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Appendix A 

Geotechnical 'and Chemical.
, 

Characteristics of Overburden 

This appendix gives a summaiy of overburden types present along a 2.3 km length of 
the Welland River from Niagara Street, upstream of the siphon below the old Welland

‘ 

Ship Canal, to 1 km downstream from the Atlas 42-in. outfall. Emphasis is placed on 
the deposits in the areas of the McMaster Avenue and Atlas 42-in. outfalls. For 
details of previous studies carried out and the results of those investigations, reference 
should be made to the documents listed in Attachment I. ' 

A1 General 

Within the project area the Welland River is located in has carved a moderately deep 
channel in the postglacial clay plain which covers much of the Niagara Peninsula. 
Although its channel is largely natural, the lower'65 km of the Welland River has been 
dredged for navigation purposes in the historical past during the early days of - 

navigation (Dillon, 1985). In relatively recent times, n'ver conditions have allowed the 
deposition of generally fine-grained sediments in the river. These have also 
accumulated along both shorelines to form provincially significant wetlands and 
floodplains.

' 

Within this section of the Welland River and its floodplain, six overburden types could 
be recognized: 

K. 

, 

- metallic mill scale depositsjlargely restricted to the riverbed adjacent to the 
McMasterand Atlas 42-in. outfalls and as rare lenses within the floodplain 
sediments '

' 

- river sediments; present along the length of the river and constituting- the 
underwater slope of the floodplain along the edges 

'

' 

- floodplain sediments; immediately underlying the wetlands on each sideof the 
river ’

' 

- postglacial sediments; underlying the river or floodplain sediments and frequently 
exposed near the center of the river ‘

I

I
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- sand and gravel; isolated thin layers overlying the river sediments, within the 
floodplain sediments or within the glacial till. 

The distribution and geotechnical characteristics of each overburden type are 

discussed in following sections. The extent of the mill scale and contaminated 
sediment deposits removed from the Welland River during this project are shown on 
Drawings 11201-A0-009 and -010 for the McMaster and Atlas 42-in. outfall areas 
respectively. 

The contaminant concentrations which existed in the river have been compared to the 
MOEE's Provincial Sediment Quality Guidelines (PSQG), 1993 to indicate level of 
contamination. The PSQG define three levels of ecotoxic effects, as follows, for a 

variety of organic and inorganic compounds and elements. 

No effect level - “no toxic effects have been observed on aquatic organisms" 
(NEL) 

Lowest effect level "a level of sediment contamination that can be tolerated by 
(LEL) the majority of benthic organisms" 

Severe efl‘ect level "the level of sediment contamination at which pronounced 
(SEL) disturbance of the sediment-dwelling community can be 

expected" and which "would be detrimental to the 

majority of benthic species". 

Contamination levels in each overburden type are summarized in following sections. 

Field investigations to evaluate site conditions, geotechnical properties and extent of 
contamination were carried out between 1989 and 1995. The sc0pe of these 
investigations included 

- topographic and river bottom (bathymetric) surveys 
- river current velocity measurements 
- overburden drilling and sampling 
- in situ strength testing of overburden 
- geotechnical laboratory testing 
- chemical laboratory testing 
- installation and sampling of groundwater monitoring wells.
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The scope and results of theinvestigationsare described in detail in the "Data for 
. Tenderers" volume of the tender documents for Contract Cl, Sediment Removal and 
Treatment, May 1995. 

A1.1 Metallic Mill Scale'Deposits 

(a) Geotechnical Characteristics 

Industrial discharge through the McMaster Avenue and the Atlas 42-in. 
outfalls had resulted in two significant accumulations of ‘reef‘ type deposits . 

of an oily, black, granular, metallic mill scale generally offshore and ' 

downstream from the outfall locations. This material was sometimes 
interlayered or mixed with soft gray, brown or black clay, silt, sand, gravel or 
organics and overlies the natural river bottom sediments. All mill scale 

samples had an oily odor. The granular mill scale deposits werejudged to be 
generally very loose to compact in their underwater environment. depending 
on the amount of compaction that had occurred. Prolonged exposure to the 
atmosphere of a portion of the mill scale at the Atlas 42-in. outfall had 
resulted in the formation of a relatively hard 30-mm to 300-mm thick surface 
oxidation crust. At both the McMaster Avenue and the Atlas 42-in. outfall 
areas the mill scale deposits were confined to the east side of the river. 

The mill scale deposits varied in thickness depending on their location. 
Generally, the deposits were thickest near the two outfalls and thinnest near 
the margins of the deposits and near the center of the" river. 

Based on borehole data the maximum thickness of mill scale was estimated to 
be approximately 2.7 m, occurring just offshore of the Atlas 42-in. outfall. At 
the McMaster Avenue outfall area the maximum thickness, prior to dredging 

‘ for the 1991 Demonstration Project, was estimated to be approximately 
1.5 m, occurring just offshore and downstream from the outfall. 

Particle size analyses on ‘pure' mill scale indicated that the material was 
composed of predominantly sand-sized particles with generally trace amounts 
(up to 10%) of silt and gravel-sized particles. Grain size distributions of mill 
scale ‘reet‘ deposits are shown in Figure Al. The maximum average specific 
gravity of the solids making up what was considered to be ‘pure' mill scale 
was determined to be 4.93. The physical characteristics of the mill scale could 
vary considerably, however, depending on how much natural river sediment
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had been mixed with it. Based on the testing of samples from 
Boreholes BH—lO, BH—12, BH-14 and BH—52 an average solids specific 
gravity of 3.4 had been estimated for the (predominantly) mill scale maten'al. 
Natural water contents were found to vary from approximately 18% to 90%. 

Laboratory wet bulk densities were found to range from 1.40 tonne/m3 to 
3.10 tonne/m3 averaging 2.15 tonne/m3. The average laboratory dry bulk 
density was found to be 1.68 tonne/m3. The vibration of the coring device had 
been observed to cause compaction of loose Sediments during sampling. It 

was estimated that the in situ densities were approximately 90% of the 
laboratory determined densities. Therefore, average in situ wet and dry bulk 
densities of the mill scale were estimated at 1.94 tonne/m3 and 1.50 tonne/m3, 
respectively. 

Chemical Characteristics 

In many instances, the mill scale contained concentrations of heavy metals in 
excess of the PSQG severe efiect levels. The mill scale also contained 
relatively high concentrations of oil and grease. 

Analyses for base/neutral compounds, including PAHs, were carried out on 
two samples during the 1989 investigations. Sample C15a was black silty clay 
and C20a was a mixture of black mill scale and silty clay. The data showed 
that total concentrations for detectable compounds were at trace levels or in 
the very low mg/kg (ppm) range. Other analyses for PAl-Is, carried out on 
samples from BH-lO, BH-38, BH-92 and BH-106 as pan of the 1990 
investigation (note BH-38, BH-92 and BI-I-106 were outside the two areas of 
interest), showed no PAHs above analytical detection limits. The sample from 
BH-lO was mill scale material while the other samples were sandy silt, a 
mixture of sand, gravel and clay, and organic material, respectively. 

An analysis for polychlorinated biphenyls (PCBs) on the mill scale sample 
from BH-lO, indicated a concentration below the detection limit. 

A mill scale sediment sample from BH-243, downstream ofthe Atlas 42-in. 
outfall, was analyzed for conventional parameters such as Total Kjeldahl 
Nitrogen, Total Phosphorus, Biological Oxygen Demand, etc. Where an 
applicable PSQG limit presides, the concentration of these constituents did not 
exceed the PSQG severe effect level. This sample was also tested for volatile
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organics and low concentrations of dichlorobenzeneand petroleum, 
hydrocarbons were detected. ' 

The results of MOEE Regulation_309 leachate testing (now Regulation 347) 

A12 
' (8) 

indicated that for disposal purposes, the mill scale could be considered a 
nonregisterable, nonhazardous industrial waste. 

River Sediments 

Geotechnical Characteristics 
The type and sequence of river sediments encountered between the upstream 
syphons and the WPCP vary from location to location. Typically the river 
sediments are a sofi mixture of clay and silt, but loose mixtures of silt, sand 
and gravel were also encountered. Grain size distributions of river sediment 
samples are shown in Figure Al. Peaty organic matter was also observed in 
some samples. In the areas which were dredged the river sediments frequently 
showed visible oil contamination and had an oily odor. Visibly contaminated 
sediments were generally dark gray to black in color. Silt sized metallic 

particles were noted in some of the visibly contaminated river sediment 
samples. 

The physical characteristics of the river sediments are variable. The water . 

content was found to range from approximately 28% to 164%; the latter being 
more typical of the loose organic-rich sediments. The average specific gravity 
of the soil solids ranged from 2.46 to 2.79. The average solids specific‘gravity 
has been estimated at 2.6 for the river sediments. The sediments were found 
to have a variable thickness ranging from a few centimeters near the middle

‘ 

of the river, to 2.9 m near the waters' edge. Coarser sand- and gravel-type 
sediments ranging from 0.02 m to 0.25 m in thickness were occasionally found 
overlying the silt or clay river sediments. 

‘ 
‘ ' 

Laboratory wet densities ranged from 1.20 tonne/m3 to 2.00 tonne/m3 
averaging 1.63 tonne/m3. The average laboratory. dry‘bulk density was found 
to be 106 tonne/m3. Adjusting the lab densities for compaction during coring, 
the in situ wet and dry bulk densities for the river sediments are estimated at 

~ 1.47 tonne/m3 and 0.95 tonne/m3, respectively. . .
'
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Chemical Characteristics 

The concentrations of metals in the river sediments varied widely depending 
on the nature of the sediments and their association with the mill scale. The 
organic-rich, fine-grained sediments that occurred in close proximity to the 
mill scale sometimes contained metal concentrations in excess of those found 
in the mill scale. This phenomenon is believed to be related to 

- the high absorption potential of the organics and fine-grained sediments 
which results in concentrations of contaminants on the surfaces of the 
small particles 

- the ICP method of soil analysis involves a strong acid partial digestion of 
the sample which is more complete for the fine-grained sediments than for 
the coarse-grained sediments and mill scale 

- a bias toward high-contaminant concentrations in the fine-grained 

sediments resulting from representation of the chemical analyses as a 

weight per weight ratio. 

The concentration of phosphorus in a sample from BH-406, located 

downstream from the Atlas 42-in. outfall, exceeded the PSQG severe efiect 
level. 

Analyses for PCBs and trichloroethylene (TCE) (a common industrial solvent) 
show the river sediments contain concentrations very near or below the 
analytical detection limits for these two compounds. 

As noted above for the mill scale material, analyses for base/neutral 

compounds indicate that the river sediments (sample C 1 5a) contain very low 
concentrations of these compounds. Other analyses for PAHs carried out on 
four samples show no PAHs above analytical detection limits. Of these four 
samples, three were river sediments. 

Sediment characterization indicated that the river sediments, represented by 
the samples from boreholes BH-240, BH-241 and BH-242, contain nutrient 
levels which exceed the PSQG lowest elfect level and in some cases the 
severe efl‘ect level.
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Analyses for volatile organic compounds indicate that low concentrations'of 
benzene,‘toluene, xylene and petroleum hydrocarbons are present in the 
sediments. ' 

' 

h
' 

Results of Regulation 309 leachate testing (now Regulation 347) on river 
sediments (samples C15a and the sample from BH—240) indiCated that Barium ' 

(Ba) in the leachate of both samples exceeded the Regulation 309 Schedule 4 
criteria. Barium in the leachate from sample Cl 5a exceeded the Schedule 4 
criteria by more than 10 times but less than 100 times. Chromium (Cr) in 
sample C15a and mercury (Hg) in sample BH-24O also exceeded the Schedule 
4 criteria. Based on this data, the sediment would be classified a 
nonhazardous, registerable waste for disposal purposes. 

Floodplain Sediments_ 

Geotechnical Characteristics 

Clayey Silt to Sandy Silt 
_

I 

Brown or black, sofi to very sofi (or loose to very loose) clayey silt to 
sandy silt, with trace amounts of sand and gravel, were the predominant 
sediments found in both the east and .west floodplains. The floodplain 
sediments generally comprised interlayered clayey silt and silt, although 
in some boreholes alternating layers of brown and black silt formed the 
entire profile. The recovered soil was wet and contained traces of shells, 

I 

organic matter and decaying wood fragments. Rare occurrences of a 
reddish-brown clayey silt and occasionally interlayers of a light-gray 
clayey silt or a brown to black silt—rich soil werealso found. In one auger 
hole (AH-8) approximately 10 m downstream from the McMaster Avenue 
outfall granular mill scale was found mixed with sandy silt. 

From the auger hole and borehole data, the maximum thicknesses of the 
floodplain sediments were 3.0 m and -3.4 m in the- east and west 
floodplains respectively (AH-3 and BH-210). 

' \ I 

The clayey silt to Sandy silt was generally high in organic content. Roots 
from surface vegetation were observed to depths ranging 

V 

from 
approximately 0.3 m to l m. The black layers of the floodplain sediments, 
and occasionally the brown layers, had an oily odor, and visible oil in the 
form of a sheen on the sample was sometimes observed. Silt-sized
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metallic particles were noted in some of the visibly contaminated 
floodplain sediment samples. The brown variety of the strata usually had 
a slight to strong organic odor, frequently described as septic in the auger 
holes. 

Twelve grain size analyses were carried out on floodplain sediments from 
eight boreholes. Five of the boreholes (EH-210, BH—221, BH—225, 
BH-226 and BH-228) were located on the west floodplain, with the 
remaining three (EH-236, BH-237 and BH-238) on the east floodplain. 
The grain size analyses are shown plotted in Figure A2. 

The water content of the clayey silt to sandy silt was found to vary 
considerably, with an average value of 1 12%, and ranging from 35% to 
234%.

7 

Nine Atterberg limit tests carried out on selected samples of this soil type 
fiom three west floodplain boreholes (EH-221, BH-225 and BH-226) and 
four east floodplain boreholes (EH-236, BH-273, BH-238 and BH-239) 
showed highly variable liquid limits ranging from 56% to 166% and plastic 
limits ranging from 31% to 126%. A plot of liquid limit versus plasticity 
index, as shown in Figure A3, indicates that the floodplain sediments are 
highly plastic and compressible, containing a significant organic 

component. The natural water contents of this soil type were generally 
found to exceed the liquid limit values. 

Bulk density determinations on undisturbed samples from three west 
floodplain boreholes (BH-221, BH-225 and BH-228) and four east 
floodplain boreholes (EH-236, BH-237, BH-238 and BH-239) indicate 
the material has a relatively low wet density. Seven tests averaged 
1.30 tonnes/m3, ranging from 1.14 tonnes/m3 to 1.46 tonnes/m3. 

Three samples, from boreholes BH-235, BH-238 and BH-236, had solids 
specific gravities of2.35, 2.40 and 2.44, respectively. One sample from 
borehole BH-221 had a solids specific gravity of 2.77. The solids in the 
higher density sediment sample (EH-239, 1.413 tonnes/m3) were found to 
have a specific gravity of 2.86. 

In situ vane shear tests were carried out adjacent to three west floodplain 
boreholes (EH-216, BH-219 and BH-225) and nine east floodplain



il 

‘l------- 

. 

(b) 

A-9 

boreholes (EH-202, BH-214, BH-215, BH-224 and BH-235 to BHi-23 9). 
The average in situ undrained shear strength, regardless of depth 
variations or floodplain location, was found to be 19 kPa, ranging from 
8 kPa to 37 kPa. 'In BH—239 very low strength values ofO kPa and 8 kPa 
were'recorded in a silt rich soil. Remolded shear strengths are very low, 
ranging from 0 kPa to 10 kPa. 

_In situ shear strength measurements in the east floodplain sediments 
downstream of the Atlas-42 in. outfall, conducted as part of the 1995 

. 

investigations, indicate extremely low shear strengths. Shear strength 
increased only in the underlying postglacial and glacial sediments. 

Mill Scale 
A 0.56-m thick layer or lens of granular, metallic mill scale was 
encountered in BH-301 at a depth of 2.06 m. It was positioned between 
black clayey silt above and brownish-red clay and silt till beneath. 
Granular mill scale was also found mixed with sandy silt in AH-8 at a 
depth of0.40 m to 1.0 m. ‘ 

Sand and Gravel 
Thin layers of loose sand and gravel was encountered in one floodplain 
auger hole (AH-8), and two floodplain boreholes. In AH-8, just 
downstream from the McMaster Avenue outfall, the sand and gravel was 
situated between layers of floodplain silty sand and sandy silt. In the other 
two boreholes, the sand and gravel was located at the bottom of the 
floodplain sediments, directly overlying the postglacial sediments. The 
sand and gravel layers ranged from 0.10 m to 0.15 m in thickness. 

Chemical Characteristics 

In general, chemical testing wasperfonned on east floodplain sediments in the 
Mareas of the McMaster Avenue and Atlas‘42-in. outfalls where evidence of

_ 

contamination (black color, oil odor or oily.sheen),was apparent. Selected 
samples of the lower floodplain sediments were also tested, even if no 
contamination was apparent, to confirm the depth of contamination. 

In general, samples retrieved from the Atlas 42-in. outfall floodplain at Auger 
Hole AH 3, Boreholes BH 207, BH 208, BH 211,- BH 224,'BI-I 239 and BH 
413, BH 418, BH 420 and BH 421 had metal concentrations in excess of 10
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times the PSQG severe efl‘ect level, for most of the metals of concern (i.e., Cr, 
Cu, Fe, Pb, Mn, Ni, and Zn). Additionally, samples retrieved from AH 1, 
AH 5, AH 6 and BH 412 had metal concentrations between 1 and 5 times the 

PSQG severe effect level. 

Sediment characterization of the east floodplain sediments immediately 
downstream from the McMaster Avenue outfall is similar to the floodplain 
sediments immediately downstream of the Atlas 42-in. outfall. In general, 

samples retrieved from the McMaster Avenue floodplain Auger Hole AH 7 

and Boreholes BH 423 and BH 425 had metal concentrations in excess of 10 
times the PSQG severe effect level. Additionally, samples retrieved from 
AH 8, BH 234, BH 236, BH 237, BH 424 and BH 426 had metal 

concentrations between 1 and 10 times the PSQG severe effect level. 

The concentration of phosphorus in samples from boreholes located on the 
floodplains downstream from the McMaster Avenue and Atlas 42-in. outfalls 
(BH's 207, 208, 211, 239, BH'S 301, 302 and 303 and BH's 413, 418, 421, 
423 to 425) exceeded the PSQG severe effect level. 

Oil and grease concentrations in the east floodplain sediments are variable. 
Except for the lower sediments in the area from BH 237 to AH 6 and in 
BH 236, oil and grease concentrations are generally in excess of 0.1%. 
Several particularly oily areas are present with peak concentrations ranging 
from 3.6 to 19%. 

Floodplain sediment samples from BH 236 and BH 23 7, downstream ofthe 
McMaster outfall, and BH 239, downstream of the Atlas-Gencorp outfall 
were analyzed for conventional parameters such as Total Kjeldahl Nitrogen, 
Total Phosphorus, Biological Oxygen Demand, etc. Where an applicable 
PSQG limit presides, the concentrations of these constituents exceeded the 
PSQG severe effect level. These samples were also tested for volatile 
organics and indicated low quantities of these compounds. 

Leachate testing (Regulation 309, now Regulation 347) was carried out on 
floodplain sediment samples from BH 236 and BH 239. This indicated that 

the material tested from BH 236 was inert, as compared to the Schedule 4 

criteria. The test on the material from BH 239 indicated the material was 
nonhazardous, but registerable as solid waste.
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Floodplain Groundwater Quality 

Chemical analyses were done on groundwater samples retrieved from 
monitoring wells installed in .BH 207 and BB 239,» located on the east 
floodplain downstream of the Atlas-Gencorp outfall. Comparing the test 
results to the Provincial Water Quality Objectives (PWQO, 1984) and the 
Ontario Drinking Water Objectives (ODWO, 1984), concentrations of total 
organic carbon (TOC), total dissolved solids (TDS), manganese (Mn), nickel 
(Ni), and zinc (Zn) from both wells exceeded the levels specified in both - 

' 

objectives. Iron (Fe) and copper (Cu) exceeded the PWQO only in the sample 

A1.4 

(a)
, 

' 

distributions are shown in Figure A4. -

, 

from BH 207. . 

