m 17.659mAOD throughout the record (records 
commence 01/06/1981).  

Known problems The old GRP flat V weir has been found to be warped and 
currently not British Standard but it is unknown whether or 
not this has always been the case. Due to this any previous 
flow data calculated by the BS theoretical flat V weir equation 
should be treated with caution. The modular limit of the flat V 
was also quite low. Any significant events would have 
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drowned out the weir and no non modular correction was 
applied to the flow data. This was due to no tail or crest 
tapping parameters being recorded to enable a reduction of 
the recorded flows.  

Introduction and history 

The DIAP drivers are listed in table 1 and the GSDQ scores are in table 2. Calcott is a non SLA National River 
Flow Archive station (40027), and it does not feature on Hi-Flows UK. Calcott is also not used for any current 
abstraction licence constraint.  

Driver Importance 

FRM Operational Work Moderately Important 

Fisheries, Recreation and Biodiversity Important 

WR Water Regulation  Essential 

WR Operations Essential 

Table 1: DIAP drivers for Calcott GS. 

 

High Flow Low Flow General 

CAUTION 

0.50 

CAUTION 

0.46 

CAUTION 

0.28 

Table 2: GSDQ classification score September 2009. 

Calcott flow gauging station was built in 1975 originally by Mid Kent Water who operated the historic Flat V weir 
until it was handed over to the Environment Agency to continue monitoring the site in 1990s until 1996 when it 
was discontinued. The original weir was installed to measure the loss of flow from the Sarre Penn to the 
proposed reservoir and to ensure a minimum base flow. The revival of the station was essentially for the same 
reasons as renewed pressures required further investigations due to the demand on existing water resource 
management. The old Flat V weir was superseded as the flow measuring method by the current ultrasonic site 
in 2006 after a culmination of issues with the weir gathering accurate discharge data. The current measuring 
section is capable of containing all but exceptional floods, which makes it important for Flood Risk Management. 

The rating has never before been properly reviewed hence there are no previous recommendations.   

 

Image 1 – Ultrasonic measuring section.                       Image 2 – View Upstream of measuring section.  
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Image 3 – View downstream of measuring section.       Image 4 – Ultrasonic gauge and telemetry. 

The dimensions currently used within the gauge flow calculations are listed in table 4 and those obtained from 
the July 2008 survey are shown in table 3. 

 

Path  Length (m) 
Angle 
(degrees) 

Height 
(mAOD)   Profile   

1 2.884 53 17.536   Height Width 

2 2.895 53 17.636     

3 2.916 53 17.836     

4 2.954 53 18.184     

Table 3: Dimensions taken from latest survey obtained 27 July 2008 (20536-CALC-2). 

Path  Length (m) 
Angle 
(degrees) 

Height 
(mAOD)         

Profile 

Height 

  

Width 

1 2.875 52.0 17.559   17.359 2.78 

2 2.895 52.31 17.659    18.659 2.995 

3 2.915 52.61 17.859     

4 2.955 53.20 18.209     

Table 4: As built dimensions currently used within the gauge flow calculations obtained from 24 July 
2006 survey drawing. 

Evaluation 

The evaluation comprises a comparison of spot flows with gauging station flows for the corresponding times. A 
full list of spot gaugings (along with the analysis) for Calcott can be found in appendix 1. Six spot gaugings 
completed on 21/04/2005, 05/05/2005, 06/05/2005, 20/05/2005, 04/07/2005 & 22/09/2010 have been excluded 
from the analysis. They have been excluded on the basis that there is no corresponding gauge data in WISKI to 
compare the measurement of discharge to.  
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Graph 1 –Individual gauging deviations. 

It can be seen from graph 1 that there is a tendency for spot gaugings to show a positive deviation bias from the 
archived flow results. However there are only 4 gaugings to base this upon and the high deviation from the 
rated flow gaugings are in extreme low flows (possibly beyond the measuring range of the 
equipment/technology). 

