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Attachment 3: Comments of Dr Ryder
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Are the outliers in the NIWA data genuine outliers?

Dr Nimal Gamag in his evidence in chief idetified what he considered were two data
outliers within the NIWA data used by Nortonet al.(20091) to determine trophic level
indices for the arms of Lake Benmore. Those data were related to a spot sample
collected from the Haldon Arm on 11 December 2@at the 0-10m level and a spot

sample collected at the 15m level of the Ahuriri Arm on 21 January 2009.

| have assessedte relevant data supplied in Appendix A of the NIWA report anchimy
opinion the 21 January 2009 sample iglefinitely and outlier, probably a contaminated
sample, while the 11 December 2008 is probably an outlier or possibly a transcription

error. | explain my reasoning below.

21 January 2009 Ahuriri Arm sample

Table 25 on the following page is from the NIWA report Appendix A. It presentsake
Benmore Ahuriri Arm spot readings ofwater quality data collected over timeat the
vertical depths specified These are grab samples and you can see the spike in
suspended solids (SS) and turbidity (NTU) for the 15m depth on 21/1/09These
readingsare significantly higher (by an order of magnitude)than anything else recorded
at any other time or location in the waer column.Note that Voltatile SS level at that
depth issimilar to other sites/ sampling occasions indicating that the sample is

dominated by inorganic particulate material.

! Norton, N., Spigel, B., Sutherland, D., Trolle, D., and Plew, D. 2009. Lake Benmore water
quality: a modelling method to assist with limits for nutrient loadings.
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Table 25: Absorbance, turbidity and suspended solids in the water columm in the Ahuriri
Arm during the sampling period December 2008 to April 2009. Abbreviations are
defined in section 3.

Depth Abs440 TURB SS VSS VSS/SS
Dats (m) *1000 NTU mg-L mg-L %)
08/12/08 0-10 44 39 = =
0.01
15 52 1 - -
0.007
101 79 - -
3 0.008
2312/08 0-10 0.015 - 28 - -
- 0.014 ) - ) )
- 1 = =
= 0.018 o
1 1 4 3 - "
07/01/09 0-10 0.000 2 22
1.7 - -
15 0.008 32
23 09 12 - -
0.01
21/01/09 0-10 0.012 1.51 14 0.86 614
15 243 219 245 1.2
0.013
23 15 1.44 0.50 347
0.012
04/02/09 0-10 11 1.09 0.71 65.1
0.007
A .7 : 2
15 0.008 1.13 079 0.50 633
1 2 2 427
23 0.006 25 0.89 038 2
1 3 1 X 5
7/02/09 5 0.004 1.19 38 0.66 489
15 0.003 163 123 0.62 504
2 1. > >
23 0.003 182 24 0.52 423
_ .61 A
03/03/09 5 0.008 283 129 06 471
: i 7.
15 0.01 220 1.65 0.62 376
23 0.015 360 260 073 281
17/03/09 5 0.004 120 1.08 044 408
15 1.0 117 0.45 384
0.004
23 1.10 1.08 039 36.0
0.005
01/04/09 5 075 0.68 043 642
0.008
15 0.007 0.61 0.67 043 638
T 3 41 !
23 0.000 074 0.66 0 625

The next table confirms that the nutrients in this sample are dominated by paculate N
and P.Again the concentrations of these particulates are an order of magnitude greater

