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ST COLUMB MAJOR STW UV DISINFECTION SURVEY - 1994 -

1. INTRODUCTION

1.1. Background

Non-compliance at Mawgan Porth EC bathing water was recorded in 1986, 1987, 1989, 1990, 
1991 and 1993. The River Menalhyl flows out onto Mawgan Porth beach and is considered the 
major source for bathing water non-compliance. St Columb Major STW final effluent is the major 
discharge within the Menalhyl catchment although previous work has shown diffuse sources 
within the catchment may be as important. Because of bathing water failure South West Water 
Services Ltd (SWWSL) installed ultra violet (UV) disinfection to the final effluent during the 
summer of 1994 for a trial period. All sites are shown in figure 1.

St Columb Major STW final effluent has always been considered a factor in Mawgan Porth 
bathing beach failure. Therefore, it was requested (by Tidal Waters Quality) to assess the effect 
of the UV disinfection on bacteriological quality of the River Menalhyl.

1.2. Objective

To assess the effectiveness of UV disinfection of St Columb Major STW final effluent on 
bacteriological quality of the River Menalhyl at Mawgan Porth.

2. METHODS

ii • • ■ -1 T-i* . i . i  ___, _ i;*____ j  m n i f f T  __________ _____ j _______ ____. ___________rouowing discussions wiin nuai waieis v<;u<uiiy oiiu ovv vYoî  a auivcy was uidwn ujj iu aaacii 
the following:

* bacteriological quality of the River Menalhyl catchment with and without UV disinfection 
of St Columb Major STW final effluent

* flow measurements of final effluent, River Menalhyl and River Gluvian

* the effect of UV disinfection on sanitary quality of the River Menalhyl downstream of St 
Columb Major STW final effluent

It was deemed necessary to collect twenty-four hours of data before and after UV switch off. 
Allowing for time of travel at the downstream sites this entailed a survey of sixty hours duration. 
Stable low flow conditions-were required for-the survey. - -  - — ------

A bacteriophage viral tracer was dosed into the final effluent channel at UV switch off. This was 
used to measure the actual time of travel to the downstream sites to enable the impact of the UV 
switch off to be followed. Time series plots were calculated by using the time o f travel to shift 
the data, so that the same body of water can be referred to at each of the corresponding sampling 
points. This allows the degree of bacterial die off to be assessed.

The STW discharge flow was measured using a continuously logging ultrasonic flow gauge. 
River flows were measured at the Rjver Menalhyl upstream STW, River Menalhyl at ford and 
River Gluvian at road bridge. Spot measurements were taken using conventional techniques on



five occasions at each site (see appendix 2). Ail other flow readings were calculated from these 
spot measurements by using a best fit line graph or calculation.

Hourly rainfall data was obtained from the two nearest sites north and south o f the River 
Menalhyl to give an indication of rainfall on site during the survey. Data is shown in appendix 5.

Detailed schedules for the survey are contained in appendix 1. Sampling sites are shown in figure
1.

3. RESULTS

The survey was carried out from the 19 to 21 October 1994. The sampling site at Mawgan Porth 
was relocated (see figure 1) after the first two samples. This was because the site was being 
influenced by high tides.

Bacteriological and flow data are shown in appendices 2 and 3. Sanitary data is shown in 
appendix 4. Rainfall data during the survey is shown in appendix 5.

Bacteriological time series plots expressed per 100 ml are shown in figures 2 to 4. Bacteriological 
time series plots expressed per second are shown in figures 5 to 10. Time series plots were 
calculated by shifting the data in relation to the time of travel.

4. DISCUSSION

At the start of the survey an overflow from the balancing tank for the sand filters appeared to 
discharge direct to the final effluent channel bypassing the UV disinfection and final effluent 
sampling point. This is not illegal (A. Blewett pers. comm.) but the current NRA sampling point 
will not sample the full impact of St Columb Major STW. The balancing tank was reset at the 
start o f the survey and no further overflow was observed during the survey.

Time of travel along the River Menalhyl from St Columb Major STW was ten hours to the ford 
and twelve hours to Mawgan Porth (see appendix 2). This gives an average speed o f 
approximately 500 metres per hour (0.14 metres per second) to both sites. This is much as 
expected for this type of river taking into account the flow conditions and the morphology of the 
catchment (K. Barker pers. comm ).

Bacterial concentrations and loadings in the final effluent increased by approximately four orders 
of magnitude following UV switch off. In the River Menalhyl immediately downstream of the 
final effluent the increase was approximately two orders of magnitude. There was good agreement' 
between calculated and actual bacterial concentrations and loadings for the downstream site.

Bacterial concentrations and loadings in the River Menalhyl at the ford and Mawgan Porth 
suggested no more than a slight trend upwards much less than an order of magnitude. This 
indicated a substantial die off of bacteria between the final effluent discharge point and Mawgan 
Porth. Thus, the effect of UV disinfection on bacterial concentrations and loadings at Mawgan 
Porth was likely to have been minimal.

The survey was planned to be undertaken in dry weather and low flow. However, rainfall 
immediately before and towards the end of the survey (see appendix 5) caused some variation



in flow (see appendix 3). Storm overflows throughout the catchment were inspected at regular 
intervals during the survey, but operation of the overflows was not observed. Therefore, the 
increasing bacterial concentrations and loadings at the start and end of the survey were most likely 
to have been due to general catchment runoff The effect o f this on bacterial concentrations and 
loadings was more marked than the UV switch off, with over an order of magnitude increase in 
the River Menalhyl at Mawgan Porth.

Biochemical oxygen demand (BOD) of the final effluent increased slightly because of UV switch 
off. This was reflected in a slight increase in BOD in the River Menalhyl immediately 
downstream. The increase in BOD would be expected due to the much greater biological activity 
of an effluent without UV disinfection. None of the other sanitary determinands analysed for 
showed any obvious change because of UV switch off.