  

Graph 2a – Gauging deviations against time. 

Graph 2a above shows the lack of spot flow gaugings for the site through time and that more would be needed 
to identify any trend or assess that the gauge is operating within agreed requirements. 
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Graph 2b – Gauging deviations against Stage.  

Graph 2b shows a lack of gaugings above a stage of 0.145m and a general lack of gaugings at the site in its 5 
year period of record. The highest stage reached at this site is 12 times the height of the highest gauged stage 
in the archive which means that there is a large stage range where the flow cannot be confirmed (0.145m – 
1.75m). It should be noted that stage alone has no direct relationship on the calculation of flows at this site, but 
it does give an indication of the amount of data needed and the work that needs to be put in to confirm the 
calculation of flow at this site. 

 

Graph 3 – Gauging deviation and cumulative deviation against time. 

There are too few gaugings in graph 3 to determine any trend or conclude any problems with the calculation of 
flow at this site. 
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Graph 4 – Gauging deviation and cumulative deviation with ascending stage. 

There are too few gaugings in graph 4 to determine any trend or conclude any problems with the calculation of 
flow at this site apart from the fact that there may be a problem with the gauge calculating low flows accurately. 
The whole flow regime at the site/river seems to be low in nature when the Q95 is considered which is 
0.001m3/s. This could mean that the equipment/technology is not well suited to the site/river based upon the 
transducers ability to accurately detect low velocities or it could be as a consequence of the site setup (A cross 
configuration Multi-path would be much more accurate than a single inline system). Worth note is that the 
equipment operates the majority of the time around the absolute minimum water depth according to the 
manufacturer’s specification.  

Conclusions 

 There are insufficient gaugings to assess the performance of this site. 

 On the basis of the limited evidence available, it appears the gauge has tended to underestimate flows 
since the site was installed, especially at low stages quite significantly. It must be said that there needs 
to be a minimum of 20 useable gaugings throughout all stage ranges to assess the performance of this 
gauge with any confidence. There are 4 currently held in Biber. 

 The flat V weir crest datum (site datum) in WISKI and MARS is currently 17.659mAOD and the latest 
survey completed in 2008 reveals it to be 17.624mAOD (3.5cm lower). 

 There are no gaugings applicable to the old flat V weir period of record archived within the site in Biber 
(Pre 2005).  

 The equipment and setup is operating at the lower limit of its specified working range by the 
manufacturer. The low flows and tiny velocities experienced for the majority of the time at the site may 
not be favorable to ultrasonic technology. The Q95 is 0.001m3/s.  

 Spot gauging location needs to be selected carefully where there is sufficient depth and velocity to 
calculate an accurate estimate of discharge.  

 The metadata recorded for gaugings in Biber needs to be improved. Comments field should have 
gauging location, serial number, meter used and end time (if recorded as a summary gauging).   

 The profile dimensions in the Sarasota 200 gauge could be different to that of the latest survey. This 
may be because the original as built dimensions are different to the dimensions from the latest survey 
when the site should have bedded in. To improve the accuracy of the flow calculation these new 
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dimensions need to be checked with the current dimensions and if necessary inputted to the gauge on 
site and documented accordingly.  

 

Recommendations 

Intense gauging throughout all stage and flow ranges to determine if the gauge is working within acceptable 
limits of accuracy. Gauging alarms can be setup in the RTS to warn staff when to gauge this site. I would 
suggest that this alarm be set quite low initially until a significant number of gaugings has been taken. At least 
20 gaugings are needed to have any confidence in the Standard Error (SE) statistic. 

Action: Date:  

 

Site datum discrepancy needs to be resolved and correct datum history needs to be entered into MARS and 
WISKI. 

Action: Date:  

 

Gaugings that applied to the old flat V weir period of record (Pre 2005) need to be recovered and entered into 
the primary site in Biber. These gaugings are actually recorded in two secondary sites in Biber. We need to 
amalgamate the gaugings from these secondary sites into the primary site.  

