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2011 Carleton River Watershed Area Lake Surveys

SUMMARY

As a result otoncerns that water quality was becoming seriously degraded within a number of
lakes loeted within the Cdeton, Metegghan, and Sissaboo River watersheda 2008 Nova
Scotia Environment initiated program designed to evaluate the water quality statusnef

lakes located within these watershed$ie results of this initial evaluation indicated that water
quality was impaired in a number of the lakes surveyed, particularly with respect to high nutrient
concentrations resulting in the development of hadgdpal concentrations. The water quality
surveys were continued, with the addition of a tenth lake, in 2009, 2010 andd0gfter
document the extent of the degradation in water qualityis reportpresents the results of the
2011 water quality survegnd makes some comparisons with the results obtained in the prior
surveys.

It was difficult to detect consistent trends in water quality since 2008 as a result of the
considerable variation among survey years in the time at which the surveys wereas#rasd

well as climatic factorssuchasprecipitation andemperature, whichave a strong influence on
water quality. However, it is clear that water quality within several of the lakes survestéd is
severely degraded as a result of high nutrieputs. The most serely impactedlakes ae
located within the upperegion of the Meteghan an@arleton watersheds arade located in
close proximity to areasaving a high concentratiomink farms. Nutrients within the impacted
lakes consisof extremely high levels of inorganic phosphorus which is most likely a result of
the use of superphosphate in the mink farming industry.
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Results of the2011Water Quality Survey of Ten Lakes Located in the Carleton
River Watershed Areaof Digby and Yarmouth Counties,Nova Scotia

1. Background

In 2008, & a result of concerns that water quality was becoming seriously degraded within a
number of lakes |l@ated within the Cdeton, Metgghan,and Sissaboo River watershedsova
Scotia Environment initiated a program designed to evaluate the water quality status of nine
lakes located within these watersheds. The results of this initial eval(ld&&n2009)ndicated

that water quality was impaired in a number of the laeseyed, particularly with respect to
high nutrient concentrations resulting in the development of high algal concentrdticssme
instances the high algal concentrations contained species efrelele alga known to produce
microcystins, a toxin thiiaunder certain conditions, may be harmful to humans, livestock and
wildlife. As a result, further studies/hich included the addition of a tenth lalesre carried out

in 2009 and 2010 to better document the extent of the degradation in water qodlity a
determine its potential causes.

An analysis of the resulisf the surveys carried out in the three yeariod between 2008 and

2010 (summarized by Brylinsky 201B5uggested that the source of the nutrients leading to the
degradation of water quatitvasmostlikely a result of mink farming activities in the area, and

that the degree of degradation was strongly influenced by water color which varied considerably
depending on the amount of precipitatidn.order to develop a more comprehensive database to
better document thextent to whichwater qualityvaries annuallyas well as to serve as a basis

for evaluating any changes resulting from remediation activities, the lakes were again surveyed
in 2011. This reportoriefly summarizes the results of &lur surveys carried out to date.

2. Approach and Methods

The approach andvater sampling methodologies were the same as those used jmiche
surveys carried out in 2002009 and 2010the details of wich are described in NSE (2009;
2010)and Brylinsky (2011). The surveys includedor each of the 10 lakes; (a) collection and
analysis of water samples for nutrien{total and inorganic phosphorus and nitrogen),
chlorophylla, pH, alkalinity, turbidity, and colofor surface and bottom wateas one midlake
stationand all majorinlet and outlet streamsb) measurement of Secchi Disk depth and depth
profiles for conductivity, temperature and dissolved oxygen at thelakéd sations; €)
estimates of phosphorus loadjmghen possibleat lake inlets and outletnd; (d) collection of
shoreline water samples for analyses of {gusen algae compositiomnd abundance
microcystin concentratioand fecal coliform numbers.

A shortoming of the 2011 survey was the incomplete survey carried out for Nowlans Lake due
to its only access suitable for launching a boat having been barricaded by large boAslers.
resultit was only possible to collect a shoreline water sargpléhis lake
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3. Results

The database used for anadysf the survey resulis contained in Appendil which includes

the results of all surveys carried out between 2008 and 2011 as well as the results of historical
surveys carried out by the Nova #eoDepartment of Lands and Forests, Nova Scotia
Department of Natural Resources and Nova Scotia Power Trwe locations ofthe lake
sampling stations used each yearsirewn on map figures contained in Appenidlix

3.1Lake Phosphorusand Chlorophyll a Concentrations and Water Color

The annualvariatiors in surface water total phosphoroasd chlorophyll a concentrationis
illustratedin Fig. 3.1.1.

Other than a further increase in the already exceptionally high phosphorus levels of Placides
Lake, there was relatively little change in 2011 relative to levels measured in 2010. Despite the
higher phosphorus levels, there was a decrease in chlor@pleyléls for Placides Lake which

may be related to the higher water color in 2011 imparting a greater degree of light limitation for
algal growth This may also be true for Hourglass Lakee higher total phosphorus and lower
chlorophyll a levels observa in 2011 for Nowlans Lake may be related to the water sample
having been collected near the shoreline as opposed to the deep lake station used in prior survey
years.

The high total phosphorus concentration measured in 2009 at Parr Lake is difficullaia esp
levels in other years were much lower.

The mostly greater water colors observed in 2011 compared to 2010 is a result of the higher
precipitation occurring just prior to and during the survey periods (Fig. 3.1.2). Dalily
precipitation data collecteat Yarmouth by Environment Canada for the five day period prior to
each survey period and for the period over which the survey was carried out, amounted to 50, 99,
7 and 31 mm for 2008, 2009, 2010 and 2011 respectively.

Fig. 3.1.3illustrates the strongverserelationship between water color and Secchi depth.

Page2



2011 Carleton River Watershed Area Lake Surveys

1.0
0.9+ —
08— Year |
W 2008
ﬁO.T — 2009 —
1 2010
ad W 2011 |
E05— —
O 04— —
|_
0.3 —]
02 —]
0.1 —

0.0

Chl a (ug/L)

Fig.3.1.1 Annual variation in total phosphorusnd chlorophyll a concentration(lower dashed line
indicates division between oligotrophic and mesotropfitorophyll a levels and upper daed line
indicates division between mesotrophic and eutrophicrophylla levels).
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3.2. Total PhosphorusConcentrations atLake Inputs

Table3.2.1is a summary of total phosphorus levels at the inlets to each of the surveyed lakes
and Fig.3.2.1illustratestheir variation over the four years in which they were surveyed. The
highest inputs are at Nowlans alhcides Lakes. During 2011 the input levels at Placides Lake
almost doubled over the levels measured in 2010. Porcupine Lake also had much higher levels
in 2011 than in 2010.