than found on any other occasion at any depth.
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Table 3: Nutrient fractions of the water column in the Ahuriri Arm during the sampling period December 2008 to April 2009. Abbreviations
are defined in section 3.
Depth  NHeN  NO;-N DIN DON TDN PIN PON PN ™ DRP DOP TDP PIP POP pp TP
Date (m) ug/lL ug/lL ug'lL po/lL pg/L po/lL o/l HolL pg/lL polL ug/'L ug/lL po/L ug/L po/L po/L
09/12/08 0-10 <1 <1 1 81 82 40 3 77 159 1 8 9 16.8 0.0 16.2 25
15 6 2 8 55 63 71 32 40 103 <1 35 4 72 13 85 13
23 14 15 29 76 105 5.0 39 44 149 <1 45 5 8.0 03 8.3 13
23/12/08 0-10 1 1 2 90 92 65 46 52 144 <1 45 5 77 16 93 14
15 5 6 11 84 95 3.0 43 46 141 <1 35 4 38 55 93 13
23 6 18 24 93 117 6.1 35 41 158 1 5 3 9.3 31 124 18
07/01/09 0-10 1 3 4 78 82 06 48 48 130 <1 35 4 52 1.7 6.9 1
15 1 5 65 70 1.0 3 32 102 <1 25 3 30 1.0 40 7
23 3 47 50 89 139 04 22 22 161 6 8 14 44 05 49 19
21/01/09 0-10 <1 <1 1 83 84 0.0 38 38 122 <1 35 4 48 0.6 54 9
15 6 18 24 89 113 23 84 107 220 2 2 4 36.9 0.0 35.1 39
23 5 48 53 71 124 73 21 23 147 1 4 5 7T 0.2 43 9
04/02/09 0-10 3 <1 35 77 81 0.0 43 43 124 < 25 3 49 0.7 56 9
15 2 4 6 70 76 87 21 29 105 <1 25 3 46 0.0 35 7
23 5 56 61 73 134 08 15 16 150 2 4 = 36 0.0 35 10
17/02/09 5 1 3 4 58 62 49 49 54 116 <1 15 2 96 0.0 83 10
15 2 1 3 44 47 <0.1 36 35 82 <1 15 2 38 1.0 48 7
23 ] 34 43 35 78 <0.1 24 23 101 1 3 4 5.0 0.0 39 8
03/03/09 5 1 <1 1 119 120 1.3 44 39 158 <1 15 2 43 1.0 53 7
15 2 4 6 102 108 13 29 37 145 <1 25 3 38 16 54 8
23 8 11 19 61 80 15 32 28 108 1 4 5 5.6 0.0 52 10
17/03/09 5 2 <1 25 85 88 <0.1 45 28 116 <1 35 4 30 0.1 31 -
15 5 <1 55 76 82 <0.1 24 37 19 1 2 3 37 0.9 46 8
23 4 = 10 68 78 0.1 19 22 100 2 2 4 40 0.0 33 -
01/04/09 5 5 <1 55 <1
15 4 2 B <1
23 3 3 6 <1
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Figure 26 on the following pageshows the Ahuriri Arm on 21/1/09 with vertical profile
monitoring data for various parameters.This near continuous profiling of the water
column shows thatturbidity values (NTUSs) are all less than 1 NTU (which is lownd
much lower than the 24.3 NTU reading from the spot samplend do not spike at the 15
metre depth. These low values indicates that the concentrations of suspended
solids/turbidity are low , which is contrary to the spot sample at 15 metres shown in the

first table. A reading 0f24.3 NTUrepresents a very 'dirty' sample
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Figure 26:
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Profile plots of the water column showing temperature, conductivity, dissolved oxygen, chlorophyll @ and turbidity at the Ahuriri
Arm site on 21 January 2009.
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The third table shows the Ahuiri Arm on 21/1/09 with vertical profile data for various
parameters. Note how the turbidity values (NTUSs) are all less than 1 NTU (which is very
low) and do not spike at the 15 metre depth. These low values indicates that the
concentrations of suspendedsolids/turbidity are low which is contrary to the spot

sample at 15 metres shown in the first table (which showed 24.3 NTU at the same depth
- a very 'dirty' sample). As a general comment, turbidity values of less than 5 and
typically between 1 and 3 are vinat occurs in Lake Benmore (from the NIWA monitoring
data) and the same can be said for SS concentrations. There is only one other site/depth
monitoring occasion when an NTU value exceeds 10 (10.1 on 9/12/08 at the 23m depth,
Ahuriri Arm). Figure 26 also povides no indication of thermal stratification at this

depth which may have entrapped a thin layer of particulate material in suspension.

The remaining tables are results of suspended solids and turbidity sampling of the lake
inflows on the same day. Théhuriri River values are much lower than the Ahuriri Arm
15 metre deep spot sample further suggesting that the latter sample was either
contaminated or just happen to pick up a bit of random inorganic material at that depth.
Only the TekapePukaki River smple has elevated SS and turbidity for the 21/1/09 but
the Haldon Arm on the same day had typicélow) SS and turbidity levels at all depths.

