Appendix VI

Further analysis of the potential impacts of nitrogen
removal from Bellozanne STW effluent.

To quantify the impact of nitrogen removal from the Bellozanne STW effluent on St.
Aubin’s Bay, the predictive models proposed by CSTT (1994) (described in Section 5) have
been applied to a range of effluent qualities.

The main report considers the impact of nitrogen removal at the Bellozanne plant for an
effluent which conforms with the minimum requirements of the Urban Waste Water
Treatment Directive (91/271/EEC) (UWWTD): 10mg 1* DAIN and 1 mg 17 DAIP. This
Appendix repeats the analysis for DAIN concentrations in the range 1 mg1” to 15 mg I'
(the impact of DAIP removal is not considered here). The analysis has been completed for
February (when zone C DAIN concentrations were high) and June (when zone C DAIN
concentrations were low). '

Tables VL1 to V1.3 and Figure VI.1 summarise the results of the analysis.

Table VL1 summarises the predicted steady-state DAIN concentration (S) in zone B for
assuming effluent qualities of between 1 mg I' and 15 mg 1" DAIN. Table 1 also shows the
percentage reduction of S from that predicted using observed DAIN concentrations in the
STW effluent during the relevant survey dates. Figure VL1 illustrates the predicted
percentage reduction in S on the two survey dates analysed. Clearly, the percentage
reduction in predicted zone B steady-state DAIN concentrations are greater during June
when background (i.e. zone C) concentrations are low. However, the absolute reduction in
S is greater during February, when, for every 1 mg 17 DAIN reduction in the effluent, zone
B DAIN is reduced by 0.05 mmol m™, as opposed to 0.04 mmol m™ in June. Achieving
effluent quality of between 1 mg 1" and 15 mg 1" will result in a reduction of between
40.5% and 18.8%. During February, an effluent with a DAIN concentration of 1 mg 1" will
result in a 5.6% reduction in DAIN concentrations. in zone B, whilst an effluent with 15 mg
1! DAIN will result in a 1% reduction in zone B.

The predicted range of maximum chloroll:nhyll biomass (X ) in zone B for effluents with
DAIN concentrations of between 1 mg 17 and 15 mg1? are shown in Table VL.2.. Again,
both the predicted absolute chlorophyll concentrations and the percentage decrease from
that predicted, using observed effluent data, are included in Table VI.2. For STW effluents
within the range of 1 mg1? to 15 mg ', the predicted June maximum X (i.e. the
maximum of the predicted range of X, ) does not exceed the 10 mg m” threshold cited by
CSTT (1994) as being indicative of eutrophication. It should be noted, however, that
during the June survey X, predicted using observed DAIN concentrations in the STW
effluent did not exceed this threshold.

Table VI3 shows the absolute reduction in predicted maximum chlorophyll biomass for
effluents of between 1 mg 1* and 15 mg 1" DAIN. The maximum of the range of maximum
chlorophyll biomass exceeds the required 1 mg 1”7 reduction in zone B chlorophyll for ail
DAIN concentrations in the effluent considered during June, and up to a DAIN
concentration of 11 mg 1" during February.



)
UONRNUEIDUOS NTV (I PelIoxds o1 Jusnfjjo M 1S JO 10etnean Sulmo[o] UOTBINIAITN0D JUALNNT 21BIS-APRaIS UL Hoonpal a8ujuaoing .
JUSTIS ALLS UT UOHRIUSIU0I NTV(] PoA1esqo Suisn poeloTpald Uonenusouos Justnng syes-Apea1s |
"ADAINS YOBS BULIND BIEP PAAIASGO JO URQLI DLNOWOSE ¢ Uo7 L

LUOTIINpaI
881 ¥0Z 6'1¢C ¢eT 0°¢T 99¢ 1'8¢2 9'6C AL LTE &L 8°CcE viLE 08¢ oy %
{ . T TOWn)
0T 0T 61 61 61 81 8T 8T LT LT 91 91 91 <1 [ | 6t T ¥l S
(L6/9/€) ¥ A=AInS
sluononpar
01 €1 91 0t £ 97 0E £t 9¢c 6¢ £ 9t 6% £s 9°¢ %
(¢t [oumr)
12! £elT £l (AN Al I'¢E T'S1 15y 0st1 6FL 61 8%l 81 L1 L¥l 9°ClT ¥l S
LG/T/LT) T ASAmMS