Table 3.2.1Annualvariations in total phosphorus concentration at lakats\p
Lake Station Year '(rr?]tg/ILI; Description of Input
2009 0.170
Hourglass HL-IN1 2010 0.037 | Headwater lake with small spring input
2011 0.023
2009 0.610
Placides PLAL-IN1 | 2010 0.940 | Stream enterinffom Hourglass and Simonds Lakes
2011 1.600
2009 0.079
Porcupine | PORL:IN1 | 2010 0.110 | Stream entering from Paul, Oliver and an unnamed |
2011 0.300
2009 0.018
PARL-INA | 2010 0.099 | Input from Carleton River
2011 0.097
2009 0.011
Parr PARL-INB | 2010 0.012 | Stream input from Salmcend Grass Lakes
2011 0.076
2009 0.016
PARL-INC | 2010 0.057 | Small unnamed stream
2011 0.012
2009 0.076
Ogden OL-IN1 2010 0.054 | Channel input from Parr Lake
2011 0.062
2009 0.064
FL-IN1 2010 0.024 | Input from Carleton River
2011 0.018
2009 0.020
Fanning FL-IN2 2010 0.008 | Small stream input from Cranberry Lake
2011 0.007
2009 0.007
FL-IN3 2010 0.005 | Small stream input from Mink Lake
2011 0.005
Sloans - - - Headwater lake with no distinct waiaputs
2009 0.034
VL-IN1 2010 0.014 | Stream input from Raynards Lake
Vaughan 2011 0.009
VL-IN2 2812 8833 Channel input from Gavels Lake
2009 5.400
Nowlans NL-IN1 2010 8.700 | Headwater lake with distinct input from a drainage di
2011 7.900
Provost - - - Headwater lake with no distinct water inputs
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Fig 3.2.1Total phosphorus levels at inputs to each lake.

3.3 Phosphorus Loading Comparisons

The number of phosphorus loading rates that coulché@surediuring each survey year varied

with the level of precipitation prior to and during the survey period. In 2009 these estimates
were made at 25 sites. In 2010, however, due to low water levels and flows as a result of the
extremely dry conditionst was only possible to make these estimates at four sites. In 2011
loading estimates were made at 14 sites. These are summarized in Table 3.3.1.

Of particular note for 2011 are the high loadings at the inlet and outlet of Placidearictke
increassin loadings at the input of Porcupineake and the output of Fanning Lake
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Table 3.3.1Summary ofdaily nutrient loading estimates.

. . TP
. Width Depth | Velocity | Total P .
Lake Station Year Loading
(m) (m) (m/seg | (mglL) (kg/day)
HL-INT 2009 Springfed 0.170 0.002
Hourdl 2009 15 0.2 0.24 0.050 0.32
ourgiass HL-OL1 2010 1.0 0.2 0.07 0.043 0.05
2011 45 0.6 0.013 0.097 0.64
2009 7.6 12 0.46 0.610 223.86
Placides PLAL-INL 1 =56717 10.0 1.0 0.69 1.600 953.86
SLAL.OLL 2009 45 12 0.37 0.660 116.26
2011 15.0 0.8 0.54 1.100 577.37
2009 3.0 0.9 0.24 0.080 4.64
Porcupine | PORLIN1 | 2010 18 05 1.02 0.030 2.28
2011 2.0 05 112 0.300 58.06
2009 15.0 0.3 0.46 0.020 0.20
PARL-INA 011 15.0 16 0.01 0.097 2.01
2009 3.0 0.9 0.28 0.010 0.73
5 PARLINB 5010 2.0 05 0.20 0.012 0.21
ar PARLING 2009 | 12 0.2 0.30 0.020 0.10
2011 5.0 0.2 0.13 0.012 0.14
2009 7.6 24 0.76 0.080 92.97
PARL-OLL 2011 8.5 2.5 0.42 0.062 47.81
2009 6.1 2.2 0.91 0.080 80.53
oad OL-IN1 2010 5.0 05 2.00 0.054 23.33
gaen 2011 85 25 0.42 0.062 47.81
OL-OL1 2009 7.6 12 152 0.070 80.74
FLINL 2009 55 12 1.00 0.060 36.99
2011 20.0 0.8 023 0.018 5.938
. 2009 1.2 03 0.30 0.020 0.20
Fanning FL-IN2 2011 35 0.2 0.47 0.007 0.25
FL-IN3 2009 1.2 0.6 0.30 0.010 0.14
FL-OL1 2009 7.6 2.4 1.83 0.060 173.22
SL-INT 2009 0.6 15 0.05 0.038 0.15
Sloans SLoLs 2009 18 0.1 0.05 0.005 0.01
2011 25 0.06 0.47 0.005 0.03
VLN 2009 14.6 24 0.46 0.030 47.91
2011 17.0 31 1.35 0.008 49.18
Vaughan VLN 2009 243 2.2 0.30 0.010 19.78
2011 27.0 2.6 0.31 0.009 16.92
VL-OL1 2009 20.0 3.1 0.61 0.020 71.36
PROLINI | 2009 12 0.3 0.17 0.010 0.08
Provost 2009 15 0.6 0.24 0.020 0.35
PROL-OL1 2011 2.0 0.2 0.52 0.015 0.34
NLINL 2009 15 0.3 0.02 5.400 4.40
Nowlans 2010 05 0.1 0.50 8.700 18.79
NL-OL1 2009 2.4 1.2 0.08 0.400 8.35
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3.4 Lake Trophic Status