Action: Secondary gaugings promoted to the primary site.  Date: 21/12/2011 

 

Investigate and compare a number of low flow gaugings (in the sites Q95 range) to the flows from the gauge to 
determine if the gauge is working to acceptable degree of accuracy. If not, then Thermo need to be contacted to 
troubleshoot the problem if there is one. 

 Action: Date:  

 

Maintenance needs to be improved at this site. Excess siltation in the Ultrasonic measuring section and in front 
of the weir needs to be kept in check. As the site level check is measured from the old weir datum (via stilling 
well) it is especially important that the old weir P value be maintained so that the intake to the stilling well is kept 
free of silt and correct water stages are archived. 

Action: Date:  

 

Spot gauging location throughout the range flows should be reconsidered and documented in Biber for each 
gauging. It is recommended that medium to high flows are gauged from the downstream side of the bridge/bank 
just upstream of the ultrasonic paths with a Rio Grande/Streampro etc. It is suggested that low flows are gauged 
with a point velocity current meter downstream of the weir where velocities are greater, there is a straight 
approach and sufficient depth.   

Action: Date:  

 

Check that the latest survey dimensions (2008) are held within the Sarasota 200 gauge parameters. Any 
changes to the Sarasota 200 gauge parameters on site need to be properly documented. 

Action: Date:  
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Approval and sign off  

Review carried out by:  

 Name Job title Signature Date  

H&T Paul Broome H&T Officer 1   23/12/2011 

 

Recommendations approved by: 

 Name Job title Signature Date  

H&T Paul Munson H & T Officer 1  05/01/2012 

 

If you’ve identified a significant change (for example, the station would benefit from being modified/re-
built/replaced or a change to the flow derivation method/ algorithm(s) is required), then you need to record all 
data user’s agreement to the proposed changes. You must complete the following table. Add extra rows if you 
need to. 

 

Changes agreed by: 

 Name Job Title Signature Date  

FRM     

WR     
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Appendix 1 – Table of all current meter gaugings at Calcott GS. 

Number Date Time 
Stage 
[mALD] Flow [m³/s] Status 

1 21/04/2005 13:12:00 0.124 0.085 exclude 

2 05/05/2005 12:00:00 0.091 0.011 exclude 

3 06/05/2005 15:08:00 0.074 0.032 exclude 

4 20/05/2005 13:40:00 0.055 0.028 exclude 

5 04/07/2005 10:32:00 0.105 0.068 exclude 

6 12/10/2006 12:23:00 0.076 0.024 confirmed 

7 12/10/2006 13:06:00 0.076 0.046 confirmed 

8 30/09/2009 11:16:00 0.063 0.016 confirmed 

9 09/03/2010 10:30:00 0.145 0.117 confirmed 

10 22/09/2010 13:46:00 0.070 0.009 exclude 

 

Appendix 2 –Current meter deviation (For only gaugings used in analysis). 

Date Time 
Stage 
(mALD) 

 Flow 
(m3/s) 

Flow from 
Gauge 
(m3/s) 

Deviation 
(%) 

Deviation 
(m3/s) 

12/10/2006 12:23:00 0.076 0.024 0.021 17.1 0.003 

12/10/2006 13:06:00 0.076 0.046 0.020 130.0 0.026 

30/09/2009 11:16:00 0.063 0.016 0.001 1500.0 0.015 

09/03/2010 10:30:00 0.145 0.117 0.084 39.3 0.033 
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Appendix B. Calibration Log 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Initial Model Run Copy of Run 1 Copy of Run 2 Copy of Run 2 Copy of Run 2 Copy of Run 5 Copy of Run 5 Copy of Run 6 Copy of Run 6 Copy of Run 6 Copy of Run 6 Copy of Run 8a Copy of Run 8a Copy of Run 8a Copy of Run 8a

