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Summary 
This report updates a previous WASP study1 and an earlier version with more recent data and 
analysis concerning Lake Windermere and nearby watercourses. It deals with discharges of 
untreated sewage from 4 sewage treatments works (STWs) and 3 sewage pumping stations (SPSs) 
especially when they are not treating at full capacity or are passing forward insufficient flow, 
ƎŜƴŜǊŀƭƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŜŀǊƭȅέ ǎǇƛƭƭing. Such discharges breach permits issued by the Environment 
Agency (EA) and hence are illegal2. Lƴ ǘƘƛǎ ǊŜǇƻǊǘΣ άŘǊȅέ ǎǇƛƭƭing (discharge of untreated sewage 
during no or low rainfall) is not addressed. Due to data being withheld by United Utilities (UU) or 
by the EA, only 29 of 42 requested annual data series have been analysed. 

A total of 501 days were identified with early spills. The detailed findings for each STW and SPS 
and for each year are summarised in the table below (greyed cells where data were withheld): 

 

²!{tΩǎ ŀƴŀƭȅǎƛǎ Ƙŀǎ ƛŘŜƴǘƛŦƛŜŘ ŀǘ ƭŜŀǎǘ 501 days 
with illegal early spills of untreated sewage by 
United Utilities to Lake Windermere and nearby 
watercourses between 2018 and 2023. Only 69% 
of requested data was provided for analysis. 
 2018 2019 2020 2021 2022 2023  
Ambleside STW 27 16 11 15 19 2 90 
Coniston STW  14 16  3   33 
Elterwater SPS    7 2  9 
Glebe SPS    11 6 25 42 
Grasmere STW     17 5 9 31 
Hawkshead SPS  34 37 78 11 11 42 213 
Near Sawrey STW  2 19 6 21 20 15 83 

 77 88 95 85 63 93 501 

 
Data Sources 
WASP and Save Windermere submitted Environmental Information Regulation (EIR) requests to 
UU and the EA for treated and untreated sewage discharge data - sewage flow and Event Duration 
Monitor (EDM) spill detection This was for Ambleside, Coniston, Grasmere and Near Sawrey STWs 
as well as Glebe and Hawkshead SPSs.  

Some of the requests were partially satisfied. In response to a request from WASP for all sewage 
spill data for all storm overflows for 2020 and 2021, UU refused, citing potential prejudice of EA 
and Ofwat investigations of Water and Sewerage Companies (WaSCs) started in late 2021. More 
recently, the EA provided data collected from UU as part of the same investigation and so enabled 
updates to earlier findings and new analyses. Recently, appeals by Save Windermere to the 

 
1 Sep 2022 WASP REVIEW OF UNPERMITTED SPILLS FROM SEWAGE TREATMENT WORKS ς Part 3 EDM SUBMISSIONS  
2 ά!ƴȅ ǿŀǘŜǊ ŎƻƳǇŀƴƛŜǎ ƛƴ ōǊŜŀŎƘ ƻŦ ǘƘŜƛǊ ǇŜǊƳƛǘǎ ŀǊŜ ŀŎǘƛƴƎ ƛƭƭŜƎŀƭƭȅέ https://www.ofwat.gov.uk/joint-ofwat-
environment-agency-and-defra-announcement-november-2021/  

https://drive.google.com/file/d/1qAZnTJi93IX3utTPpLFDGxsji5UODucY/view?usp=share_link
https://www.ofwat.gov.uk/joint-ofwat-environment-agency-and-defra-announcement-november-2021/
https://www.ofwat.gov.uk/joint-ofwat-environment-agency-and-defra-announcement-november-2021/
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LƴŦƻǊƳŀǘƛƻƴ /ƻƳƳƛǎǎƛƻƴŜǊΩǎ hŦŦƛŎŜ όL/hύ ŀƭǎƻ ǊŜǎǳƭǘŜŘ ƛƴ ŦǳǊǘƘŜǊ Řŀǘŀ ōŜƛƴƎ ǇǊƻǾƛŘŜŘΦ Detailed 
analysis of 69% of the data requested (29 of 42 annual data series) is given below. 
 