Table 3.4.1 lists the annual variation in trophic status for each lake based on chloacgill
watercolor levelsusing the rational proposed for dystrophic (colored) lakes by Brylinsky (2011).
For many of the lakes theh@s been considerable variation in trophic status over the four years
of study. Two of the lakes, Placides and Parr, have varied over four trdphels ranging
between ultraoligotrophic and eutrophic, and two, Hourglass and Fanning, have varied over
three trophic levels ranging from oligotrophic to eutrophsmme of this variation is a result of
differences in the time of year in which teerveys were carried out particularly in relation to

the degree of water column thermal stratificatioml to variations in water color between years
which influences the degree of light, as opposed to nutrient, limitatialgal growth. The 2009
survey was carried out over a three month period beginning in September and endanty in
Novemberwhich corresponded to destratificatioh the water columrand dilution of surface
water algal biomass (i.e., chlorophgl)l by bottom waters.Trophic levels dring this time were
mostlywithin theoligotrophic categgy. This year was also characterized by high levels of water
color which would impose an addition light limitation on algal growtih.2010 the survey was
carried out during late September at whiane all but the deepest lakes (Ogden, Sloans and
Vaughan) had become destratifethe only two years in which the surveys were carriedabut
compatible times and water color levels were in 2008 and 2Biltomparing these two years,
although there @re changes in trophic levels within lakesth two exceptios, the changes did

not exceedmore than one trophicategory The two exceptions were Placides Lake which
changed from eutrophic in 2008 to oligotrophic in 2011, and Hourglass Lake which changed
from eutrophic in 2008 to oligotrophic in 2011. The change in Platidksmay be related to

the much higher water coloneasuredn 2011. The change in Hourglass Lake could be due to a
changdn thelevel of activitiesof the existing aquaculture facility located along its shoreline.

3.5 Water temperature and Dissolved Oxygen Profiles

Water depth profiles of temperatusiad dissolved oxygen are contained in Appendix IV. As is

the case with changes in trophic status, differences in the time of the water quality surveys over
the four survey years make it difficult to determine if significant annual differeincdsese
pamameterccur. The only two comparable years are 2008 and 0d/fich the surveys were
carriedout during August. In comparing these twgears most of the lakes exhibited greater
water temperatures, stronger temperature stratification, and a greateasgein dissolved
oxygen levels with depth in 2011. In 2011, the only lakes not exhibiting anoxic bottom waters
were Sloans, Parr, and Provost Lake. Sloans Lake remains a relatively pristine lake having low
phosphorus and chlorophyllevels. Parr and Provost Lakes are relatively shallowdichdot
exhibita well developed thermocline either year
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Table 3.4.1Yearly variation in trophic status based on chloropaylbncentration an
color.
Lake Year &2}3‘ Trophic Status gglgsr)
2008 15.0 Eutrophic/* 60
Hourglass 2009 3.8 Mesotrophic/*** 134
2010 13.0 Eutrophig** 58
2011 21 Oligotrophig** 89
2008 20.0 Eutrophic/** 68
. 2009 0.6 Ultra-oligotrophic/*** 190
Placides 2010 155 Eutrophic/** 90
2011 2.8 Oligotrophig*** 117
2008 7.8 Mesotrophic/* 25
Porcupine 2009 1.1 Oligotrophic/** 76
2010 2.8 Mesotrophic/* 39
2011 3.4 Mesotrophic/* 47
2008 11.0 Eutrophic/** 64
Parr 2009 0.9 Ultra-oligotrophic/*** 176
2010 13.0 Eutrophic/** 86
2011 6.7 Mesotrophic/** 97
2008 10.0 Eutrophic/* 39
Ogden 2009 55 Mesotrop.hic/** 86
2010 18.8 Eutrophic/** 58
2011 125 Eutrophic/** 59
2008 5.8 Mesotrophic/* 31
E . 2009 1.5 Oligotrophic/*** 118
anning 2010 18.1 Eutrophic/* 49
2011 19.2 Eutrophic/** 63
2009 1.7 Oligotrophic/* 20
Sloans 2010 1.9 Oligotrophic/* 11
2011 0.7 Oligotrophic/* 15.3
2008 3.9 Mesotrophic/* 22
Vaughan 2009 0.9 Ultra-oligotrophic/*** 134
2010 2.2 Oligotrophic/** 95
2011 2.6 Oligotrophic/** 63
2008 67.0 Hypereutrophic/* 16
Nowlans 2009 58.0 Hypereutrophic/* 33
2010 64.5 Hypereutrophic/* 15
2011 21.4 Eutrophicf 38
2008 18.0 Eutrophic/* 32
Provost 2009 2.8 Mesotrophic/** 68
2010 20.3 Eutrophic/* 36
2011 19.6 Eutrophic/* 44
* <507 Oligo-dystrophic * *  OX@i Mesodystrophic * * *  OHu@ltrophic
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3.6 Water Quality Guidelines

Table 3.6.1 summarizes the valuesf each lakefor Health Canada (2010yater quality
guidelinesrelevant to ecreatioml use Two of these parameters§ecchi Diskdepth and
turbidity, arerelated to water clarity anareimportant mainly from an aesthetic viewpoint and
are not actually harmful from a health perspecti@her than Secchi Disk depth, which often
fell below the guideline of >1.2 m due ¢gly to thenaturallyhigh colour of nostthe lakesall

of the lakeswith one exceptionmet the guidelines. The one exception Wswvlans Lake
which exceeded the guideline for blgeeen algal numbers in 2009 and Earcoli numbers in
2011. Although not above the guidelindlowlans Lake was also the only lake to have ever
exhibitedmicrocystin levels above the litof analyticaldetection

Details of the bluggreen algal species present and their individual numbers in each lake for each
sunwey year are contained in Appendik. In the 2011 survey, all of the lakes except Placides
contained at least one species of bjueen algae anMlicrocystis spwaspresent in only three
(Nowlans, Hourglass arffloans)of the ten lakes surveyed