5. CONCLUSIONS

1. UV switch off resulted in a substantial increase in bacterial concentrations in St 
Columb STW final effluent and the River Menalhyl immediately downstream.

2. UV switch off resulted in a slight upward trend in bacterial concentrations in the 
River Menalhyl at the ford and Mawgan Porth. The effect of rain during the 
survey resulted in a much more noticeable increase.

3. The overflow from the balancing tank at St Columb STW bypasses the current 
final effluent monitoring point.

6. ACTIONS

1. A review of bacteriological data to identify requirements for further work. 

Action - Tidal Waters Quality

2. St Columb Major STW final effluent monitoring point to be moved to the flow 
measurement flume to rectify problem of overflow from balancing tank.

Action - Senior Water Quality Officer (West)
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St,Columb Major 
STW final effluent ggo - 3xDWF

SSO - 6xDWF

A - River Menalhyl at Mawgan Porth (first two runs) "
A* - River Menalhyl upstream field drain (subsequent runs) «
B - River Gluvian at road bridge I
C - River Menalhyl at ford \
D - River Menalhyl downstream of St Columb Major STW final effluent 
E - St Columb Major STW final effluent
F - River Menalhyl upstream of St Columb Major STW final effluent 
STW - Sewage treatment works “
SSO - Storm sewer overflow 
DWF - Dry weather flow ‘
© Sample site



Figure 2. Total coliforms per 100 ml - time series plot
River Menalhyl upstream of St Columb Major STW final effluent - WSTW1706A
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Figure 3. Faecal coliforms per 100 ml - time series plot
River Menalhyl upstream of St Columb Major STW final effluent -WSTW1706A
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Figure 4. Faecal streptococci per 100 ml - time series plot
River Menalhyl upstream of St Columb Major STW final effluent - WSTW1706A
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Figure 5. Total coliforms per second - time series plot
River Menalhyl upstream of St Columb Major STW final effluent - WSTW1706A
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Figure 6. Faecal coliforms per second - time series plot
River Menalhyl upstream of St Columb Major STW final effluent - WSTW1706A
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Figure 7. Faecal streptococci per second - time series plot
River Menalhyl upstream of St Columb Major STW final effluent- WSTW1706A 
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Figure 8. Total coliforms per second - time series plot
River Menalhyl at ford - ECBR0902 
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Figure 9. Faecal coliforms per second - time series plot
River Menalhyl at ford - ECBR0902 
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Figure 10. Faecal streptococci per second - time series plot
River Menalhyl at ford - ECBR0902 
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Appendix 1. Menalhyl survey schedule and guidance notes

Day 1

07:00 A arrives at STW in vehicle 1 with runs 1,2,4,6,8,10,12 and 14 
08:00 A starts run 1
13:00 B arrives at STW in vehicle 2 *
14:00 A departs with run 1 in vehicle 2 

B starts run 2
15:00 D arrives at BRIDGE in vehicle 3 with runs 3,5,7,9,11,13,15,16 and 17 
16:00 D starts run 3
19:15 F calls in at STW and BRIDGE and departs with runs 2 and 3 
19:30 C arrives at STW

E arrives at BRIDGE 
20:00 B and C start run 4 

D and E start run 5 
23:15 G calls in at STW and BRIDGE and departs with runs 4 and 5

Day 2

00:00 B and C start run 6 
D and E start run 7 

07:00 A arrives at STW in vehicle 2
07:15 H calls in at STW and BRIDGE and departs with runs 6 and 7 
07:30 I arrives at bridge 

C departs 
E departs

08:00 B and D depart in vehicle 2 (B picks up D from BRIDGE)
A starts run 8 and adds globigii to site B 
I starts run 9 

13:15 J arrives at BRIDGE
13:30 I departs BRIDGE, calls in at STW and departs with runs 8 and 9 
14:00 A starts run 10 

J starts run 11 
19:00 B and D arrive at BRIDGE in vehicle 2 
19:15 B arrives at STW in vehicle 2
19:30 J departs BRIDGE, calls in at STW and departs with runs 10 and 11 

C arrives at BRIDGE
E arrives at STW _ _ .

20:00 A departs in vehicle 2 *
D and E start run 12 
B and C start run 13 

23:15 K calls in at STW and BRIDGE and departs with runs 12 and 13



Day 3

00:00 D and E start run 14 
B and C start run 15 

07:15 L calls in at STW and BRIDGE and departs with runs 14 and.15 
07:30 M arrives at BRIDGE (B transfers runs 16 and 17 to M)

C departs'
E departs 

08:00 B departs in vehicle 3 
D departs in vehicle 1 
M starts run 16 

12:00 A arrives in vehicle 2 (M transfers run 17 to A)
13:30 M departs with run 16 
14:00 A starts run 17 
19:30 A departs with run 17



GUIDANCE NOTES FORRIVER MENALHYL UV DISINFECTION SURVEY

The survey will be carried out over three days and will involve up to 12 people. It is essential that 
samplers and couriers stick to the attached timetable. If for any reason you are unable to arrive 
on time you must phone the survey minder at St Columb STW (either Tim Geatches, Rich 
Walmsley or Pete Long). They will take any appropriate action. If sampler M has any problems 
then contact Tim Geatches at work or home. Contact numbers will be:

G443 (Spare) - No vodaphone
H97 (BRIDGE) - 0831 803 841
L877 (STW) - 0836 794 816
Tim Geatches (Work) - 0208 78301 ext. 5055
Tim Geatches (Home) - 0566 782955