Sl 2 SR 3 71 11 01 6 8 L 9 S 14 £ T 1 s  igouoz

o | Sur) yuon[o [eul} AA LS Ul HORRIUIU02 NIV PAIRSY ()

NIV Jo nonjenuanuod paioads qirm jusnyjje jo 251eqosip SUIMO[[0) SHOIFRIIUIIUOD JUINYD
pazasqo Suisn pajorpaad Jeiy) wWody 9seaIdap 8w udRd pur (W jow) g 3Uoz Ul (S) TONRIHIIU0D NIV ([ I1eIS-Apeas papipald  :I'JA 2[9eL




1l

UOLENUAdUGI NIV Pagroads o Jusnjgs m 1S JO Hsunear Surmoyjo] ssemorq [[AdoIo[s NUWMRW W Ul uononpal aSeiuoniag
THNJIIe MIS Ul UONELUI0U0D NIV PRAIRsqo Suisn patorpaid sseworq [(Aydoropys umurxeu [y [

701 LLT I'61 144 L1T 0eC (9 oee 69T 8T 96C 6'0L e g'ee 8ve Xeur xTOHINpal
el Vel Syl 9er - L9 LT 6’81 661 01T 1ce TET L9 o4 1454 ¥oe eLe urai %
69 L9 99 §9 79 £9 9 o 09 6'¢ 8¢ Le 95 1 1Y Ty xeu (¢ u )
e 14> €t £ (33 (4> (A3 [ Tt 0e 0¢ oc 67T 67T 8¢ 6t i '¢
LB/9/C) ¥ ARAINY

01 €1 91 o1 £C 9t 6T [43 3 ge T P 8 I's Ve e xuononpal
L0 01 ] 91 61 T £ Lt e £t 9¢ 6t [A v 8 upt %
19844 5y I'sy 6'F 8¥P 9ty S¥p 15244 (444 Oyt oer gev 9ty sey 4 gep  xeul (¢ w Bus)
6l I'el T'6l ool 681 681 881 881 L'81 L8l 981 81 = V81 81 g6l umu ¢
{L6/T/LT) T henlny

ST vl €1 zl ! 01 6 8 L 9 < ¥ € [4 [ B™x
(;-15un) JUONEYD (BTl A LS W HOEDUIIUed NIV( PAAIISqO

NIV JO UONBIIUIDUOD PIYIAAS )i Juanyjjo J0 38IBDSIP SUMO[[0] SEONBIJUIIU0I JUIN[JD PaaIdsqo Suisn pajorpaad juy) woay
3sLa109p 95ejusdtad pue (w1 Sur) g auez ut (7 ¥) uopquerdozfqd Jo sseurorq wmwrxewn psydipaid Jo sanjes WINMIIXeUT pue w7 TA e




“UCTEnU20Ud)

NIV pa11oads yiim Juon[ife ug FuldIeqosip Woly pourene SUOTIRIUROTO0D SN[ M LS PIAISqO Sursn payoipsd Tey woyy g 2uoz ut ssewolq [[Aydoroya mnwmrxeut pa1orpaid ur eS8 4

*Am.EMEv
€1 ¢l o1 L1 8T 61 0T 1T TT £7 ¥ e 9T Lt 67T xew ¢
<0 ¢ 90 90 £0 Lo Lo 30 30 60 60 60 0t 01 'l  ww Ul 9882109(]

TL6/97ET ¥ ASAING

*ﬁm.EmEu
S0 90 L0 60 01 T’ Tl <1 o1 81 61 0T 7T £T 7 xeu B¢
10 0 o £0 0 0 co <0 90 90 L0 g0 80 60 0 umn U1 98B913(]

UL67Z/LT) 1 AoAmmng
1 1 €1 Tl I1 01 6 g L 9 S 1% £ z I

(1.1 3ur) JUSNId [} A TS M TONELUIIU0I NIV (][

NIV Jo Honejuaduod
Patdads M JUIN[YID JO AFIRYISIP SULMO][0] ¢ dUOZ W0 feaomax (**Y) ssewolq [AYdoJoyo wimunxem Jo afuel pajorpa] :CTA S[EL




I/Bw g

b

8'8

luanjye suuezojjeg ul (|/6w) NiVa Jo uocnesuasuoy

L

I/Bw 1
I/Bw e
I/Bw g
I/Bw L}

o

p

[(s]