Table 3.6.1 Summary of annual results for parameters used to assess the suital
lakes for recreational use (numbers in red indicate guideline was exceeded).
Parameter
(Numbers in parenthesis represent guideline values)
= S - Microcystins
Lake Year | _ E 52 = >3 § . § — Y
3 g 8 o S E o So %
S S 5 Q o v 8= @ TO T
wo 8 A © 5o S<J¢ 9 o 533
~ < - = V O oV D
v 3 Y m w 3
2008 - 1.3 6.2 1.09 48 <0.20 -
Hourglass 2009 | <2 0.6 6.2 1.18 33 <0.20 -
2010 7 1.3 6.8 1.22 6 <0.20 -
2011 5 1.4 6.1 1.09 145 <0.20 | <0.20
2008 - 1.3 6.5 2.00 64 <0.20 -
Placides 2009 56 0.5 6.4 5.40 424 <0.20 -
2010 | 101 0.7 6.9 10.00 0 <0.20 -
2011 3 0.9 6.8 2.29 0 <0.20 | <0.20
2008 - 2.5 6.6 0.95 56 <0.20 -
Porcupine 2009 1 1.3 6.6 1.15 2 <0.20 -
2010 12 2.0 6.9 0.65 20 <0.20 -
2011 75 0.8 6.9 1.25 870 <0.20 | <0.20
2008 - 15 6.2 1.38 2,220 <0.20 -
Parr 2009 1 0.5 5.4 1.19 267 <0.20 -
2010 | <2 0.8 6.2 1.88 102 <0.20 -
2011 8 1.0 6.1 1.41 2,670 <0.20 | <0.20
2008 - 1.8 6.1 1.28 1,210 <0.20 -
Ogden 2009 3 0.6 5.8 1.11 195 <0.20 -
2010 2 1.0 6.3 4.20 2,480 <0.20 -
2011 2 1.0 6.2 2.51 4,030 <0.20 | <0.20
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Table 3. 6. 1 Swromarg of.ahnual results for parameters used to asses
suitability oflakes for recreational use (numbers in red indicate guideline was excee
2008 - 2.3 6.4 0.85 2,644 <0.20 -
Fanning 2009 - 0.7 5.9 1.23 5 <0.20 -
2010 3 1.2 6.4 2.82 4370* <0.20 -
2011 8 1.3 6.2 4.06 70,100 | <0.20 | <0.20
2009 | 46 3.8 6.9 0.42 1,901* <0.20 -
Sloans 2010 2 4.3 7.0 0.32 3,075 <0.20 -
2011 1 4.6 6.9 0.36 856 <0.20 | <0.20
2008 - 3.0 6.3 0.71 408 <0.20 -
Vaughan 2009 3 0.9 6.2 0.93 0 <0.20 -
2010 | 312 1.2 6.2 1.13 13* <0.20 -
2011 0 1.8 6.2 1.02 160 <0.20 | <0.20
2008 - 1.7 6.1 2.60 492 <0.20 -
Provost 2009 4 1.1 5.9 1.19 10 <0.20 -
2010 | <2 1.7 6.0 1.57 38 <0.20 -
2011 3 0.6 6.0 1.45 450 <0.20 | <0.20
2008 - 0.9 6.5 19.6 94,125* 0.30 -
Nowlans 2009 38 0.8 7.3 10.6 138,333 | <0.20 -
2010 57 0.6 8.0 34.3 27,725 | <0.20 -
2011 | 1203 - 7.4 30.10 78,900 <020 | 11.82
*Number based on mean value of two or more samples collected at different locations.

4. Discussion

Althougha total offour annual surveys have been carried out to datep@er of factors make

it difficult to determine thedegreeof yearly variation in the surveyed lakes. The ¢isof the
water qualitysurveysvaried considerablgnd included periods in which many of the lakes were
eitherstratified, partially stratifiedor unstratified, a condition that has a strong influence on the
magnitudes of water quality parameterBhe amount ofrecipitation between years, which
strongly correlated teovater color an important parameter influencing ttesponse of algae to
nutrient levels also varid significantly between yearsVariations inthe nature and degree of
activities within the watershed of each lake #if¢ct the level ofiutrient inputdo the lakesre
also likely to occur.As a result, on the basis of tegisting database, it is difficult telate the
changes observed in the trophic status of the surveyed lakes to land based human activities
occurring within their respective watershedsis, however, clear that the lakes being surveyed
are being subjeed to exceptionally high levels of nutrient inputs and that ufaesurable
conditionsfor algal growthexhibit the most severe consequences of nutoeetenrichment
particularly the development of bhkggeen algal blooms, some of which contain tepecies, as
well as the development ainoxic conditions in bottom watemshich reduces the habitat
available for most aquatic organisms.

5. Recommendations for FurthelWater Quality Surveys

It is unlikely that continued yearly routine water quality surveys will increase our current
knowledge or understanding of the water quality status of the lakes surveyed. Future surveys
should focus on identifying the point sources of nutrients entedo &ke as suggested by
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Brylinsky (2012). Once these have been identified, and remediation measures have been
implemented, consideration should be given to the development of a more comprehensive
monitoring program, perhaps volunteer based, that wouldde@n indication of the efficacy of

the implemented remediation activities, with particular emphasis on the occurrence of