Recorded Flow 

Series

Initial Parameter 
Estimates

HYSIM Single 

Parameter ‐ 

Precipitation 

HYSIM Single 

Parameter ‐ PET

HYSIM Single 

Parameter ‐ Rooting 

Depth

HYSIM Multiple Parameter ‐ Extremes 

Error of Estimate (E.E.E)

HYSIM Multiple Parameter ‐ Reduced 

Error of Estimate (R.E.E)

HYSIM Multiple Parameter ‐ Proportional 

Error of Estimate (P.E.E)

HYSIM Multiple Parameter ‐ Proportional 

Error of Estimate (P.E.E)
Manual parameter adjustment Manual parameter adjustment Manual parameter adjustment Manual parameter adjustment Manual parameter adjustment Manual parameter adjustment Manual parameter adjustment

Calibration parameter being tested ‐ ‐ Use to obtain water 

balance if 

precipiation data is  

not of highest quality

Use i f there is good 

precipitation gauge 

coverage in 

catchment

Use i f Precipitation 

and PET are known 

to be accurate

This  function gives  much greater 

weight to the extremes, be they  high or 

low flows  and is  therefore a general  

purpose objective function.  It should 

be tried first and only if adequate 

results are not obtained should one of 

the other two be tried.

This  function gives  equal  weight to 

equal  errors, e.g. an error of 1 cumec 

has the same weight whether the 

recorded flow is  10 cumecs  or 1 cumec.  

The R.E.E. should be used for flood 

modelling purposes or for catchments 

where the flow in summer is zero or 

almost zero.

This  function leads  to minimisation of 

proportional  errors, e.g. an error of 1.0 

cumecs  when the recorded flow is  10 

cumecs  has the same weight as  an error 

of 0.1 cumecs  when the flow is 1.0 

cumecs.  The P.E.E. is especially useful 

when only low flows are of interest.

This  function leads to minimisation of 

proportional  errors, e.g. an error of 1.0 

cumecs  when the recorded flow is 10 

cumecs  has  the same weight as an error 

of 0.1 cumecs  when the flow is  1.0 

cumecs.  The P.E.E. is especially useful 

when only low flows are of interest.

To address  consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Rooting Depth & SP Opt Precip

To address  consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Rooting Depth & SP Opt Precip

To address  consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Rooting Depth & SP Opt Precip

To address  consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Impermeable Proportion

To address consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Impermeable Proportion

To address consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Permeabil ity of base lower 

horizon

To address consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Permeabil ity of base lower 

horizon

Period of Run 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015

Run Reference ‐ Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7a Run 7b Run 8a Run 8b Run 8c Run 9a Run 9b Run 10a Run 10b
Basic parameters

Interception storage (mm) 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60

Impermeable proportion 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.05 0.1 0.02 0.02

Time‐to‐peak (hours) 5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42

Rooting depth (mm) 1262 1262 1262 1262 1262 1262 1262 1262 250 500 750 250 250 250 250

Pore size distribution index  0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12

Permeability ‐ horizon boundary (mm/hour) 10 10 10 10 9.606 13.449 14.945 17.885 13.449 13.449 13.449 13.449 13.449 13.449 13.449

Permeability ‐ base lower horizon (mm/hour) 10 10 10 10 10.290 11.320 2.848 8.075 11.320 11.320 11.320 11.320 11.320 15.000 20.000

Interflow ‐ upper (mm/hour) 10 10 10 10 14.760 20.665 10.718 13.015 20.665 20.665 20.665 20.665 20.665 20.665 20.665

Interflow ‐ lower (mm/hour) 10 10 10 10 12.639 10.111 25.042 17.305 10.111 10.111 10.111 10.111 10.111 10.111 10.111

Transitional  Recession (per month) 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34

Precipitation factor 1.040 1.084 1.084 1.084 1.084 1.084 1.084 1.084 0.889 0.958 1.002 0.875 0.865 0.889 0.889

PET factor 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Catchment area (km²) 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56

Advanced parameters

Permeability ‐ top upper horizon (mm/hour) 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

