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1. NEWPCC FLOW MONITORING

Monitoring of dry weather flows (DWF) and wet weather flows (WWF) in the interceptors
tributary to the NEWPCC was undertaken to accurately determine base flows, the amount
of extraneous flow entering the system, and its effect on system capacity, hydraulic
response, and influence on pump operations at the NEWPCC. This information was
instrumental to the accurate calibration of the interceptor system for a range of rainfall
conditions. Direct measurement of flows in the Main Interceptor was not considered
feasible due to the hostile conditions in the Main Interceptor, that is, confined entry, busy
streets, high flows and velocities, depth and fog. To obtain an accurate hydraulic
description of the system under dry and wet weather conditions, the monitoring of the DWF
and WWF to the NEWPCC consisted of the following:

e Weirs and level recorders in the Northeast and Northwest Interceptors
e Recording of the pump flow data and the surge tank levels at the NEWPCC

e Depth of flow levels and times at points along the Main Interceptor

The following sections will describe the monitoring program, the data collected, hydraulic
analysis of the interceptor system and NEWPCC pump operations, and the influence of the

Northeast and Northwest Interceptors on wet weather operations and CSO control.
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2. NORTHEAST AND NORTHWEST INTERCEPTORS

Compound fixed weir monitoring stations were installed in the Northeast and Northwest
Interceptors in March 1995. The installation sites were on the 1500 mm wastewater sewer
on Leila Avenue (Northwest) at the second manhole west of McPhillips Street, and the 1800
mm wastewater sewer on Douglas Avenue (Northeast) at the second manhole downstream
of Rothesay Street, as shown on Figure 2.1. The stations consisted of calibrated weirs
(constructed and installed by G&S staff) and level recorders. (See erection and in-place

photographs appended to this section.)

Water levels upstream and downstream of the weirs were monitored by pressure
transducers and used to determine the flow through the compound weir. Recorded at ten
minute intervals data loggers were designed to store approximately one month of
continuous data. Data was routinely download initially by CG&S and later by City of
Winnipeg forces. This data was converted to flow based on the head discharge relationship
of the weir. The individual weir rating curves are contained in the April 17, 1997, CG&S

report appended to this section.

The 1995 monitoring program provided sufficient data to establish an accurate description
of DWF characteristics in the Northeast and Northwest Interceptors. Unfortunately, the
drier than average year provided few opportunities to gather WWF data on a representative
number and range of rainfall events to adequately determine the WWF response of the
Northeast and Northwest Interceptor system. A series of equipment malfunctions had
occurred in 1995 and limited the number of events that were monitored and could be used
to assess WWF response in the Northeast and Northwest Interceptors under a range of
rainfall conditions. Accordingly, the program was extended into 1996 and 1997 to rectify
data acquisition problems and gather the data needed in the CSO Study to evaluate the

influence of the Northeast and Northwest Interceptors on potential CSO plans.
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21 1995 DRY WEATHER FLOW ANALYSIS

DWF analysis was carried out after a review of the wastewater sewer flows and rainfall data
for the period from mid-March to mid-September 1995. This was done by selecting dry
weather periods (without any significant rainfall events), from the available data monitored
in the Northeast and Northwest Interceptors and pumping records at the NEWPCC. Based
on this review, the period from July 17 to July 24 (Monday to Monday) was selected as a
“typical DWF week.” A full week of data was not available for the Northeast Interceptor;
however, sufficient data was available to complete the analysis. The recorded DWF in the

interceptors are plotted on Figure 2.2.

The recorded DWF patterns are very similar for the Northeast and Northwest Interceptors.
The weekday patterns have double peaks, one in the AM and a second similar peak in the
PM. Conversely, the weekend pattern has a pronounced AM peak that tapers off during the
day. The average DWF in the Northeast Interceptor are approximately 100 L/sec greater

than the Northwest Interceptor.