Microcystisand microcystin levels.
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Appendix | Database Used in Analyses
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Hourglass | Sep/01/83 0 3 30 0.002 | 0.012 | 0.01 2.5 5.8 NSDL&F
Hourglass | Sep/01/83 5 55 0.001 | 0.011 | 0.01 7.2 6.1 NSDL&F
Hourglass | Sep/01/83 7 55 0.001 0.045 | 0.03 8.7 6.1 NSDL&F
Hourglass | Aug/14/08 HL-DS1 0 1.3 15 60 0.034 | 0.069 | 0.03 3.4 6.2 NSE
Hourglass| Oct/20/09 HL-AQIN1 6.5 139 0.056 | 0.080 | 0.22 2.0 6.1 NSE
Hourglass | Oct/20/09 HL-AQOL1 2.8 136 0.062 0.090 0.22 2.4 6.2 NSE
Hourglass | Oct/20/09 HL-DS1 0 0.6 3.8 134 0.057 0.078 | 0.21 2.1 6.2 NSE
Hourglass | Oct/20/09 HL-DS1 6 147 0.050 0.079 | 0.22 2.1 6.2 NSE
Hourglass | Oct/20/09 HLIN1 11.1 224 0.115 | 0.1 0.01 2.8 5.7 NSE
Hourglass| Oct/20/09 HL-OL1 0 0.4 123 0.027 | 0.049 | 0.01 2.9 6.4 NSE
Hourglass | Sep/26/10 HL-AQIN1 0.050 0.21 NSE
Hourglass | Sep/26/10 HL-AQOL1 8 58 1.56 0.030 0.063 | 0.01 3.0 6.8 NSE
Hourglass | Sep/26/10 HL-DS1 0 1.3 13 58 1.22 0.022 0.050 0.01 2.9 6.8 NSE
Hourglass | Sep/26/10 HL-IN1 0.2 9.8 1.80 0.006 | 0.3 1.90 21.3 7.6 NSE
Hourglass | Sep/26/10 HL-OL1 25 45 1.06 0.006 | 0.043 | 0.03 3.9 6.9 NSE
Hourglass | Aug/1411 HL-DS1 0 1.4 2.1 89 0.018 0.045 | 0.04 NSE
Hourglass | Aug/1411 HL-DS1 6 2.1 167 0.330 0.390 0.01 NSE
Hourglass | Aug/1411 HLIN1 65 0.005 | 0.023 | 0.85 NSE
Hourglass | Aug/1411 HL-OL1 73 0.006 | 0.022 | 0.01 NSE
Hourglass | Aug/1411 HL-AQOL1 95 1.36 0.053 | 0.087 | 0.05 3.3 6.7 NSE
Placides Aug/14/08 PLAEDS1 0 1.3 20 68 0.580 0.740 0.35 3.4 6.5 NSE
Placides Aug/14/08 PLAEDS1 7 202 3.440 5.200 0.02 24.0 6.3 NSE
Placides Oct/21/09 | PLAEINILA 0.2 187 0580 | 0630 | 1.25 2.2 6.0 NSE
Placides Oct/21/09 PLAEIN1-B 0.2 184 0.58 0.610 1.26 2.6 6.1 NSE
Placides Oct/21/09 PLALDS1 0 04| 06 190 0.661 | 0.720 | 1.10 2.8 6.5 NSE
Placides Oct/21/09 PLAEDS1 6 207 0.680 0.700 1.10 2.9 6.4 NSE
Placides Oct/21/09 PLALN1 0.2 187 0580 | 0.610 | 1.28 3.0 6.2 NSE
Placides Oct/21/09 PLAEOL1 1 187 0.620 | 0.660 | 0.95 2.9 6.3 NSE
Placides Sep/27/10 PLALDS1 0 0.7 | 155 90 7.98 0.705 | 0.80 | 0.47 4.7 6.9 NSE
Placides Sep/27/10 PLALDS1 6 97 1000 | 0.652 | 0.830 | 0.54 5.2 6.9 NSE
Placides Sep/27/10 PLAHN1 0.5 105 3.02 0.078 0.940 1.31 5.0 6.8 NSE
Placides Sep/27/10 PLALOL1 7.8 84 5.75 0.348 | 0.710 | 0.29 4.6 6.9 NSE
Placides | Aug/2311 PLAEDS1 0 2.8 117 0.786 | 0.960 | 0.58 NSE
Placides Aug/2311 PLALDS1 5 132 1.780 2.100 0.16 NSE
Placides Aug/2311 PLAHN1 0.9 2.27 5.1 6.8 NSE
Placides Aug/2311 PLALOL1 3.80 15.9 7.2 NSE
Porcupine | Aug/13/08 PORIDS1 | O 25| 7.8 25 0.005 | 0.012 | 0.01 3.0 6.6 NSE
Porcupine | Aug/13/08 PORIDS1 | 6 87 0.005 | 0.021 | 0.01 9.5 6.3 NSE
Porcupine | Oct/27/09 PORIDS1 0 1.3 75 0.011 0.034 | 0.06 3.0 6.6 NSE
Porcupine | Oct/27/09 PORIDS1 | 13 79 0.017 0.033 | 0.07 3.0 6.7 NSE
Porcupine | Oct/27/09 PORIDS2 | 0O 12| 09 77 0.017 | 0.035 | 0.07 2.6 6.6 NSE
Porcupine | Oct/27/09 PORHN1 0.3 180 0.055 | 0.079 | 0.10 2.2 6 NSE
Porcupine | Oct/27/09 PORIOL1 1.4 78 0.015 | 0.031 | 0.06 2.6 6.6 NSE
Porcupine | Sep/27/10 PORIDS2 0 2.0 2.8 39 1.31 0.005 | 0.021 | 0.01 3.1 6.8 NSE
Porcupine | Sep/27/10 PORIDS2 | 10 0.5 8.30 0.013 0.01 3.4 6.8 NSE
Porcupine | Sep/27/10 PORHN1 0.9 176 | 5.91 0.110 | 0.110 | 0.10 5.4 6.9 NSE
Porcupine | Sep/27/10 PORIOL1 1 33 0.65 0.005 | 0.019 | 0.01 3.3 6.9 NSE
Porcupine | Aug/1511 PORIDS2 0 0.9 3.4 47 0.005 | 0.014 | 0.01 NSE
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Porcupine | Aug/1511 PORIDS2 | 10 72 0.08 NSE
Porcupine | Aug/1511 PORHN1 326 0.202 | 0.300 | 0.08 NSE
Porcupine | Aug/1511 PORIOL1 41 0.005 | 0.014 | 0.01
Parr Jul/03/86 0 2.8 | 110 55 0.001 | 0.006 | 0.01 1.0 5.7 NSDL&F
Parr Aug/15/08 PARIDS1 0 15| 110 64 0.012 | 0.033 | 0.01 3.0 NSE