Comparing floodplain groundwater quality with data from the river water 
indicates that concentrations of TOC, TDS, Ni and . Zn in groundwater 
samples from both BH 207 and BH 239 exceeded the upper values in both 
sets of river water quality data. " ' 

Postglacial Sediments 

Geotechnical Characteristics 

The postglacial sediments are light gray to gray, moist, generally sofi to firm, 
lacustrine clayey silt with a trace to some sand and a trace of gravel. The 
postglacial sediments underlie the river or floodplain sediments, but are 
frequently exposed in the’ center of the river where they form the undisturbed 
bottom, - 

The lacustrine clayey silt sometimes contained zones or layers of brown 
organic silt, and traces of roots or shells. No visible signs of contamination 
or oily odors were found in the clayey silt. -. 

Six grain siie analyses were carried out on lacustrine clayey ‘silt from 
Boreholes BH-214, BH-236, BH-238 and BH—239 'on the east floodplain, and 
Boreholes BH-210 and BH-226 on the west floodplain. ' The grain size

( 

'The natural water content of this material was generally ‘much lower than the 
black or brown floodplain sediments. Twenty-four determinations averaged 
26%, ranging from approximately 16% to approximately 76%. One
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anomalously high water content of 136% was found in the clayey silt sample 
from BH-226. 

The four Atterberg limit tests carried out on light gray clayey silt from 
BH-210, BH-226, BH-236 and BH—239 yielded liquid limits ranging from 
25% to 51%, and plastic limits ranging from 15% to 30%. These results 
indicate the clayey silt is inorganic in origin, having low to medium plasticity. 
The Atterberg limits are shown plotted in Figure A3. The natural water 
contents of this soil type are generally believed to lie between the liquid and 
plastic limits, although it was found to considerably exceed the liquid limit in 
two samples (EH-226 and BH-239). 

The lacustrine clayey silt had significantly higher bulk wet densities than the 
overlying floodplain sediments. Three bulk density determinations were made 
on samples from east floodplain boreholes BH-214, BH-238 and BH-239, 
yielding wet densities of 2.04 tonnes/m3, 2.21 tonnes/m3, and 1.52 tonnes/m3, 
respectively. 

Two specific gravity determinations on this soil stratum yielded solids specific 
gravities of 2175 and 2.68. 

Five in situ vane shear tests were carried out in the lacustrine clayey silt near 
east floodplain Boreholes BH-224, BH-235, BH-236, BH-238 and BH-239. 
These yielded an average undrained shear strength of 22 kPa, ranging from 
9 kPa to 37 kPa. Remolded strengths varied from 0 kPa (three tests) to 
10 kPa, indicating a wide range of sensitivities from very low to high. 

Chemical Characteristics 

The postglacial sediments are generally uncontaminated by the overlying 
floodplain sediments, with only a few samples from this unit exceeding the 
PSQG lowest effect level. 

Glacial (Clay and Silt) Till 

Geotechnical Characteristics 

Underlying the lacustrine clayey silt is a reddish-brown, generally firm to stiff, 
homogeneous and moist, clay and silt to silty clay glacial till with some sand



A-13 

and trace of gravel. Two grain sizeldistributions of samples of the till are 
shown in Figure A5. Occasionally, the till was found to have a soft to firm 
consistency and contain some roots. The till is occasionally exposed in'the 
center of the river where the sediments have been scoured away. Data from 
a previous subsurface investigation, carried out in the'vicinity of the Atlas 

NFP, indicate the till to have a thickness of approximately 7.5 m. .The till was 
not fiilly penetrated in the boreholes along the Welland River. -

' 

The natural water content of the till underlying the floodplain sediments was 
lower than all overlying sediments, including the lacustrine clayey silt. Nine

' 

determinations averaged 19%, ranging from 12% to 30%. 

Five in situ.vane tests in till, near east floodplain boreholes BH-235, BH-236 
and BH—237 and west floodplain borehole BH-219, yielded an average 
undrained shear strength of 37 kPa. Remolded strengths ranged from O kPa 
to 24 kPa, indicating a possible wide range of sensitivities from low to quick. 

(b) Chemical Characteristics " 

No visible contamination was noted in the till. However, a faint oily odor was 
noted in the till samples from BH—301 and BH-303. Chemical tests on the till 
indicate contamination in the top few centimeters, with little or no 
contaminants atdepth. 

A1.‘6 
' 

Sand and Gravel 

A layer or lens of loose, heterogeneous and moist sand and gravel mixed with 
light-gray clayey silt was encountered beneath the till in west floodplain 

Borehole BH—219 (500 m downstream from the Atlas-Gencorp outfall). The borehole 
penetrated, 0.15 m of the layer. The actual thickness of the layer was not determined. 
No other layersof sand and gravelwere encountered in the postglacial sediments or 
the till.
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Attachment I 

_ Relevant Documents 
Acres International Limited. .1990a. Welland River Reef Study (Addendum), 
prepared for Atlas Specialty Steels, Welland, May 1990. * 

Acres International Limited. 1990b. Welland River Reef Study, prepared for Atlas 
SpecialtySteels, Welland, June 1990. 

Acres International Limited. 1991a. Welland River Reef Study - Report on 
Nov/Dec 1990 Site Investigation, prepared for Atlas Specialty Steels, Welland, July 
‘1991. 

Acres International Limited. 1992b. Welland River Floodplain Study Report, 
prepared for Atlas Specialty Steels, Welland, November 1992. 

Acres International Limited. 1995. Welland River Reef Cleanup Project, 
Contract C1 - Sediment Removal and Treatment, Data for Tenderers, May 
1995. 

Dillon, M.M., 1985. Welland River Study, prepared for the Niagara Peninsula 
Conservation Authority. December 1985.

'
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Dredge Performance Summary



WELLAND RIVER REEF CLEANUP PROJECT OCT 21/96 
DREDGE PERFORMANCE at McMASTER DRPERFM2 
CONTRACTOR'S LOGS 

DATE HOURS HOURS HOURS DR HRS % DRG % DRG END 
DRDG'G NOT DR STDBY CUMUL TODAY T/DATE TIME 

OCT 10 9.3 2.2 0.5 9.3 81.1 81.1 19:00 
.11 5.9 6.1 0.0 15.3 49.3 64.9 19:00 
.12 9.3 2.5 0.0 24.5 78.7 69.5 19:00 
.13 7.1 4.4 0.0 31.6 61.6 67.6 18:30 
.14 3.2 8.8 0.0 34.8 26.4 59.1 19:00 
.16 4.3 7.8 0.0 39.0 35.4 55.1 19:30 
.17 7.4 4.3 

. 0.0 46.4 63.6 56.3 20:00 
.18 8.2 3.6 0.0 54.6 69.4 58.0 22:30 
.19 5.4 6.6 0.0 60.0 44.8 56.5 19:00 
.20 1.5 5.5 0.0 61.5 21.4 54.3 19:00 
.21 6.3 5.7 0.0 67.8 52.3 54.1 19:00 
.23 1.7 2.1 8.0 69.5 45.8 53.9 18:45 
.24 7.5 4.3 0.0 76.9 63.2 54.7 19:00 
.25 7.2 4.5 0.0 84.2 61.4 55.2 18:46 
.26 2.9 7.4 0.0 87.0 28.0 53.5 17:30 ' 

.27 . 
6.7 4.9 0.0 93.7 57.8 53.8 18:45 

.28 5.1 - 3.1 0.0 98.8 62.1 54.1 19:45 

.30 5.4 6.2 0.0 104.2 46.8 53.7 17:30 

.31 9.8 1.5 0.0 114.0 86.8 55.5 18:30 
NOV 1 5.0 5.4 1.2 119.0 48.3 55.2 17:47 

.2 7.9 3.0 0.4 126.8 72.4 56.0 18:15 

.3 2.3 0.8 1.6 129.2 74.9 56.2 17:24 

.4 2.7 3.7 5.7 131.9 42.3 55.9 13:20 

.6 3.1 0.3 8.3 135.0 92.1 56.4 19:00 
.11 3.2 0.8 . 7.8 138.2 

' 

80.6 56.8 19:00 
.14 4.6 0.7 0.0 142.8 87.0 57.4 16:30 

WELLAND RIVER REEF CLEANUP PROJECT OCT 21/96 
DREDGE PERFORMANCE at ATLAS 42" DRPERFM2 
CONTRACTOR'S LOGS 

DATE HOURS HOURS HOURS DR HRS % DRG % DRG END 
DRDG'G NOT DR STDBY CUMUL TODAY T/DATE TIME 

SEP 23 8.3 1.8 2.0 8.3 82.5 82.5 19:00 
.25 8.7 3.3 0.0 16.9 72.3 76.9 19:00 
.26 6.7 5.3 0.0 23.6 55.6 69.4 19:00 
.27 10.5 1.8 0.0 34.1 85.2 73.6 19:20 
.28 6.7 5.3 0.0 40.8 55.6 69.9 19:00 
.29 9.4 2.2 0.6 50.2 81.3 71.8 19:10 
.30 8.6 2.8 0.3 58.8 75.7 72.3 18:35 

OCT 2 11.4 1.6 0.0 70.2 87.8 74.5 20:00 
.3 8.1 3.9 0.0 78.3 67.3 73.7 18:00 

NOV 15 3.7 0.7 4.6 81.9 83.3 74.0 19:00 
.16 0.4 0.3 11.3 82.3 56.0 73.9 19:00 
.22 3.3 0.9 7.7 85.7 79.7 74.1 18:50 
.23 6.9 4.0 0.9 92.5 63.3 73.2 18:45 
.27 6.1 1.8 3.7 98.6 77.0 73.4 18:50 
.28 7.3 3.8 0.4 106.0 65.7 72.8 18:45 
.29 3.6 0.9 7.5 109.5 79.6 73.0 19:00 

DEC 1 5.8 1.1 5.2 115.3 84.3 73.5 19:00 
.5 7.3 0.6 4.2 122.6 93.0 74.4 19:00 
.6 4.0 7.7 0.0 126.6 34.3 71.8 19:00 
.8 7.7 2.5 1.4 134.4 75.4 72.0 19:00 
.9 9.2 2.3 0.0 143.5 79.9 72.4 19:00 

.15 7.6 3.7 2.7 151.2 67.3 72.2 21:30 

.16 4.7 2.9 4.1 155.9 62.0 71.8 19:00 

.19 6.5 
‘ 

4.0 0.0 162.4 61.9 71.4 23:30



WELLAND RIVER REEF CLEANUP PROJECT OCT 21/96 
OVERALL DREDGE PERFORMANCE DRPERFM2 
CONTRACTOR'S LOGS = 

DATE HOURS HOURS HOURS DR HRS % DRG % DRG END 
DRDG'G NOT DR STDBY CUMUL TODAY T/DATE TIME 

SEP 23 8.3 1.8 2.0 . 8.3 82.5 82.5 19:00 
.25 8.7 3.3 0.0 16.9 72.3 76.9 19:00 
.26 6.7 5.3 0.0 23.6 55.6 69.4 19:00 
.27 10.5 1.8 0.0 34.1 85.2 73.6 19:20 
.28 6.7 5.3 0.0 40.8 55.6 69.9 19:00 
.29 9.4 2.2 0.6 50.2 81.3 71.8 19:10 
.30 8.6 2.8 0.3 58.8 75.7 72.3 18:35 

OCT 2 11.4 1.6 0.0 70.2 87.8 74.5 20:00 
.3 8.1 3.9 0.0 78.3 67.3 73.7 18:00 

.10 9.3 2.2 0.5 87.6 81.1 74.4 19:00 

.11 5.9 6.1 0.0 93.5 49.3 72.1 19:00 

.12 9.3 2.5 0.0 102.8 78.7 72.6 19:00 

.13 7.1 4.4 0.0 109.8 61.6 71.8 18:30 

.14 3.2 8.8 0.0 113.0 26.4 68.5 19:00 

.16 4.3 7.8 0.0 117.3 35.4 66.2 19:30 

.17 7.4 4.3 0.0 124.7 63.6 66.1 20:00 

.18 8.2 3.6 0.0 132.9 69.4 66.3 22:30 

.19 5.4 6.6 0.0 138.2 - 44.8 65.1 19:00 

.20 1.5 5.5 0.0 139.7 21.4 63.7 19:00 

.21 6.3 5.7 0.0 146.0 52.3 63.1 19:00 
‘ .23 1.7 2.1 8.0 147.7 45.8 62.8 18:45 
.24 7.5 4.3 0.0 155.2 63.2 62.8 19:00 
.25 7.2 4.5 0.0 162.4 61.4 62.8 18:46 
.26 2.9 7.4 0.0 165.3 28.0 61.4 17:30 
.27 6.7 4.9 0.0 172.0 57.8 61.3 18:45 
.28 5.1 3.1 0.0 177.0 62.1 61.3 19:45 
.30 5.4 6.2 0.0 182.5 46.8 60.7 17:30 
.31 9.8 1.5 0.0 192.2 86.8 61.7 18:30 

NOV 1 5.0 5.4 1.2 197.2 48.3 61.3 17:47 
.2 7.9 3.0 0.4 205.1 72.4 61.6 18:15 
,3 2.3 0.8 1.6 207.4 74.9 61.7 17:24 
.4 2.7 3.7 5.7 210.1 42.3 61.4 13:20 
.6 3.1 0.3 8.3 213.2 92.1 61.7 19:00 

,11 3.2 0.8 7.8 216.4 80.6 61.9 19:00 
.14 4.6 0.7 0.0 221.0 87.0 62.3 16:30 
.15 3.7 0.7 4.6 224.7 83.3 62.5 19:00 
.16 0.4 0.3 11.3 225.1 56.0 62.5 19:00 
.22 3.3 0.9 7.7 228.4 79.7 62.7 18:50 
.23 6.9 4.0 0.9 235.3 63.3 62.7 18:45 
.27 6.1 1.8 3.7 241.4 77.0 63.0 18:50 
.28 7.3 3.8 0.4 248.7 65.7 63.1 18:45 
.29 3.6 0.9 7.5 252.3 79.6 63.3 19:00 

DEC 1 5.8 1.1 5.2 258.1 84.3 63.6 19:00 
.5 7.3 0.6 4.2 265.4 93.0 64.2 19:00 
.6 4.0 7.7 0.0 269.4 34.3 63.4 19:00 
.8 7.7 2.5 1.4 277.1 75.4 63.7 19:00 
.9 9.2 2.3 0.0 286.3 79.9 64.1 19:00 

.15 7.6 3.7 2.7 293.9 67.3 64.2 21:30 

.16 4.7 2.9 4.1 298.6 62.0 64.1 19:00 

.19 6.5 4.0 0.0 305.1 61.9 64.1 23:30 

NOTES 
1-Per cent dredging=hrs dredgingx100/(hrs dredging+hrs not dredging) i.e. excluding standby time and set up time 
2-Where not clear from Contractor's logs. end time of 19:00 hours has been assumed (i.e. Oct 14.19.20.21) 
3-Oct 4.5.6 omitted-no dredging attempted. 
4-Nov 7.8,9.10,13.17.18.20,21.24.25.30,Dec 2.4.7 - Contractor on standby for 12 hrs 
5-Dredging time for Dec 19 has been based on an average of Normroc and Acres records and is approximate only.



Appendix C 

Flowmeter and Densitometer Plots
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River Water Quality Data
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Welland River Reef Cleanup Project. 
Operational Monitoring Programs 

1. 
' 

Introduction . 

The following text describes the operational monitoring programs proposed to assess the 
performance of the cleanup project (dredging and treatment system), and to ensure that 
the project is in compliance with applicable federal and provincial regulations. It 

encompassesboth monitoring of the aquatic environment at the dredging site (i.e. 

j 

dredging and placement of erosion protection materials) and monitoring of the 

'operations/end products of the sediment treatment facility. The programs have been 
developed in conjunction with Environment Canada. 

2. River Water Quality Monitoring 

The river water quality monitoring program will provide the data required to verily that the 
dredging operations are conducted in compliance with contract specifications and the 
NPCA/MNR Work'Permit (#508), and to assess the overall performance of the dredge in

I 

relation to sediment resuspension. Prdfiles will be taken at the start of the monitoring 
program to verify that the proposed locations and depths are the optimum points for, 

' 

sampling/monitoring the dredging operation. 

2.1 Monitorlng Locations 

Three locations associated with each of the, two cleanup areas (Atlas 42" outfall reef and 
McMaster_Avenue outfall reef)' are proposed for the river water quality monitoring 

program, being:
' 

1) Station 1 - upstream control located 10 - 15 m from shore and 25 m upstream of the 
active work area. This location will be selected to avoid influence from the work area. and 

. 

will take note of any active storm sewer discharge points in the immediate area. If 

applicable and possible, the monitoring station will be selected to be between the work 
1 area and any active storm sewer outfalls so as to take into account their potential 

influence on background water qUaiity. Sampling/monitoring will take place at mid~depth 
in the watercolumnfi . 

‘ 

' ‘ 
'

' 

2) Station 2 - located within the silt curtain enclosure 25 m downstream from the dredge 
'head, or at the most distant downstream point within the enclosure (if less th/an 25 m). 
Sampling/monitoring will take place at mid-depth. This location may change as the 
dredge is repositioned. so as to be directly doivnstream of the dredging operation. 

' 

3) Station 3 - located 10 -15 m from shore and 25 m downstream of the silt curtain. 

Sampling/monitoring will take place at mid-depth within the water column. Grab sampling



to be undertaken adjacent to this site (inshore and olfshore) to verify the suitability of the 
proposed location to monitor the silt curtain efficiency. 

2.2 Sampling/Monitoring Equipment 

The following equipment is required for deployment at the noted locations. 

lSCO water samplers - two required, to be deployed at Stations 2 and 3. One to be 
supplied by the Welland office of the MOEE (contact Bob Shannon) and the second 
supplied by Acres. 

Continuous Electronic Water Quality Monitors - two required. to be deployed at Stations 
1 and 3. One supplied by Environment Canada (R. Santiago) and the second supplied 
by the MOEE. 

Grab Sampler - for use at Station 3 and as required at other stations; supplied by Acres. 

2.3 Sampling Protocol and Analysis 

The sampling protocol for each site will be as follows: 

Station 1 - Continuous monitor set up to record pH. temperature, conductivity, turbidity 
and dissolved oxygen at discrete intervals (interval to be established in field, potential 

range from 1 to not more than 15 minutes), with results averaged to provide a one hour 
mean value. Two grab samples collected daily at 1000 and 1500 hrs. and submitted for 
laboratory analysis for those parameters listed in Table 1. 

Station 2 — ISCO sampler set up to collect discrete samples on an hourly basis (10 to 12 
samples per day depending on dredging program). All samples analyzed for turbidity at 
the on-site lab. Two samples (samples from 1000 hrs and 1500 hrs) to be submitted for 
analysis for the parameters listed in Table 1. 

Station 3 - Continuous monitor set up to record pH. temperature. conductivity, turbidity 
and dissolved oxygen at discrete intervals (interval to be established in field. potential 
range from 1 to not more than 15 minutes). with results averaged to provide a one hour 
mean value. This will be used to assess compliance with operational water quality 
criteria. ISCO sampler set up to collect discrete samples on an hourly basis (10 to 12 
samples per day depending on dredging program). All samples analyzed for turbidity at 
the on-site lab. Two samples (samples from 1000 hrs and 1500 hrs) to be submitted for 
analysis for the parameters listed in Table 1. Grab samples collected twice per day at 
1000 and 1500 hrs on either side of Station 3 at mid-depth on the inshore side and at 
surface, mid-depth and bottom on the offshore side (if applicable). These samples will 
be analyzed for turbidity at the on-site lab and used to verify that the continuous monitor 
and ISCO sampler are sampling at an appropriate location.



l 
A rapid turn around time (1 day) is required for samples collected during the first five 

days of operation at each location (McMaster Avenue outfall reef and the Atlas 42" outfall 
reef) and during the change from coarse millscale to fine sediments 'at the Atlas 42" 
outfall reef. Longer analytical turn around times will be acceptable for samples collected 
outside these periods. 

The number of samples submitted for chemical analysis would be reduced to one sample 
per day (composite of 1000 and 1500 hr sample) if the results of the first 5 days of 
dredging at each location and in each sediment type (as noted above) indicate 

consistent-findings (maximum of 15 days of intensive sampling) . 

Samples collected during the first 5 day evaluation period (at each location and in each 
sediment type at the Atlas 42" reef) would be submitted to Acres Analytical Limited for 

analysis (due to requirement for quick turn around time). Subsequent samples collected 
after the 5 day period would be submitted to the M'OEE Laboratory in Toronto (Resources 
Road). unless significant changes in river water quality occur (as indicated by on site 
turbidity monitoring) which then require more rapid analytical response times. 