Ambleside STW 
Ambleside STW serves a population equivalent of almost 5,000 and spills to the River Rothay 
which flows into Lake Windermere.  

2018 Ambleside STW 
The 1,201 summary spilling hours submitted for Ambleside STW by UU to the EA for 2018 agrees 

with the detailed EDM data provided by UU to WASP. Figure 1 shows the annual chart for detailed 

EDM, detailed sewage treatment and rainfall.  

 
Figure 1: annual chart for detailed EDM, detailed treatment (FFT) and rainfall for Ambleside STW for 2018 

There was extreme rainfall on October 14th 2018 (Fig. 1) after which the meter that records 

sewage treatment flow (FFT) either fails and produces no data or reflects a complete loss of 

sewage treatment between Oct 16th and Nov 11th. However, WASP also obtained separate total 

daily volume data (TDV) from UU for sewage passed into the treatment process at the works. This 

appears to confirm continued treatment during the gap (Fig. 2). Otherwise, such a gap would have 

corresponded to about 1.5 M litres of untreated sewage being discharged each day for 28 

consecutive days. However, during much of the gap, the rate at which sewage was treated was not 

sustained at the capacity level prescribed in the EA permit for Ambleside STW even allowing for 

the 4.66% MCERTS meter error declared by United Utilities. Therefore, WASP believes that the 

works spilled early on 18 days between October 19th and November 8th.  

 
Figure 2: WASPΩǎ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ 18 days with early spills between Oct 19 and Nov 9 
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There were additional days in 2018 when, during a spill, the sewage flow passed into the 

treatment process (FFT) was not sustained above capacity (Fig. 3). WASP believes that early spills 

occurred on each of the 9 days Jan 6, 26; Aug 20-22; Sep 13, 23; Nov 17,18. 

 

 

 

 

 
Figure 3: WASPΩǎ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ 14 days with early spills on Jan 6,26; Aug 20-22; Sep 13,23; Nov 17,18 

 

2019 Ambleside STW 

The 1,176 annual spilling hours reported for Ambleside STW by UU to the EA for 2019 agrees with 

detailed EDM and treatment data provided by UU to WASP. Fig. 4 shows the 2019 overview chart.  
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Figure 4: annual overview of treatment, EDM spill and rainfall data for Ambleside STW in 2019 

Analysis suggests early spilling on Feb 12-15,23-25; Mar 18; Jul 23-25; Aug 16,19-21; Dec 9 (Fig. 5). 

 

 

 
Figure 5: ²!{tΩǎ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ early spills from Ambleside STW on 16 days in 2019 

2020 Ambleside STW 

UU initially refused to provide WASP with detailed EDM and detailed sewage treatment data for 

2020 for Ambleside STW, citing the investigation by the EA announced in November 2021. UU did 
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however provide total daily volume (TDV) sewage treatment data for 2020. Subsequently, after 

{ŀǾŜ ²ƛƴŘŜǊƳŜǊŜ ŀǇǇŜŀƭŜŘ ǘƻ ǘƘŜ LƴŦƻǊƳŀǘƛƻƴ /ƻƳƳƛǎǎƛƻƴŜǊΩǎ hŦŦƛŎŜ όΚ w9CύΣ ¦ƴƛǘŜŘ ¦ǘƛƭƛǘƛŜǎ ǿŀǎ 

instructed to provide the data. The overview chart (Fig. 6) shows TDV and rainfall data for 2020. 

WASP has estimated the spills to be equivalent to 71 or so full days (1,704 hrs) which is reasonably 

consistent with the 1,719 hrs submitted by UU to the EA. 

 
Figure 6: annual overview of rainfall and sewage flow to full treatment at Ambleside STW for 2020 

²!{tΩǎ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ ŀǘ ƭŜŀǎǘ мм Řŀȅǎ involved άŜŀǊƭȅέ ŘƛǎŎƘŀǊƎŜǎ ƻŦ ǳƴǘǊŜŀǘŜŘ ǎŜǿŀƎŜ όFig. 7). 