Parr Oct/22/09 PARIDS1 0 05| 0.9 176 0.075 | 0.960 | 0.07 1.0 5.4 NSE
Parr Oct/22/09 PARIDS1 6 178 0.075 | 0.9%0 | 0.07 1.0 5.4 NSE
Parr Oct/22/09 PARHNA 0.1 142 0.006 | 0.018 | 0.01 2.2 6.2 NSE
Parr Oct/22/09 PARHNB 0.1 130 0.005 | 0.011 | 0.01 1.0 5.1 NSE
Parr Oct/22/09 PARHNC 0.1 183 0.005 | 0.016 | 0.01 1.0 5.0 NSE
Parr Oct/22/09 PARIOL1 1.1 168 0.059 | 0.076 | 0.06 1.0 5.5 NSE
Parr Sep/27/10 PARIDS1 0 09 | 130 86 1.88 0.031 | 0.061 | 0.01 1.1 6.2 NSE
Parr Sep/27/10 PARHNA 34 111 1.66 0.069 | 0.099 | 0.01 1.7 6.1 NSE
Parr Sep/27/10 PARHNB 0.1 115 | 0.23 0.005 | 0.012 | 0.01 1.5 5.9 NSE
Parr Sep/27/10 PARHNC 6.8 72 2.65 0.028 | 0.057 | 0.04 3.9 6.6 NSE
Parr Sep/28/10 PARIOL1 0 3.8 80 1.58 0.029 | 0.054 | 0.01 1.6 6.2 NSE
Parr Aug 2311 PARIDS1 0 1 6.7 97 0.075 | 0.075 | 0.01 NSE
Parr Aug 25311 PARIDS1 6 99 0.046 | 0.076 | 0.01 NSE
Parr Aug 25311 PARHNA 117 0.068 | 0.097 | 0.03 NSE
Parr Aug 25311 PARLNB 103 0.036 | 0.076 | 0.01 NSE
Parr Aug 25311 PARHNC 107 0.005 | 0.012 | 0.01 NSE
Parr Aug 25311 PARIOL1 92 0.033 | 0.062 | 0.01
Ogden Jul/09/86 0 1.3 40 0.001 | 0.004 | 0.01 1.2 6.2 NSDL&F
Ogden Jul/03/02 0 15| 07 67 0.007 | 0.012 | 0.01 2.5 5.9 Eaton
Ogden Jul/03/02 12 64 2.3 5.6 Eaton
Ogden Aug/28/02 13 97 2.0 5.6 Eaton
Ogden Aug/15/08 OL:DS1 0 1.8 | 100 39 0.005 | 0.014 | 0.01 3.0 6.1 NSE
Ogden Aug/15/08 OL:DS1 9 45 0.008 | 0.018 | 0.03 3.0 5.8 NSE
Ogden Aug/15/08 OL:DS1 18 152 0.051 | 0.097 | 0.01 5.0 5.9 NSE
Ogden Oct/22/09 OL:DS1 0 0.6 1.0 86 0.005 | 0.014 | 0.01 3.0 6.1 NSE
Ogden Oct/22/09 OL:DS1 9 45 0.008 | 0.018 | 0.03 3.0 5.8 NSE
Ogden Oct/22/09 OL:DS1 18 152 0.051 | 0.097 | 0.01 5.0 5.9 NSE
Ogden Oct/22/09 OL:IN1 1.2 164 0.043 | 0.076 | 0.06 1.1 5.5 NSE
Ogden Oct/22/09 OLOL1 0.8 140 1.14 0.047 | 0.066 | 0.06 1.6 5.8 NSE
Ogden Sep/28/10 OL:DS1 0 1.0 | 18.8 58 4.20 0.008 | 0.029 | 0.05 1.5 6.3 NSE
Ogden Sep/28/10 OL:DS1 16 1.8 206 | 5.35 0.194 | 0.260 | 0.01 | 11.8 7.0 NSE
Ogden Sep/28/10 OL:IN1 0 3.8 80 1.58 0.029 | 0.054 | 0.01 1.6 6.2 NSE
Ogden Sep/28/10 OLOL1 15.6 61 4.0 0.006 | 0.029 | 0.06 1.5 6.2 NSE
Ogden Aug/25/11 OL:DS1 0 1.2 | 125 59 0.005 | 0.022 | 0.01 NSE
Ogden Aug/25/11 OL:DS1 15 107 0.038 | 0.094 | 0.02 NSE
Ogden Aug/25/11 OLOL1 71 0.005 | 0.025 | 0.01 1.4 6.2 NSE
Fanning Jul/11/86 0 1.6 25 0.001 | 0.004 | 0.01 1.3 5.5 NSDL&F
Fanning Jul/03/02 0 1.7 1.9 63 0.007 | 0.011 | 0.02 1.0 5.9 Eaton
Fanning Jul/03/02 9 62 1.8 5.7 Eaton
Fanning Aug/28/02 0 3.0 3.6 34 0.001 | 0.008 | 0.01 2.1 6.2 Eaton
Fanning Aug/28/02 9 97 4.8 6.0 Eaton
Fanning Oct/23/02 5 26 | 21 33 0.001 | 0.012 | 0.01 2.0 6.1 Eaton
Fanning Aug/17/08 FL-DS1 0 23 | 58 31 0.005 | 0.011 | 0.01 3.0 6.4 NSE
Fanning Aug/17/08 FL-DS1 7 57 0.005 | 0.023 | 0.01 4.2 6.3 NSE
Fanning Aug/17/08 FL-DS1 9 137 0.055 | 0.097 | 0.01 | 100 6.5 NSE
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Fanning Sep/13/09 FL-DS1 0 0.8 1.3 120 0.037 | 0.056 | 0.06 1.6 5.9 NSE
Fanning Sep/13/09 FL-DS1 8 122 0.037 | 0.0800 0.06 1.5 5.9 NSE
Fanning Sep/13/09 FL-DS2 0 0.7 1.6 117 0.035 | 0.056 | 0.06 1.7 5.6 NSE
Fanning Oct/13/09 FL-DS1 0 0.8 1.3 120 0.037 0.056 0.06 1.6 5.9 NSE
Fanning Oct/13/09 FL-DS1 8 122 0.037 0.080 0.06 1.5 5.9 NSE
Fanning Oct/13/09 FL-DS2 0 0.7 1.6 117 0.035 | 0.056 | 0.06 1.7 6.0 NSE
Fanning Oct/14/09 FLIN1 1.0 130 0.043 | 0.064 | 0.06 1.6 5.9 NSE
Fanning Oct/14/09 FL-IN2 1.2 113 0.005 0.020 0.01 2.5 6.3 NSE
Fanning Oct/14/09 FL-IN3 0.7 37 0.005 0.007 0.01 1.6 6.4 NSE
Fanning Oct/14/09 FL-OL1 1.1 120 0.030 0.059 | 0.05 1.8 6.0 NSE
Fanning Sep/30/10 FI-DS2 0 14.2 43 2.93 0.005 0.019 0.05 1.7 6.4 NSE
Fanning Sep/30/10 FL-DS3 0 1.2 21.9 55 2.82 0.005 0.021 0.06 1.8 6.4 NSE
Fanning Oct/01/10 FLIN1 1.9 50 1.15 0.005 0.240 0.14 1.4 6.6 NSE