Locations of meeting points are as follows:
BRIDGE - Mawgan Porth bridge over the River Menalhyl (NGR SW 849 672)
STW - St Columb Major STW (NGR SW 906 640)

Couriers

Please allow two hours to travel from Exeter to St Columb. This should be plenty o f time. Call 
in to the STW first and then travel onto the BRIDGE when picking up samples. Exeter labs are 
expecting delivery times as follows:

Day one
Courier A - 15-30-16-00 
Courier F - 21-30 - 22-00
Day two '
Courier G - 01-30 - 02-00
Courier H - 09-30 - 10-00 (Inform lab on arrival marked samples will be close to 10 hour limit) 
Courier I - 15-30 - 16-00 
Courier J - 21-30 - 22-00 
Day three
Courier K - 01-30 - 02-00
Courier L - 09-30 - 10-00 (Inform lab on arrival marked samples will be.close to 10 hour limit) 
Courier M - 15-30 - 16-00 
Courier A - 21-30 - 22-00

If you are going to be later than these times please ring the bacti -lab via Comms Room or 
Reception. *

Samplers

Please allow two hours to travel from Exeter to BRIDGE or STW. You need only bring yourself 
and your safety equipment. Please book yourself in and out with Comms Room* All logs, labels, 
bottles, sampling equipment and location maps will be in H97 (BRIDGE) and G443 (STW). 
Sampler M will need to transfer runs 16 and 17 to their own vehicle from H97 at the BRIDGE. 
Please make sure you have the correct run before starting. Each section of the run will start on 
the hour and will be given on the logsheets.



Appendix 2. Bacteriological data

TC -  TotalcoWcxrm p *r  100 ml FC « F»*e»l w lo m i  pef 100 ir t FS » F«se*l Mr»p«oooc6 pw  100 rrt Phtgo -  BactcAoptiaga viral traow pUque louring u fU i pe< n< '  ■ um plas t«k«n *t M»wg»n Porth H im iH tru p u re tm  ot
Fbw > d m  pvt tccond

River M tnahyl upitreem STW 
WSTW1706A

5l Cotunto Major STW final effluent 
WSTVmOCFE

R*er Men i l iy l  <Jown»trv« m STW (a ct.) 
R25A011

River Menatiyi d own ito a n  i STW (calc.] 
R75A011

River Menatiyl at fonj 
ECBR0902

RK'er Quvlan *1 read bhdpe 
EC6R0904

River Mena hyl at Mawgan Poctfi (a 
325A003

o ) Menafcyt at Mawgan P
R25A003

onh (calc.)

TC FC FS Flow 7C FC • FS Flow IC FC FS Fbw TC f c FS Flow TC FC FS Pti*ge Flow TC FC FS Fbw TC FC F3 ’ tiane -tew TC FC FS

19-00-94 08-00:00 19000 4500 4800 188 1500 440 150 43 15434 3873 3852 211
t9-Oa-94 09-00*0 10000 2900 2800 182 1100 510 20 41 8202 2417 2239 203

100000 6000 3900 2300 157 130 40 <10 33 8633 3230 1901 190
1 10000 15000 2900 1300 151 90 1 30 <10 18 13571 2625 1175 187
1 20000 12000 3300 850 145 70 10 <10 18 10883 2937 758 163 "

19-00-94 1 3«0“00 3300 2900 510 13ft 80 20 10 18 2931 2570 453 157
19-00-94 1 4 0 0 *0 4400 1800 880 135 40 <10 <10 15 3984 1440 792 150
19-00-94 1 5 0 0 *0 3300 1900 1000 137 20 <10 10 14 2985 1718 905 148 188
19-00-04 10.00.-00 8000 2300 1000 1,*V> 120 <10 <to 16 7042 2020 1405 148 24000 7000 2000 185 4900 1500 380 63 •45000 '11000 •2000

19-00-94 170000 1000 1200 100 128 50 *10 <10 17 889 1059 88 145 5000 2300 890 182 5000 4200 380 83 •39000 *10000 •2400

19-00-94 180000 2700 90 790 127 50 <10 <10 18 2403 80 702 143 9000 3800 800 179 8000 1400 370 82 18000 5000 1000 250 47550000 15596000 3978800

19-Oct-W 190000 2700 900 1200 128 20 10 <10 18 2398 800 1085 142 10000 2700 1000 177 4000 2900 440 82 17000 2800 1100 247 14080000 5054000 1485200

19-00-94 2 0 0 0 *0 2000 900 1700 125 <10 <10 <10 18 2448 787 1488 143 2500 1900 1500 174 9000 6000 420 61 5000 2300 900 243 16590000 8242000 1346600

19-00-94 2 1 0 0 *0 2500 1300 1000 124 10 <10 <10 19 2189 1127 887 143 No rvsul 1200 2300 172 10000 Mo r t iu t 570 Ot 4800 2700 1300 240 23190000 8439000 2020200

19-00-94 220000 MOO 570 1700 173 10 <10 <10 IB 1273 497 1483 141 3200 800 500 170 8000 9000 580 80 4700 2300 ■800 237 10450000 2957700

19-00-94 2300 0 0 1900 900 1700 172 50 <10 <10 17 1874 790 1492 139 ■ 3300 1300 530 168 9000 7000 490 60 3300 2300 2100 234 7464000 4304000

20-00-34 oooooo 2700 830 700 171 10 <10 <10 20 3800 1800 800 141 2318 712 601 141 3100 1500 1300 <1 108 5300 4300 600 80 5400 2400 800 <t 232 10840000 5560000 1144000

20-00  -94 0100.00 1900 880 800 170 50 <10 <10 17 2000 720 700 137 1670 753 701 137 2600 1300 740 <1 184 3800 3700 800 50 3000 2900 600 <1 229 6724000 4784000 1370400