Proportion upper horizon 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Ratio groundwater to surface catchment 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Proportion of catchment with no groundwater 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Riparian proportion 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Porosity 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48

Bubbling Pressure 324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2

Groundwater Recession (per month) 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62

Prop. transitional 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Interception factor 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25

Snow factor 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

Groundwater pumping coefficient A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Groundwater pumping constant B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Snow threshold 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Melt rate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Note: Formatting denotes  optimised parameter value

HYSIM Generated 'Goodness of Fit' (GoF) Statistics

Mean 0.173 0.158 0.173 0.173 0.173 0.176 0.176 0.178 0.176 0.176 0.177 0.175 0.174 0.173 0.176 0.176

Standard Deviation 0.298 0.24 0.259 0.259 0.259 0.279 0.276 0.295 0.272 0.292 0.291 0.285 0.291 0.292 0.287 0.283

Correlation Coefficient 0.803 0.809 0.809 0.809 0.817 0.819 0.789 0.797 0.856 0.853 0.847 0.854 0.851 0.856 0.855

Percentage of Explained Variance

[>60% = reasonable, >75% = good]
64.22% 65.17% 65.17% 65.17% 65.35% 65.92% 58.17% 62.06% 71.63% 71.22% 70.45% 71.45% 70.85% 72.08% 72.24%

IMPROVEMENT? ‐ Y N N Y Y N N Y N N N N Y Y

Jacobs Calculated Statistics

Calibration Period ‐ 2011 ‐ 2015

Q95 0.008 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Diff from Q95 (%) ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Q50 0.059 0.055 0.062 0.062 0.062 0.049 0.053 0.037 0.056 0.047 0.048 0.048 0.047 0.045 0.053 0.057

Diff from Q50 (%) ‐7% 5% 5% 5% ‐20% ‐12% ‐58% ‐5% ‐25% ‐22% ‐22% ‐26% ‐33% ‐12% ‐4%

Mean 0.173 0.158 0.173 0.173 0.173 0.176 0.176 0.178 0.176 0.176 0.177 0.175 0.174 0.173 0.176 0.176

Diff from mean (%) ‐10% 0% 0% 0% 2% 2% 3% 1% 2% 2% 1% 0% 0% 1% 1%

Total  Cumulated Flow 17777 16150 17712 17712 17712 18056 18056 18258 18022 18061 18132 17952 17856 17730 18041 18035

Diff (%) ‐10% ‐0.4% ‐0.4% ‐0.4% 1.5% 1.5% 2.6% 1.4% 1.6% 2.0% 1.0% 0.4% ‐0.3% 1.5% 1.4%

Nash‐Sutcliffe 0.642 0.652 0.652 0.652 0.653 0.659 0.582 0.621 0.716 0.712 0.705 0.714 0.708 0.721 0.722

R² 0.803 0.809 0.809 0.809 0.817 0.819 0.789 0.797 0.856 0.853 0.847 0.854 0.851 0.856 0.855

RMSE 0.178 0.176 0.176 0.176 0.175 0.174 0.192 0.183 0.159 0.160 0.162 0.159 0.161 0.157 0.157

RMSE as  % of Recorded Q50 302% 298% 298% 298% 297% 294% 326% 311% 269% 271% 274% 270% 272% 267% 266%

RMSE as  % of Recorded Q95 103% 101% 101% 101% 101% 100% 111% 106% 91% 92% 93% 92% 93% 91% 90%

IMPROVEMENT? ‐ Y N N Y Y N N Y N N N N Y Y

Verification Period ‐ 2007 ‐ 2010

Q95

Diff from Q95 (%)

Q50

Diff from Q50 (%)

Mean

Diff from mean (%)

Total  Cumulated Flow

Diff (%)

Nash‐Sutcliffe

R²

RMSE

RMSE as  % of Recorded Q50

RMSE as  % of Recorded Q95

IMPROVEMENT?