Table 1 

River Water Quality Monitoring Program 
Parameters for Laboratory Analysis 

Turbidity 
Total suspended solids (TSS) 
Oil and grease 
Metals (8 element lCP scan for Cd. Cr. Cu. Fe. Pb. Mn, Ni, and Zn) - 

3 River Sediment Quality Monltorlng 

Sediment tubes (consisting of four 50 mm ID by 40 cm high PVC plastic pipe sections 
in a weighted metal holding frame) will be deployed upstream and downstream of each 
remediation area to evaluate chronic. small scale suspended sediment drift associated 
with the dredging/remediation project. 

At the McMaster Avenue site, the upstream tubes will be located 100 m upstream_(south) 
of the Atlas pumphouse, while the downstream tubes will be installed 100 m downstream 
of the most northerly extent of dredging/remediation (approximately across from Kennedy 
Street). I 

At the Atlas 42"site, the‘upstream tubes will be located 100 m-upstream of the temporary 
river access point and dock. while the downstream tubes will be installed 100 m 

‘ downstream of the most northerly extent of dredging/remediation (approximately 100 m 
downstream of booster pump location at end of Ross Street).



The sampling schedule is as follows 

SET" RETRIEVE' ACTIVITY 

Atlas 42" September 18 September 29 m/s dredging and sheet piling 
October 9 October 27 m/s and Us dredging and s/p 
October 27 November 10 granular iill placement 

McMaster September 27 October 11 dredging and till-placement 

' 
- dates to comply with actual work schedule 

m/S = coarse millscale 
f/s = fine sediment 
s/p = sheet piling 

Contents of each tube will be retained as a separate sample (4 replicates per location) 
and dried to a constant weight (105°C). Three samples of the tour will be ashed to 
determine organic content. combined and subjected to particle size analysis. The 
remaining sample will be analyzed for pH, oil and grease. and metals (18 element ICP 
scan). 

4 River Flow Monttorlng 

The direction and velocity of water movement in the Welland River will be monitored twice 
on a daily basis at 1000 and 1500 hrs in conjunction with the collection of river water 
quality samples. Readings will be taken with a Marsh McBirney electronic current meter 
at the same locations that the continuous monitors/automatic samplers are deployed. 
The direction of water flow will be established prior to obtaining the reading so as to 
ensure proper orientation of the meter sensor. Additional measurements will be taken 
during any significant flood/storm events and/or upset conditions to establish river ilow 
characteristics.

V
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Table 01.1 

Welland River Reef Analytical Results 
Location: River 
Parameter: Cadmium (mg/l)~ ~~ Location Date 
Atlas 42" 20$ep 

22-Sep
. 

23-Sep 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
25-Sep 0.002 0.002 0.002 
26-Sep 0.002 0.002 
27-Sep 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
28-Sep 0.002 0.002 0.002 
29-Sep 0.001 0.001 0.001 
02-Oct 0.001 0.001 0.001 
03-Oct ' 

0.001 0.001 0.001 
McMaster 05-Oct 0.002 0.002 0.002 

10-Oct 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
11-Oct 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
12-Oct ‘ 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
13-Oct 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 
16-Oct 0.001 0.001 0.02 
17-Oct 0.001 0.001 0.001 
18—Oct 0.055 0.11 0.11 
19-Oct 0.001 0.001 0.001 
21 -Oct 0.075 0.255 0.15 
24-Oct ‘ 

0.001 0.001 0.001 
25-Oct 0.001 0.001 0.001 
26-Oct 0.001 0.001 0.001 
27-Oct 0.001 0.001 0.001 
28-Oct 0.001 0.001 0.001 
30-Oct 0.001 0.001 0.001 
31-Oct 0.001 0.001 0.001 
01-Nov 0.001 0.001 

Atlas 42" 04-Nov 0.005 0.005 0.005 
06-Nov 0.005 0.005 0.005 MOEE dupl. 0.001 0.001 0.001 
11-Nov 0.05 
14-Nov 0.05 0.05 0.05 
15-Nov 0.05 0.05 
16-Nov 0.05 0.005 
23<Nov 0.001 0.001 0.001 
27—Nov 0.001 0.001 0.001 
28-Nov 0.001 0.355 0.33 
29-Nov 0.001 0.001 0.001 
01-Dec 0.001 0.001 0.001 
05-Dec 0.1 0.1 0.1



Table D1.1 

Welland River Reef Analytical Results 
Location: River 
Parameter: Cadmium (mg/l) 

Date 
42" 

08-Dec 
09-Dec 
1 1-Dec 
12-Dec 
13-Dec 
14-Dec 
16-Dec 
1a-Dec 
20-Dec 
21 -Dec 
04—Jan 
OS-Jan 
OB—Jan 
09-Jan 
10-Jan 
11-Jan 
16-Jan 
17—Jan 
18-Jan 

Bolded dates indicates samples that have been analyzed by Acres Analytical Laboratory. 
Values in composite columns (three furthest to the right) are averages of AM and PM samples. 
U/S = upstream sampling station #1 
W/C = within curtain sampling station #2 
DIS = downstream sampling station #3



Table D1.2 

Welland River Reef Analytical Results 
Location: River 
Parameter: Chromium (mg/l)~~ Location Date . 

Atlas 42" 20$ep 
225g:

. 

23-Sep 0.005 0.012 0.005 0.052 0.009 0.005 0.052 
25-Sep 0.014 0.008 0.005 
26-Sep 0.005 0.005 
27-Sep 0.005 0.075 0.005 0.05 0.013 0.04 0.05 0.013 
28-Seg 0.005 0.005 0.038 
29-Sep 0.002 0.229 0.042 
02-Oct 0.001 0.004 0.007 
03-Oct 0.002 0.003 0.002 

McMaster 05-Oct 0.005 0.005 0.005 
10-Oct 0.005 0.005 0.005 0.005 0.01 0.005 0.005 0.005 0.008 
11-Oct 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 
12-Oct 0.005 0.005 0.005 0.005 0.007 0.005 0.005 0.006 
13-Oct 0.005 0.026 0.005 0.005 0.01 0.008 0.016 0.005 0.009 
16-Oct 0.001 0.002 0.005 
17-Oct 0.001 0.006 0.004 
18-Oct 0.001 0.004 0.004 ' 

19-Oct 0.001 0.008 0.004 
21-Oct 0.001 0.005 0.002 
24-Oct 0.001 0.005 0.002 
25-Oct 0.002 0.003 0.005 
26-Oct 0.004 0.011 0.011 
27-Oct 0.001 0.005 0.008 
28-Oct 0.002 0.008 0.003 
30-Oct 0.001 0.006 0.003 
31-Oct 0.001 0.003 0.002 
01-Nov 0.002 0.002 

Atlas 42" 04-Nov 0.02 0.023 0.021 
06-Nov 0.012 0.137 0.037 

MOEE dupl. 0.002 0.03 0.004 
11-Nov 0.13 0.66 0.11 
14-Nov 

' 

0.13 
15-Nov 0.09 0.27 
16-Nov 0.05 0.021 
23-Nov 0.002 0.012 0.014 
27-Nov 0.002 0.02 0.021 
28-Nov . 0.003 0.019 0.009 
29-Nov 0.003 0.041 0.062 
01-Dec 0.003 0.007 0.008 
05-Dec 0.1 0.3 0.1



Table 01.2 

Welland River Reef Analytical Results 
Location: River 
Parameter: Chromium (mg/l) 

Date 
42" 

08-Dec 
09-Dec 
1 1-Dec 
1 2-Dec 
1 3-Dec 
1 4-Dec 
1 6-Dec 
1 B-Dec 
20-Dec 
21 -Dec 
04-Jan 
OS-Jan 
08-Jan 
09-Jan
1 

1 1-Jan 
1 6—Jan 
1 7-Jan 
1 8-Jan 

Bolded dates indicates samples that have been analyzed by Acres Analytical Laboratory. 
Values in composite columns (three furthest to the right) are averages of AM and PM samples. 
U/S = upstream sampling station #1 
W/C = within curtain sampling station #2 
0/3 = downstream sampling station #3



Table D1.3 

Welland River Reef Analytical Results 
Location: River 
Parameter: Copper (mg/l)~~ Location Date . . .. ,

= 

Atlas 42" 20-Sep 0.005 
22-Sep 0.043 
23-Sep 0.005 0.011 0.005 0.019 0.008 0.005 0.019 
25$ep 0.014 0.005 0.005 
26-Sep 0.005 0.016 
27-Sep 0.006 0.029 0.005 0.014 0.018 0.005 0.014 
28-Sep 0.005 0.005 0.009 
29-Sep 0.004 0.052 0.033 
02-Oct 0.003 0.009 0.009 
03-Oct 0.005 0.006 0.004 

McMaster 05-Oct 0.005 0.007 0.005 
10-Oct 0.01 0.007 0.005 0.005 0.009 0.009 0.004 0.007 0.009 
11-Oct 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 
12-Oct 0.005 0.005 0.007 0.005 0.005 0.005 0.006 0.005 
13-Oct 0.007 0.006 0.01 0.005 0.007 0.03 0.007 0.003 0.005 
16-Oct 0.003 0.004 0.006 
17-Oct 0.002 0.008 0.005 
18-Oct 0.003 0.005 0.005 
19-Oct 0.003 0.009 0.005 
21-Oct 0.002 0.006 0.003 
24-Oct 0.002 0.007 0.003 
25-Oct 

' 

0.001 0.003 0.006 
26-Oct 0.002 0.006 0.009 
27-Oct 0.002 0.005 0.005 
28-Oct 0.001 0.006 0.003 
30-Oct 0.002 0.007 0.004 
31-Oct 0.001 0.003 0.001 
01-Nov 0.001 0.001 

Atlas 42" 04-Nov 0.012 0.016 0.011 
06-Nov 0.023 0.046 0.06 

MOEE dupl. 0.003 0.019 0.008 
11—Nov 0.07 0.21 0.05 
14-Nov 0.11 
15-Nov 0.08 0.14 
164\Iov 0.08 0.015 
23-Nov 0.007 0.016 0.022 
27-Nov 0.004 0.022 0.019 
28-Nov - 0.006 0.033 0.032 
29-Nov 0.006 0.019 0.023 
01-Dec 0.005 0.01 0.01 
05-Dec 0.1 0.1 0.1



Table D1.3 

Welland River Reef Analytical Results 
Location: River 
Parameter: Copper (mg/l) 

Date 
42" 

08—Dec 
09-Dec 
1 1-Dec 
1 2-Dec 
1 3—Dec 
1 4-Dec 
1 6-Dec 
1 8—Dec 
20-Dec 
21 -Dec 
04-Jan 
05-Jan 
08-Jan 
09—Jan 
1 0-Jan 
1 1-Jan 
1 6-Jan 
1 7—Jan 
1 8-Jan 

Bolded dates indicates samples that have been analyzed by Acres Analytical Laboratory. 
Values in composite columns (three furthest to the right) are averages of AM and PM samples. 
U/S = upstream sampling station #1 
W/C = within curtain sampling station #2 
D/S = downstream sampling station #3



Table 01.4 

Welland River Reef Analytical Results 
Location: River 
Parameter: Iron (mg/l)~ ~ ~~ ~ Location Date :MIS T 

' 
' 

' 

, #1315 AM i; 1315 PM: E 3' DISCOMQ .i..W.‘c-_:Cofii§
, 

Atlas 42" 20-Sep 0.082 
22$ep 0.555 
23-559 0.133 0.179 0.084 0.846 0.156 0.084 0.846 
25$ep 0.37 0.23 0.12 
26-Sep 0.07 0.2 
27-Sep 0.06 1.65 0.07 0.07 0.3 0.855 0.07 0.3 
28-Sep 0.07 0.09 0.41 
29-Sep 0.065 3.84 0.891 
02-Oct 0.041 0.124 0.154 
03-Oct 0.464 0.651 0.44 

McMaster 05—Oct 0.07 0.47 0.4 
10-Oct 0.1 0.58 0.45 0.17 0.3 0.57 0.34 0.31 0.435 
11-Oct 0.09 0.35 0.15 0.1 0.05 0.4 0.22 0.125 0.225 
12-Oct 0.05 0.38 0.07 0.14 0.67 0.05 0.09 0.405 
13-Oct 0.08 1.42 0.22 0.06 0.5 0.47 0.75 0.27 0.485 
16-Oct 0.06 0.163 0.253 
17-Oct 0.066 0.554 0.249 
18-Oct 0.085 0.397 0.274 
19—Oct 0.122 0.954 0.383 
21 -c 0.083 0.721 0.225 
24-Oct 0.423 0.95 0.493 
25-Oct 0.271 0.176 0.82 
26-Oct 0.005 0.005 0.02 
27-Oct 0.219 0.749 0.756 
28-Oct 0.05 0.01 0.005 
30-Oct 0.352 0.868 0.541 
31 -Oct 0.164 0.261 0.225 
01-NOV 0.1 0.148 

Atlas 4 " 04-NOV 1.45 2.45 2.27 
06-NOV 2.723 12.03 5 

MOEE dupl. 0.392 2.34 5.156 
11-NOV 3.3 33.9 4.4 
14-Nov 19.1 
15-NOV 12.5 19.9 
16-NOV 12.5 5.18 
23-NOV 0.53 0.7 0.809 
27-NOV 0.282 0.878 0.888 
28-NOV - 0.5 0.904 0.65 
29-Nov 0.659 1.8 2.32 
01-080 1.49 1.57 1.74 
05-Dec 4.5 7.1 5.8



Table 01.4 

Welland River Reef Analytical Results 
Location: River 
Parameter: Iron (mg/l) 

Location Date 
42" 

OB-Dec 
09-Dec 
1 1-Dec 
12-Dec 
13-Dec 
14Dec
1 

18—Dec 
20—Dec 
21 -Dec 
04-Jan 
05-Jan 
08-Jan 
09-Jan 
10-Jan 
11-Jan 
16—Jan 
17—Jan 
18-Jan 

Bolded dates indicates samples that have been analyzed by Acres Analytical Laboratory. 
Values in composite columns (three furthest to the right) are averages of AM and PM samples. 

U/S = upstream sampling station #1 
W/C = within curtain sampling station #2 
ms = downstream sampling station #3
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Table D1.5 

Welland River Reef Analytical Results 
Location: River 
Parameter: Lead (mg/l)~~ Location Date _. 

v 

_ ., . ,
7 

Atlas 42" 20-Sep 0.02 
22-Sep 0.02 
23-Sep 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
25-Sep 0.02 0.02 0.02 
26-Sep 0.02 0.02 
27-Sep 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
28-Sep 0.02 0.02 0.02 
29—Sep 0.005 0.04 0.01 
02-Oct ' 0.05 0.05 0.01 
03-Oct 0.01 0.01 0.005 

McMaster 05-Oct 0.02 0.02 0.02 
10-Oct 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
11-Oct 0.02 0.02 0.03 0.02 0.03 0.02 0.02 0.025 0.025 
12-Oct 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
13—Oct 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
16—Oct 0.005 0.005 0.005 
17—Oct 0.005 0.005 0.005 
18-Oct 0.005 0.005 0.005 
19-Oct 0.005 0.005 0.005 
21-Oct 0.005 0.01 0.005 
24—Oct 

. 

' 0.005 0.015 0.005 
25-Oct ’ 0.005 0.005 0.01 
26-Oct 0.268 1 .14 1 .57 
27-Oct 0.0054 0.005 0.015 
28-Oct 0.005 0.01 0.005 
30-Oct 0.005 0.005 0.005 
31-Oct 0.005 0.005 0.01 
O1-Nov 0.005 . 0.005 

Atlas 42" 04-Nov 0.05 0.05 0.05 
06-Nov 0.05 0.05 0.05 

MOEE dupl. 0.05 0.05 0.05 
11-Nov 0.5 0.5 0.5 
14-Nov 0.5 
15-Nov 0.5 0.7 
16-Nov 0.5 0.05 
23-Nov 0.005 0.01 0.01 
27—Nov 0.005 0.005 0.0015 
28-Nov 0.01 0.01 0.005 
29—Nov 0.005 0.01 0.015 
o1-Dec 0.005 0.005 0.01 
05-Dec ~ 0.5 0.5 0.5



Table 01.5 

Welland River Reef Analytical Results 
Location: River 
Parameter: Lead (mg/l) 

Atlas 42" 
OB-Dec 
09—Dec 
1 1—Dec 
12-Dec 
13-Dec 
14—Dec 
16-Dec 
18-Dec 
20-Dec 
21-Dec 
O4—Jan 
05-Jan 
08-Jan 
09-Jan 
10-Jan 
11-Jan 
16—Jan 
17-Jan 
18-Jan 

Bolded dates indicates samples that have been analyzed by Acres Analytical Laboratory. 
Values in composite columns (three furthest to the right) are averages of AM and PM samples. 

U/S = upstream sampling station #1 
W/C = within curtain sampling station #2 
ms = downstream sampling station #3



Table D1.6 

Welland River Reef Analytical Results 
Location: River 
Parameter: Manganese (mg/l)~~ Location Date . 

.. . . 

Atlas 42" 20-Sep 0.008 
22-Sep 0.034 
23-Sep 0.005 0.018 0.005 0.034 
25-Sep 0.038 0.031 0.006 
26-Sep 0.004 0.041 
276ep 0.005 0.1 1 0.005 0.005 0.06 
28-Sep 0.005 0.035 0.049 
29-Sep 0.005 0.198 0.088 
02-Oct 0.004 0.015 0.018 
03-Oct 0.022 0.027 0.019 

McMaster 05-0ct 0.005 0.019 0.02 
10-Oct 0.008 0.02 0.03 0.012 0.019 0.028 
11-Oct 0.005 0.015 0.008 0.005 0.016 0.026 
12-Oct 0.005 0.014 0.005 0.007 0.024 
13-Oct 0.006 0.082 0.012 0.005 0.031 0.028 
16-Oct 0.007 0.016 0.022 
17-Oct 0.006 0.042 0.018 
18-Oct 0.007 0.026 0.019 
19-Oct 0.006 0.063 0.024 
21 -Oct 0.005 0.03 0.011 
24-Oct 0.026 0.039 0.024 
25-Oct 0.017 0.002 0.04 
26-Oct 0.015 0.061 0.089 
27-Oct 0.014 0.038 0.035 
28-Oct 0.009 0.035 0.014 
30-Oct 0.013 0.045 0.02 
31 -Ocl 0.009 0.013 0.012 
01-Nov 0.005 0.007 

Atlas 42" 04-Nov 0.029 0.055 0.048 
06-Nov 0.045 0.213 0.236 

MOEE dupl. 0.014 0.071 0.042 
11-Nov 0.6 0.6 0.1 
14-Nov 0.2 
15-Nov 0.12 0.23 
16-Nov 0.12 0.08 
23-Nov 0.017 0.051 0.043 
27-Nov 0.012 0.046 0.05 
28-Nov 0.05 0.063 0.051 
29—Nov 0.033 0.087 0.111 
01-Dec 0.041 - 0.054 0.058 
05-Dec 

' 

0.5 0.5 0.5



Table 01.6 

Welland River Reef Analytical Results 
Location: River 
Parameter: Manganese (mg/l) 

Date 
42" 

08-Dec 
09—Dec 
1 1-Dec 
1 2-Dec 
1 3-Dec 
1 4—Dec 
1 6-Dec 
1 8-Dec 
20-Dec 
21 -Dec 
04—Jan 
05-Jan 
08-Jan 
09-Jan 
1 O—Jan 
1 1-Jan 
1 6-Jan 
1 7-Jan 
1 8-Jan 

- Bolded dates indicates samples that have been analyzed by Acres Analytical Laboratory. 
Values in composite columns (three furthest to the right) are averages of AM and PM samples. 

U/S = upstream sampling station #1 
W/C = within curtain sampling station #2 
D/S = downstream sampling station #3



Table 01.7 

Welland River Reef Analytical Results 
Location: River 
Parameter: Nickel (mg/l)~~ Location Date 
Atlas 42" 20-8133) 

22-Sep
. 