20-00-94 02 0000 2400 770 880 110 20 <10 <10 17 3200 810 BflO 138 2103 674 770 130 2300 '  980 970! <1 182 4100 2500 560 59 2800 1700 750 <1 227 7388000 4873000 2030000

20-00-94 0 3 0000 2100 850 890 119 10 <10 10 15 2300 680 580 134 1808 577 614 134 1600 800 800 <1 181 4300 2700 270 59 2700 2400 800 <1 225 6683000 3607000 1544000

70-Oct-94 04 0000 2100 810 820 118 20 <10 <10 14 3100 880 540 132 1879 724 554 132 2400 1000 1300 <1 160 2700 1900 280 58 2600 1600 1600 <1 272 6263000 3148200 1730700

20-00-94 05 0000 2700 580 480 118 20 <10 <10 13 1800 700 830 131 2434 522 432 131 1800 710 ' 880 <1 158 ' 2000 990 250 58 1700 1500 800 <1 220 4142000 2390000 1450400

20-00-84 0 6 *0 0 0 2100 420 880 118 80 <10 <10 12 2800 560 680 130 1912 381 599 130 1000 720 580 <1 157 1600 920 200 58 3100 1000 900 <1 219 . 5000000 2174200 2225000

20-00-94 0 7 0000 2300 620 480 118 50 JO 10 12 3300 900 410 130 2092 564 437 130 2000 580 870 <1 158 2600 1200 220 57 2800 880 900 <1 217 3772000 1655400 1474800

20-00-94 0 *0 0 0 0 3400 1400 580 117 40 <10 <10 13 5000 440 450 130 3084 1260 504 130 1700 800 800 <1 156 2200 1100 190 57 2700 830 1300 <t 215 3994000 1814400 1004800

20-00-94 09 0000 3900 2100 1100 118 1000000 180000 38000 10 70000 9000 3300 134 122837 23342 5506 134 2500 1200 800 <1 155 2200 600 240 57 2900 900 600 <1 214 4374000 1531000 1485500

20-00-94 100000 17000 900 800 118 <180000 180000 48000 23 250000 14000 4400 141 203447 30115 8332 141 3300 1500 1100 <1 155 1700 ’ 590 350 58 2400 1700 600 <1 212 3906000 1590000 1384800

20-00-94 110000 2500 1000 800 119 1540000 300000 29000 20 210000 29000 4300 139 223723 44022 4686 139 3700 800 800 <1 155 1800 900 280 56 2200 870 760 <1 212 4827000 2190400 1438000

20-0c*^&4 120000 23000 720 450 171 2000000 270000 44000 22 200000 31000 5000 143 327154 42148 7150 143 3200 1300 700 <1 157 2800 1000 280 56 7000 900 700 <1 211 6011000 2829000 1850800

20-00-94 130000 3100 1200 480 174 1200000 290000 47000 23 240000 38000 8300 147 190370 48386 7742 147 7000 1400 400 <1 162 7000 830 900 55 8000 600 800 <1 210 7191000 1800000 1365600

140000 2300 1800 BOO 127 1080000 380000 110000 20 148928 50382 15657 147 2100 580 550 <1 166 3400 510 1100 55 2200 900 650 <1 210 6874000 2387500 1594000

20-00-94 150000 1900 590 700 130 >3000000 320000 110000 18 35594 12678 148 2300 010 530 <1 173 1800 520 560 56 3500 1700 610 <1 213 13210000 2546500 1253000

20-00-84 T 6 0 0 0 0 2240 1500 700 133 830000 270000 110000 18 100878 33507 13729 151 3000 450 310 <1 160 1600 330 240 57 2300 800 720 <1 219 4494000 1720800 1228800

20-00-94 170000 2400 1000 510 137 1580000 380000 70000 21 209423 51373 9746 158 12000 800 540 890 188 2800 420 200 59 2400 1200 880 <1 225 4801000 1243400 1053700

20-00-84 180000 2100 520 880 141 >99999 290000 89000 17 31867 8031 158 3300 1000 1200 2620 197 2500 470 140 81 2600 1400 500 <1 234 8014000 1057800 676000

20-0<a-94 190000 2*800 1700 660 145 >3000000 320000 58000 <• 33332 6356 181 5000 3100 1300 520 206 2400 830 230 63 2200 600 790 82 243 24085000 1790700 1100800

20 0000 7000 1800 700 148 710000 190000 38000 20 90890 24205 5220 188 12000 1600 900l 70 215 3100 390 230 65 3600 900 1400 1580 253 0013000 2388900 2508900

21 0000 1300 900 580 152 870000 270000 48000 19 75800 30800 5831 171 9000 2700 800 20 224 1100 330 200 08 4500 1200 800 1040 265 12315000 6839500 2840500

20-00-84 22 0000 1400 1000 510 158 780000 180000 40000 17 75945 18624 ■4391 173 12000 3300 900 4 233 1100 250 180 71 2600 1100 480 151 277 28648000 3864400 2071000

70-Oct-94 23 0000 1100 800 510 180 880000 90000 32000 17 85514 9186 3534 177 10000 1500 750 2 242 700 180 180 74 5900 2100 560 35 269 20941000 8225500 1919800

21*00-94 OOOQOO toooo 4000 1200 184 1280000 450000 47000 25 177989 82095 7258 189 11000 2600 920 1 251 1700 1500 600 77 7000 2100 i 480 4 301 28478000 7872200 2230200

21-Oct-94 0 1 0000 21000 8400 4900 188 830000 820000 58000 42 102800 130720 15120 210 10000 4400 5900 2 280 2000 2000 2100 80 9000 2400 880 3 313 25509000 4765000 2277000