The pumped flows and wet well level data from the NEWPCC were also analyzed for the
same period. Plots of pump flow and surge tank levels are shown on Figure 2.3. The data
from July 17 was not included due to highly variable surge well levels and pump rates which
suggests that levels were being manually adjusted. The data for the remainder of the week
was deemed representative of a typical DWF week. Figure 2.3 indicates that surge well
levels are generally maintained between elevation 216.7 m and 218 m during DWF
conditions. The figure also indicates, for the most part, how the levels are used to regulate
pump flows. Pump flows during the “typical week” period fluctuate between 1200 and 3100

L/sec. For comparison, the ADWF value of 2240 L/sec is also plotted in Figure 2.3.

The flows in Figure 2.3 are the total flows to the NEWPCC. The next step in the analysis
involved the determination of flows in the Main Interceptor. This was accomplished by
subtracting the monitored flows in the Northeast and Northwest Interceptors form the
recorded pumped flows at the NEWPCC. The result of this analysis is shown on Figure 2.4
that illustrates that the flows to the WPCC are dominated by the Main Interceptor, which is

tributary to the combined sewer districts.
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The last step in the analysis was to determine the individual average summer dry weather
flow (ADWF) and peak summer dry weather flow (PDWF) values for the three interceptor
systems and the combined effect at the NEWPCC. This involved an analysis of ADWF
over three different periods, including weekly, weekdays and weekend to determine if a
wide variation occurred. The PDWF recorded during the period was calculated as a
multiple of ADWF to determine the peaking factor. The variability of flows to the NEWPCC
are a result of the pumping protocols in effect at any one time. Accordingly, it was not
possible to “breakdown” the NEWPCC flows to calculate, with any degree of accuracy, the
flows on a finer basis, such as weekday or weekend. However, it is assumed that the dry
weather flows in the Main Interceptor closely follows the dry weather flow patterns in the

Northeast and Northwest Interceptors. The results are shown in the following table.

LITRES PER SECOND
Northeast Northwest Main NEWPCC
ADWEF (week) 209 105 1926 2240
ADWEF (weekday) 205 100 -— —
ADWF (weekend) 219 117 —- —
PDWF 334 196 _— —
PDWEF (factor) 1.6 1.87 — —

2.2 1995 WET WEATHER FLOW ANALYSIS

There were only two rainfall events in 1995 (May 22 and August 18) that provided sufficient
WWEF data to assess wet weather response of the interceptor system. The May 22 event
provided the most complete data set since the Northeast and Northwest Interceptor
monitors and the WPCC provided flow data for comparison to the rainfall data.

Unfortunately, the Northeast Interceptor monitor malfunctioned during the August event.

2.21 May 22, 1995, Event

The May 22, 1995, rainfall event consisted of approximately 30 mm of rain over an 18 hour
period. The rainfall distribution isohyetal for this event (shown on Figure 2.5) indicates that

the rainfall was fairly uniform over the Northeast and Northwest Interceptor tributary areas,
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with slightly less rainfall in the southern portions of the City. The Intensity Duration
Frequency (IDF) curve, shown on Figure 2.6, indicates that the storm had a less than one

year return period (i.e., would statistically occur more than once per year).

The recorded WWEF in the Northeast and Northwest Interceptors are shown on Figures 2.7
and 2.8, respectively. The figures indicate the total WWF, as well as the typical DWF. The
difference between the flows represents the Infiltration and Inflow (I/l) components. The
DWEF component is based on the results of the DWF analysis from the previous section.
The peak flows monitored in the Northeast and Northwest Interceptors for this event was

675 L/sec and 470 L/sec, respectively.

In comparison, the peak flow recorded at the NEWPCC was nearly 8000 L/sec. The pump
flows, along with the surge tank levels, are plotted on Figure 2.9. The hydraulic complexity
of the system is clearly depicted by the pumping operation under rising and falling levels in

the surge well (see Phase 2, TM #2 for a description of WWF pumping protocol).