S'E

/6/9/€ - ¥ Asmng

16/2/lg - g Aemins I

yow ot

I/Bw &

I/Bw 8

[/ew 2

I/Bw g

"UONENUIIU0D NV PatIdads arp
0] LS dUURZO[[ag 9Tf) J& [EAOTIAI UISONIU SUIMO[[0] (S) HONB.JUDU NIV(] 2)8)s-Apedss g auoz pajorpaid ur uoponpai aSejuaniag 1A 2ndLy

I/Bw g

I/Bw §

g8'5¢

I/Bw g
IBw ¢
/Ahw |

P LE |
6°8E i
S'0r

00l

0°'sSt

0'0c¢

0'Ge

0'0€

uoneJjus2ucd Nivd

poAtasqo Buisn palendjed S wWoay Uollanpal 9

jusniys Mls ul




UONEUDU0D NTV( pagidads ay)
03 AALS 2UUEZO[ 91} 18 [BAOTUAI UASOI)IU SUIMO[[0] () UONIBIJUSDUD NIV (] A®IS-APedss ¢ uoz pagarpaid Ul UONINPAT A5eJUNIDJ  :I'TA 2InSL]

enjye suuezojlzg w (/6w) NIvag jo uonesnussuocy

3 3 3 3 3 3 3 3 3 3 3 = 3 3
e g 2 2 & <94 ¢ ¢ e e e ¢ e @
00
¢ O
omw
=
001 4
o]
=
0'sL 9
-5
5
—~ 00z &
o 0
® © 3
IS 0°52

6
S'E¢

16/9/€ - ¥ Asning

1
]
L0
[a5]
juanjjjo MLS Ul
paalasqo Buisn pale[nojes § wWoJ4y uopanpal 9

8°9¢

¥ LE
6'8¢

§°0¥%

162/l - 2 Aeming i




Appendix V

Analysis of meteorological data.




Appendix V

Analysis of meteorological data.

This appendix provides an analysis of monthly total sunshine hours and average sca
temperatures to allow the meteorological conditions experienced during the survey period
to be placed into the context of prevailing meteorological conditions in Jersey. Data for the
years 1961 to 1996 and for January to October 1997 has been provided by the States of

Jersey Meteorological Department.

To compare the 30 year averages with conditions experienced during the survey period t-
tests were carried out between the 1961-1990 (30 year) monthly averages and 1997 monthly
data. The results from this analysis are presented in Tables V.1 (monthly sunshine hours)
and V.2 (monthly average sea temperature), whilst graphical representations of the data are
provided in Figures V.1 {(monthly sunshine hours) and V.2 (monthly average sea

temperature). :

The 1997 monthly total sunshine hours show a significant difference from the 30 year
average during all months within the study period, with the exception of March (Table V.1).
The months of February, June and August all displayed significantly lower sunshine than
the 30 year average, whilst April, May, July, September and October all experienced more
sunshine than the 30 year average (Table V.1 and Figure V.1).

Table V.1:  T-test results, comparison of sunshine hours data between the 30 year

average and 1997 data.

Month 1997 1961-90 average
Sunshine Mean Std. dev.  t-value P

hours (hours)
February 58.10 9132 2049 8.88 0.00%
March 141.00 140.66 32.58 -0.06 0.95
April 287.10 192,42 35.84 -14.47 0.00+
May 277.80  240.98 4187 482 000+
June 158.40 249.11 50.16 9.90 0.00%
July 286.50 261.34 41.44 -3.33 0.002+
August 204.60 237.55 35.38 5.10 0.00t
September 251.00 176.72 26.48 -15.36 .00
October 155.80 126.08 29.23 -5.57 0.007

1 significant at ¢=0.05

1997 sea temperatures measured at the end of the oil terminal outer breakwater displayed
significant differences to the 30 year monthly averages during the whole study period, with
the exception of February and July (Table V.2). Sea temperatures were warmer than the 30
year averages in all cases where there was a significant difference (Figure V.2).

Figure V.3 shows a comparison of Jersey Meteorological Department sea temperature data
with the mean sea temperature in zones B and C during each survey. Generally, the sea
temperatures recorded during the surveys were similar to either the 1997 monthly averages
or the 30 year averages. Sea temperatures during survey 9 (29/10/97) were lower than the



monthly averages, whilst during surveys 1, 3 and 6 sea temperatures in zones B and C were
warmer. Some differences between the average temperature and those measured during the
surveys would be expected due to the surveys representing temperatures for a single day
which are compared to monthly mean values. Also, the difference in locations of where the
measurements are taken may be a factor in the differences.