21-Oct-94 02 0000 18000 7400 10000 173 1180000 800000 140000 40 232400 118080 v41723 213 7000 5800 5700 <1 288 2300 1800 1900 84 4800 1100 v 1030 «1 326 29210000 8128000 3989200

21-Otf-84 03 0000 7000 8900 11000 177 1030000 740000 150000 40 195571 142034 38022 217 7000 6800 3000 <1 278 3300 1900 1500 87 9000 3800 4000 1 338 28100000 12784000 18036000

21-Oct-W 0400 0 0 120000 80000 12000 181 910000 730000 <20000 44 274489 191022 33120 225 18000 4300 2000 2 283 4000 2200 6000 90 8000 5300 5000 t 350 21831000 17197000 10581000

21-Oct 44 0500 0 0 18000 10700 6100 185 1220000 500000 84000 42 238787 101231 20513 227 12000 4400 2800 <1 290 3200 1300 .2700 92 0000 3000 2900 <1 360 22920000 70198000 13680000

21 -Oct-94 0600 0 0 14000 11000 5800 189 1140000 500000 24000 &4 185877 85550 8405 223 11000 4000 2900 <1 295 1900 700 1500 95 11000 3800 1800 2 371 48224000 13365000 8144000

21-00-94 0700 0 0 12000 8000 7200 193 470000 100000 20000 38 87342 23134 9306 231 52000 15000 4900 <1 296 1800 800 870 97 8000 3500 2900 <1 380 36805000 13475000 9545000
71-Oc(^4 oeoooo 50000 30000 8000 <1 304 2000 900 870 00 21000 8800 4700 <1 389 34108000 12576000 9398900
21-Oct-04
21 -Oct-94

i 79000 53000 13000 <1 308 8000 3300 1800 101 46000 28000 5700 1 308 tsawoooc 45591000 15285300
100000 ft 1000 3^000 7100 «1 300 « 0 0 9000 560 102 49000 20000 OOOO <1 -♦00 1SS420000 04*30000 2005*000

21-Oct-94 110000 711 ► 81000 42000 6900 <1 307 5000 4100 670 102 S8000 28000 '4 9 0 0 <1 408 245618000 167280000 40351200

21-Oct-94 120000 39000 32000 4900 <1 300 21000 11000 1900 102 50000 28000 ' 4500 <1 408 254580000 111982000 24399400

21-Oct-94 13*0000 44000 29000 5300 -<1 290 80000 49000 3800 too 40000 31000 4200 <1 408 208090000 140180000 23121000

21-Oct-94 140000 30000 15000 5900 <1 274 33000 i 37000 2300 95 33000 19000 3700 <1 402 177000000 145000000 18300000

21-Oct-44 1500:00 30000 7600 3000 <1 257 16000 19000 2300 85 33000 24000 4000 <1 385 158950000 119250000 17555000

21-00-94 180000 34000 7100 2800 <1 238 29000 12000 3100 73 25000 16000 3300 <1 363 97500000 57250000 16121000

7l-Oa-94 170000 \ 19000 5100 2000 <1 17000 9000 2200 61 24000 14000 2300 <1 335 9627000C 28808000 9973000

21-00-94 180000 17000 4300 2200 <1 9000 0700 760 22000 7700 2300 <1 257 91290000 22368000 8006000

21-00-94 190000 17000 3900 1900 <1 9000 4600 1500 9000 4700 1900 <1 238
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Appendix 3. Bacteriological loadings data