23-Sep 0.011 0.025 0.011 0.051 0.018 0.011 0.051 
25-Sep 0.027 0.028 0.017 
26-Sep 0.004 0.035 
27-Sep 0.004 0.068 0.006 0.018 0.054 0.006 0.018 
28-Sep 0.004 0.008 0.035 
29-Sep 0.002 0.264 0.056 
02-Oct 0.002 0.002 0.002 
03-Oct 0.002 0.002 0.002 

McMaster 05-Oct 0.013 0.035 0.011 
10-Oct 0.004 0.013 0.018 0.007 0.01 0.01 0.009 0.025 0.01 
11-Oct 0.004 0.014 0.009 0.006 0.006 0.004 0.009 0.008 0.005 
12-Oct 0.019 0.02 0.017 0.019 0.025 0.019 0.019 0.022 
13-Oct 0.007 0.074 0.021 0.01 0.042 0.023 0.04 0.02 0.033 
16-Oct 0.002 0.004 0.004 
17-Oct 0.002 0.02 0.002 
18-Oct 0.002 0.01 0.004 
19-Oct 0.002 0.02 0.002 
21-Oct 0.002 0.01 0.002 
24—Oct 0.002 0.004 0.002 
25-Oct 0.002 0.01 0.01 
26-Oct 0.02 0.01 0.022 
27-Oct 0.002 0.006 0.01 
28-Oct 0.002 0.004 0.002 
30-Oct 0.002 0.1 0.002 
31-Oct 0.002 0.002 0.002 
01 -Nov 0.002 . 0.002 

Atlas 42" 04-Nov 0.005 0.015 0.011 
06-Nov 0.006 0.154 0.323 

MOEE dupl. 0.02 0.038 0.002 
11-Nov 0.11 0.53 0.09 
14-Nov 0.05 
15Nov 0.05 0.19 
16—Nov 0.05 0.013 
23-Nov 0.002 0.018 0.012 
27-Nov 0.002 0.02 0.018 
28-Nov 0.002 0.016 0.016 
29-Nov 0.002 0.04 0.062 
O1-Dec 0.002 0.006 0.012 
05-Dec 0.1 0.1 0.1



Table 01.7 

Welland River Reef Analytical Results 
Location: River 
Parameter: Nickel (mg/l) 

42" 
08-Dec 
09-Dec 
1 1-Dec 
1 2-Dec 
1 3—Dec 
1 4—Dec 
16—Dec 
1 8—Dec 
20-Dec 
21 -Dec 
04-Jan 
05-Jan 
OB-Jan 
OQ-Jan 
1 O-Jan 
1 1-Jan 
16—Jan 
1 7-Jan 
1 8-Jan 

Bolded dates indicates samples that have been analyzed by Acres Analytical Laboratory. 
Values in composite columns (three furthest to the right) are averages of AM and PM samples. 

U/S = upstream sampling station #1 
W/C = within curtain sampling station #2 
D/S = downstream sampling station #3



Table D13 

Welland River Reef Analytical Results‘ 
Location: River 
Parameter: Zinc (mg/l)~ ~~~ Location Date _. 

Atlas 42" 20-Sep 
22-Sep . 

23-Sep 0.003 0.016 0.003 0.016 0.01 0.003 0.016 
25-Sep 0.006 0.006 0.003 
26-Sep 0.003 0.01 
27-5ep 0.003 0.075 0.003 0.003 0.003 0.039 0.003 0.003 
28-Sep 0.003 0.003 0.003 
29-Sep 0.002 0.035 0.012 
02-Oct 0.003 0.008 0.008 
03-Oct 

' 

0.003 0.007 0.004 
McMaster 05-Oct 0.003 0.01 0.009 

10-Oct 0.003 0.008 0.012 0.003 0.005 0.009 0.055 0.075 0.007 
7 11-Oct 0.003 0.004 0.003 . 0.003 0.006 0.006 0.004 0.003 0.006 

12-Oct 0.003 0.011 0.003 0.003 0.016 0.003 0.007 0.01 
13-Oct 0.003 0.02 0.003 0.003 0.008 0.007 0.01 0.006 0.008 
16-Oct 0.001 0.003 0.005 
1 7-Oct 0.004 0.009 0.007 
18-Oct 0.001 0.004 0.003 
19-Oct 0.001 0.01 0.005 
21 -Oct 0.001 0.011 0.004 
24-Oct 0.003 0.021 0.008 
25-Oct ' 0.001 0.002 0.012 
26-Oct 0.003 0.018 0.034 
27-Oct ' 

0.003 0.012 0.016 
28-Oct 0.004 0.014 0.009 
30-Oct 0.002 0.018 0.007 
31-Oct 0.001 0.004 0.005 
01-Nov 0.001 . 0.001 

Atlas 42" 04-Nov 0.005 0.02 0.015 
06-Nov 0.021 0.07 0.08 

MOEE dupl. 0.001 0.03 0.02 
11-Nov 0.05 0.2 0.06 
14-Nov 0.09 
15-Nov 0.16 0.11 
16-Nov 0.16 0.036 
23-Nov 0.009 0.012 0.039 
27-Nov 0.005 0.017 0.019 
28-Nov 0.007 0.016 0.015 
29-Nov 0.007 0.023 0.027 
01 -Dec . 0.011 0.016 0.018 
05-Dec 0.1 0.1 0.1



Table 01.8 

Welland River Reel Analytical Results‘ 
Location: River 
Parameter: Zinc (mg/l) 

Location Date 
42" 06-Dec 

OB-Dec 
09-Dec 
1 1-Dec 
1 2-Dec 
1 3-Dec 
1 4-Dec 
1 6-Dec 
1 8-Dec 
20-Dec 
21 -Dec 
04-Jan 
OS-Jan 
08-Jan 
09-Jan 
1 O-Jan 
1 1-Jan 
1 6—Jan 
1 7-Jan 
1 B-Jan 

Bolded dates indicates samples that have been analyzed by Acres Analytical Laboratory. 
Values in composite columns (three furthest to the right) are averages of AM and PM samples. 
U/S = upstream sampling station #1 
W/C = within curtain sampling station #2 
D/S = downstream sampling station #3
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Table 01.9 

Welland River Reef Analytical Results 
Location: River. 
Parameter: Solvent Extractables (mg/l) 

Location 
42" 
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Table 01.9 

Welland River Reef Analytical Results 
Location: River 
Parameter: Solvent Extractables (mg/l) 

Location 
42" 06-Dec 

08-Dec 
09-Dec 
1 1-Dec 
1 2-Dec 
1 3-Dec 
1 4-Dec 
1 6—Dec 
1 8-Dec 
20-Dec 
21 -Dec 
04—Jan 
05-Jan 
OB-Jan 
09-Jan 
1 O-Jan 
1 1-Jan 
1 6-Jan 
1 7-Jan 
1 8-Jan 

Bolded dates indicates samples that have been analyzed by Acres Analytical Laboratory. 
Values in composite columns (three furthest to the right) are averages of AM and PM samples. 

U/S = upstream sampling station #1 
W/C = within curtain sampling station #2 
D/S = downstream sampling station #3



Table 01.10 

Welland RiVer Reef Analytical Results 
Location: River 
Parameter: TSS (mg/l) 

Date 
Atlas 42" 

McMaster



Table D1.10 

Welland River Reef Analytical Results 
Location: River 
Parameter: TSS (mg/l) 

Location Date 
42" 

06—Dec 
08—Dec 
OQ-Dec 
1 1 -Dec 
1 2-Dec 
1 3-Dec 
1 4-Dec 
1 6-Dec 
1 8-Dec 
20-Dec 
21 -Dec 
0¢Jan 
05-Jan 
08-Jan 
09—Jan 
1 O-Jan 
1 1-Jan 
16-Jan 
1 7—Jan 
1 B-Jan 

Bolded dates indicates samples that have been analyzed by Acres Analytical Laboratory. 
Values in composite columns (three furthest to the right) are averages of AM and PM samples. 

U/S = upstream sampling station #1 
W/C = within curtain sampling station #2 
D/S = downstream sampling station #3
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Table 01.11 

Welland River Reef Analytical Results 
Location: River 
Parameter: Turbidity (FTU) 

Date 
42" 

McMaster



Table D1.11 

Welland River Reef Analytical Results 
Location: River 
Parameter: Turbidity (FTU) 

Date 
42" 

06—Dec 
08-Dec 
09-Dec 
1 1-Dec 
1 2-Dec 
1 3-Dec 
1 4-Dec 
1 6-Dec 
1 8-Dec 
20—Dec 
21 -Dec 
O4—Jan 
05-Jan 
08-Jan 
09-Jan 
1 O-J an 
1 1-Jan 
1 6-Jan 
1 7-Jan 
1 8-Jan 

Bolded dates indicates samples that have been analyzed by Acres Analytical Laboratory. 
Values in composite columns (three furthest to the right) are averages of AM and PM samples. 

U/S = upstream sampling station #1 
W/C = within curtain sampling station #2 
D/S = downstream sampling station #3