 

 

 

 
Figure 7: мм ƛƭƭŜƎŀƭ άŜŀǊƭȅέ ŘƛǎŎƘŀǊƎŜǎ at Ambleside STW in 2020  

(Feb 4,5; Mar 12,13,14,15; Aug 30; Nov 22,23; Dec 28,29) 
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2021 Ambleside STW 

¦¦Ωǎ нлнм ǎǇƛƭƭ ǎǳōƳƛǎǎƛƻƴ ǘƻ ǘƘŜ 9! ŦƻǊ !ƳōƭŜǎƛŘŜ ǿŀǎ ǳƴǳǎǳŀƭΦ CƛǊǎǘƭȅΣ ¦¦ ŘƛŘ ƴƻǘ ǇǊƻǾƛŘŜ ǘƘŜ 

ƴǳƳōŜǊ ƻŦ ǎǇƛƭƭƛƴƎ ƘƻǳǊǎ ōǳǘ ŜƴǘŜǊŜŘ άbκ!έ ǿƛǘƘƻǳǘ ŀƴȅ ŦǳǊǘƘŜǊ ŜȄǇƭŀƴŀǘƛƻƴΦ ¦¦ ŀƭǎƻ ŘŜŎƭŀǊŜŘ л҈ 

95a ƳƻƴƛǘƻǊ ŀŎǘƛǾƛǘȅ ŀƴŘ ŀƴ άƛƴǎǘŀƭƭŀǘƛƻƴέ ƛǎǎǳŜΦ IƻǿŜǾŜǊΣ ¦¦ Řƛd provide detailed EDM spill data 

to WASP that looks intermittently consistent with rainfall, EDM and sewage flow data.  

As with 2018 and 2019, the detailed spill data for 2021 detects likely early spills. A more generous 

interpretation of these occasions suggests the EDM monitor occasionally misidentified false 

positives. Even if this approach is taken, WASP believes the remaining spills amount to more than 

900 spilling hours. Another alternative, less generous, approach is to assume correctness of the 

EDM data provided by UU and to ƛƴǘŜǊǇǊŜǘ άŦƭŀǘǘŜƴŜŘέ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ Řŀǘŀ as 

involving spills not detected by the EDM device that could be interpreted as false negatives. If this 

second alternative approach is taken, then the total spilling hours could be 1,300 hours. 

Fig. 8 shows the detailed EDM and detailed sewage treatment data for 2021 for Ambleside STW 

with annotations identifying where there may be false positives and false negatives. Therefore, 

WASP believes that the detailed treatment and detailed EDM data provided by UU to WASP 

correspond to between 900 and 1300 spilling hours in 2021 at Ambleside STW. If the EDM data are 

correct then WASP believes there were 15 early spilling days in 2021. 

    
Figure 8: EDM and sewage treatment data for Ambleside STW for 2021 with annotations identifying 

regions where the EDM device may have made false positive or false negative detections of spills 
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2022 Ambleside STW 

The total spilling hours from Ambleside STW provided by the EA to Save Windermere agrees with 

the annual EDM summary published on its website. Fig. 9 below shows sewage treatment flow 

and EDM monitoring data. 

 
Figure 9: Overview for Ambleside STW in 2022 

²!{tΩǎ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ ǘƘŜǊŜ ǿŜǊŜ мф Řŀȅǎ ƛƴ нлнн ǿƛǘƘ early spills (Fig. 10). 

 

 

 
Figure 10: ²!{tΩǎ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ early spills on Jan 4,5,8-12; Feb 7,8,19,24-28; Mar 1-2; Apr 6; Jul 25 
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2023 Ambleside STW 

The 2023 annual overview chart for Ambleside STW is shown in Fig. 11. 

 
Figure 11: Overview for Ambleside STW in 2022 

United Utilities reported an annual spilling total of 582.03 hours to the EA for Ambleside STW for 

2023. This agrees with the sum of the lengths of the detailed individual spills provided to Save 

Windermere. 

²!{t ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ ǘƘŜǊŜ ǿŜǊŜ н Řŀȅǎ ǿƛǘƘ ƛƭƭŜƎŀƭ άŜŀǊƭȅέ ǎǇƛƭƭǎ ŀǘ !ƳōƭŜǎƛŘŜ {¢² ƛƴ нлно όFig. 