The flows in the Main Interceptor were calculated by subtracting the monitored flows in the
Northeast and Northwest from the pumped flow at the NEWPCC. The result is shown in

Figure 2.10, which also shows the assumed split between DWF and rainfall induced flows.

2.2.2 August 18, 1995, Event

Flow data was only available for the Northeast Interceptor for this event. The data does not
provide an indication of the sanitary system’s response to a more severe storm event in the
Northeast system which is believed to be representative of the Northwest system (see
Figures 2.7 and 2.8).

The August 18, 1995, storm event deposited between 60 to 70 mm of rain on the Northeast
Interceptor’s tributary area (see Figure 2.11). The rainfall pattern was not intense, but was
steady over the period. The IDF curve for the event (Figure 2.12) shows that for a one hour
duration the storm had less than a one-year return frequency; however, for a four hour

duration, the storm had between and one and two year return frequency.
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The total flow in the Northeast Interceptor, as well as the split between DWF and /1, are

shown on Figure 2.13. The measured PWWF was approximately 950 L/sec.

2.2.3 Response to Rainfall

The WWEF flow response in the Northeast and Northwest sanitary sewer systems was
analyzed to accurately characterize the amount of extraneous runoff that enters the system
as a result of rainfall. To accomplish this, the rainfall from each event was plotted against
I/l flows in the Northeast Interceptor. The I/l flow was calculated by subtracting the typical
DWEF rates from the recorded WWF.

The flow response as recorded at the NEWPCC to the May 22, 1995, rainfall event is
shown on Figure 2.14. The storm has two separate peaks, separated by approximately six
hours, with a matching peak flow recorded in the sewer. From the first peak to the
corresponding peak I/l flow, there is a four-hour lag or time of concentration. This lag time
is noticeably shorter for the second peak and is most likely due to reduced infiltration rates

resulting in more and quicker runoff.

A similar analysis was also carried out for the August 18, 1995, event. This analysis also
indicated a four-hour lag between the peak rainfall and the peak flow in the Northeast

interceptor.

The results of this analysis indicate that there is a direct response between the timing and
magnitude of rainfall events and the WWFs in the interceptor system. In addition, the time
of concentration in the Northeast Interceptor is approximately four hours, although it is

anticipated that antecedent moisture conditions will impact the time of concentration.

2.2.4 Wet Weather Flow Peaking Factors

The ADWF rates for the Northeast, Northwest and Main Interceptors, and the NEWPCC
have been established based on a typical week DWF data. These values were compared

to PDWF and PWWEF values to determine peaking factors in each interceptor sewer. The
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results of this analysis are shown on Figure 2.15. PDWF rates range form 1.38 to 1.6,

which are reasonable for the mainly residential tributary areas.

The PWWEF rates range from 3.41 to 3.76 times ADWF for the May 22, 1995, event. It is
interesting that the multiples in the Northeast and Northwest Interceptors (tributary to
separate sewer systems) are nearly identical at 3.44 and 3.41, respectively. The Main
Interceptor experienced a peak flow of 3.76 times ADWF. This agrees with our Phase 2
analysis that indicated that the various district diversion facilities, particularly the gravity flow

district, could divert in excess of 2.75 times ADWF to the Main Interceptor.

The August 18, 1995, event produced a PWWF of 4.85 times ADWF in the Northeast
Interceptor (other values could not be determined). This shows a significant increase in
peak flow from the May 22, 1995, event (3.44* ADWF). This indicates that PWWF is in
some way proportional to storm intensity; therefore, it is safe to assume that storms of
greater intensity will produce PWWFs in excess of 5*ADWF and may reach the seven to
nine times ADWF as noted in the Phase 2 TM#2 (section 2.5).