RKar Manatiyl upitlum 3 
WSTW1708*

rw M Colun* M^ar STW ftiri afltuant 
WSTW1700FE

RKr«rM*n*tiy1 downunim STW (ict.) 
R25A011

Wi'ir Meoitiyl dovntntm STW (e*loJ 
R2V011

Manilvyt d  lord
EC8R0903

Rlvw Ojvton «t rwtl bMga 
6C8R0904

RJvw M*n*fiy1 ri Mwwgan Perth (■«i 
R25A003

Rhw M»nif>yt M Miv^an P«rth (oils.) 
R25*003

Dm* Ttra . TC FC F5 TC FC F3 TC FC FS TC FC F9 TC FC FS TC FC FS IC FC FS TC FC F3
19-00-04 080000 3.196*07 7ME«M 8.066*06 645E*05 1396*05 8.456*04 3286*07 7.756*08 8.13E*08
19-00-94 090000 1326*07 4.706*06 4346*08 431E*05 2.006*05 8206*03 1.87E*07 4.»1E*08 434E*08
19-00-94 10:00:00 12*6-07 6.126*08 3.616*08 4296*04 1326*04 1286*07 8.146*08 33 IE *08
19-00-84 11MM0 2576*07 4386*00 1.986*08 1.44E*04 4306*03 2276*07 4386*08 1386*08 ,
1900-04 12*000 1.74E*«7 4.796*08 123E*06 1286*04 1306*03 1.74E*07 __47V6*08 1236*08
1MM44 1300*0 ’ 4386*06 4.036*06 7.096*03 144E*04 3.806*03 1306*03 4.806*08 4036*08 7,11E*05
1SOO-94 14:00:00 5.94E*08 2.166*08 i.ise-oo 8.006*03 5356*08 2186*08 1.196*08
19-OO-W 1500*0 4386*06 2316*08 1326*08 2.8C€*03 1/406*03 4386*08 2516*08 1326*08
180004 1600*0 1046*07 2.996*08 2.086*00 2.186*04 1.046*07 2 996*08 2.086*08 444E*07 1306*07 3.706*08 3096*08 9456*05 2396*05
1900-94 1700*0 1286*08 i jme-oo 1286*03 e^ce-ra 12*6*08 1 946*08 1286*03 0.106*08 4.19E*00 1286*08 3.156*08 2356*08 2276*05
1900-94 1*00*0 3436*08 1,146*05 1,006*00 8.006*03 3.44E*08 1.14E*05 1.006*06 1.81E*07 6446*08 1.076*08 4386*08 6.886*03 2296*03 4306*07 1256*07 4.006*08 4,786*07 1386*07 3336*06
19-00-94 190*00 3406*00 1.136*00 131E*06 3206*03 1.806*03 3/4 IE *08 l.14E*08 1316*08 1.776*07 4.78E*08 1.77E-08 1486*08 1306*08 2.736*03 4206*07 8326*08 2.726*08 1416*07 5356*06 1496*08
10-00-94 20*0*0 3306*08 . 1.136*08 2.136*06 - 3306*08 1.136*08 2.136*08 4356*08 331E*08 - 2.816*08 8496*08 '3.886*08 2386*03 1226*07 9396*08 2.196*08 1386*07 8246*08 1356*08
19-00-94 210000 3.106*00 1316*06 _l,?4S*oe 1006*03 • 3.106*08 1.816*08 1.24 E *08 2086*08 3986*08 6.106*08 3486*03 1.106*07 8,486*08 3.126*08 2326*07 8446*08 2.036*08
19-00-94 22*000 ITKiOO 731E*03 2006*00 1-806*03 * 1.726*4)8 701E*05 2.096*08 5/446*08 1366*08 8306*09 4306*08 5406*08 3.486*03 1.116*07 3456*08 1306*08 1056*07 2386*081M M 44 2300*0 2326*08 i.ioe*o* 2376*08 8306*03 2336*08 1.106*08 2.076*08 5346*08 2.186*08 6306*09 5406*08 4206*08 2346*03 7.726*06 5386*08 4316*08 7486*08 4306*08
2000-94 00*0*0 527E*0« 1006*00 8476*09 2.006*03 5.086*00 2286*08 1.136*08 3276*08 1006*08 8.476*05 6.156*08 2496*08 2.186*08 3.186*08 2386*08 4306*05 1256*07 637C*06 1386*08 1086*07 6386*08 1.146*08
2000-94 010000 2286*06 1.036*08 9306*03 8306*03 3306*08 9.806*03 9306*03 2286*08 1.036*08 9.806*05 4286*08 2.136*08 1216*08 2246*08 2.166*08 4.72E*05 824E*06 6.646*06 137E*08 8 726*08 4.766*08 137E*06
I M M 44 020000 2386 *00 9.186*05 _ !  ,056*06 8.406*03 4356*00 8306*03 8386*05 2386*08 (.186*05 1056*08 3.736*08 1386*08 1376*08 2426*08 1486*08 ' 3306*05 8386*08 3386*08 1.706*08 7396*06 4 876*08 2.836*0820-00-04 030000 2306*06 7.74E*OS 821E-05 1306*03 1306*03 ■ 3086*08 9.116*03 7.776*03 2306*08 7.746*05 - 8236*05 2386*08 1296*08 1296*08 2346*08 1396*08 1396*05 8.086*08 8406*08 1356*08 8386*06 3616*08 1346*06
200o *4 040000 2.4S6-00 o-soe-os 732E-05 2306*03 4.006*00 1.106*00 7,13E*03 2/486*08 (■386 *05 7326*05 3 84E*08 1.806*08 2.086*08 1376*08 1.106*08 1.826*05 5.776*08 3356*08 4.006*06 6286*08 3.156*08 1.736*062W 50-04 050000 3.196*08 634E*03 8 806*05 2.806*03 238E*08 0.176*03 1^06*08 3.186*08 *346*05 5.886*05 2346*08 1.126*08 1386*08 1.186*08 5.746*03 1456*05 3.746*08 3306*08 1.766*08 4.14E*08 2396*08 1456 *08
2&00-94 08*000 2466*06 4.966*03 7,796*05 7206*08 3386*08 7286*03 8386*03 2.496*08 4.906*05 7.796*05 331E*08 1.136*08 8 796*05 0286*05 9346*03 1.166*03 6.796-08 2.196*08 1376*08 6006*08 2.176*08 223M 8
21X00-94 07.0000 2.71E*08 7326*05 5.806*03 8.006*03 1206*03 1206*03 4296*00 1.176*00 5336*03 2.726*08 T33E*05 5.886*05 3.12E*08 9,056*05 1386*08 1486*08 6.646*09 1256*05 6.086*08 131E*06 1356*08 3.776*08 1.686*06 1476*08
2000-04 oe-oooo 3386*06 1.846*08 8556*05 5206*03 8306*00 5.726*03 &356*03 3^8E*08 1346*08 6356*03 2356*08 1286*08 1256*08 1256*08 8276*03 1086*05 6316*08 1.786*08 2306*00 3396*08 1316*06 1.006*08
2000-94 0*0000 4 806-0« 2486*00 1306*00 1.806*08 2386*07 8.086*00 9386*07 1216*07 4.426*08 1356*08 3.136*07 7386*08 3386*08 1386*08 1246*08 1256*08 3.426409 1376*05 6216*08 1336*06 1286*08 4376*08 1336*08 1.476*08
2000-94 100000 231E*07 ioo6*oe 7.086*05 2.876*0# 4.14E*07 1.106*07 3336*08 1376*07 8206*00 2376*08 ...4236*07 1.176*07 5.126*08 2336*08 1.716*08 9326*05 3306*05 1066*05 6.096*08 3306*08 1276*08 3316*08 1396*08 1386*08
2000-94 1100*0 2386*08 i.i86*oe 7.14E*05 3.086*08 8.006*07 5306*08 2.026*08 4.036*07 5.986*08 3.11E*08 0.126*07 6316*08 5.746*08 1246*08 1246*08 6.966*05 5.046*05 1466*05 4.866*08 134E*08 131E*06 4336*08 2.196*08 1446*08
2000-94 1200*0 2J«-07 8.716*03 5/456*05 -4/406*08 5-94C*07 8886*00 2386*08 4/436*07 7.156*08 4386*08 0036*07 1026*07 5.026*08 2.046*08 1.106*08 J 486*08 9306*09 1466*05 1486*07 1306*08 1486*08 ' 8.016*08 2336*08 1356*08