Fanning Oct/01/10 FL-IN2 1.9 43 0.54 0.005 0.008 0.01 2.8 6.7 NSE
Fanning Oct/01/10 FLIN3 1.1 21 0.35 0.005 | 0.005 | 0.01 1.8 6.6 NSE
Fanning Oct/01/10 FL-OL1 6.5 42 2.17 0.005 0.019 0.07 1.7 6.5 NSE
Fanning Aug/1811 FL-DS3 0 1.3 19.2 63 4.06 0.005 0.023 0.01 1.3 6.2 NSE
Fanning Aug/1811 FL-DS3 9 202 0.054 0.082 0.01 5.4 NSE
Fanning Aug/1811 FL-IN1 70 4.64 0.005 0.018 0.01 1.2 6.1 NSE
Fanning Aug/1811 FL-IN2 45 0.61 0.005 0.007 0.01 2.9 6.8 NSE
Fanning Aug/1811 FL:IN3 23 0.32 0.005 0.005 0.01 2.0 6.6 NSE
Fanning Aug/1811 FLOL1 61 4.35 0.005 0.015 0.01 1.2 6.2 NSE
Sloans Jul/03/86 0 5.8 0.001 | 0.003 | 0.01 2.9 5.8 NSDL&F
Sloans Jul/04/02 0 44 1.3 14 0.001 | 0.003 | 0.01 3.8 6.9 Eaton
Sloans Jul/04/02 3 4.0 15 18 0.001 | 0.003 | 0.01 3.6 6.8 Eaton
Sloans Jul/04/02 10 14 3.6 6.2 Eaton
Sloans Jul/04/02 10 14 3.8 6.2 Eaton
Sloans Aug/28/02 0 4.8 0.9 11 0.001 | 0.010 0.01 4.0 6.8 Eaton
Sloans Aug/28/02 3 6 1 10 0.001 | 0.010 0.01 4.0 6.8 Eaton
Sloans Aug/28/02 15 14 4.3 6.0 Eaton
Sloans Aug/28/02 15 18 4.0 5.9 Eaton
Sloans Oct/23/02 0 4.2 1.6 12 0.001 | 0.005 | 0.01 3.8 6.6 Eaton
Sloans Oct/23/02 6 45 1.6 10 0.001 | 0.005 | 0.01 3.8 6.6 Eaton
Sloans Oct/23/02 15 18 6.0 6.2 Eaton
Sloans Oct/23/02 15 60 8.0 6.2 Eaton
Sloans Sep/10/09 SDS1 0 3.8 1.9 20 0.005 0.005 0.01 3.2 6.9 NSE
Sloans Sep/10/09 SLDS1 8 0.7 0.005 | 0.006 NSE
Sloans Sep/10/09 Sl-DS1 19 15 0.005 | 0.007 | 0.06 3.7 6.8 NSE
Sloans Sep/10/09 SLDS2 0 1.8 20 0.005 | 0.005 | 0.01 3.1 6.8 NSE
Sloans Sep/10/09 SLEDS2 8 3.8 0.7 0.005 0.006 NSE
Sloans Sep/10/09 SLDS2 16 14 0.005 | 0.005 | 0.03 3.4 6.7 NSE
Sloans Sep/10/09 Szléglnl] 132 0.044 0.01 14.1 7.2 NSE
Sloans Sep/10/09 SLEIN1-50m 0.1 114 0.005 0.036 0.01 12.5 7.1 NSE
Sloans Sep/10/09 SLIN6 1.2 20 0.005 | 0.005 | 0.01 3.1 6.8 NSE
Sloans Sep/10/09 SLOL6 1.2 20 0.005 | 0.005 | 0.01 3.1 6.8 NSE
Sloans Sep/13/09 SLDS1 0 3.8 1.9 20 0.005 | 0.01 3.2 6.9 NSE
Sloans Sep/13/09 SLDS1 8 0.7 0.006 NSE
Sloans Sep/13/09 SLDS1 19 15 0.007 0.06 3.7 6.8 NSE
Sloans Sep/13/09 SIDS2 0 3.8 1.8 20 0.005 | 0.01 3.1 6.8 NSE
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Sloans Sep/13/09 SLDS2 8 0.7 0.006 NSE
Sloans Sep/13/09 SLDS2 16 14 0.005 | 0.03 3.4 6.7 NSE
Sloans Nov/05/09 SLDS1 0 3.2 1.2 21 0.006 | 0.01 4.1 6.9 NSE
Sloans Nov/05/09 SLDS1 22 44 0.012 | 0.01 6.7 7.0 NSE
Sloans Nov/05/09 SLDS2 0 3.7 1.5 21 0.005 | 0.01 3.5 6.8 NSE
Sloans Nov/05/09 SLDS2 18 21 0.005 | 0.01 3.0 6.8 NSE
Sloans Nov/05/09 SZIBISI;- 0.1 69 0.005 | 0.014 | o0.01 4.1 6.7 NSE
Sloans Nov/05/09 SLIN1-50m 0.1 67 0.005 | 0.014 | 0.01 3.4 6.7 NSE
Sloans Nov/05/09 SLING6 1.6 22 0.005 | 0.005 | 0.01 3.5 6.8 NSE
Sloans Oct/01/10 SIDS1 0 4.3 1.8 12 0.32 0.005 | 0.009 | 0.01 3.7 7.0 NSE
Sloans Oct/01/10 SLDS1 14 0.7 18 0.35 0.005 | 0.007 | 0.01 4.7 6.9 NSE
Sloans Oct/01/10 SLDS2 0 4.3 1.9 10 0.27 0.005 | 0.005 | 0.01 3.6 7.0 NSE
Sloans Oct/01/10 SLDS2 9 1.4 15 0.32 0.005 | 0.005 | 0.01 4.0 6.8 NSE
Sloans Oct/01/10 SLDS2 15 1.1 23 0.89 0.005 | 0.007 | 0.01 4.2 6.8 NSE
Sloans Oct/01/10 SLOL6 3.0 12 1.20 0.005 | 0.005 | 0.01 3.9 7.0 NSE
Sloans Aug/1611 SLDS1 0 4.6 0.7 15 0.30 0.005 | 0.005 | 0.01 3.5 7.0 NSE
Sloans Aug/1611 SLDS1 14 16 0.29 0.005 | 0.010 0.02 3.5 6.9 NSE
Sloans Aug/1611 SLSL6 14 0.36 0.005 | 0.005 | 0.01 3.3 6.9 NSE
Vaughan Aug/01/79 0 2.8 25 0.05 2.0 6.0 NSDL&F
Vaughan Sep/05/08 VI-DS1 0 3 3.9 22 0.005 | 0.005 | 0.01 3.0 7.2 NSE
Vaughan Sep/05/08 VI-DS1 10 94 0.005 | 0.012 | 0.01 8.1 6.3 NSE
Vaughan Sep/05/08 VL:DS1 14 148 0.005 | 0.045| 0.01 9.1 6.3 NSE
Vaughan Oct/28/09 VL-DS1 0 0.9 1.3 88 0.014 | 0.033 | 0.06 1.8 6.2 NSE
Vaughan Oct/28/09 VI:DS1 18 88 0.016 | 0.034 | 0.06 1.9 6.2 NSE
Vaughan Oct/28/09 VI-DS2 0 0.5 180 0.005 | 0.015 | 0.02 1.0 4.7 NSE
Vaughan Oct/28/09 VLEINL 0.9 94 0.014 | 0.034 | 0.06 1.8 6.2 NSE