23 1996 ANALYSIS

The 1996 monitoring program was essentially the same as the 1995 program (i.e., flows
were measured on the Northeast and Northwest Interceptors, and pump flow and surge
tank levels were recorded at the NEWPCC. In addition, level monitors were installed on the

Main Interceptor at the following locations:

e Main Street, first manhole downstream of Sutherland Avenue

e Broadway and Donald Street

This information was collected to assist in the calibration of the Main Interceptor model.
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2.3.1 Dry Weather Flow Analysis

DWF data was collecting during September 1996, and the period from January to March
1998. The latter period was significant as it provided the first set of “deep winter” DWF data
since the inception of the monitoring program. This data was then compared to the earlier
DWF data from June 1995 (see Figure 2.16). This comparison indicates that significantly
higher DWFs occur during the warm weather months. Warm weather average DWF values
range from 1.5 to 2.0 times the recorded winter period values. This data implies that
extraneous flows such as groundwater infiltration and/or cooling waters are a significant
portion of summertime DWF. In any event, the varying DWF rates must be considered in

the assessment of WWF peaking factors.

2.3.2 1996 Wet Weather Flow Analysis

There were a total of nine significant rainfall events from May to September 1996. More
data was collected from the Northwest Interceptor (nine events) than from the Northeast
Interceptor (four events). Accordingly, the WWF analysis focused on the Northwest
Interceptor data. The Northwest Interceptor's response to rainfall was reviewed by
comparing measured rainfall and the recorded WWF to typical DWF conditions. The
response to the events June 5 and July 16, 1996, are shown on Figures 2.17 and 2.18,

respectively.

The June 5, 1996, event had an approximate return period of 3.5 years and resulted in a
peak flow of nearly 1200 L/sec. Considering winter DWF rates, this results in a WWF
peaking factor of approximately 12. This high peaking factor is reasonable considering that
earlier studies have indicated WWF peaking factors of 7 for a one year return event in

sanitary sewer systems.

From the 1996 data, an attempt was made to correlate peak flow in the interceptor to
rainfall. The first trail compared peak flow to average rainfall intensity over the event and is
shown on Figure 2.19. The random order of the plotting points suggests that, even

considering the scarcity of the data, there is no correlation. Plotting the peak flow against
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the total rainfall prior to the peak flow in the interceptor (Figure 2.20) and using a linear
regression analysis provided a good correlation. This indicates that peak flows in the

interceptor system are more sensitive to total rainfall than to rainfall intensities.

2.3.3 Additional Northeast and Northwest Flow Analysis (CG&S)

The raw data collected during the Northeast/Northwest monitoring program contained a
number of flow anomalies. These were a result of the severe conditions in the sewers,
equipment malfunction and lack of maintenance. As a result, the entire data set was
reviewed and reprocessed. This activity also led to the development of a rating curve, as
well as an |/l predictive model, for each interceptor. Details of this analysis, as well as the

corrected 1996/97 flow data, are appended.
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3. CONCLUSIONS

The following conclusions were made during the preliminary analysis of the Northeast and

Northwest Interceptor and NEWPCC monitoring program:

e The Northeast and Northwest Interceptor monitoring program provided useful DWF and
WWF data to better understand the peaking response of flows in sanitary sewered
areas. The development of a rating curve for each interceptor will allow the removal of
the weirs and flow monitors and provide a method of gauging flows in these

interceptors.

e The PWWEF in the Northeast and Northwest Interceptors is rainfall dependent but can
be considered to have a time of concentration of approximately two to four hours for

significant rainfall events.

e PWWFs are related to storm intensity and duration. A maximum peaking factor of 12

was observed for the June 5, 1996, rainfall event (approximately 3.5 return frequency).

e The NEWPCC data shows the complex relationship between pump flow and surge tank

levels which, in turn, impacts the flows in the Main Interceptor.

o WWEF in the Main Interceptor routinely exceeds the 2.75 times ADWF design basis for

the individual diversion facilities.
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4. RECOMMENDATIONS

The following recommendation is based on the preceding analysis of the NEWPCC flow

monitoring program:

e The monitoring installations should be removed and replaced by level monitors (at the
rating curve locations) once sufficient data is available to verify the rating curves. The
continuation of flow measurement in the Northeast and Northwest Interceptors is

recommended to better understand WWFs.
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ATTACHMENT 2

CG&S April 17, 1997, Report on Rating Curve
Determination for City Monitoring Sites and

Rating Curves for Weir Installations



CH2M Gore & Storrie Limited
255 Consumers Road
North York, ON, M2J 586

Canada

c G & S Tel 416.499.9000

CH2M Gore & Storrie Limited Fax 416.499.4687

April 17, 1997

111T 7681

TetrES Consultants Inc.