Table D1.12 
_ 

Comparison of Turbidity vs TSS~ 

“------- 

~~
~ 

~~~
~ 

~ ~~ 

Up‘s'treériim

/ 

' 

1.1—503.3377" ~ ~ 2.0211893 
J 0.69897 0.47712125 

1.07918125 1.30103 
0.60205999 0.60205999 
0.47712125 0.60205999 
0.2380461 2.19865709 
1.2121876 2.40140054 

0.77815125 0.84509804 
1 .17609126 1.25527251 

11-Oct 10 0.90308999 1 
12-Oct 3 0.60205999 0.47712125 
13-Oct 54.5 1 .37106786 1.7363965 
16-Oct 180 0.56702637 2.25527251 
17-Oct 168 0.45178644 2.22530928 
18-Oct 168 0.22271647 2.22530928 
19—Oct 174 0.35410844 2.24054925 
21—Oct 170 0.31806333 2.23044892 
24-Oct 300 1.46389299 2.47712125 
25—Oct 264 1 .10720997 2.42160393 
26-Oct 240 1.02530587 2.38021124 
27-Oct 226 1.0374265 2.35410844 
28-Oct 156 0.77085201 2.1931246 
30-Oct 236 1 .11394335 2.372912 
31-Oct 212 0.93651374 2.32633586 
04-Nov 23 1 .36172784 1.36172784 
06-Nov 34 1.70757018 1.53147892 

MOEE dupl. 19.9 246 1.29885308 2.39093511 
11-Nov 51 50 1 .70757018 1.69897 
23-Nov 60.4 264 1 .78103694 2.42160393 
27-Nov 22.2 212 1.34635297 2.32633586 
28-Nov ' 47.2 292 1.673942 2.46538285 ‘ 

29-Nov 65.5 304 1.8162413 2.48287358 
01—Dec 163 340 2.2121876 2.53147892 
05—Dec 49 50 1.69019608 1.69897 
06-Dec 11.8 196 1.07188201 2.29225607 7

' 

09-Dec 52.3 252 1 .71850169 2.40140054 
11-Dec 11.5 200 106069784 . 2.307103 
124D'ec ' ' 7 

37.5 246 1.57403127 2.39093511 
13-Dec 28.6 236 ' 1.45636603 2.372912 
14-Dec 18.3 244 1.26245109 2.38738983 
16-Dec 35.6 280 1.55145 . 2.44715803 
18-Dec 13.6 244 1 .13353891 2.38738983 

' 20-Dec 9.56 240 0.98045789 . 2.38021124 
21-Dec 9.07 208 0.95760729 2.31806333 
04-Jan ' 10.7 

' 208 1.02938378 2.31806333' 
05-Jan 2.43 164 0.38560627 2.21484385 
08-Jan 4.06 184 0.60852603 2.26481782 
09-Jan 1.66 180 0.22010809 2.25527251 
10-Jan 1.33 172 0.12385164 2.23552845 '



Table D1 .12 
Comparison of Turbidity vs TSS 

Upstream 11-Jan 2.44 184 0.38738983 2.26481782 
16-Jan 3.39 192 0.5301997 2.28330123 
17-Jan 10.5 204 1.0211893 2.30963017 
18-Jan 36.5 380 1.56229286 2.5797836 

Within Curtain 23-Sep 4 4 0.60205999 0.60205999 
25-Sep 5 5 0.69897 0.69897 
27-Sep 4 4.5 0.60205999 0.65321251 
28-Sep 4 4 0.60205999 0.60205999 
30-Sep 7 9 0.84509804 0.95424251 
02-Oct 2.09 160 0.32014629 2.20411998 
03-Oct 21.4 266 1 .33041377 2.42488164 
05-Oct 19 32 1.2787536 1 .50514998 
10-Oct 16.5 24 1.21748394 1.38021124 
11-Oct 7.5 7.5 0.87506126 0.87506126 
12-Oct 14.5 21 1.161368 1.32221929 
13-Oct 25 8 1.39794001 0.90308999 
16-Oct 6.22 196 0.79379038 2.29225607 
17-Oct 13 186 1.11394335 2.26951294 
18-Oct 5.96 168 0.77524626 2.22530928 
19-Oct 11.1 204 1.04532298 2.30963017 
21 -Oct 15 196 1 .17609126 2.29225607 
24-Oct 44.1 312 1.64443859 2.49415459 
25-Oct 36.5 320 1.56229286 2.50514998 
26-Oct 46.7 298 1 .66931688 2.47421626 
27-Oct 30.6 248 1 .48572143 2.39445168 
28-Oct 21 .3 212 1.3283796 2.32633586 
30-Oct 37.4 298 1.5728716 2.47421626 
31 -Oct 8.99 200 0.95375969 2.30103 
04-Nov 46 46 1 .66275783 1 .66275783 
06-Nov 113 141 2.05307844 2.14921911 

MOEE dupl. 73.3 284 1 .86510397 2.45331834 
11-Nov 115 180 2.06069784 2.25527251 
23-Nov 56.8 280 1.75434834 2.44715803 
27-Nov 41.5 264 1.6180481 2.42160393 
28-Nov 41 272 1 .61278386 2.4345689 
29-Nov 104 342 2.01703334 2.53402611 
01-Dec 175 356 224303805 2.55145 
05-Dec 113 88 2.05307844 1.94448267 
06-Dec 68.9 278 1 .83821922 2.4440448 
09-Dec 73.1 280 1 .86391738 2.44715803 
21 -Dec 12.8 228 1 .10720997 2.35793485 

Downstream 23-Sep 6 3 0.77815125 0.47712125 
25-Sep 6 6 0.77815125 0.77815125 
27-Sep 6 6 0.77815125 0.77815125 
28-Sep 9 9 0.95424251 0.95424251 
30-Sep 8 6 0.90308999 0.77815125 
02-Oct 1 .66 168 0.22010809 222530928 
03—Oct 16.2 252 1 .20951501 2.40140054 
05-0ct 18 27 1.25527251 1 .43136376 
10-Oct 15 24.5 1.17609126 1.38916608
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Table D1.12 
Comparison of Turbidity vs TSS 

Downstream 1.13033377 1 .2787536 1 1 -Oct 1 3.5 19 
.12-Oct 18.5 29.5 126717173 1.46982202 
13-Oct ‘ 21.5 45.5 1.33243846 1.6580114 
16-Oct 6.36 184 0.80345712 2.26481782 
17—Oct 7.68 168 0.88536122 2.22530928 
18-Oct 3.53 168 0.54777471 2.22530928 
19—Oct 5.86 182 0.76789762 2.26007139 
21 -Oct 6.09 196 0.78461729 229225607 
24—Oct 38.6 314 1 .5865873 2.49692965 
25-Oct 23.9 266 1.3783979 2.42488164 
26-Oct 55 336 1.74036269 2.52633928 
27-Oct 27.9 254 1 .4456042 2.40483372 
28—Oct 6.8 172 0.83250891 2.23552845 
30-Oct 17.2 . 240 123552845 2.38021124 
31 -Oct 11 .4 226 1.05690485 2.35410844 
04-Nov 34 34 1 .53147892 1 .53147892 
06-Nov 92 81 1.96378783 1.90848502 

MOEE dupl. 53.1 268 1.72509452 2.42813479 
11-Nov 61 48 1.78532984 1.68124124 
23—Nov 59.3 298 1.77305469 2.47421626 
27-Nov 37 268 1 .56820172 2.42813479 
28-Nov 33.2 270 1 .52113808 2.43136376 
29-Nov 103 368 2.01283722 2.56584782 
O1-Dec 182 336 2.26007139 2.52633928 
05-Dec 108 78 2.03342376 1.8920946 
06-Dec 44.2 208 1.64542227 2.31806333 
09—Dec 61.1 250 1 .78604121 2.39794001 
1 1-Dec 40.5 252 1.60745502 2.40140054 
12-Dec 40.5 234 1.60745502 2.36921586 
13-Dec 27.1 224 1.43296929 2.35024802 
14-Dec 26.1 224 1.41664051 2.35024802 
16-Dec 94.5 386 1 .97543181 2.5865873 
18-Dec 45.1 284 1 .65417654 2.45331834 
20-Dec 14.5 236 1.161368 2.372912 
21 -Dec 18.3 232 -1 .26245109 2.36548798 ‘ 

04-Jahrr A I 

12.6 ~ 
7 200 1.10037055 2.30103 

05-Jan 5.86 ‘ 188 0.76789762 227415785 
08-Jan 12.1 200 1.08278537 2.30103 
09-Jan 13.2 190 1 .12057393 2.2787536 

v' 10-Jan 10.5 184 ' 1.0211893 226481782 
' v‘ 11-Jan 9.27 188 0.96707973 2.27415785 
. 316-Jan 

_ 
6.69 ' 196 0.82542612 2.29225607 ‘ 

’17-Jan 2.56 178 0.40823997 2.25042 ‘ 

37.1 280 2.44715803 18-Jan . 1 .56937391



Table 01.13 

Welland River Reef Analytical Results~

~~
~ ~~~ 

~ ~~ 

Location: River 
Parameter: Aluminum‘ 

29-Sep 0.015 0.465 0.11 0.1 
02-Oct 0.005 0.005 0.065 0.1 
03-Oct 0.33 0.38 0.305 0.1 

16-Oct 0.015 0.1 0.02 0.1 utszupm-m 
17-Oct 0.035 0.075 0.035 0.1 nm‘g: 
18-OCt 0.055 0.11 0.11 0.1 
19-06! 0.08 0.215 0.165 0.1 2 
21-Oct 0.075 0.255 0.15 0.1 
25-Oct 0.22 0.64 0.42 0.1 
26-Oct 0.205 0.445. 0.525 0.1 
27-Oct 0.18 0.34 0.345 0.1 
28-Oct 0.135 0.28 0.18 0.1 
30-Oct 0.23 0.39 0.26 0.1 15 _ 
31-Oct 0.17 0.18 0.22 0.1 

E U’3 C°"‘P 
01-Nov 0.15 0.155 0.1 <1} WIC Comp 
06-Nov 0.35 0.765 0.66 0.1 A ms Comp 
23-Nov 0.6 0.575 0.64 0.1 
27-Nov 0.265 0.395 0.425 0.1 
28-Nov 0.425 0.355 0.36 0.1 3 1 _ 
29-Nov 0.645 0.645 0.72 0.1 

E 05......"
_ 

01-Dec 1.7 1.63 1.7 0.1 35:35.“: 
06-Dec 0.265 0.555 0.47 0.1 
08-Dec 0.585 0.1 
09<Dec 0.71 0.585 0.59 0.1 
11-Dec 0.22 0.35 0.1 0.5 _ 
12-Dec 0.505 0.62 0.1 
13-Dec 0.37 0.375 0.1 
14-Dec 0.29 0.29 0.1 
16—Dec 0.53 0.94 0.885 0.1 
18-Dec 0.265 1.28 0.1 :-. , . 

20-Dec 0.19 0.245 0.1 0 1:5. llIllllllllllLllllllllllllllll 
21-Dec 0.155 0.16 0.175 0.1 29-501: 16—Oct 100:1 260:1 soon 11s MW 060.: 11-0.: 140.: 200-: 05-3." 104.. 174.1 

04-Jan 0.17 0.13 0.1 42" MM 42" 

05'Jan L——‘Wmd 42' Ilhlll indium Ipprnxlmltl sun dun: It Mcmul-r and 42' "var 0mm]: r-spufiv-ly. 
08-Jan 0.0756 0.11 0.1 

r—i 
09-Jan 0.095 0.115 0.1 
10-Jan 0.07 0.095 0.1 
11-Jan 0.02 0.075 0.1 
16-Jan 0.05 0.075 0.1 
17-Jan 0.095 0.025 0.1 
18-Jan 0.37 0.4 0.1 

'All results from MOEE laboratory
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Table 01.14 

Comparison of Hydrolab and Field Measured Turbidity Data 
Station 3 Downstream

~ 10109 
101095 
101095 
101095 
101095 
101095 
101195 
101195 
101195 
101195 
101195 
101195 
101195 
101195 
101195 
101195 
101195 
101195 
101295 
101295 
101295 
101295 
101295 
101295 
101295 
101295 
101295 
101295 
101295 
101295 
101395 
101395 
101395 
101395 
101395 
101395' 
101395 
101395 
101395 
101395 
101395 
101395 

~vn- 
v. P \ \ 

13 

10 

52 

32 

19 

'13 

15 

10 

12 

16 

17 

56 

615 

55 

55 

5B 

33 

2L2

~ 
56 

10 

‘15 

‘45 

‘48 

.28



Table D1.14 

Comparison of Hydrolab and Field Measured Turbidity Data 
Station 3 Downstream 

101495 
101495 
101495 
101495 
101495 
101695 
101695 
101695 
101695 
101695 
101695 
101796 
101796 
101796 
101796 
101796 
101796 
101796 
101796 
101796 
101796 
101796 
101796 
101895 
101895 
101895 
101895 
101895 
101895 
101895 
101895 
101895 
101895 
101895 
101895 
101995 
101995 
101995 
101995 
101995 
101995 
101995 

45 

93 

58 

22 

71 

45 

45 

12 

45 

43 

213 

45 

45 

34 

'15 

65 

35 

35 

46 

45

32



Table 01.14 

Comparison of Hydrolab and Field Measured Turbidity Data 
Station 3 Downstream 

5.84 
8.16 
7.11 
6.34 
6.97 

11.54 
17.10 
8.21 
9.59 

10.34 
10.35 
14.63 
7.06 
6.80 

12.97 
9.35 
4.86 
5.61 
8.06 
8.55 
8.88 

12.22 
10.24 
10.75 
11.87 
9.39 

13.70 
15.31 
12.78 
13.33 
11.06 
15.94 
8.30 
8.19 
6.75 
4.89 
6.74 
9.98 
8.62 

12.17 
10.26 

10.8 

9.8 
6.5 
7.1 
10 
14 
14 

7.4 
5.7 
4.3 
10.6 
11.9 
10.4 
10.2 
5.26 
5.2 

16.1 
10.1 

9.46 6.68 

8.17 5.06 

9.48 6.12 

16.2 24.2 , 

8.2 7.4 

6.1 8.1 

4.6 

6.83 

5.1 

11.3 

8.3 

5.1 

4.9 

6.5 

5.5 

5.55 

5.5 

4.6 

4.1



Table 01.14 

Comparison of Hydrolab and Field Measured Turbidity Data 
Station 3 Downstream

~ 
92995 
92995 
92995 
92995 
92995 
92995 
92995 
92995 
92995 
93095 
93095 
93095 
93095 
93095 
93095 
93095 
93095 
100295 
100295 
100295 
100295 
100295 
100295 
100395 
100395 
100395 
100395 
100395 
100395 
100395 
100395 
100395 
100395 
100595 
100595 
100595 
100595 
100595 
100595 
100595 
100595 
100595 

900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1200 
1300 
1400 
1500 
1600 
1700 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 

16 
9.6 
13 
15 
25 
35 
40 

28.2 

5.2 

3.8 

4.2 

15 

4.7 

3.5 

3.9 

7.3 

6.3 

7.9 

4.7 

3.7 

7.5 

7.8 

5.8 

4.7 

3.6 

4.1 

6.5
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Table 01.14 -- 

Comparison "of Hydrolab and Field Measured Turbidity Data 

101995 
101995 
102195 
102195 
102195 
102195 
102195 
102195 
102195 
102195 
102195 
102495 
102495 
102495 
102495 
102595 
102595 
102595 
102595 
"102595 
102595 
102595 
102595 
102595 
102595 
102595 
102595 
"102695. 
102695 
102695 
102695 
102695 
102695 
102695 
102695 
102695 
102695 
102795 
102795 
102795 ' 

I 

102795 

.Station 3 Downstream 

10 

7.5 

20 

6.2 

26 

5.5 

52' 

15 

6.5

15



Table D1.14 

Comparison of Hydrolab and Field Measured Turbidity Data 
Station 3 Downstream 

102795 1200 35.91 17 
102795 1300 25.98 13 
102795 1400 51.45 24 
102795 1500 40.77 25 
102795 1600 52.86 28 
102795 1700 34.45 20 
102895 1100 11.36 10 
102895 1200 13.94 8 
102895 1300 18.29 9 
102895 1400 13.84 8.4 
102895 1500 16.81 8.9 
102895 1600 18.43 10 
102895 1700 15.33 8.5 
103095 1200 34.34 20 
103095 1300 47.14 23 
103095 1400 36.18 20 
103095 1500 32.91 - 21 
103195 700 20.10 12 
103195 800 18.43 10 
103195 900 19.81 12 
103195 1000 16.63 10 
103195 1100 12.42 15 
103195 1200 12.47 14 
103195 1300 12.37 18 
103195 1400 16.22 18 
103195 1500 19.08 14 
103195 1600 24.09 15 
103195 1700 29.40 17 
103195 1800 30.31 14 
110195 1100 16.12 20 
110195 1200 15.08 10 
110195 1300 10.41 11 
110195 1400 19.41 12 
110195 1500 21.83 14 
110195 1600 19.41 16 
1 10295 800 27.60 15 
110295 1000 27.50 13 
110295 1100 24.93 15 
110295 1200 23.01 13 
1 10295 1300 22.58 14 
110295 1400 29.29 15



Table 01.14 

Comparison of Hydrolab and Field Measured Turbidity Data 
Station 3 Downstream 

110295 
110295 
110295 
110295 
110495 
110495 
110495 
112395 
112395 
112395 
112395 
112395 
112395‘ 
112395 
112395 
112895 
112895 
112895 
112895 
112895 
112995 
112995 
112995 
112995 
112995 
112995 
112995 
112995 
120195 
120195 
120195 
120195 
120195 
120195 
120195 
120595‘ 
120595 
120595 
120595 
120595 
120595 
120695 

1600 _ 

1700 
1800 
1100 
1200 
1300 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1300 
1400 
1500 
1600 
1700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
700 
800 
900 
1000 
1100 
1200 
1300 
1100 
1200 
1300 
1400 
1500 
1600 
700

~ 

. 58
‘ 

55 

60 
58 
25 
45 
55 

60 
56 
63 
73 
67 

62 
70 . 

66 

130 
140 
140 
140 
145 - 

140 
70 
59 

67 
66
62



Table 01.14 

Comparison of Hydrolab and Field Measured Turbidity Data 
Station 3 Downstream

~



Table D1.15 

I Houny Summaries of Hydrolab Data, Station 1 Upstream

~ 

92595 
92595 
92595 
92595 
92595 
92595 
92595 
92595 
92695 
92695 
92695 
92695 
92695 
92695 
92695 
92695 
92695 
92695 
92695 
92795 
92795 
92795 
92795 
92795 
92795 
92795 
92795 
92795 
92795 
92795 
92795 
92895 
92895 
92895 
92895 
92895 
92895 
92895 
92895 
92895 
92895 
92895 
92995 
92995 
92995 
92995 
92995 
92995 
92995 
92995 
92995 
92995 
92995 
92995 

1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 

17.46764 
17.56083 
17.67633 
17.73063 
17.66267 
17.63133 
17.62733 

17.61 
17.165 

17.21117 
1726 

17.326 
17.46517 
17.57463 
17.59663 
17.6505 

17.67663 
17.66033 
17.6359 

17.14 
17.14733 
17.15717 
17.17033 
17.27433 
17.44563 

17.6 
17.676 

17.661 17 
17.63633 
16.77917 
17.5435 

17.0461 1 

17.04967 
17.03167 
17.05217 

17.175 
17.37633 
17.52233 
17.56267 
17.53233 
17.56617 
17.52054 

16.777 
16.76317 

16.61 1 

16.67967 
17.02126 
17.23967 

17.407 
17.33333 
17.40617 
17.47033 

17.409 
17.32233 

8.453636 
8.549 

8.588333 
8.614 

8.595833 
8.569667 
8.539333 
8.482162 

7.855 
8.377833 
8.458167 
8.513667 

8.6045 
8.678167 
8.685167 
8.700333 
8.720833 
8.666167 

8.55 
8.347073 
8.374833 
8.399667 
8.436167 
8.505333 
8.581833 
8.650167 
8.677833 
8.668833 
8.645833 

9.1705 
8.5455 

8.369722 
8.3885 

8.41 1 167 
8.445167 
8.510167 
8.608833 
8.684167 

8.7025 
1675.203 
8.700167 
8.653929 

8.382 
8.405333 
8.429833 

8.4665 
8.551702 
8.656833 
8.770833 
3342.186 

8.8535 
8.765667 
8.690667 
8.590465 

336.0527 
336.475 
336.61 
336.68 

336.8983 
337.1733 
337.5083 
338.1784 

345.15 
343.3833 
340.8433 
339.425 

337.8767 
336.8667 
336.61 17 
336.3183 
336.0417 

336.06 
336.3513 
343.3268 
341 .3067 
339.7833 
338.5633 
337.4317 

. 336.5517 
336.1717 
335.91 17 
335.925 
336.405 

358.8083 
336.705 

346.2083 
343.4867 
341 .2333 
339.5283 
337.5867 

336.51 
336.105 
336.13 
314.58 

335.815 
336.0375 
347.985 
344.765 

341 .6933 
338.5717 
336.5638 
335.7983 
335.4067 
285.2333 
307.3383 
335.4883 
335.9717 
336.3047 

0.21508 
0.215347 
0.215437 
0.215477 
0215613 
0.215785 
0.216005 
0.216435 
0.2085 

0.219765 
0.218138 
0.217218 
0.216237 
0.215603 
0.21543 

0.215243 
0.215072 
0.215077 
0.215251 
0.21972 

0.218435 
0.217463 
0.216683 
0.215957 
0.21539 

0.215153 
0.214978 
0.214993 
0.215298 
0.22962 

0.215475 
0.221564 
0.219828 
0.218392 
0.217302 
0.21606 

0.215365 
0.2151 1 

0.215125 
0.201325 
0.214928 
0.215057 
0.22271 
0.22065 

0.218692 
0.216688 
0.215398 
0.214908 
0.21466 

0.182548 
0.196702 
0.214722 
0.21502 

0.21 5228 

84.38545 
85.97167 
86.44667 

87.06 
86.07667 

83.91 
82.43333 
81 .50541 

81 .65 
74.995 

77.21667 
81.16 

84.21333 
86.185 

86.39833 
87.22833 
88.41333 
87.00167 
84.92564 
78.26829 
76.06667 
77.63167 
82.54667 
86.40667 
88.44667 

91 .245 
90.89167 
90.69667 
88.99833 

93.535 
86.305 

80.52778 
80.24333 
76.97333 
76.97833 
81 .91667 

89.265 
89.82833 
91 .38667 

92.68 
93.06833 
91 .60357 

83.41 
80.69 

82.36833 
84.75167 
88.83191 

91 .35 
93.42333 

95.735 
92.85667 
94.02667 
94.45667 
92.2186 

7.331273 
7.458167 
7.480833 

7.525 
7.448333 
7.268333 
7.141 167 
7.062973 

7.135 
6.552333 
6.739667 
7.074333 

7.3195 
7.4735 

7.488833 
7.552667 

7.65 
7.531333 
7.355128 
6.848049 

6.6545 
6.789833 

7.219 
7.539333 
7.690833 
7.908333 . 

7.8655 
7.850667 
7.707167 
8.105167 

7.488 
7.061389 

7.0345 
6.7505 

6.748167 
7.1625 

7.772833 
7.799 

7.923833 
8.044833 

8.0725 
7.952321 

7.3545 
7.1 13 

7.256667 
7.457167 
7.792553 
7.976833 
8.129167 

8.347 
8.0345 

8.171 167 
8.22 

8.038837 - 

1 .503636 
1 .501667 
1 .506667 
1 .528333 

1 .58 
1 .59 

1.566667 
1 .591892 

‘nh—hé—L—L-h—l‘ 

ummumin'm'uninin 

b) 1 .493 3 

1 .478 3 

Ad—b—L—A—L—h—I-‘A—I-‘d—h-fi—L—‘w—L‘ 

Qmmm'mmm'uubininininininbuinumin 

.3 01 

1.47166 
1 .641667 
1 .658929 

1 .7 
1 .7 

1 .698333 
1 .7 
1 .7 

1 .696667 
1 .7 

1 .43 
1 .466667 
1.603333 

1 .6 
1 .6 

6.018182 
6.135 

7.386667 
6275 

5.426667 
6.223333 
7.126667 
8.1 1891 9 

6.95 
9.07 

6.365 
7.788333 

8.795 
7.98 

7.506667 
7.483333 
7.226667 

7.67 
8.44359 

9.7 
6.735 

6.876667 
6.931667 

1 1.02 
6.928333 
7.098333 
8.173333 

7.85 
7.723333 
8.588333 

1 1 .55 
8.94 

9.153333 
8.766667 

7.78 
9.09 

8.946667 
8.921667 
9.883333 
9.086667 
8.423333 
8.733929 

12.655 
1 1 .765 

1 1.05 
1 1 .16333 