In my opinion, Iconsiderthat the 15m sample for Ahuriri Arm on 21/1/09 is an obvious
outlier, is not represertative of the arm or the lake in generalwas probably
contaminated, and should nohave been includedn any subsequent analysis of lake

water quality character.
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Table 30:

Table 31:

Table 29:

Absorbance, turbidity and suspended solids in the water in the Ohau C during
the sampling period December 2008 to April 2009. Abbreviations are defined in
section 3.

Abs 440 TURB SS VSS VSS/SS
Date nm NTU mg-L mg-L (%)
0812/08 0.001 3.00 200 = =
2312/08 0.005 = 2.00 - -
07/01/09 0.006 4.00 270 = =
21/01/09 0009 791 524 0.90 172
04/02/09 0.003 9.85 6.19 0.57 92
17/02/09 0.001 7.32 5.61 0.66 1.7
03/03/09 0.012 8.70 534 0.80 149
17/03/09 0.002 854 6.28 048 72
01/04/09 0.012 7.83 4649 0.927 19.9

Absorbance, turbidity and suspended solids in the water in the Ahuriri River
during the sampling period December 2008 to April 2009. Abbreviations are
defined in section 3.

Abs 440 TURB sS Vss V8S/8S
Date nm NTU mg-L mg-L (%)
0812/08 0.011 445 66.0 = =
2312/08 0.017 - 28.0 - -
07/01/09 0.006 1.00 240 = T
[ 27709 0.013 283 370 067 T8T |
04/02/09 0.005 225 253 044 174
17/02/09 - - - - -
03/03/09 0.011 44 323 0.65 20.2
17/03/09 0.004 158 148 027 185
01/04/09 0.006 134 0.819 0.260 31.7

LS LILLS LA U LR LS IR L) S

Absorbance, turbidity and suspended solids in the water in the Tekapo-Pukaki
River during the sampling period December 2008 to April 2009. Abbreviations
are defined in section 3.

Abs 440 TURB 8S VSS VSS/8S

Date nm NTU mg-L mg-L (%)
08/12/08 0.003 1.10 0.60 = -
23/12/08 0.01 - 0.90 - -
07/01/09 0.01 1.30 7.20 - -
pTOTIO9 0.01 5035 486 3.09 CEa|
04/02/09 0.005 1.07 0.66 0.29 439
17/02/09 0.002 231 0.67 0.38 56.8
03/03/09 0.007 1.22 1.07 0.34 316
17/03/09 0.003 074 063 0.25 39.7

01/04/09 0.006 057 0.405 0313 773
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8 December 2008 Haldon Arm sample.

The spot sample collected on this occasiort this site, also contained elevated

particulate N and P concentrations (see Table 2 on the following page, from Appendix A
of the NIWA report). In this case, there is no evidence of elevated NTU or SS values in the
spot sample (Table 24 below) or in the grtical profiling (Figure 10 on a following page),
but the relatively low nutrient concentrations measured in inflows on the same day,
coupled with low inorganic nutrient concentrations and other measured water quality
variables remaining within concentraton ranges more typically observed, indicates that
this particular sample, in terms of its particulate nutrient concentrations, is not
representative of the Haldon Arm on this or any other occasion. | also think it may be
worth NIWA checking the P concentation variables reported for this date for the 810m
spot sample to ensure that there is ntranscription error (given that a decimal point
moved to the right for all P variables in Table 2 would bring them exactly into line with

measured concentrations orall other occasions.

Table 24: Absorbance, turbidity and suspended solids in the water column in the Haldon

Arm during the sampling period December 2008 to April 2009. Abbreviations are
defined in section 3.