2000-94 uoooo 3.646*08 1496*06 5.706*03 2.786*08 6.676*07 1.086 *«7 3336*08 5396 *07 0286*00 2306*08 8326*07 1.146*07 1.136*07 2276_*ea 8486*03 3356*08 3476*05 4,996*05 1.886*07 1386*08 1386*08 7.196*08 1306*08 1396*08
20-00-04 140000 2JW-08 2036*00 1.026*00 2.186*08 7206*07 2206*07 2.106*08 m o m / 2306*07 3496*08 9306*05 9.136*09 1.876*08 2316*05 6.056*03 4.826*08 1396*08 137E*06 8376*08 2396*08 1396*06
20-00-04 150000 2476*06 7.876*03 0.106*03 5.126*07 1.786*07 [1206*07 135E*07 3386*08 1386*08 9.176*09 1.016*08 2316*05 3.146*05 7486*06 3.826*06 1306*08 1326*07 2356*06 1256*062000-04 180000 2336*06 2.0C€-« 0316*03 1486*08 _.48«t^7_ 1386*07 1326*08 ft.08E*07 7,076*07 8486*08 8.186*05 5386*03 9.126*05 1386*05 1376*05 9.046*06 1.756*06 1386*08 4496*08 1226*08 1236*082W > M < 170000 3296*06 1376*06 8396*05 3286*09 7386*07 1/476*07 331E *08 H.126*07 134E*07 — 2286*07 1306*08 1.026*08 1336*08 • 2486*05 1.166*05 9406*08 2.706*06 1386*08 4.896*06 1246*08 1056*082000-04 180000 2386«oe 7336 *«s 6586*05 4336*07 1.176*07 3.006*07 1276*07 6306*08 1376-08 2386*08 1336*08 2376*05 6346*04 6.086*08 3286*08 1.176*08 6.016*08 1.086*08 8.786*05
2000-04 1*0000 s77E«oe 2476*08 9376*09 5.12f *07 9-286*00 1376*07 1026*07 1036*07 6396*08 2386*08 1316*08 3.976*03 1456*03 9356*08 1346*08 1326*08 2,416*07 1.796*06 1.106*00
2000-04 200000 1.04E*07 2.a«e*o« 1.176*08 1426*08 3.806*47 7306 *09 1326*08 ♦,07E*07 8.776*08 2386*07 344E*08 1j946*08 2.026*08 2346*05 1.036*05 #,116*08 2286*08 3346*08 8.016*08 2376*06 2316*08
?0-Oa»4 21.0000 1 JOE*00 1 .576-00 8316*05 1.776*08 5.136*07 9.126*00 1296*08 527E^7 #476*08 2026*07 e.bsE*oe 1.796*08 7486*05 2246*05 1386*05 1.196*07 3.186*08 2.126*08 1236*07 6.846*08 234E*082000-04 720000 2.1 BE *00 1386*00 7366*05 1206*08 2.736*07 8.806*00 1316*08 2386*07 7306*00 2306*07 7396*08 2.106*08 7316*03 1.786*05 1286*09 7206*08 3.036*00 1336*08 2356*07 3.686*08 2076*082000-04 2SOOOO 1.7B6*08 9.006*03 8.1(6*05 1306*08 1336*07 5.446*08 131E*08 1.836*07 8286*08 2426*07 3.836*08 1326*08 5.186*03 1336*05 1336*09 1.716*07 6.076*08 1326*08 2.096*07 6236*06 1326*082100-04 OOOOOO 134E*07 BMC *00 1376*06 8206*08 1.1SE*08 1.186*07 330E*08 1.19E*08 137E*07 2.76E*07 633EMM 231E*08 1316*08 1.186*08 4.826*09 8.116*07 6326*08 1446*08 2356*07 7326*00 2256*08
210044 010000 3336*07 1416*07 8236*00 3496*08 2306*08 2336*07 S34E*06 2.75E*08 3.186*07 2306*07 1.14E*07 1336*07 1.806*08 1306*08 1386*06 2326*07 7316*08 2.756*08 2356*07 4.796*06 2266*08
2100-94 0200*0 3.11E*07 1286*07 »2«e*07 4j846*08 2406*08 5.006*07 4356*08 2336*08 8396*07 1386*07 1356*07 133E*07 2.106*08 1346*08 1.806*08 1386*07 3396*08 3386*08 2326*07 6.136*06 3396*08
2100-84 090000 1246*07 122E*07 1J856*07 4,126*08 2006*08 0006*07 424E*08 3.086*08 7.956*07 1336*07 1326*07 8286*08 2376*08 1.856*06 1316*08 3.046*07 1286*07 . 1.886*07 2.616*07 1286*07 1306*07
2100-44 040000 2.176*08 1086*08 2.176*07 4.006*08 saic-o* 5286*07 8.186*08 4306*08 7456*07 4336*07 1226*07 5.886*4M 3.606*08 1386*06 9406*08 2306*07 1386*07 1.786*07 2.10E-07 1.726-07 1386*072 { 00-04 050000 2386*07 IMS *07 1.136*07 5.126*08 2.106*08 3336*07 5.426*08 2306*08 4.886*07 3486*07 1286*07 8176 *08 2*46*08 1206*08 2486*08 2.186*07 .1.086*07 1.046*07 2296*07 2.026-07 1376*07
2100-04 OOOOOO 2.6S6*07 '2.086*07 ,1.<*E*0T 3.886*08 1.706*08 8.1 BE *08 4.146*08 1316*08 1376*07 325E*07 1.186*07 836E*06 1316*08 . 8.656*03 1436*08 4.086*07 1346*07 6.686*06 4326*07 1346*07 8.146*08
21-00-94 0700*0 2326*07 1346*07 1396*07 1.7**08 SJOE*OT 7.8Ce*« 2.026*08 534E*07 2.156*07 1356*08 4476*07 1486*07 1.756*08 7.786*05 8446*05 2286*07 1JS3E-07 1.106*07 3386*07 1J4E*07 9356*0821-00-04 0*00:00 • 1.786*08 8.126*07 1326*07 1386*08 8316*03 6.836*03 8.176*07 S42E*07 1 J3E«07 3426*07 1 JOE *07 9406*0021-00-04 0®00*0 2/42E*06 1.S2f-*OB '3««E*07 «.0«£-0« S.ME-Oe 132E-08 1.82E-08 1.036*08 2286*07 1376*08 4386*07 1336*07
21-00-04 100000 2/4 BE *08 1,086 *0» 237E*07 538E-08 s.ioe-48 ■ 8.716*05 1JME-0S 1046*08 2406*07 1356*08 9456*07 2.016*07
2100-04 1100*0 1376*08 1296*08 2.126-07 6.106*08 4.186*08 8336-09 2356*08 1.146*08 1306*07 2486*08 1376*08 4046-07
2100-94 120000 1.176*08 9.806*07 1476*07 2.146*07 1.126*07 1346*06 2 .(ME *08 1,14E*08 134E*07 2356*08 1.126*08 244E*07
2100-94 13*0:00 1286*08 8416*07 1346*07 6.006*07 43<£*07 3.806*06 1336*08 1286*08 1.716*07 2.096*08 •1406*08 2316*07
21-00-04 '1400*0 822C*07 4.116*07 1326*07 3.146-07 3326*07 2.196*08 1336-08 7346*07 1496-07 1.776-08 1456*08 13S6*07
2100-94 1500*0 7.71 E*07 2.006*07 7.71E*06 1336*07 1326*07 1386*08 127E*08 9246*07 134E*07 1396*08 1.196*08 1.786*07
21-00-94 1600*0 8.096*07 1.696*07 8.686*08 2.126*07 6.766*08 2286*08 9,0*6*07 431E *07 1,206*07 9,7«E*07 fl,736*07 131B*07
21-00-94 1700*0 1.04E«07 5496*06 1346*06 S.04E*07 4.696*07 7.71 E*08 9336*07 2386*07 937E*08
7100-94 16:00*0 > 8.636*07 1386*07 6.916*08 8.136*07 2246*07 S.01E*08
2100-94 190000 2.146*07 1.126*07 4326*08 0.006*00 0.006*00 0.006*00