1 1 .81277 
12.77333 
13.49167 

13.245 
4.243333 
4.916667 
4.971667 
6.083721

~



Table D1.15 

93095 
93095 
93095 
93095 
93095 
93095 
93095 
93095 
93095 
93095 
100295 
100295 
100295 
100295 
100295 
100295 
100295 
100395 
100395 
100395 
100395 
100395 
100395 
100395 
100395 
100395 
100395 
100395 
100495 
100495 
100495 
100495 
100495 
100495 
100495 
100495 
100495 
100595 
100595 
100595 
100595 
100595 
100595 
100595 
100595 
100595 
100595 
100595 
101095 
101095 
101095 
101095 
101095 
101095 
101095 
101195 
101195 
101195 
101195 

700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
800 
900 

1000 
1100 

17.03091 
17.0395 
16.7695 

17.11183 
17.26967 
17.42383 
17.59617 

17.689 
17.6725 

17.62028 
17.56933 
17.6735 

17.75867 
17.80967 
17.83483 
17.81617 

17.76 
17.14697 
17.11183 
17.10067 

17.161 
17.2415 

17.28217 
17.2675 
17.255 

17.24483 
17.22083 
17.19952 
16.88158 

16.934 
16.95683 
16.98383 
17.00317 
17.03167 
17.08467 

17.105 
17.10879 
16.75808 

16.746 
16.731 

16.41583 
16.7405 

16.73205 
16.73217 

16.173 
16.73317 
16.72233 
16.70462 
15.89273 
15.92233 
15.94883 
15.91333 
15.89833 

15.853 
15.76841 
15.39733 
15.66067 
15.75083 
15.8705 

8.431212 
8.451667 
8.341833 

8.5365 
8.631833 

8.756 
8.926333 
8.960833 
8.958667 

8.925 
8.344 

8.413833 
8.435167 
8.437833 
8.426833 

8.388 
8.3555 

8.230606 
8.229833 
8.236833 
8.271667 
8.346667 

8.3735 
8.252 

8.258667 
8.300167 
8.302667 
8.307143 
8.165789 
8.185333 - 

8.203667 
8.203 

8.232167 
8.2615 

8.300167 
8.312 
8.31 

8.215385 
8.207 

8.219167 
8.1 1 1333 

8.2735 
8.277179 
8.276833 
8.007667 

8.291 
8.288167 
8.278205 
7.983409 

8.0525 
8.064333 
8.029667 
7.981333 

7.916 
7.872273 
7.839667 
7.993333 
8.035167 

8 .08 

341 .5576 
339.8783 

332.84 
337.2333 
336.325 
335.685 
335.325 

335.1017 
335.0617 
335.0556 
336.4889 

336.75 
337 

337.55 
339.4167 
342.3333 

344.15 
340.5455 
339.9333 
339.5167 
338.8167 

338.25 
338.0333 
333.2333 

330.05 
332.0333 
334.0833 
338.9524 
333.9474 

337.5 
338.9333 
339.4667 

339.3 
339 
339 
339 
339 

341 .1923 
339.8167 
338.8333 
326.515 

337.1 
337.1795 

337 
325.8 

337.0833 
336.75 

334.1538 
367.5682 

365.45 
368.05 

380.1 167 
399.1 

429.7333 
449.7727 
370.5333 
372.5333 

362.55 
355.0167 

0 86 
0.217528 
0.213017 
0.215828 
0.215242 
0.214838 
0.214598 
0.214475 
0.21445 

0.214428 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

I 

0.2 
0.2 
0.2 
0.2 
0.2 

0.193333 
0.2 
0.2 
0.2 

0.193333 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

0.196667 
0.2 
0.2 
0.2 

84.1697 
80.30333 
81 .36833 
86.42833 

87.275 
88.35 

92.41833 
93.24167 
93.17667 
92.41944 
90.99778 
91 .89833 
94.95333 
97.89333 
96.91833 

94.78 
92.635 

88.03939 
82.81833 

86.205 
89.96667 

93.085 
92.35333 
87.79667 

84.385 
85.49833 

86.6 
86.64286 
5341 .405 
80.35333 
78.85667 
81 .89333 

84.815 
85.28167 
86.07167 

86.64 
86.36061 
83.23462 
78.62333 

81 .825 
83.31833 

83.305 
87.41026 
86.68667 
84.27333 

87.75 
87.34667 
87.08205 
79.21591 
79.36333 
79.69667 
80.96833 
81 .49667 
79.02333 
77.45682 
73.14833 
73.18833 

76.895 
78.15167 

7.382424 
7.041 

7.1325 
7.566667 

7.617 
7.6855 

8.01 1333 
8.066833 
8.064667 
8.007778 
7.890889 
7.952833 
8.202667 

8.448 
8.359667 
8.178667 

8.0015 
7.701515 
7.251 167 
7.549167 
7.869333 

8.1275 
8.056167 
7.662333 

7.366 
7.464667 
7.565167 
7.571905 
5269.994 
7.061667 
6.926167 
7.189833 

7.442 
7.48 

7.540333 
7.586833 
7.560606 
7.341 154 
6.936833 

7.222 
7.360333 

7.35 
7.714103 
7.649833 
7.437833 

7.744 
7.7105 

7.688462 
7.1 15455 

7.1245 
7.151333 
7.270167 
7.320167 

7.105 
6.975455 

6.603 
6.606333 
6.928833 

7.023 

1 .690909 
1 .658333 
1 .653333 
1 .673333 

1 .7 
1.693333 
1.666667 
1 .606667 

1 .6 
1 .6 

.5 a 

‘d—A—Ld—l—A—b—A—bg 

ID 

bbb'm'm'm'cnin'm'm

2 1. 
1.6016 0) 

Hubb'm'm'mb'mb'm'm'm'm'mbs: 

1.615 8 

‘u—l-A-A—b-‘udd—l—L—I-I-JA—L 

_A N 
1 .52333 

1 .6 
1 .6 
1 .6 

1 .546667 
1 .585 
1 .565 

1 .502564 
1 .4 
1 .4 
1 .4 
1 .4 
1 .4 
1 .4 
1 .4 

1 .376667 
1 .41 1667 
1 .416667 
1 .418333 

6.848485 
7.008333 
6.808333 

6.83 
4.288333 
4.341667 
4.151667 
5.076667 
5.668333 

5.025 
0.22 
1 .16 
1 .74 

1 .645 
1 .601667 
2.606667 

3.53 
4.727273 

4.265 
3.216667 

10.63 
1 .971667 

2.455 
16.88667 

4.125 
4.268333 

4.83 
3.990476 
10.77368 

8.285 
5.853333 
4.953333 
4.716667 
5.448333 

6.535 
7.348333 
8.263636 
5.353846 
6.631667 
5.528333 
5.081667 

4.155 
3.992308 
2.756667 

3.32 
4.228333 
4.296667 
5.389744 
2.668182 
2.926667 
3.358333 
3.938333 
4.981667 
8.903333 
10.07045 

6.06 
5.36 

5.631667 
5.703333

~



~ 

lTable 01.15 

101195 1200 15.944 8.096 354.9667 02 79.50167 7.134 1.406667 6.963333 

I 101195 1300 16.0105 8.104333 356 02 80.075 7.175167 1.4 8.146667 
101195 1400 16.0425 6.091167 364.5167 02 79.64333 7.131667 1.4 10.015 
101195 1500 16.05633 6.054 376.6667 02 79.915 7.1545 1.4 8.67 

I 101195 1600 16.02033 8.0105 396.1167 02 78.66 7.046667 1.4 12.41 
101195 1700 15.917 7.9695 413.9667 0.2 76.86667 6.901667 14 12.26667 
101195 1800 15.831 7.932333 429.1667 

V 
02 75.58667 6.798667 14 6.696667 

101295 700 

I 101295 800 
101295 900 
101295 1000 
101295 1100 15.95571 8.121143 343.4571 02 84.56 7.587143 1 4 1.934286 
101295 1200 16.00983 8.133167 342.65 02 85.09667 7.6255 1 4 2.616667 
101295 1300 16.05233 8.152667 342.05 02 85.26167 7.632 1.4 3.311667 
101295 1400 16.097 8.157167 342 02 85.67167 7.662833 1.4 4.085 

I 101295 1500 16.09167 8.151333 342 02 85.64 7.660667 1.4 4.48 
101295 1600 16.1185 8.134333 342.95 02 85.34167 7.629333 1 4 5.023333 
101295 1700 16.1495 8.103667 346.9 0.2 83.83867 7.490333 1.4 5.361667 
101295 1800 16.72673 8.370962 369.9615 0.207692 85.38462 7.634808 1.453846 6.884615 

I 101395 700 15.87742 8.023226 354.7097 02 79.19677 7.116452 1.364516 5.048387 
101395 800 15.88533 8.043167 347.85 0.2 75.26167 6.762167 1.4 3.426667 
101395 900 15.68817 8.062167 344.5833 0.2 73.47167 6.600667 1.4 2.716667 

I 101395 1000 15.94433 8.094333 342.3833 0.2 79.28833 7.114833 1.4 2.941667 
101395 1100 16.0535 8.133833 340.8 02 83.95167 7.5155 1.4 2.553333 
101395 1200 16.11767 8.162 339.05 0.2 85.57 7.6505 1.4 2.483333 
101395 1300 16.178 8.178 338.95 0.2 85.495 7.633167 1.4 2.791667 

I 101395 1400 16.263 8.1855 339 0.2 86.12 7.675333 1.4 2.94 
101395 1500 16.2965 8.1725 341.2333 02 85.81167 7.6435 1.4 3.271667 
101395 1600 16.35183 8.143 349.1833 0.2 84.38833 7.507333 1.4 3.951667 
101395 1700 16.3255 8.1035 359.7333 02 82.65833 7.357333 1.4 4.551667 
101395 1800 16.27245 8.065714 371.449 0.2 81.34286 7.249592 1.39795 4.169388 
101495 700 16.15789 8.027368 346.2105 0.2 2707.476 2638.334 1 297366 6.502632 
101495 800 

I 101495 900 
101495 1000 16.162 8.06 335.2 0.2 79.64 7.11 1.3 5.46 
101495 1100 16.185 8.071667 336 0.2 83.20833 7.4275 1.3 4.325 
101695 

. 
1300 15.14789 8.127895 265.7368 0.1 90.66421 8.276842 1.3 3.263158 

I 101695 1400 15.12167 8.120667 269.9333 0.1 69.925 8.2125 1.37 3.26667 
101695 1500 14.94833 8.088633 279.8333 0.1 88.61333 6.122833 1.4 4.088333 
101695 1600 14.78 8.055667 296.8333 0.1 87.605 8.059333 1.4 5.413333 

I 101695 1700 14.60533 8.021833 316.5333 0.191667 85.98667 7.94 1.4 6.565 
101695 1800 1444391 7.992609 331.913 0.2 85.56957 7.93 1.4 7.273913 
101795 700 14.52892 8.098649 271.7568 0.1 86.67027 8.017838 1.5 5.116216 
101795 800 14.51683 8.108167 268.9833 0.1 84.05333 7.777667 1.5 4.371667 

I 101795 900 14.50683 6.1245 266.7833 0.1 83.63667 7.740167 1.5 4.408333 
101795 1000- 14.54833 8.1495 264.3333 0.1 89.87333 8.310667 1.5 4.218333 
101795 1100 14.70783 8.1845 263.15 0.1 69.46333 8.243833 1.5 4.375 

I 101795 1200 14.835 6.2095 262.0167 0.1 90.33667 6.301667 1.5 4.595 
101795 1300 14.87633 8.220167 262.0167 0.1 90.795 6.334833 1.5 23.77167 
101795 1400 14.89517 8.220167 262.0667 0.1 90.99 6.35 1.5 4.151667 
101795 1500 14.90967 8.209833 262.7833 0.1 90.55633 8.308 1.5 4.248333 

I 101795 1600 14.90863 8.187333 263.5 0.1 69.84667 8.241333 1.5 4.93 
101795 1700 14.84863 8.154833 266.4 0.1 88.405 8.12167 1.5 5.113333 
101795 1800 14.81867 6.139 266.6 0.1 87.49667 8.042 1.5 5.353333 

I 
101895 700 14.30065 6.110968 267.6774 0.1 67.1129 6.097419 1.456065 5.632258 
101895 800 14.32583 6.1265 264.6 0.1 85.91833 7.9825 1.5 4.778333 
101895 900 14.33117 8.149667 263.3167 0.1 66.54333 8.040633 1.5 4813333 
101895 1000 14.37483 8.1665 263.5667 0.1 68.83167 8.244333 1.5 4.175 

I 101895 1100 1447733 8.225333 263 01 90.37667 8.368667 1.5 3.663333



Table D1.15 

101895 
101895 
101895 
101895 
101895 
101895 
101895 
101995 
101995 
101995 
101995 
101995 
101995 
101995 
101995 
101995 
101995 
102195 
102195 
102195 
102195 
102195 
102195 
102195 
102195 
102195 
102495 
102495 
102495 
102495 
102495 
102595 
102595 
102595 
102595 
102595 
102595 
102595 
102595 
102595 
102595 
102595 
102595 
102695 
102695 
102695 
102695 
102695 
102695 
102695 
102695 
102695 
102695 
102695 
102695 
102795 
102795 
102795 
102795 

1200 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
700 
800 

1000 
1100 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 

14.57967 
14.62967 
14.63917 
14.68817 
14.66483 
14.61267 
19.6735 

14.13452 
14.12983 
14.12217 
14.17433 
14.25617 
14.31683 
14.38267 

14.413 
14.408 

14.41406 
13.8248 

13.81417 
13.784 

13.7575 
13.77383 
13.76933 
13.7965 

13.82867 
4.615333 
1 1.93533 
1 1.96033 
12.06017 
12.20667 
12.30733 
12.00471 
1 1.83733 
1 1.89017 
12.13983 

1 1 .822 
1 1 .68133 
1 1.67617 
1 1 .68667 
1 1 .62233 
1 1 .69917 
1 1 .6945 

11 .65612 
12.02676 
12.07467 
12.15367 
12.19467 
12.1 1733 

1 1.899 
1 1.7675 

1 1 .36233 
1 1 .37683 
11.3005 

1 1 .28617 
1 1 .28037 
1 1 .66089 
1 1 .70817 

1 1 .786 
1 1.77867 

mu 

8.245833 
8.239667 

8.328 
8.2655 
8.198 

8.1755 
8.1595 

8.135806 
8.142 

8.163667 
8.201333 

8.2365 
8.255 

8.283667 
8.280833 

8.264 
8.2425 
8.1 16 

8.1025 
8.1 10167 
8.129333 
8.153333 
8.182167 
8.240333 

8.2615 
2.759333 

7.43 
7.432 
7.447 

7.473667 
7.500833 ' 

7.572647 
7.5385 

7.559833 
7.623167 
7.541833 
7.519667 
7.522167 

7.53 
7.521333 
7.541 167 
7.548667 
7.549796 
7.859412 
7.879833 
7.914333 
7.929833 

7.903 
7.824333 

7.7875 
7.609 

7.703833 
7.7025 
7.7065 

7.707778 
7.799556 
7.798667 
7.822667 
7.841 167 

263 
262.9833 
254.3683 

259.7 
265.35 

267.2333 
268.95 

267.41 94 
266.65 

266.3333 
265.55 

265 
265 
265 
265 
265 
265 

265.1 6 
265.95 

266.8167 
267.0167 

267 
267.01 67 
267.1 333 
267.31 67 
89.01667 

380.8 
379.1 167 
371 .21 67 

. 360.1833 
349.5333 
342.8235 
358.0667 

349.8 
325.8833 
360.8833 

372.8 
374.5167 

376.5 
381 .6 

375.4333 
374.5167 
377.2041 
289.6176 

282.6 
275.1333 
273.5833 

285.15 
315.6833 

333.8 
351.5167 
375.3333 

382.1 
384.6 

386.3333 
314.1333 

306.55 
296.8167 
290.9333

~ 

0.1 
0.1 

0.096667 
0.098333 

0.1 
0.1 
0.1 

0.1 
0.033333 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 

0.178333 
0.2 

0.196667 
0.2 
0.2 
0.2 
0.2 
0.2 

0.126667 
0.1 
0.1 

91 .63 
91 .51667 
91 .66333 
89.98667 
88.05167 
87.14833 

86.795 
85.00645 
82.73833 
85.50667 
88.28833 
87.09167 
88.50667 
89.03667 

89.14 
88.97 

88.50625 
85.464 
83.59 

86.28667 
88.23667 

87.96 
88.34667 
89.38167 
90.01667 
30.07167 

72.86 
72.30167 
72.55333 

73.78 
75.23333 
79.82941 

77.82 
78.99 

80.30833 
77.995 

77.24833 
77.32833 
77.72833 

77.325 
77.845 

77.92667 
77.81837 

81 .15 
81 .23167 
82.52667 
83.68667 
83.47667 
82.03833 
81 .03333 
79.36333 

81 .1 
81 .13667 
79.87167 
79.1 1852 
81 .67778 
76.23833 
78.96167 

78.455 

8.4665 
8.447833 
8.459667 
8.295667 
8.120333 

8.046 
8.0215 

7.930968 
7.720333 
7.979667 

8.23 
8.104 

8.224667 
8.262167 
8.266333 

8.2515 
8.207813 

8.028 
7.853167 

8.114 
8.3005 

8.271833 
8.3085 

8.402667 
8.4555 
2.823 
7.142 
7.08 

7.088667 
7.184667 
7.310667 

7.81 
7.6425 
7.7475 

7.832333 
7.6625 

7.613333 
7.622333 
7.660333 
7.632167 
7.669333 

7.677 
7.673061 
7.935294 
7.934667 
8.046667 

8.153 
8.146667 
8.045833 
7.970167 
7.844833 

8.0485 
8.066833 
7.943667 
7.870741 
8.053778 

7.509 
7.763667 

7.715 

1 .5 
1.5 

1 .413333 
1.366667 
1 .403333 

1.46 
.A &q 

u—l—L—Ad-l-L-A-h—A-l—L-L—I'

U 1 .298 

0.433 3 

o-‘uuu'u'u'uuk-Zhbinb-inininininbuin'o- 

.A g 

All; 

1 .49705 
1 .5 

1 .498333 
1 .498333 
1 .496667 

1 .5 
1 .496667 

1 .49 
1 .461667 

1 .445 
1.415 

1 .418367 
1 .379412 

dd—A—L-A 

#:hlb¥:h:§ 

—h 

1 .37666 

And-Ad 

his 

'u'u'u—sb'b 

1.29111 

Add 

3.993333 
35.70833 
91 .43167 
3.171667 
3.526667 
4216667 

4.505 
3.309677 
2.776667 

3.1 1 

3.231667 
2.588333 
2.928333 
2.848333 
3.108333 
2.816667 
2.665625 

6.27 
4.638333 

5.72 
4.885 
3.805 

4.501667 
4.696667 
4.286667 
1 .456667 

33.2 
51824.25 
76785.38 
58394.41 
23.73833 
20.65588 
22.95333 

20.705 
18.14333 
24.33167 
27.43833 
40.69667 
31 .98333 
29.25667 
27.13667 
27.24333 
27.42041 
1 1.10588 
9.346667 
8.953333 
9.618333 
1 1 .39667 
14.14667 
16.13333 
19.25333 

22.645 
24.46333 
25.67833 
26.07037 
1 1 .87556 

10.575 
10.23167 
10.27833



Table 01.15 

102795 
102795 
102795 
102795 
102795 
102795 
102795 
102795 
103095 
103095 
103095 
103095 
103095 
103095 
103095 
103195 
103195 
103195 
103195 
103195 
103195 
103195 
103195 
103195 
103195 
103195 
103195 
110195 
110195 
110195 
110195 
110195 
110195 
110195 
110195 
110195 
110195 
110195 
110195 
110295 
110295 
110295 
110295 
110295 
110295 
110295 
110295 
110295 
110295 
110295 
110395 
110395 
110395 
110395 
110495 
110495 
110495 
110495 
110495 

1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 

11 .78267 
1 1.7605 
11 .7245 

1 1.69267 
1 1.51767 
1 1 .35433 

1 1.28 
1 1.27814 
10.77077 
1 1.09383 
10.5915 

10.46767 
10.43667 

10.442 
10.43935 

10.645 
10.6525 

10.73633 
10.85983 
10.88833 
11’. 35367 

10.701 
10.51433 

10.337 
10.14367 
9.992833 

9.93 
10.42583 
10.48017 
10.50567 
10.55417 
10.6785 

10.79783 
10.93417 
10.99383 
10.97783 
10.97417 
10.97883 
10.97867 
10.67464 
10.66933 
10.64417 
10.60367 
10.58633 
10.65617 
10.7415 

10.79517 
10.77867 
10.77167 

10.78 
10.8181 

10.75983 
10.70217 
10.67842 
9.439524 

9.377 
9.303729 
9.296949 
9.300833 

7.846 
7.838167 
7.811667 

7.7885 
7.733667 
7.687667 
7.665833 
7.664186 
7.880769 
8.160833 
7.876167 

7.85 
7.843833 
7.847667 
7.848478 

7.955 
7.956167 
7.990667 
8.037458 
8.049167 

8.037 
7.981833 
7.923333 
7.870333 

7.8195 
7.7865 

7.777609 
7.959583 
7.980667 
7.988833 
8.000667 

8.0345 
8.0545 

8.092333 
8.1 1 15 

8.1 10833 
8.106333 
8.094333 

8.09 
7.915714 

7.8995 
7.8635 
7.8315 

7.816167 
7.827167 
7.838667 
7.842167 

7.819 
7.796167 
7.798182 

7.83 
7.8285 

7.833167 
7.845263 
7.770952 
7.772333 
7.779153 
7.780678 
7.787833 

290.8 
294.8333 

305.4 
317.4 

342.9833 
371 .8333 
383.5833 
383.6744 
324.4615 
339.8667 
340.6833 
350.5667 
352.2833 
351 .5333 
351 .6087 

303.5 
302.5 

294.8333 
284.1356 

282.05 
284.2167 
296.3833 

311.55 
326 

340.1333 
349.2833 
351 .3043 

296 
292.6 

292.05 
290.0333 
284.8667 

283.45 
278.75 

274 
272.15 

270.6667 
270 

270.2667 
304.3929 
308.4833 
317.3667 
328.0333 
337.2667 

338.6 
336.45 

336.1667 
343.3833 
353.7167 

356 
342.381 

344.9167 
344.5333 
341 .6316 
382.0952 

383.35 
384.5593 
384.8983 
386.8833

~ 

0.1 
0.1 
0.1 

0.195 
0.2 
0.2 
0.2 
0.2 
0.2 

0.206667 
02 
0.2 
0.2 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.175 
0.2 
0.2 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.141667 
0.2 
0.2 
0.2 

77.70667 
77.38833 
77.50333 

76.47 
75.865 

76.68833 
75.79167 
75.63488 
82.66154 
83.66333 

79.59 
78.70667 

78.505 
78.48 

78.46304 
7925 

79.38167 
80.52 

81 .30508 
81.67167 
80.85333 
79.44333 
77.92167 
75.90833 

74.325 
72.89 

72.48043 
79.1 125 

80.02667 
79.79667 

80.275 
81 .00167 
81 .30333 
82.54167 
82.95833 
83.15167 
82.79667 

82.285 
81 .88 

79.08929 
78.38333 
77.23333 
76.16833 
75.58667 

75.56 
76.07 

76.63167 
76.02833 
75.38333 
75.72727 
78.72857 

77.775 
77.65333 
78.0421 1 

75.0619 
74.37333 
74.44915 
77.03559 
74.71333 

7.640667 
7.6125 

7.631667 
7.535167 
7.505167 
7.615667 
7.539667 
7.523488 
8.319231 
8.427667 
8.044833 
7.977167 
7.962667 
7.959833 
7.95913

8 
8.01 1 167 

8.1 1 

8.16661 
8.197667 
8.122667 
8.009167 
7.889167 
7.716833 
7.590833 
7.470833 
7.439348 
8.02625 

8.109167 
8.079833 
8.1 19667 

8.1705 
8.1775 
8.2765 

8.306333 