12). 

 
Figure 12: ƛƭƭŜƎŀƭ άŜŀǊƭȅέ ǎǇƛƭƭǎ ŀǘ Ambleside STW in 2022 (Jan12; Sep 20) 
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Coniston STW 

Coniston STW serves about 740 and discharges to Church Beck which flows into Coniston Water. 
 
2018 Coniston STW 

UU reported a total of 3,147 hours for 2018. This looks unreliable because of occasional 

inconsistencies between treated sewage effluent (FE) and EDM data provided by UU (Fig. 13). 

 
Figure 13: overview chart for Coniston STW for 2018 

The most consistent and reliable data suggest there were at least 14 days with early spills (Fig. 14). 

 
Figure 14: ²!{tΩǎ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ ŀǘ ƭŜŀǎǘ мп Řŀȅǎ ǿƛǘƘ early spills in 2018 at Coniston STW  

(Jan 8-10,20; Feb 4-5; Mar 24-25; Aug 12-13; Sep 24,27; Nov 18; Dec 12) 
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2019 Coniston STW 

The summary 3,516 spilling hours submitted by UU to the EA is consistent with the detailed EDM 

data provided by UU to WASP. Moreover, compared to 2018, the detailed EDM data look 

consistent with detailed flow and rainfall data. WASPΩǎ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ early spills on at least 16 

days at Coniston STW in 2019 (Fig. 15).  

 

 

 

 
Figure 15:    WASP believes there were at least 16 early spills on the following days: 

Jan 16; Feb 15; Mar 18-25; Apr 2; Sep 9-10; Dec 26-28 

2020 Coniston STW 

UU submitted summary EDM data of 5,551 spilling hours during 230 spills. This suggests an 

average spill length of about 24hrs for a 9 month period. UU refused to provide WASP with 

detailed EDM and detailed sewage treatment data for 2020 but did provide total daily flow (TDV). 
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An average spill length of 24 hrs and the TDV curve (Fig. 16) look inconsistent so WASP believes 

the spill data submitted to the EA is unreliable. ¢Ƙƛǎ Ƴŀȅ ŜȄǇƭŀƛƴ ¦¦Ωǎ ǊŜŦǳǎŀƭ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜ ŘŀǘŀΦ 

 

 
Figure 16: 2020 summary chart for total daily volume (TDV) and rainfall for Coniston STW 

 

2021 Coniston STW 

The summary EDM spilling hours of 2710 submitted by UU to the EA are consistent with the 

detailed EDM spill data that UU provided to WASP (Fig. 17) in the first six months of the year but in 

the second half of the year they appear less consistent. Therefore, as with 2018, either the EDM 

data is not entirely reliable or there are early spills in the second half of the year. 

 

 
Figure 17: 2021 summary chart for Coniston STW 

There are  sewage treatment and EDM data that appear to be reliably consistent with some early 

spilling in July and September (Fig. 18) 

z  
Figure 18: 3 likely early spills at Coniston STW (Jul 29-30; Sep 29) 
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Glebe SPS 

Generally, the spills from Glebe SPS appear to be within permit. There are also some duplicated 

pairs of date/time and sewage treatment flow in the data that were provided by the EA to Save 

Windermere. These were removed.  

2021 Glebe SPS 

Analysis suggests there were 11 days when Glebe Road SPS spilled early in 2021 (see Fig 19). 

 

 
Figure 19: 11 likely early spill days at Glebe SPS (Feb 23-25;Mar 10-11; Oct 4-6; Nov 26-27; Dec 2) 
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2022 Glebe SPS 

WASP is confident in identifying 5 days in Fig. 20 as involving early spills: Feb 18-21; Nov 23. 