Depth  Abs440 TURB ss VSS  vsSs/SS
Date (m) nm NTU maiL mgfL (%)
G 010 o019 75 70 : ]

20 0.002 1.0 1.1
50 0.002 11 0.8
23208 0-10 0.011 . 1.1
25 0.004 . 07
50 0.000 . 0.8
07/01/09 0-10 0.009 0.7 15
25 0.002 0.7 0.8
50 0.002 15 1.8
21/01/09 0-10 0.029 2.07 1.51 0.69 45.6
25 0.017 3.56 2.65 0.50 18.8

50 0.036 0.87 0.74 0.28 51.3



Environment Canterbury Upper Waifaki€bahearings: Memo of Dr Geely\R§rler17 November 2009

10

Table 2: Nuirient fractions of the water column in the Haldon Arm during the sampling period December 2008 to April 2009. Abbreviations
are defined in section 3.
Depth  NH:N  MNOsM DIN DON TON PIN PON PN ™ DAP DOP TOP PIP POP FP TP
Date (m) poL ML pg'L Ho'L = Ho'L [ Mgl Mgl HoL pglL Bl pgl Mol Pl [
08/12/08 0-10 < < 1 108 109 3.6 1144 1180 227 5 25 30 26.4 0.8 27.3 57.3
20 3 1 4 59 35 20.0 23.5 BE =1 2.5 3 2.1 07 28 5.8
50 < az 3z 36 ] 72 7.5 14.7 B3 =1 1.5 2 77 0.8 B.6 10.6
2312108 0-10 < <1 1 &1 B2 1.1 7.7 26.8 50 =1 3.5 4 4.6 0.2 4.8 B.B
25 < 4 4.5 34 3@ 26 136 16.2 &5 =1 0.5 1 1.8 0.1 1.9 29
50 < 40 40 43 B4 0.4 2.8 10.2 54 =1 1.5 2 1.2 0.0 1.1 3.1
7101409 0-10 1 <1 1.5 58 B0 0.9 36.8 ar7 g7 4 4 B 4.5 0.6 5.1 13.1
25 < B B.5 42 51 4.0 127 16.7 B7 =1 1.5 2 1.5 0.1 1.6 3.6
50 2 45 47 50 o7 1.6 2.0 10.6 107 =1 0.5 1 1.6 0.2 1.8 28
21/01/09 0-10 < <1 1 87 Ba 5.6 27.6 33.2 121 =1 3.5 4 5.6 0.0 5.3 5.3
25 7 B 13 68 81 0.3 12.0 13.3 54 =1 2.5 3 3.5 0.0 3.2 B.2
50 < 45 46 42 B 0.0 105 10.5 59 =1 1.5 2 1.5 0.1 1.6 3.6
04/02/09 0-10 1 2 3 62 B5 25 38.8 41.3 106 =1 2.5 3 4.9 1.3 B.2 5.2
25 B 27 33 42 75 25 7.8 10.3 B5 =1 0.5 1 27 0.4 3.1 4.1
50 4 52 56 39 85 2.1 2.9 12.0 107 <1 0.5 1 2.6 0.0 25 3.5
17/02/09 5 2 8 10 45 55 0.0 223 22.3 7 1 3 4 2.0 1.4 3.4 7.4
25 4 20 24 23 47 0.9 17.4 18.3 E5 <1 1.5 2 3.9 0.0 3.9 5.9
50 2 56 58 28 1] 1.2 10.6 11.8 58 <1 1.5 2 1.9 0.3 2.2 4.2
03/03/09 5 < 3 3 39 42 <01 22.05 18.2 B0 <1 0.5 1 2.1 0.2 23 3.3
25 5 11 16 15 M 0.8 15.8 13.0 44 <1 1.5 2 4.0 0.0 a7 5.7
50 B 67 73 20 ] 1.1 12,05 9.0 102 <1 1.5 2 1.9 0.0 1.9 3.8
17/03/09 5 2 3 5 &) 35 <01 185 27.0 B3 1 1 2 23 08 3.1 5.1
25 3 B 11 28 k'] 0.6 135 15.7 55 1 14 15 3.5 0.1 3.6 18.6
50 < 58 58 &) 80 <01 7.2 8.0 58 2 0 2 1.7 0.0 1.5 3.5
01/04/09 5 3 4 7 <1
25 5 11 16 <1
50 68 it 1
69

Appendix 1

Water guality parameters in the Upper Waitaki Basin December 2008 — April 2009
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