603 - 386 Broadway

Winnipeg, Manitoba

R3CRACK 3R6

Attention:  Mr. Nicholas T. Szoke, P.Eng.

Dear Sir;

Subject: Winnipeg CSO Study - Addressing Items Requested by Brian Station
_in February 25, 1998 Letter

- We are pleased to enclose rating curves for the three sites (4 data sets) provided to us by Brian
Station of the City in his letter dated February 25, 1998.

In addition we have addressed the three items requested from us in that letter.
Our discussion is presented under the following headings:

Rating Curve Determination for the City monitoring sites

Rating Curves for CG&S Winnipeg weirs

Comments on location of stilling wells / sensors (including video)
Concluding remarks

Rating Curve Determination for City Monitoring Sites

We were provided with data sets (depth, velocity, flow) and location sketches for the following
velocity-area meter monitoring stations set up by the City.

1. Leila Avenue in first manhole downstream of CG&S monitoring station in 1500mm north

west interceptor.
Dataset for July 5, 1996 to July 29, 1996

iA11167681\et0417.doc
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2. Henderson Highway, a short distance downstream of CG&S monitoring station in
1800mm north east interceptor.
Dataset for July 30, 1997 to August 28, 1997

3. McPhillips Street, a short distance downstream of CG&S monitoring station in 1500mm
north west interceptor.
Dataset for July 30, 1997 to September 9, 1997
Dataset for September 9, 1997 to November 13, 1997

A rating curve for the Henderson site was previously determined and forwarded along with a
description of the approach used to derive it. The rating curve is based on fitting the
dimensionless Manning equation formulation with “n” depth variable to depth / flow data obtained
from the station. Identifiable “sets” of data points throughout the period of record for rising and
falling stages are used to allow checks for hysteresis and sensor drift. The full pipe “n” value is
varied to get the best fit, using “blow-up” plots of the lower portion of the curve for which data is
available. Once an “n” value is selected, a full range curve is produced in plotted and printed
form. This procedure assumes that pipe slopes are correct, and that depths have been adjusted to
match manual readings if necessary. It also determines the effective “n” value for the sewer.

A slightly improved version of the dimensionless curve was obtained and used since we provided
the original curve for the Henderson site. As a result, we have re-run it for a check and provided
its data along with that for the other sites. All three sites are good candidates for this type of
monitoring (measuring depth and converting to flow) since there does not appear to be hysteresis.
(With hysteresis the falling stage points from an event would consistently lie to the left of those
for the rising stage.) All three sites were found to have effective full pipe “n” values of 0.014
which tends to reinforce the validity of all three curves. This result also confirms the wisdom of
the City’s use of “n” = 0.015 for design purposes.

The McPhillips site shows the greatest signs of possible velocity sensor fouling during the
October 9, 1997 event when “points” did not seem to lie on the same curve as for the larger
August 15/16 event. Greater attention was paid to the August 15/16, 1997 data for this site since
it covered the broadest range and resulted in the same “n” value found for the other two sites.
The effective “n” values were somewhat higher than we consistently found in similar analyses for
Metro Toronto, a factor which could be related to the difference in pipe slopes. We have
enclosed an excerpt from a report we did for Metro Toronto covering this type of analysis.
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Rating Curves for CG&S Weirs

We have enclosed both plotted and printed versions of the rating curves used for the CG&S weirs

in the NE and NW interceptors. The plots also contain a diagram with the opening configuration
and dimensions.