Vaughan Oct/28/09 VLIN2 0.4 104 0.005 | 0.014 | 0.08 1.0 4.6 NSE
Vaughan Oct/28/09 VI:OL1 0.5 175 0.006 | 0.022 | 0.03 1.0 4.8 NSE
Vaughan Oct/01/10 VL:DS1 0 1.2 2.8 69 1.13 0.018 0.018 | 0.04 1.6 6.2 NSE
Vaughan Oct/01/10 VI-DS1 12 0.1 181 | 14.90 0.043 0.078 | 0.01 8.9 7.1 NSE
Vaughan Oct/01/10 VI-DS2 0 18 1.5 120 0.005 | 0.019 | 0.04 1.0 5.5 NSE
Vaughan Oct/01/10 VLEIN1 2.5 33 0.86 0.005 | 0.014 | 0.01 1.9 6.5 NSE
Vaughan Oct/01/10 VL-OL1 0.5 121 0.75 0.005 | 0.017 | 0.04 1.0 5.2 NSE
Vaughan Aug/1711 VI-DS1 0 1.9 2.6 63 1.02 0.005 | 0.010 0.01 1.3 6.2 NSE
Vaughan Aug/1711 VI-DS1 15 112 4.89 0.061 0.087 | 0.01 7.9 7.2 NSE
Vaughan Aug/1711 VLEINL 32 1.65 0.005 | 0.009 | 0.01 1.9 6.6 NSE
Vaughan Aug/1711 VLIN2 102 1.12 0.005 | 0.008 | 0.01 1.0 5.2 NSE
Vaughan Aug/1711 VL-OL1 97 0.87 0.005 | 0.011 | o0.01 1.0 5.3 NSE
Provost Sep/26/83 0 4 0.001 0.003 | 0.01 1.8 5.9 NSDL&F
Provost Sep/26/83 8 15 0.001 | 0.003 | 0.01 5.5 NSDL&F
Provost Sep/26/83 0 4 0.001 | 0.003 | 0.01 1.8 5.9 NSDL&F
Provost Sep/26/83 8 15 0.001 | 0.003 | 0.01 5.6 NSDL&F
Provost Aug/15/08 PROIDS1 0 1.7 | 180 32 0.005 | 0.011 | 0.01 3.0 6.1 NSE
Provost Aug/15/08 PROIDS1 0 1.7 | 180 32 0.005 | 0.011 | 0.01 3.0 6.1 NSE
Provost Oct/27/09 PROIDS1 0 1.1 2.8 68 0.006 | 0.020 0.01 1.1 5.9 NSE
Provost Oct/27/09 PROIDS1 4 70 0.006 | 0.020 0.01 1.0 5.6 NSE
Provost Oct/27/09 PROIDS1 0 1.1 2.8 68 0.006 0.020 0.01 1.1 5.9 NSE
Provost Oct/27/09 PROIDS1 4 70 0.006 0.020 0.01 1.0 5.6 NSE
Provost Oct/27/09 PROUN 0.1 269 0.005 | 0.014 | 0.01 1.0 4.3 NSE
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Provost | Oct/27/09 | PROHN 01 | 269 0.005 | 0.014 | 001 | 1.0 | 43 NSE
Provost | Oct/27/09 | PROIOLL 21 | 75 0.005 [ 0.016 | 0.01 | 1.0 | 54 NSE
Provost | Oct/27/09 | PROIOLL 21 | 75 0.005 | 0.016 | 0.01 | 1.0 | 54 NSE
Provost Oct/01/10 PROIDS1 0 1.7 | 20.3 36 1.57 0.005 | 0.016 | 0.04 1.0 6.0 NSE
Provost Oct/01/10 PROIDS1 0 1.7 | 20.3 36 1.57 0.005 | 0.016 | 0.04 1.0 6.0 NSE
Provost | Oct/01/10 | PROIOLL 9.9 137 | 0.005 | 0.015 32 | 66 NSE
Provost | Oct/01/10 | PROIOLL 9.9 137 | 0.005 | 0.015 32 | 66 NSE
Provost Aug/15/11 PROIDS1 0 0.6 | 19.6 44 0.005 | 0.011 | 0.01 NSE
Provost Aug/15/11 PROIDS1 6 55 0.005 | 0.016 | 0.01 NSE
Provost Aug/15/11 PROIDS1 0 0.6 | 19.6 43 0.005 | 0.011 | 0.01 NSE
Provost | Aug/15/11 | PROWDSL | 6 55 0.005 | 0.016 | 0.01 NSE
Nowlans Sep/27/83 0 1 5 0.002 | 0.006 | 0.01 7.7 6.2 NSDL&F
Nowlans Sep/27/83 8 10 0.020 0.025 | 0.01 6.0 NSDL&F
Nowlans Aug/14/08 NL-DS1 0 0.9 67 16 0.300 0.400 0.01 | 120 6.5 NSE
Nowlans | Oct15/09 | NLDSL | 0 | 08 | 57.7 | 33 0.029 [ 038 | 001 | 95 | 7.3 NSE
Nowlans | Oct15/09 | NLDSL | 6 31 0.026 | 038 | 001 | 98 | 7.3 NSE
Nowlans Oct/15/09 NL-IN1 0.1 86 5.100 5.400 3.40 67.4 7.5 NSE
Nowlans Oct/15/09 NL-OL1 38.4 45 0.380 0.400 0.06 9.5 7.2 NSE
Nowlans | Sep/26/10 | NLDSL | O | 06 | 645 | 15 | 2800 | 0.287 | 0420 | 001 | 129 85 NSE
Nowlans Sep/26/10 NLIN1 0.5 50 3.10 8.44 8.700 054 | 82.8 7.5 NSE
Nowlans Sep/26/10 NL-OL1 88.0 35 34.34 | 0.247 | 0.4 0.01 | 10.7 7.6 NSE
Nowlans Aug/22/11 - 0 214 | 384 | 30.10| 0.423 | 0590 | 0.01 | 104 7.4 NSE
Nowlans Aug/2211 NL:IN1 88 5.25 6.600 7.900 0.51 | 62.1 7.5 NSE
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Appendix Il

Maps lllustrating Sample Locations
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Hourglass Lake
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Placides Lake
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Porcupine Lake
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Parr Lake
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Ogden Lake
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Fanning Lake
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