DRAFT



Stage 1a - HYSIM Modelling Study 

 

 

B14000AG/BORStudy/302 

 

 

 

In

Recorded Flow 

Series

In

Calibration parameter being tested ‐

Period of Run 2012 ‐ 2015

Run Reference ‐
Basic parameters

Interception storage (mm)

Impermeable proportion

Time‐to‐peak (hours)

Rooting depth (mm)

Pore size distribution index 

Permeability ‐ horizon boundary (mm/hour)

Permeability ‐ base lower horizon (mm/hour)

Interflow ‐ upper (mm/hour)

Interflow ‐ lower (mm/hour)

Transitional  Recession (per month)

Precipitation factor

PET factor

Catchment area (km²)

Advanced parameters

Permeability ‐ top upper horizon (mm/hour)

Proportion upper horizon

Ratio groundwater to surface catchment

Proportion of catchment with no groundwater

Riparian proportion

Porosity

Bubbling Pressure

Groundwater Recession (per month)

Prop. transitional

Interception factor

Snow factor

Groundwater pumping coefficient A

Groundwater pumping constant B

Snow threshold

Melt rate

Note: Formatting denotes  optimised parameter value

HYSIM Generated 'Goodness of Fit' (GoF) Statistics

Mean 0.173

Standard Deviation 0.298

Correlation Coefficient

Percentage of Explained Variance

[>60% = reasonable, >75% = good]

IMPROVEMENT?

Jacobs Calculated Statistics

Calibration Period ‐ 2011 ‐ 2015

Q95 0.008

Diff from Q95 (%)

Q50 0.059

Diff from Q50 (%)

Mean 0.173

Diff from mean (%)

Total  Cumulated Flow 17777

Diff (%)

Nash‐Sutcl iffe

R²

RMSE

RMSE as  % of Recorded Q50

RMSE as  % of Recorded Q95

IMPROVEMENT?

Verification Period ‐ 2007 ‐ 2010

Q95

Diff from Q95 (%)

Q50

Diff from Q50 (%)

Mean

Diff from mean (%)

Total  Cumulated Flow

Diff (%)

Nash‐Sutcl iffe

R²

RMSE

RMSE as  % of Recorded Q50

RMSE as  % of Recorded Q95

IMPROVEMENT?

16 17 18 19 20 21 22 23 24 Verification Period FINAL PARAMETER FILE

Copy of Run 8a Copy of Run 10b Copy of Run 10b Copy of Run 10b Copy of Run 10b Copy of Run 11b Copy of Run 11b Copy of Run 11b Copy of Run 11b Copy of Run 13b Copy of Run 13b Copy of Run 13b Copy of Run 13b Copy of Run 13b

Manual parameter adjustment Manual parameter adjustment Manual parameter adjustment Manual parameter adjustment Manual parameter adjustment Manual parameter adjustment Manual parameter adjustment Manual parameter adjustment Manual parameter adjustment
Recorded Flow 

Series
Verification Verification

Recorded Flow 

Series
Verification Verification Verification

To address consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Permeabil ity of base lower 

horizon

To address  consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Groundwater Recession

To address  consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Groundwater Recession

To address  consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Groundwater Recession

To address  consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Groundwater Recession

To address  consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Rooting Depth

To address  consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Rooting Depth

To address  consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Rooting Depth

To address  consistent 

over/under simulation of 

peak/low flows  or recession 

rates  ‐ state what is  being 

changed and why.