Comments on Location of Stilling Wells / Sensors

During our visit of December 10, 1997 some video footage was taken showing the condition of
the sites and proper location of the stilling wells. A copy of this tape is enclosed.

When the NE (Douglas) site was first constructed, the D1 value (distance from the top of the
bracket to the weir lip) was 1200mm. When visited on December 10, 1997, the bracket was bent
slightly and the value was 1193mm. The bracket was subsequently straightened and then the D1
value was 1198mm. The value of 1198mm for D1 at this site should now be used and the bracket
checked periodically to see that it is straight. A value of 1193 is being used for D1 for reduction
of data collected in 1997. '

The D1 value for the NW (Leila) site was originally 914mm but is now 908mm. The value of 908
is now being used for final data reduction for 1997.

The intent is to measure the full “head” acting on the weirs. This requires that the stilling wells /
sensors be located outside the drawdown curve, the extent of which will vary with flow rate.
They should also be located in a location where the velocity head (V*/2g) is small so that the EGL
= HGL. For an approach velocity of 0.3 m/sec (1 fi/sec) the velocity head is less than Smm which
is minimal for these weirs. Ifit is not possible to locate the stilling well / sensor far enough
upstream to be out of the drawdown curve or if the approach velocity is high, then the sensor can
be located right against the weir face off to the side from the opening. At this location the
forward velocity is zero and the HGL rises to the EGL. Care must be taken, however, to ensure
that the weir opening is not partially blocked by the stilling wells when mounted to the weir or the
rating curve will likely be affected. Another “trick” is to mount the stilling well on the upstream
side of a “2x4” located about a metre upstream of the weir. In such a case the HGL will be
forced up to the EGL at the sensor location.
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April 17, 1998 Mr. Nicholas T. Szoke, P.Eng. Page 4
111T 7681

Concluding Remarks

The final data reduction and quality checks for the 1996/97 data are nearly complete. This work
is taking into account the changed D1 values, and the fact that City crews were measuring to the
bottom rather than the top of the D2 brackets. The rating curve at the NE site is also being
adjusted to compensate for the partial blockage of the opening by the stilling wells. Daily average
flows for the 1996 and 1997 years will be compared as a further quality check before final plots of
events of interest are prepared. I intend to complete this work and have the data ready for
transmittal on April 21, 1998.

Yours very truly, ﬂ
%a n /Z/M’fwb A - a—w%——
Larry Thompson, M.A.Sc., P.Eng. Mario Parente, P.Eng.

awc

Enclosures
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3.4.2  Determination of Rating Curves and Conversion of Levels to
Flowrates

In order to convert measured levels to flowrates, rating curves were needed for each
station. A rating curve is a relationship (a "curve" or a plot) between depth of flow
and flowrate. Rating curves can be generated for the stations using Manning’s
equation as shown below:

Q= 1AR*S* where

= flow in m*/s
n —

Q

n = roughness coefficient known as Manning’s "n"

A = cross sectional flow area (m?)

R = hydraulic radius = A/P

P = wetted perimeter (m)

S = slope of energy grade line which is assumed
equal to pipe slope (uniform flow assumption)

A Manning’s "n" of 0.013 is typically used for design but it was desired to verify this
if possible for use in flow monitoring.

Upon review of the Level Fixing Sheet for Station 70, (see Table 3.3) it was noted
that on the October 8, 1991 data retrieval, the FLO-TOTE velocity closely matched
that obtained with two different current meters. The FLO-TOTE level also compared
well with the manually measured level.

Thus, the directly measured FLO-TOTE flows were valid at that point in time. It was
decided to abstract a range of level-flow values for a few days near October 8 for use
in verifying a rating curve. The level-flow values were separated into two groups as
follows:

® rising stage (values obtained when levels are rising)
¢ falling stage (values obtained when levels are falling)

This was done to check for hysteresis and thus the validity of uniform flow
assumptions. The data were input into a rating curve program based on Manning’s
equation with "n" varying with flow depth (as used by Metro flow monitoring group).
The full pipe "n" was varied to get the best fit of observed points to the calculated
curve (see Figure 3.2). It was found that a value of 0.015 gave a close agreement,
and there was no evidence of hysteresis. However, the validation data only covered a
small portion of the rating curve.