 

 
Figure 20: analysis suggests early spills at Glebe PS (Feb 18-21; Nov 23)  

2023 Glebe SPS 

²!{tΩǎ analysis suggests there were 25 days with spills when Glebe Road SPS failed to pass 

forward sufficient flow to be compliant (Fig. 21). 
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Figure 21: 25 days with spills and insufficient flow passed forward at Glebe SPS 

(1,4,10-14; Mar 13,16,17; Sep 19,20; Oct 6,7; Nov 13,14,18; Dec 7-11, 27-29) 
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Grasmere STW 

Grasmere STW serves a small population and discharges to Grasmere Lake. The 2022 sewage 

treatment data for Grasmere STW provided by the EA was not labelled as final effluent or as flow 

to full treatment. However, an EPR Compliance Assessment Report (S/0743188) provided by the 

EA to Save Windermere includes a photograph of an MCERTS flow meter at Grasmere STW 

ƭŀōŜƭƭŜŘ ŀǎ άCƭƻǿ ǘƻ ²ƻǊƪǎέΦ Such a meter would provide an upper bound for flow to full 

treatment (FFT). If the treatment data provided corresponds to FFT then many EDM detected spills 

would be considered early. If the flow data is final effluent (FE) then allowance has to be made for 

the difference between FE and FFT. At small works this is typically of the order of 10%, so the 

threshold might be 82%.  However, WASP has taken a very άŎŀǳǘƛƻǳǎέ approach here by 

identifying spills with a flow rate that could not be associated with FFT rates above works capacity. 

 

2020 Grasmere STW 

The 2020 EDM return for Grasmere STW was 0.37 hours which agrees with the individual spill data 

total. However, the large number of tiny spills declared (126) suggests a malfunctioning monitor. 

Both UU and the EA withheld 2020 treatment data for Grasmere STW, so no analysis was possible. 

 

2021 Grasmere STW 

The annual overview chart for Grasmere STW for 2021 is shown in Fig. 22.The annual EDM return 

for Grasmere STW was for 1,348 hours covering 90 spills in terms of the EA counting system. The 

EDM detected individual spill data provided by UU amounts to 1,444 hours covering 2,142 spills 

over 94 days. WASP believes there were at least 17 days with early spills in 2021 from Grasmere 

STW (Fig. 23). 

 

 
Figure 22: 2021 overview overview chart for Grasmere STW 

 

 



16 
 

 

 

 
Figure 23: suggested 17 days with illegal early spills from Grasmere STW in 2021 

(Mar 22-26; Apr 18; Aug 31; Sep 30; Nov 1-4, 22, 26-27; Oct 5-6. 

2022 Grasmere STW 

The overview chart for Grasmere STW for 2022 is shown in Fig. 24.  

 
Figure 24: 2022 overview chart for Grasmere STW 

Consider the 6 examples of early spilling on Jan 6, 31; Feb 18, 19; and, Dec 4, 27 in Fig. 25. 
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Figure 25: ²!{tΩǎ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ ŀǘ ƭŜŀǎǘ 6 days with early spills in 2022: Jan 6,31; Feb 18,19; Dec 4,27.  

2023 Grasmere STW 

The overview chart for Grasmere STW for 2023 is shown in Fig. 26. There is a major discrepancy 

between the summary 2,532 spilling hours submitted by United Utilities to the EA for Grasmere 

STW in 2023 compared to the sum of the lengths of the individual spills (1,351 hours) provided to 

Save Windermere. 

 
Figure 26: 2023 overview chart for Grasmere STW 

The annual overview chart (Fig. 26) suggests unreported spills in Feb and July 2023. ²!{tΩǎ 

analysis suggests ŀǘ ƭŜŀǎǘ ф Řŀȅǎ ǿƛǘƘ ƛƭƭŜƎŀƭ άŜŀǊƭȅέ ǎǇƛƭƭǎ ŀǘ DǊŀǎƳŜǊŜ {¢² ƛƴ нлно όFig. 27).  
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Figure 27: suggested 9 days with illegal early spills from Grasmere STW in 2023 

(Jan 7; Mar 6; Apr 13; Sep 10,26,27; Dec 21,23,24). 