Appendix 4. Sanitary data
BOD = biochemical oxygen demand (mg/I) AN = ammonia expressed as nitrogen (mg/I') SS = suspended solids at 105'C (mg/l) 
Flow = litres per second

St Columb Major STW final effluent consent conditions - BOD = 5 mg/l AN = 4 mg/l SS = 10 mg/l

River Mehalhyl upstre 
WSTW17C

jam STW 
)6A

St Columb Major STW final effluent 
WSTW1706FE

River Menalhyl downstream STW 
R25A011

Date Time BOD AN CO CO Flow BOD AN SS Flow BOD AN • SS , Flow
20-0ct~94 00:00:00 1.3 <0.02 2.4 7.5 <0.5 9.4 <1.0 <0.0Z 3.0
20-Oct-94 01:00:00 1.4 <0.02 <2.0 7.9 <0.5 11.0 2.3 0.02 3.3
20-Oct-94 02:00:00 1.3 <0.02 <2.0 7.2 <0.5 11.0 2.2 <0.02 2.0
20-Oct-94 03:00:00 1.2 <0.02 3.0 6.8 <0.5 8.6 2.1 <0.02 3.0
20-Oct-94 04:00:00 1.2 <0.02 2.2 6.7 <0.5 8.8 1.9 <0.02 3.3
20-Oct-94 05:00:00 1.3 <0.02 2.4 6.7 <0.5 9.4 3.1 <0.02 2.2
20-Oct-94 06:00:00 1.2 <0.02 2.2 5.9 <0.5 8.8 1.8 <0.02 2.2
2Q-Oct-94 07:00:00 1.3 <0.02 3.1 6.3 <0.5 8.6 1.7 <0.02 <2.0
2Q-Oct-94 08:00:00 1.4 <0.02 <2.0 6.0 <0.5 8.4 1.6 <0.02 2.8
20-Oct-94 09:00:00 1.5 <0.02 2.4 8.3 <0.5 8.2 2.0 <0.02 3.3
2Q-Oct-94 10:00:00 1.5 <0.02 2.2 118 8.0 <0.5 9.0 2.2 <0.02 4.1
20-Oct-94 11:00:00 1.4 <0.02 3.3 9.4 <0.5 8.2 • 2.7 0.03 5.4
20“Oct-94 12:00:00 1.3 <0.02 3.3 8.9 <0.5 9.7 2,3 0.02 3.3

- 2Q-Oct-94 13:00:00 1.4 <0.02 3.5 124 10.1 <0.5 10.0 2.4 0.03' 3.5
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18-00 00-00 06-00 12-00 18-00 00-00 
19 October to 21 October 1994
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Hourly totals to nearest 1 mm
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Penryn rainfall
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