Rooting Depth

‐ Check success  of 

calibration over 

separate period 

of record ‐ 

unchanged 

parameter files

Check success  of 

calibration over 

separate period of 

record ‐ Single Parameter 

Optimisation on 

Precipitation to achieve 

Water Balance

‐ Check success of 

calibration over entire 

period of record ‐ Single 

Parameter Optimisation 

on Precipitation to 

achieve Water Balance

Adjustment made to 

GW recession to 

reduce low flow range

Adjustment made to 

GW recession to 

reduce low flow range

2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2012 ‐ 2015 2007 ‐ 2010 2007 ‐ 2010 2007 ‐ 2010 2006 ‐ 2015 2006 ‐ 2015 2006 ‐ 2015 2006 ‐ 2015

Run 10c Run 11a Run 11b Run 11c Run 11d Run 12 Run 12a Run 13a Run 13b ‐ Run V Run V2 ‐ Run X Run Xa Run Xb

4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60 4.60

0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42 5.42

250 250 250 250 250 600 400 250 250 250 250 250 250 250

0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12

13.449 13.449 13.449 13.449 13.449 13.449 13.449 13.449 13.449 13.449 13.449 13.449 13.449 13.449

30.000 20.000 20.000 20.000 20.000 20.000 20.000 15.000 40.000 40.000 40.000 40.000 40.000 40.000

20.665 20.665 20.665 20.665 20.665 20.665 20.665 20.665 20.665 20.665 20.665 20.665 20.665 20.665

10.111 10.111 10.111 10.111 10.111 10.111 10.111 10.111 10.111 10.111 10.111 10.111 10.111 10.111

0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34

0.889 0.875 0.900 0.889 0.889 0.990 0.943 0.900 0.900 0.900 0.771 0.819 0.835 0.839

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56 19.56

1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48

324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2 324.2

0.62 0 0.9 0.75 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.6 0.75

0 0 0 0 0 0 0 0 0 0 0 0 0 0

1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25

1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.175 0.174 0.174 0.174 0.173 0.175 0.173 0.173 0.173 0.105 0.145 0.106 0.136 0.137 0.135 0.136

0.277 0.324 0.279 0.277 0.275 0.276 0.276 0.282 0.266 0.247 0.218 0.172 0.268 0.209 0.222 0.222

0.85 0.857 0.832 0.849 0.845 0.85 0.847 0.841 0.83 0.665 0.675 0.755 0.779 0.771

71.65% 68.05% 68.16% 71.38% 70.84% 71.58% 71.06% 69.68% 68.58% 37.00% 45.52% 56.87% 60.36% 59.15%

N N N N N N N N N ‐ ‐ ‐ Y N

0 0 0 0 0 0 0 0 0

‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

0.061 0.013 0.052 0.059 0.058 0.053 0.052 0.048 0.060

3% ‐363% ‐13% ‐1% ‐2% ‐11% ‐12% ‐23% 2%

0.175 0.174 0.174 0.174 0.173 0.175 0.173 0.173 0.173

1% 1% 0% 0% 0% 1% 0% 0% 0%

17955 17866 17839 17832 17740 17937 17723 17757 17701

1.0% 0.5% 0.3% 0.3% ‐0.2% 0.9% ‐0.3% ‐0.1% ‐0.4%

0.717 0.681 0.682 0.714 0.708 0.716 0.711 0.697 0.686

0.850 0.857 0.832 0.849 0.845 0.850 0.847 0.841 0.830

0.158 0.168 0.168 0.159 0.161 0.159 0.160 0.164 0.167

269% 285% 285% 270% 272% 269% 271% 278% 283%

91% 97% 97% 92% 93% 91% 92% 94% 96%

N N N N N N N N N

0.000 0.017 0.008 0.000 0.007 0.000 0.000

100% 100% 100% #DIV/0! 100%

0.031 0.060 0.041 0.042 0.055 0.046 0.046

49% 25% 24% 9% 8%

0.105 0.145 0.106 0.136 0. 137 0.135 0.136

27% 1% 1% 0% 0%

11579 15901 11685 31854 32384 31850 32068

27% 1% 2% 0% 1%

0.387 0.470 0.586 0.619 0.608

0.676 0.686 0.766 0.788 0.781

0.196 0.182 0.176 0.169 0.171

633% 588% 419% 402% 408%

186% 173% 129% 124% 126%

‐ ‐ ‐ Y N
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