8.328167 
8.294333 

8.2425 
8.202 

7.975714 
7.906667 
7.796167 
7.695833 

7.6405 
7.625 

7.661667 
7.708667 
7.649833 
7.587167 
7.621818 
7.914286 
7.829667 
7.827667 
7.871579 
7.792381 
7.734833 
7.756441 
8.02661 
7.7845 

1 .3 
1 .3 

1.261667 
1 .248333 

1 .26 
1.261667 
1 .243333 
1 .267442 

1 .5 
-L U! U! 

d-A—B-A—I-A-A—A—h' 

1.50166 
minin'uinin'uuuin'u-b-ininin'minin 

fi—t—n—n—s—s—n

§ 

u-unu-uuu-AAAA83-AA;*hhhhhhhhtnb-inb-ininin 

10.79667 
1 1 .75 

12.69667 
14.18167 
16.58667 
18.60833 

20.26 
20.31395 
14.23077 

15.97 
18.47833 

20.95 
21 .80167 
21 .76833 
2.12174 

12.7 
10.845 

8.93 
7.362712 

7.475 
7.893333 

10.905 
14.64667 
18.14333 

22.3 
26.575 

28.2413 
14.02917 

12.07 
11.59667 
10.33333 
9.293333 
9.548333 
7.936667 

6.88 
6.228333 
5.898333 

5.195 
5.693333 
14.94643 
16.17333 
26.32333 

20.01 
25.34 

28.33167 
27.875 
27.85 

30.48833 
34.77667 
34.10909 
29.34286 
29.78667 
29.10333 
27.95263 
48.90952 

48.72 
48.8678 

46.17288 
44.1 1833

~



Table 01.15 

110495 
110495 
110495 
112295 
112295 
112295 
112395 
112395 
112395 
112395 
112395 
112395 
112395 
112395 
112395 
112395 
112895 
112895 
112895 
112895 
112895 
112995 
112995 
112995 
112995 
112995 
112995 
112995 
112995 
112995 
120195 
120195 
120195 
120195 
120195 
120195 
120195 
120595 
120595 
120595 
120595 
120595 
120595 
120695 
120695 
120695 
120695 
120695 
120695 
120695 
120695 
120695 
120695 
120695 
120895 
120895 
120895 
120895 
120895 

mu. 

1200 
1300 
1400 
1600 
1700 
1800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
700 
800 
900 
1000 
1100 
1200 
1300 
700 
800 
900 
1000 
1100 
1200 
700 
800 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 

9.336 
9.455167 

9.505 
3.041 

2.983333 
3.031667 
2.857407 
2.869833 
2.884333 
2.900833 
2.891 167 
2.899667 

2.8665 
2.8345 

2.780667 
2.729032 

2.169 
2.885 

2.913333 
2.8965 

2.827561 
2.372121 
2.352167 
2.331667 
2.335333 

2.3635 
2.376333 

2.3975 
2.406 

2.406792 
2.274615 
2.302833 
2.369333 

2.4555 
2.531833 
2.626167 
2.637368 

2.882 
2.805667 
2.802333 

2.8875 
2.898333 
3.144407 

3.155 
3.161765 

3.077 
3.152333 

3.164 
3.050167 
2.941667 

2.9895 
3.025833 
2.955167 
2.918814 

1 .475 
1.462167 
1 .484833 

1 .5855 
1 .76 

7.807167 
7.832667 

8.817407 
8.823 
8.827 
8.839 

8.844833 
8.8485 

8.871333 
8.888833 
8.883667 
8.88871 
5.4955 

7.546167 
7.5745 

7.591333 
7.59 
7.51 

7.510667 
7.510667 
7.510333 
7.501833 
7.507167 
7.505333 
7.503167 
7.500943 
7.551923 
7.559167 
7.566333 
7.575667 

7.59 
7.607 

7.608684 
7.694 

7.695167 
7.691667 

7.714 
7.7795 

7.915085 
7.964286 
7.971471 

7.961 
7.969 

7.9705 
7.937667 
7.907833 
7.934833 

7.9655 
7.958333 
7.966271 

7.8 
7.806333 
7.808167 
7.816833 

7.835 

382.3167 
374.4833 

373.5 
289.3 

284.4167 
289.25 

283.3333 
283.4167 
283.0333 
282.4833 
282.2667 
281.9167 

282.2 
282.1833 
281 .8667 
281 .9032 

247.2 
334.95 

325.2333 
320.3167 
320.0244 
342.8485 
338.1333 
331 .9833 

327.1 
323.25 

321.1 167 
319.5167 

317.95 
- 316.9623 

290 
290.0167 

290 
290.0833 
290.2167 
290.3333 
290.3684 

302 
297.3467 
302.0667 
300.3833 
264.1217 
302.322 

290.7143 
290.1471 

291 .4 
291 .1333 
291 .6333 
293.6833 
295.6667 

294.3 
292.9167 
292.8833 
292.5254 
317.875 

317.7333 
316.8667 
315.6167 
312.8167 

0.2 
0.2 
0.2 
0.1 

0.098333 
0.1 
0.1 

0.1 
0.098333 

0.1 
0.1 

0.088333 
0.101695 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 

75.34 
76.26 
76.55 

77.598 
75.87 

77.175 
80.19259 
77.09167 

76.845 
76.80833 
76.91667 
76.93833 
77.37667 
78.41333 

78.65 
78.60968 
62.58833 
83.08667 
82.78167 
82.79667 
82.59268 
79.27879 

78.485 
78.05167 

77.835 
77.705 
77.83 

78.03333 
78.17167 
78.02075 
80.83462 
80.73833 

80.77 
80.75167 

80.825 
80.92 

80.97632 
81 .08 
81 .3 

80.26 
80.34833 
83.58333 
87.92203 
7225.121 
87.77647 

87.45 
87.345 

86.9 
86.34167 
86.65167 
86.90167 

86.02 
86.26167 
86.90339 

90.3 
85.10167 

84.765 
84.725 

85.08167 

7.842833 
7.916 

7.9425 
9.4732 

9.261333 
9.423333 
9.835926 
9.451833 
9.418833 

9.41 
9.425167 

9.426 
9.487667 
9.625333 

9.667 
9.675161 

7.6565 
10.18417 
10.13733 
10.14583 
10.13976 
9.851818 
9.759333

I 

9.71 1667 
9.6825 

9.66 
9.671333 
9.691833 
9.705667 
9.68717 

10.07269 
10.0535 

10.03817 
10.01 167 

10.001 
9.987833 
9.991579 

9.938 
9.988167 
9.860167 
9.847333 

1 0.244 
10.71576 
7152.804 
10.67794 

10.662 
10.62867 

10.571 
10.5365 

10.60417 
10.62033 
10.50283 
10.55283 
10.64153 
1 1 .5025 

10.84533 
10.79483 

10.76 
10.7535 

1.401667 
1 .408333 
1.463333 
1 .493333 

1 .495 
1.5 
1.5 

0.953333 
1 .3 

1.305 
1.376667 
1.378049 

1 .4 

A—Au-b-h—b—b—l—h—‘u-A—L—A—h—h 

aa-sL-LnL-Itsihihih'lsihihb 

1.1 1842 
1 .1 

1.178333 
1 .4 

1 .396667 
1 .08 
0.9 
1 .1 

1 .085294 
1 .09 

1 .053333 
1 .006667 
1.001667 

1 .005 
1 .003333 
1.001667 

'

1 

39.48 
34.08333 

32.5 
72.012 
69.385 

70.04167 
65.33704 
65.51667 
65.07667 
64.05167 

64.54 
67.205 
81 .08 
82.06 

67.98333 
68.12581 
64.55833 

91 .06 
93.175 
90.755 

85.89756 
88.86364 
93.22833 
1 11.705 

121 .8967 
106.835 

99.53167 
95.07 

95.93167 
95.84528 
236.2654 
240.1333 
235.9717 
29.98 

23.0933 
212.565 
27.9026 

107.54 
97.95333 
88.54833 

80.895 
65.03 

73.83898 
13.72857 
1 1 .79412 

15.72 
14.405 

15.39667 
22.83 

30.495 
25.01333 
17.70333 

16.94 
15.31356 
68.3625 

68.55833 
67.90167 
65.18667 

58.305



Table D1.15 

120895 
120995 
120995 
120995 
120995 
120995 
120995 

1200 
80000 
90000 
100000 
110000 
120000 
130000 

1.835167 
1.54 
L45 
1.4 
L48 
1.71 
1.92 

7338333 
7J79 
719 
78 
782 
186 
73 

288 
320 
322 
323 
320 
313 
307 

79.79333 
855 
85 

842 
835 
843 
852 

1002783 
1(L89 
1(L84 
10375 
1066 
10J75 
10.72 

4635 
628 
61.3 
631 
SSA 
433 
342



Table D1.16 

I Houdy Summan‘es of Hydrolab Data, Station 3 Downstream 

92595 1100 18.215 . 8.284167 322.25 0.206239 100.2444 8.578611 1.5 4.883333 

' 92595 1200 18.174 8.3765 323.3783 0.206958 101.115 8.660667 1.5 5.836667 
92595 1300 18.295 8.443333 324.1983 0.20749 102.06 8.720167 1.5 8.158333 
92595 1400 18.55383 8.478167 320.81 0.20532 102.425 8.705333 1 .493333 7.1 1 

92595 1500 18.58733 8.496 320.4133 0.205065 101.55 8.6255 1 .5 6.336667 
I - 92595 1600 18.25933 8.495 321.1333 0.205515 99.74 8.527833 1.5 6.971667 

92595 1700 18.10633 8.487 321.3233 0.205643 96.945 8.315833 1.5 1 1.54 
92595 1800 15.82933 7.475167 284.1283 0.181843 83.51333 7.191167 1.325 17.1 

I 92695 800 17.63465 8.324651 330.3628 0.211444 91.17209 7.895814 ' 

1.5 8.209302 
92695 900 17.66283 8.498333 328.2033 0.210045 93.34833 8.079 1 .5 9.586667 
92695 1000 17.934 8.570833 326.2367 0.208797 94.79 8.158833 1.5 10.33833 
92695 1 100 18.17083 8.649167 325.9867 0.208642 96.58 8.272167 1.5 10.35 

I 92695 1200 18.55383 
. 

8.877 330.2217 0.21 1345 98.74167 8.445333 1.525 14.63333 
92695 1300 18.3267 8.767333 325.6817 0.20844 98.70167 8.428333 1.5 7.061667 
92695 1400 18.59833 8.787833 325.03 0.208018 99.745 8.47 1.5 6.798333 

I 92695 1500 18.54183 8.82 324.535 0.207703 98.2833 8.3505 1.5 12.96833 
92695 1600 17.6217 1675.04 307.5183 0.19681 1759.97 1674.635 1.41833 9.345 
92695 1700 12.2125 5.934038 ' 217.8154 0.139406 65.83846 5.642885 1.009615 4.855769 
92795 700 10.55816 5.155102 193.5184 0.123847 50.98367 4.397347 0.873469 5.612245 

I 92795 800 17.55717 8.733833 323.4033 0.206983 86.545 7.507833 1.5 8.06 
92795 900 17.4025 8.766667 321 .4517 0.205727 87.56667 7.62 1 .5 8.546667 
92795 1000 17.74783 8.811667 321.1167 0.205517 89.725 7.7535 1.5 8.88 
92795 1100 17.45417 8.573167 310.92 0.198988 87.95333 7.552 1.45 12.2333 

I 92795 1200 18.19367 8.9415 320.8883 0.205367 95.63167 8.188667 1.5 10.24 
92795 1300 18.41717 8.990333 - 320.7417 0.205275 96.315 8.208 1.5 10.75333 
92795 1400 18.49067 9.014167 319.7467 0.20464 99.99167 8.509167 1.5 11.87167 

I 92795 1500 18.432 9.031 319.4983 0.204473 98.135 8.361333 1.5 9.386667 
92795 1600 18.259 8.853167 317.4167 0.203143 94.55 8.033667 1.475 13.69667 
92795 1700 18.2775 8.988833 32.6267 0.20648 94.17333 8.048333 1.5 15.30667 
92795 1800 18.22833 8.952083 322.6417 0.2065 93.5 7.999167 1.5 12.775 

I 92895 700 17.5839 8.852195 331.1561 0.211944 2520.993 2446.109 1.6 13.32927 
92895 800 17.3685 8.857667 327.4333 0.209555 83.56333 7.277833 1.6 11.06333 
92895 900 16.96733 3341.784 287.6467 0.184093 1745.563 1673.543 1.255 15.93667 

I 92895 1000 17.48417 8.827667 
1 

322.2783 0.206253 76.45 6.6415 1.588333 8.301667 
92895 1100 

' 

18.27683 8.874833 323.405 0.206977 85.80167 7.332833 1.555 8.193333 
92895 1200 18.6955 8.956833 321.9733 0.206063 91.315 7.739333 1.501667 6.746667 
92895 1300 18.9305 9.013667 324.725 0.207822 93.09833 7.8525 1.5 4.891667 

I 92895 1400 19.018 9.0255 323.7783 0.207213 88.73167 7.4705 1.5 6.743333 
92895 1500 18.52283 9.060667 321.6983 0.205892 91.29 7.764167 

/ 

1.5 9.975 
92895 1600 18.69467 9.0325 316.335 0.202455 98.61167 8.359833. 1.538333 8.618333 

I 
92895 1700 18.01483 9.125333 319.8967 0.20473 102.43 8.802333 1.6 9.605 
92895 1800 18.02 9.115 321.4 0.2057 99.8 8.58 1.6 10.35 
92995 700 16.63559 8.698235 321.3735 0.205674 78.10882 6.834706 1.482353 12.16765 
92995 800 17.02667 8.998167 329.7683 0.211047 76.115 6.675167 1.5 10.255 

I 92995 900 16.86717 9.046333 325.755 0.208482 76.295 6.715 1.5 9.403333 
92995 1000 18.12783 9.0685 328.435 0.2102 81.08667 6.95 1.5 11.24667 
92995 1100 18.74317 9.133667 328.7617 0.210412 84.59167 7.160833 1.5 7.238333 
92995 ’ 1200 18.98967 9.179 327.217 0.20942 91.48833 7.707167 1.5 3.916667 

I 92995 1300 18.4435 9.257667 325.1 0.208067 95.06333 8.099167 1.4 3.498333 
92995 1400 18.1535 9.324 321 .675 0.205875 98.715 8.459667 1.401667 5.903333 
92995 1500 18.83183 13341.36 24.6817 0.1438 103.83 8.7765 0.985 5.043333 

I 92995 1600 18.36983 9.202 320.4267 0.205065 98.665 8.417333 1.393333 6.141667 
92995 1700 18.041 9.190667 320.1833 0.204917 97.61167 8.385333 1.393333 4.866667 
92995 1800 17.96647 9.150588 320.6529 0.205226 95.15 8.185 1.4 12.02353



Table 01.18 

93095 
93095 
93095 
93095 
93095 
93095 
93095 
93095 
100295 
100295 
100295 
100295 
100295 
100295 
100295 
100395 
100395 
100395 
100395 
100395 
100395 
100395 
100395 
100395 
100395 
100395 
100495 
100495 
100495 
100495 
100495 
100495 
100495 
100495 
100495 
100595 
100595 
100595 
100595 
100595 
100595 
100595 
100595 
100595 
100595 
100595 
100595 
101095 
101095 
101095 
101095 
101095 
101095 
101095 
101195 
101195 
101195 
101195 
101195 

700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 

18.20245 
17.56967 
17.6015 
17.9885 
17.9535 
18.2875 

18.19917 
18.14571 
18.46061 
18.51683 
18.56783 

18.52 
18.54417 
18.45417 

18.499 
18.89744 
18.13433 
18.30417 
18.27083 
17.87667 
18.12867 

18.165 
18.045 

18.04633 
16.96 

18.28417 
17.17897 
17.23383 

17.526 
17.532 

17.47283 
17.60183 
17.46317 
17.66867 

17.588 
16.69179 
16.67617 
16.66417 
16.6705 
16.664 

16.66383 
16.66233 

16.664 
16.6655 

16.65767 
16.63633 
16.61318 
15.85304 

15.884 
15.91383 
15.89117 

15.863 
15.82217 
15.73578 
15.59435 
15.59867 
15.60433 
15.68317 
15.81817 

9.013469 
9.016667 

9.0375 
9.081333 

9.1445 
9.2125 

9.284167 
9.307143 
8.330303 
8.396333 
8.423167 
8.438833 
8.432333 
8.410667 

8.3704 
8.466977 
8.258833 
8.266833 
8.308667 

8.363 
8.3975 

8.388667 
8.378 
8.378 

8.158167 
8.744167 
8.378718 

8.369 
8.376667 
8.385833 
8.417333 
8.453333 
8.498667 

8.526 
8.538 

8.464872 
8.4855 
8.4975 

8.508667 
8.5315 
8.5565 

8.551833 
8.572167 
8.575333 

8.5815 
8.558333 
8.559545 
8.424464 
8.488333 
8.510667 
8.51 1833 
8.488167 

8.451 
8.423333 
8.685652 
8.691 833 
8.717333 
8.762333 
8.819833 

325.8837 
322.7467 
321 .3983 
321 .465 
321 .175 

321 .5383 
320.405 

318.7571 
256.9697 
257.3333 

256.85 
257 

258.6333 
260.95 
262.78 

266.5581 
259.8833 

259.7 
259.1667 
258.1 167 

258.2 
259.3833 

258.6 
258.6 

28.4167 
265.875 

244.9744 
254.0667 
256.4667 

- 257.9667 
258.0667 

258 
258.0333 
257.7333 

258 
259.4103 

258.15 
257.2833 
256.3333 

256.05 
255.9667 

256 
255.65 
255.95 

255.5167 
254.05 

254.2727 
276.1429 
272.3167 
274.5667 

282.6 
294.5 

315.1667 
330.0667 
279.5652 
278.0167 
275.4833 

269 
262.7667 

0.208555 
0.206558 

0.2057 
0.205732 
0.205553 
0.20578 

0.205055 
0.204029 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.102326 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.088333 
0.104167 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.181667 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 

82.35306 
77.19833 

79.7 
87.27333 

91 .675 
93.59333 
98.42667 
99.58571 
89.65455 

89.85 
90.38 

90.06167 
89.24167 
88.12333 

86.224 
79.87674 
70.64333 

69.92 
76.05 

78.36333 
79.62 

79.18833 
79.39667 
79.39667 
82.38167 
92.77917 
80.45385 
76.17333 
74.64167 
77.18833 
78.79333 
80.46333 
80.78833 
82.51833 

82.6 
84.68974 
80.76333 

81 .065 
82.58667 

83.24 
82.70167 
84.86833 
83.26167 

82.52 
82.195 

84.3 
82.22727 
82.27857 
82.47167 

82.38 
80.18 

78.845 
76.38 

74.88667 
77.93913 
76.49167 
76.08333 
78.82167 
80.84333 

7.049592 
6.692833 
6.906333 
7.503333 

7.8875 
7.998333 
8.427333 
8.535714 
7.635152 
7.642167 
7.679333 
7.660667 
7.586167 

7.5045 
7.3372 

6.801 163 
6.050833 
5.967333 

6.5005 
6.752667 
6.825333 
6.784167 
6.817833 
6.817833 

7.1605 
8.04875 

7.034615 
6.652333 

6.48 
6.699667 

6.847 
6.974 
7.022 

7.141667 
7.164 

7.480513 
7.135 

7.164333 
7.298 
7.357 

7.3085 
7.501 
7.358 
7.292 

7.2655 
7.454333 

7.275 
7.397143 

7.41 
7.3965 
7.203 

7.087167 
6.871333 
6.7491 1 1 

7.046522 
6.914333 
6.876833 

7.1 12 
7.273333 

d-h—b

3 .5 'u q aU 

.‘L-LsL-LALAL-‘Alhbuhk'h 

dd—L-fi-fi—L—h—h—L—b—L 

1.14883 
1.186667 

1 .2 
1 .2 

1.191667 
1 .101667 

1 .1 1 

1 .1 

1 .1 

0.953333 
1.216667 

1 .2 
1 .218333 
1 .288333 
1 .298333 

dd-‘d-I—b-L-Ld—h—A‘ 

uuu'u'wbubbbbb 

A—L—A-A—L—h-ul-A—A-h—bd-A-A 

bhbhhhbhlhlh'bzhiu'n 

5.761224 
4.745 

4.233333 
4.626667 
6.691667 
6.661667 

7.395 
4.728571 
4.321212 

4.485 
4.451667 
4.628333 
5.293333 

5.005 
4.998 

9.774419 
7.706667 
7.543333 
7.828333 
7.753333 
5.641667 
5.91 1667 
5.468333 
5.468333 

6.82 
4.929167 
6.492308 
6.343333 
6.916667 
5.693333 

5.505 
5.358333 
5.638333 
5.283333 

5.04 
9.251282 

8.355 
9.833333 
13.52333 

1 1 .19 
7.626667 
7.108333 
8.398333 

1 1 .245 
10.19333 

1 1 .175 
1 1 .65682 
20.24286 

19.38 
26.08833 
15.96667 

15.125 
8.765 

8.544444 
6.204348 
15.17833 
9.243333 

9.14 
3.67



Table 01.16 

101195 
101195 
101195 
101195 
101195 
101195 
101195 
‘101295 
101295 
101295 
101295 
101295 
101295 
101295 
101295 
101295 
101295 
101295 
101295 
101395 
101395 
101395 
101395 
101395 
101395 
101395 
101395 
101395 
101395 
101395 
101395 
101495 
101495 
101495 
101495 
101495 
101495 
101695 
101695 
101695 
101695 
101695 
101695 
101796 
101796 
101796 
101796 
101796 
101796 
101796 
101796 
101796 
101796 
101796 
101796 
101895 
101895 
101895 
101895 

15.90917 
15.97317 
16.0105 
16.0255 

15.98633 
15.87933 
15.75608 
15.66161 
15.67217 
15.6955 

15.83883 
15.88233 
15.97567 
16.02067 

16.064 
16.05483 
16.09117 
16.11417 
16.07583 
15.81967 
15.83408 
15.8495 

15.89083 
16.01717 
16.0975 
16.1525 
16.2355 

16.25867 
16.31717 
16.29417 
16.24556 
16.10974 
16.1115 

16.12883 
16.1285 

16.12767 
16.14176 
15.10385 
15.0905 

14.94233 
14.75917 
14.58667 
14.43462 

14.438 
14.43433 
14.43333 
14.4705 

14.61833 
14.78033 
14.8395 

14.85967 
14.86917 
14.87133 
14.81233 
14.7688 

14.21282 
14.23817 
14.25667 
14.29467 

8.845667 
8.854 

8.8455 
8.823667 
8.777667 
8.754167 
8.716667 

8.88 
8.892667 

8.9095 
8.938 

8.983333 
9.018333 

9.035 
9.048 

9.0385 
9.036333 

9.01 
8.975417 
8.956333 
8.96449 

8.992 
9.024 

9.069167 
9.1035 
9.1 1 15 

9.12 
9.107 

9.100333 
9.0765 

9.055556 
9.066579 

9.0525 
9.056167 
9.077167 
9.096667 

9.1 
8.596923 
8.620167 
8.606833 
8.579667 

8.5575 
8.54 
8.64 

8.6345 
8.6495 

8.669833 
8.705167 
8.727667 
8.733167 

8.74 
8.760167 

8.7445 
8.71 8167 

8.6984 
8.671795 
8.679333 

8.6925 
8.71 65 

262.1667 
262.7333 
268.7833 
276.8333 
291 .2667 
304.3667 
318.3922 
268.4839 
264.9333 
260.6833 
239.7867 

254.6 
253.4667 
253.0667 
252.9833 

253 
253.5833 
256.1333 
261 .875 

264.4 
258.1633 
255.0333 
253.3333 
252.3833 
251 .0167 
250.7167 
250.8667 

252.1 
256.75 
263.65 

270 
257.1316 