Table V.2:  T-test results, comparison of sea temperature data between the 30 year
average and 1997 data.

Month 1997 1961-50 average

Sea Temp Mean Std. dev.  t-value P

(C) (C)

February 7.50 7.54 1.11 .21 0.83
March 9.40 3.00 1.12 -6.85 0.00}
April 10.60 9.46 0.69 -9.06 0.00%
May 12.50 11.86 0.76 -4.61 0.00¢
Tune 1470 14.42 0.61 -253 - 0.02%:
Tuly 16.40 | 16.47 0.74 0.49 0.63
August 1840 17.51 0.70 -6.98 0.00%
September 18.20 17.05 0.77 -8.2 0.007
October 16.40 15.31 (.56 -10.74 0.00%

T significant at 0:=0.05

It is unlikely that the intensity and duration of sunlight experienced during February was
particularly favourable for phytoplankton growth, especially given the lower than average
number of sunlight hours. This is reflected by the high nutrient concentrations during
surveys 1 and 2 (late February and early April).

Conditions during April, when over 90 more sunshine hours than the 30 year average were
experienced, are likely to favour phytoplankton growth, This is reinforced by the results of
the predictive modelling, which indicate suitable conditions during neap tides in March (see
Section 5.3). The relatively large difference in the mean zone B sea temperature recorded at
the end of April, when compared to the 30 year average (a difference of 3.7°C), may also be
related to the increased number of hours sunshine during this month. The warmer than
normal sea temperature may also encourage phytoplankton growth. Hence, during April
phytoplankton growth was encouraged by the greater tha average sunshine hours and
warmer sea temperatures. An increased level of phytoplankton growth during this month
(i.e. between surveys 2 and 3) was possibly reflected in the decrease in nutrient
concentrations in zones B and C. However, such a drop in nutrient concentrations is
expected at this time of year. Therefore, it is difficult to determine whether the above
average hours of sunshine, and increased sea temperatures, contributed to an enhanced algal
bloom. However, growth of the bloom may have been limited to some extent by the
assimilation of nutrients.

June experienced 90 hours less sunshine than the 30 year average, a factor which may have
contributed to the cooler than average sea temperature measured during survey 5 (1/7/97).
These factors may combine to inhibit algal growth, although there was no evidence to
suggest this; chlorophyil a concentrations vary little between both the preceding and
subsequent surveys. June experienced a total of 158 hours sunshine during 1997, 18 hours
more than the average for the month of March. Predictions to determine whether suitable
conditions for algal growth exist (see Section 5.3) suggest that suitable conditions occur
during neap tides during March. This suggests the reduced hours of sunlight may affect
growth to such an extent that it may be similar to that predicted for March. Without irn-sifu



measurements throughout the month, however, it is difficult to determine whether this is, in
fact, the case.

It should be noted, however, that the 1997 average June sea temperature recorded by the
Meteorological Department was warmer than the long-term average, although July showed
no variation. Sea temperatures tend to lag air temperatures, and the trend of warmer than
average sea temperatures during 1997 may have been interrupted during July by the
reduced hours of direct irradiation during June. i

The reduced number of sunshine hours during August may also have caused a reduction in
phytoplankton growth, although, again, there is no evidence to indicate a reduced
chlorophyll a concentration during the subsequent survey (survey 7 - 9/9/97), Chlorophyll
a concentrations in zone B increased slightly between surveys 6 and 7, whilst in the
immediate nearshore zone concentrations exceeded the CSTT (1994) threshold of

10 mg chl m™. Again, it is difficult to ascertain whether an average period of direct sunlight
during August 1997 would have further encouraged phytoplankton growth in the immediate

nearshore zone.

Despite the significant differences in sunshine hours and average and observed sea
temperatures, it is difficult to determine whether the particular conditions experienced
affected the data collected for this study. It is, important, however, to note that in terms of
sunshine hours and sea temperatures, 1997 appears to be a somewhat anomalous year.
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Appendix VI

Further analysis of the potential impacts of nitrogen
removal from Bellozanne STW effluent.