Hawkshead SPS 

Hawkshead STW does not have a storm discharge permit but the feeder Hawkshead Pumping 

{ǘŀǘƛƻƴ όt{ύ ŘƻŜǎΦ IŀǿƪǎƘŜŀŘ t{Ωǎ ǇŜǊƳƛǘ Ƙŀǎ ƴƻǘ ŎƘŀƴƎŜŘ ǎƛƴŎŜ нлмм ŀƴŘ ǊŜǉǳƛǊŜǎ ŀ ƳƛƴƛƳǳƳ 

sewage flow of 14 l/s to be achieved before excess can be diverted to or overflow from its storm 

tank to the Black Beck. Black Beck feeds Eshwaite Water from which Cunsey Beck flows for about 2 

miles before entering Lake Windermere.  

A report3 from 2011 documents decades of issues with phosphate levels in Esthwaite Water and 

upgrades to both the Hawkshead STW and feeder Hawskhead PS to reduce phosphate levels. The 

latter was planned to be upgraded in 2011/2012 which appears to coincide with amendments to 

its permit. 

 
3 https://nora.nerc.ac.uk/id/eprint/15008/2/N015008CR.pdf 
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2018 Hawkshead SPS 

Although UU submitted summary spill data of 1,283 hours to the EA for 2018, the detailed spill 

start-ǎǘƻǇ ǘƛƳŜǎ ǿŜǊŜ ǿƛǘƘƘŜƭŘ ŀƴŘ ƴƻǘ ǇǊƻǾƛŘŜŘ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ²!{tΩǎ 9Lw ǊŜǉǳŜǎǘΦ bƻ ŜȄŎǳǎŜ ƻǊ 

explanation for this was provided unlike for the withholding of 2020 data. Indeed, sewage flow at 

Hawkshead PS was provided as requested. The 2018 overview chart is shown in Fig. 28. 

 
Figure 28: 2018 overview of flow from Hawkshead Pumping Station 

 

Without the detailed start-stop times for Hawkshead PS, WASP has estimated that the number of 

spills submitted to the EA appears to be consistent with the sewage flow, rainfall and river level 

ŘŀǘŀΦ ²!{t ōŜƭƛŜǾŜǎ ǘƘŜǊŜ ǿŜǊŜ ŀǘ ƭŜŀǎǘ оп άŜŀǊƭȅέ ǎǇƛƭƭǎ ǿƘŜƴ flow through the Hawkshead PS 

had not reached or was not sustained at a level as required by its permit.  Some of these are 

illustrated in Fig. 29. 
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Figure 29: WASPΩǎ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ ŀǘ least 34 days with early spills at Hawkshead PS in 2018: 

Jan 3-6,15-19, 23-25,27-31; Feb 8-15; Nov 11,17-18; Dec 8-13 
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2019 Hawkshead SPS 

Although the detailed spill start-stop times obtained from UU via EIR request give rise to a total 

matching the summary spilling hours submitted to the EA, they are not always consistent with the 

sewage flow and daily rainfall (Fig. 30). 

 
Figure 30: 2019 overview of flow at Hawkshead Pumping Station plus rainfall  

The inconsistency is demonstrable at a more detailed level in the monthly charts for April and May 

2019 as shown in Fig. 31. 

 
Figure 31: WASP believes the 2019 April and March charts for Hawkshead PS illustrate EDM unreliability 

However, there are times when the detailed spill data are quite consistent with flow and rainfall 

data as demonstrated in Fig. 32 which suggests there were  37 early spilling days. 
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Figure 32: WASP believes there were 37 early spilling days at Hawkshead PS in 2019 

(Feb 3-12; Mar 2-4, 12-14, 16; Aug 6, 9-15; Oct 3-11; Dec 19-21) 

 

2020 Hawkshead SPS 

 

It is clear from the annual overview for 2020 (Fig. 33) that Hawkshead SPS made  a large number 

of untreated sewage spills while not passing forward the minimum required sewage to the STW. 

 

 
Figure 33: annual overview for 2020 for Hawkshead SPS 

²!{tΩǎ ŀƴŀƭȅǎƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜǊŜ ŀǘ ƭŜŀǎǘ ту Řŀȅǎ ǿƘŜƴ ǘƘŜ Ŧƭƻǿ passed forward was 

insufficient (Fig. 34). 