252.1 167 
247.3667 
245.7333 
247.4833 

248 
250.0769 

253.1 
260.8 

274.7833 
291 .85 

303.9231 
254.3714 

251 .4 
249.15 

246.9167 
245.25 
244.1 

244.0167 
244.0167 
244.6333 
245.1 167 
247.2167 

249.2 
249.359 

246.9333 
245.1833 
244.6833 

0.1 
0.118333 

0.2 
0.1 
0.1 
0.1 

0.093333 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

82.17167 
82.53167 
82.23667 
81 .36833 

79.71 
78.58333 
76.82745 
78.87097 
77.21667 
77.39833 

82.525 
82.38 

83.47667 
83.71 

84.48667 
84.08833 

83.86 
83.145 

81 .86875 
78.35667 
84.43469 
83.82333 
86.49333 
87.53333 
88.69333 
88.90167 

89.305 
89.52167 
88.97833 
87.85667 
98.06667 
2713.026 
78.91833 
82.42833 

83.795 
84.925 

84.47059 
96.10769 
87.64333 
85.56167 
84.23333 

86.3 
84.74615 
81 .63429 

74.51 
79.25 

83.08167 
84.645 

86.24833 
86.765 

87.61 167 
87.82833 

86.945 
86.06667 

85.768 
82.15128 

80.245 
81 .74333 

84 .51 5 

7.378833 
7.401 167 
7.368833 
7.288333 

‘ 7.145833 
7.061333 
6.92157 
7.1 19677 
6.969167 

6.982 
7.419 

7.401667 
7.4855 

7.5 
7.5625 

7.527333 
7.500667 
7.433667 
7.325208 
7.048667 
7.594694 
7.537333 
7.770167 

7.8425 
7.932 

7.942667 
7.964167 

7.98 
7.921 

7.825167 
8.744444 
2638.837 

7.0555 
7.367333 

7.49 
7.590833 
7.548824 

8.78 
8.009 

7.844333 
7.753667 

7.9725 
7.856923 
7.566571 
6.906167 

7.346 
7.695167 
7.814667 
7.934333 

7.972 
8.045667 
8.065833 

7.983 
7.910833 

7.894 
7.651538 
7.469667 
7.606167 
7.857667 

‘d-A—L-hfi—A—A 

@AAJsL'Alt-ZA 

.11.. 'Alh 

.L N ‘1 

A—l—L—A—A-fi-fi—A—b' 

Abbtsluhh'uh 

1 .3510 
1 .395 

1 .396667 
1 .363333 
1 .313333 

‘AA—Bd‘ 

uuu'u'u'u 

1 .23421 
1.293333 
1 .298333 
1 .273333 
1.218333 

aid—Add“ 

wuwwuub 

1.312821 
1.325 

1.328333 
1.361667 

4.953333 
1 1 .29167 
10.05167 

1 1 .435 
32.325 

8.426667 
9.97451 

16.65484 
18.875 

28.17333 
28.95 

33.88667 
21 .525 

14.72167 
8.396667 
18.58667 

10.56 
16.51333 
21 .49583 
26.85333 
12.20204 
12.85167 

12.09 
7.428333 
4.826667 

5.9 
7.876667 
15.29667

6 
6.1 18333 
6.555556 
8.421053 

7.33 
7.7 

6.59 
9.63 

10.341 18 
1 .638462 

5.085 
4.36 

8.053333 
8.86 

10.15385 
6.688571 

8.785 
6.93 
9.43 

6.31 1667 
5.488333 
6.351667 
6.543333 

1 1 .84 
7.69 

16.49833 
10.748 

7.735897 
7.261667 
8.143333 

6.945



Table D1.16 

101895 
101895 
101895 
101895 
101895 
101895 
101895 

*101895 
101995 
101995 
101995 
101995 
101995 
101995 
101995 
101995 
101995 
101995 
102195 
102195 
102195 
102195 
102195 
102195 
102195 
102195 
102195 
102495 
102495 
102495 
102495 
102595 
102595 
102595 
102595 
102595 
102595 
102595 
102595 
102595 
102595 
102595 
102595 
102695 
102695 
102695 
102695 
102695 
102695 
102695 
102695 
102695 
102695 
102795 
102795 
102795 
102795 
102795 
102795 

14.40167 
14.526 

14.5905 
14.61383 

14.663 
14.62417 
14.5715 

14.51704 
14.05895 
14.06417 
14.06367 
14.09917 
14.18867 
14.26083 

14.331 
14.381 

14.3745 
14.43059 
13.78276 
13.75917 

13.739 
13.702 

13.7 
13.69717 
13.72517 

13.761 
13.78159 
1 1.95132 
12.01617 
12.1565 

12.25917 
1 1.99048 

1 1 .903 
11.81867 
12.03583 

1 1.961 
1 1 .7295 
1 1 .6725 

11.70983 
1 1.64483 
1 1 .64283 
1 1 .68733 
1 1.64762 
1 1 .8765 

1 1 .96133 
12.06067 
12.14067 
12.1545 
12.002 

1 1 .85033 
1 1 .64433 
1 1 .42917 
1 1 .341 5 

1 1 .63824 
1 1.677 

1 1 .75517 
1 1.79033 
1 1 .79183 
1 1 .78317 

8.746667 
8.765 

8.760833 
8.758167 

8.76 
8.742333 
8.725167 
8.708519 
8.687632 

8.69 
8.701 

8.733167 
8.757167 
8.802833 
8.786667 

8.78 
8.778833 
8.781765 
8.698448 

8.6885 
8.699333 
8.698833 
8.712333 

8.7245 
8.742167 

8.7285 
8.769545 
8.48434 

8.494333 
8.521667 

8.543 
8.667619 
8.652333 
8.636333 
8.693167 
8.665667 
8.615667 

8.61 
8.61 
8.61 

8.61 1333 
8.623667 
8.619286 

8.8055 
8.820667 

8.8495 
8.875333 
8.898833 

8.856 
8.804 

8.751 167 
8.709833 

8.6905 
8.808824 

8.8215 
8.841333 
8.864333 

8.87 
8.8685 

244.4667 
244.1 
244.2 

244.5833 
245.3167 
246.3833 

247.95 
249.4444 - 

249.5 
248.6 

247.9333 
246.8667 

246.65 
246.75 

245.4667 
244.8333 
244.8833 
216.1647 
243.0172 

243 
243.0667 
243.8167 

244 
244 
244 
244 

243.9773 
361 

357.5333 
- 344.9167 

337.1 
324.3333 
332.0167 

339.6 
317.4 

328.5833 
350.3 

355.95 
357.95 

361 .0167 
361 .6667 

355.4 
357.7143 

284.05 
276.0333 
266.7167 
262.6167 
266.3667 

289.95 
310.4833 
330.7833 
349.8167 

358.5 
301 .3235 

296.85 
288.1667 
279.8333 
277.4667 

279.75 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.088235 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

0.198333 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.163333 
0.2 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

86.51 
87.95 

87.19333 
85.76833 
87.48667 
86.57167 
86.53167 
85.31852 
81 .35263 

74.94 
82.425 

84.60833 
83.89667 
85.64167 
87.10667 
87.78833 
88.17333 
90.26471 
78.58793 
74.84833 

79.53 
83.76833 
85.80667 
85.51333 
86.82667 
85.93167 

88.75 
72.781 13 

72.595 
73.75 

74.79833 
80.3 

77.85333 
78.065 

79.31833 
76.91333 
70.93667 

73.12 
73.205 

74.33333 
74.1 1333 

73.67 
74.30476 

83.585 
83.48833 
83.27667 

82.615 
82.81833 
81 .15833 

80.44 
82.185 
81 .615 
77.645 

82.27647 
81 .44667 

80.895 
79.16167 
80.14167 
79.39833 

80245 
8136333 
8055167 
79195 

8068833 
7991167 7m7 
7094074 
7003421 

7.0025 
7N1 

7.899333 7mmm 7%% 
80915 
81475 

8.183833 
8365882 
7.389483 7mna 
7185833 

7&1 
8081667 
8.055333 mu 
8094833 
8345227 
7129057 

7.0995 7wmm 
7275667 
7057619 
7033667 

7N1 
7755333 
7531833 
6.984333 

738 7mnm 
7331667 
7310833 
7260333 
7328095 8mm 
8176667 &B% 
8.057833 
8074833 
79405 
7&8 awnm 8% 7n% 

8117353 
80275 
79585 
77825 
78785 7m7 

1 .39 
1 .393333 
1.386667 
1 .368333 
1 .393333 
1 .396667 
1 .398333

a I; 

A—I—I—L-L—L-‘d-A 

#A$¥¥¥¥¥L 

1.170588 
1 .21 5517 
1 .246667 
1 .218333 

_s iv 

c-b—h—A—b—A 

8070161010 

1 .26981 1 

1 .238333 
1 .241667 
1.213333 
1 .361905 
1 .378333 
1 .376667 
1 .371667 
1 .353333 
1 .366667 
1 .363333 
1 .336667 

1 .32 
1 .308333 

1 .3 
1 .302381 

u-Ac-I—l—A-IL—L—Ld 

w'wbo'w'ub'u'u 

1.2 
1.295 

1.176471 
1.185 

1.131667 
1.121667 

1.1 
1.101667 

4.088333 
3.253333 
6.173333 

5.345 
3.735 

7.086667 
9.561667 
17.17037 

11.3 
7.021667 

8.345 
7.26 

3.698333 
6.806667 
14.36667 
4.661667 
5.006667 
8.647059 
9.101724 
9.286667 
9.641667 
9.941667 
9.268333 

9.64 
9.985 

8.628333 
9.738636 

43.7 
39.55 

42.35167 
37.26 

41 .59048 
33.43 

37.465 
20.48167 

37.15 
54.095 

62.7 
63.665 

55.62833 
57.445 

49.75167 
51 .79048 

21 .285 
21 .54 

19.89333 
22.79 

23.65167 
27.14167 
32.39167 
37.29333 
50.74333 

62.085 
28.76176 

29.895 
36.74333 
30.41333 
24.74167 

35.91



Table D1.16 

102795 
102795 
102795 
102795 
102795 
102795 
102895 
102895 
102895 
102895 
102895 
102895 
102895 
103095 
103095 
103095 
103095 
103195 
103195 
103195 
103195 
103195 
103195 
103195 
103195 
103195 
103195 
103195 
103195 
110195 
110195 
110195 
110195 
110195 
110195 
110195 
110195 
110195 
110195 
110295 
110295 
110295 
110295 
110295 
110295 
110295 
110295 
110295 
110295 
110295 
110395 
110395 
110395 
110395 
110495 
110495 
110495 
110495 
110495 

1300 
1400 
1500 
1600 
1700 
1800 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1200 
1300 
1400 
1500 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
700 
800 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1500 
1600 
1700 
1800 
700 
800 
900 

1000 
1100 

11.753 
11.719 

11.59633 
11.41633 

11.308 
11.27025 
11.74333 
11.74567 
11.7885 

11.82117 
11.81067 
11.79383 
11.54351 
10.78469 
10.77733 
10.66733 
10.54077 

10.59 
10.61333 
10.6545 

10.76483 
10.84283 

10.822 
10.7265 
10.545 

10.37367 
10.186 

10.02117 
9.92641 

10.35 
10.4035 

10.47333 
10.51117 
10.61983 
10.7585 

10.89117 
10.972 

10.97417 
10.96556 

10.69 
10.69 

10.63714 
10.63617 
10.68233 
10.75117 
10.81233 
10.80517 
10.77117 
10.77333 
10.78688 

11.375 
11.10767 
11.1285 
11.394 

9.641515 
9.563833 

9.5035 
9.496167 

9.293 

8.846833 
8.816 
8.784 

8.730333 
8.702667 

8.6955 
8.9275 
8.9255 

8.922167 
8.93 

8.923333 
8.9195 

8.905946 
8.614375 
8.624333 
8.619167 
8.608846 
8.71625 

8.718 
8.732 

8.767167 
8.79 

8.787833 
8.762833 

8.7195 
8.684833 
8.646667 
8.619667 

8.61 
8.77 

8.779833 
8.796833 

8.803 
8.82 

8.841667 
8.8615 
8.889 

8.904833 
8.903333 

8.79 
8.79 

8.72857 
8.7155 

8.71 
8.709667 

8.7195 
8.714333 

8.693 
8.6885 

8.69 
8.7525 

8.744833 
8.7545 

9.054333 
8.74 

8.744667 
8.7505 
8.7575 

8 .7671 67 

288.1 
296.9333 

314.9 
342.2333 

360.15 
363.2 

251 .05 
248.8667 
248.2833 
253.4833 
254.0167 

255.2 
235.127 

31 1 .7188 
315.0333 
323.4667 
332.2308 

295.25 
293.8667 

289.9 
280 

274.0167 
274.8333 
282.0167 

296.65 
309.75 

324.0833 
334.75 

339.5128 
290 

286.3333 
283.0833 
282.4667 
278.9167 
275.8833 
273.5667 

269 
265.5667 
264.6667 

293 
293 

317.2857 
321 .9 

326.35 
326.5833 
324.6833 

328.1 
338.2333 
343.9833 
345.875 

325.5313 
331 .75 

332.2167 
341 .7333 
365.6364 
366.7667 
367.8667 

368.1 
325.745 

0.091892 
0.2 
0.2 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.158333 

0.206667 
0.2 
0.2 
0.2 
0.2 

0.176667 

83.07167 
82.97833 

82.7 
81 .97 

82.51081 
78.95625 

77.1 
76.16333 
75.89615 

80.875 
78.64 

79.61333 
80.965 

80.52167 
80.65 

79.88167 
78.31833 
76.45333 
75.25667 
73.65833 
72.86667 

139.8 
79.34333 
80.06333 
80.55667 
79.82333 
81 .42333 
82.63833 
82.55833 
83.60333 
83.61 1 1 1 

1 13.8 
79.1 
73.5 

72.60667 
72.71667 
72.69167 
73.45833 
73.81833 

73.44 
73.33 

73.84375 
82.975 

79.45333 
79.385 

82.46667 
78.74545 

76.745 
76.54667 
76.93167 
79.51 833 

7.833667 
7.6395 

7.607333 
7.3725 
7.275 

7.26975 
8.155167 
8.173167 
8.167167 
8.151667 
8.126333 

8.058 
8.167838 
7.944063 
7.757833 
7.684833 
7.678846 

8.175 
7.944333 

8.0345 
8.149167 

8.091 
8.1075 
8.0485 

7.923167 
7.765833 
7.676833 
7.544833 
7.480256 

14.21 
8.0545 

8.1 14667 
8.157167 
8.061 167 
8.196667 

8.2945 
8.27 

8.3755 
8.38 

1 1.47 
7.98 

7.418571 
7.331 

7.333833 
7.318667 
7.386333 
7.423833 
7.390833 
7.380333 
7.42875 
8.23375 

7.935167 
7.923167 

8.251 
8.137879 
7.945667 

7.936 
7.9775 

8.31 5167 

1 .173333 
1 .198333 
1 .075676 

1 .4 
1 .4 
1 .4 
1 .4 

1 .4875 
1 .49 

1 .476667 
1 .473333 
1 .461667 

1 .43 
1 .428333 
1 .426667 
1 .431667 
1 .458333 

1 .47 
1 .494872 

1 .5 
1 .5 

1 .481667 
1 .466667 

1 .43 
1 .401667 

.8 in 
.4 
4
4 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 

d—L—I—l—h-L-L-l-h-‘c-L-I—h—b-h—b 

1.318333 

1 .4 
1 .206667 

25.98 
51 .45167 

40.77 
52.85667 
34.45333 

46.71 
1 1.355 

13.93833 
18.285 

13.84333 
16.81 
18.43 

15.32703 
34.34063 
47.13833 
36.17833 
32.91 154 

20.1 
18.43333 
19.81333 
16.62667 

12.415 
12.47333 
12.36667 

16.215 
19.08167 
24.09333 

29.395 
30.30513 

25.3 
15.425 

13.19833 
12.05833 

16.1 15 
15.075 

10.40833 
19.41333 
21 .82833 
19.41 1 1 1 

32.8 
27.6 
27.5 

24.92833 
23.005 

22.58167 
29.29333 
29.79333 
45.31833 
37.39833 
32.45625 
58.34375 

63.595 
79.1 1 167 

139.09 
194.2667 
66.79833 
70.20333 
78.66333 

69.095
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110495 
110495 
112395 
112395 
112395 
112395 
112395 
112395 
112395 
112395 
112395 
112895 
112895 
112895 
112895 
112895 
112895 
112995 
112995 
112995 
112995 
112995 
112995 
112995 
112995 
112995 
120195 
120195 
120195 
120195 
120195 
120195 
120195 
120595 
120595 
120595 
120595 
120595 
120595 
120695 
120695 
120695 
120695 
120695 
120695 
120695 
120695 
120695 
120695 
120695 
120695 
120895 
120895 
120895 
120895 
120895 
120895 
120895 
120895 

1200 
1300 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
700 
800 
900 
1000 
1100 
1200 
1300 
1100 
1200 
1300 
1400 
1500 
1600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
700 
800 
900 
1000 
1100 
1400 
1500 
1600 

9.547833 
9.642308 
3.456604 
3.502667 
3.561667 

3.71 15 
3.669333 
3.569167 

3.4525 
3.373167 
3.472066 
3.612857 

3.5955 
3.589 

3.5155 
3.4305 

3.378305 
2.758529 
2.803833 
2.732833 
2.854167 

2.936 
2.7985 

3.018833 
2.695 
2.209 

2.588438 
2.558667 
2.681333 

2.9025 
3.2155 

3.038167 
3.305455 
3.572889 

3.623 
3.7525 
3.629 

3.736833 
3.549259 
3.537368 
3.728167 
3.493167 
3.825667 

3.5795 
3.828667 

3.9335 
3.771833 

3.403 
3.421333 
3.335167 
3.350926 
1 .738125 

1 .766 
1 .747833 

1 .963 
2.071351 

2.425 
2.8216 
2.379 

8.774167 
8.800385 
7.468491 
7.51 1833 
7.534667 
7.555667 

7.561 
7.576167 
7.587167 

7.5665 
7.403761 
9.080357 

9.1325 
9.151 

9.149667 
9.166 

9.160678 
9.123824 
9.121 167 

9.1235 
9.1285 

9.133333 
9.131 167 
9.130167 
9.125833 

7.757 
9.170938 
9.173333 

9.1825 
9.194333 
9.21 1 167 

9.213 
9.230182 
9.338667 
9.366833 
9.374667 
9.338667 

9.3315 
9.322222 
9.503421 
9.509833 
9.512667 
9.506667 
9.500667 
9.515333 
9.513833 
9.480167 
9.457833 
9.474667 

9.499 
9.507222 
9.409375 

9.409 
9.400333 
9.41 1 167 
9.41 1 351 
9.44975 
1 1 .3414 

9.460167 

368.2167 
361 .1538 
295.5472 
295.8333 
296.0167 
297.1167 
296.8167 
295.8167 
295.6667 

295.1 
290.2635 
296.7143 
312.0833 
318.1833 
310.4333 

304.15 
303.7458 
325.6176 
321 .3167 
315.0667 
309.9333 
306.1 167 
304.6333 
304.1 167 
301 .9833 

255.65 
275.9063 

276.45 
276.6 

277.65 
279.7167 
279.1167 
281.3455 
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278.55 
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280.75 

278.7333 
278.037 
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301 .3833 
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0.1 
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0.1 
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0.1 
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0.1 
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0.1 

75.415 
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80.89667 
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76.81 167 
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87.36167 
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9.805667 
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10.48867 
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10.41033 
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10.50267 
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1 .2025 
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42.96538 
86.48491 
81.16833 
81.27833 
78.60333 
87.23667 

84.795 
89.36 
75.12 
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79.89643 
105.6933 
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1 18.175 

1 16.1254 
91 .08235 

93.935 
1 16.21 

160.7817 
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134.1917 
120.3733 
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263.0188 
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255.5517 
257.2 
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260.8733 
235.4873 
120.6289 
127.8383 
155.7467 
100.655 

70.52333 
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83.23333 
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80.845 
65.035 
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30.85167 
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25.43833 
42.26296 
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120895 
120895 
120995 
120995 
120995 
120995 
120995 
120995 
120995 
120995 
120995 

2.3465 
2.286122 

2.14 
2.019667 
2.138333 
2.175667 
2.260333 

2.3065 
2.144667 

2.01 1 

2.148333 
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9.455714 
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9.408667 
9.423833 

9.4545 
9.474 

9.4855 
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288.6167 
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2002222 0.102773 
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85.66531 
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84.21667 
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84.70667 
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85.8972 
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10.5855 

10.58433 
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10.517 

10.37767 
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67.4 
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51.58167 
37.74667 
37.90833 
40.46389
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