In order to assess the high flow portion of the rating curve, values of level-flow
during periods of high flow rate, were reviewed even though field checks indicated
the velocity was in error. These additional groups of uncorrected level-flow pairs
were input to the rating curve program and a new plot produced (see Figure 3.3).

It was noted that these new groups of data appeared to come from separate
"populations”. From Table 3.3, velocity correction factors were determined for each

794.15 MUNICIPALITY OF METROPOLITAN TORONTO 3-5
920707
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group of points based upon the current meter versus FLO-TOTE velocities at each
data retrieval. These correction factors were applied to the data and the rating curve
replotted (Figure 3.4). From Figure 3.4, it can be seen that the observed points from
all groups compare closely with the computed curve until the level reaches
approximately 75% of the full pipe depth. At this point, the observed points vary
significantly from the computed curve and between events.

This suggests the presence of excessive hydraulic losses at the location of Station 70.
These could originate from the manhole configuration at this location and could most
likely be rectified. At the present time, however, the full pipe capacity at Station 70
appears to be about 3500 1/s, significantly less than what would normally be expected.
The cause of the apparent loss of capacity should be investigated.

For all stations, where valid velocity data could be found, this procedure just
described for Station 70 was applied to calibrate the effective Manning’s "n". The
following results were obtained for stations listed below:

Station Calibrated "n"
40 .013
69 011
57 .012
70 .015
55 .011
64 .011
68 011

No evidence of excessive losses was found at these other stations. Manning’s "n" for
other stations not listed above were selected based on calibrated values on the same
trunk sewer or set to the design value of .013 in the absence of nearby calibrated

values.
Rating curves for all circular pipe monitoring stations may be found in Appendix A.

It is important to note that the values obtained in this manner are intended for use in
converting measured depths to flowrates. For design purposes, the higher, and
therefore more conservative value of .012 or .013 (except for Station 70), would be
appropriate to ensure a factor of safety.

The rating curves developed above were used by a program to convert the database of
flow depths to flowrates.

3.5 RAINFALL DATA

Rainfall data for 1991 were obtained from the City of Toronto for their Kimberley
rain gauge located in the vicinity. These data were also input to the database for
comparison with the monitored levels and flows.

794.15 MUNICIPALITY OF METROPOLITAN TORONTO 36
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ATTACHMENT 3

Flow Monitoring Plots
e 1996/97 — Yearly
e 1996 — Biweekly
e 1997 — Biweekly
e 1996 — Event Plots
e 1997 — Event Plots



RECEIVED
b3 Y7 198
TetrES Consultants INC., May 3, 1998 TetrES

603-386 Broadway,
Winnipeg, Manitoba,

Ontario.
R3C 3R6
Attention: Mr. Nick Szoke, P. Eng,,
Senior Engineer, Associate
Dear Nick :
Re: Winnipeg CSO Project — Flow Monitoring

You should have recently received the following colour copy sets of flow plots for this project :

e Yearly flow plots for 1996 & 1997
¢ Biweekly flow plots for 1996
¢ Biweekly flow plots for 1997
e Event plots for 1996 (5 plots)
o Event plots for 1997 (7 plots)

This letter is intended to accompany and describe these sets of flow plots that were produced
following the re-processing of “raw water levels” to flows.

DATA REDUCTION

In carrying out this processing of data, attention was paid not just to the instantaneous values
obtained in the field but also the values in the dataset at the time of data retrieval (particularly at
times when there was “chatter” in the readings). This work also took into account additional
field inspection readings, which we did not previously have, and certain other factors, which we
became aware of during our visit in December, 1997.

The first factor was that the stilling well locations at the Douglas site had been changed in such a
way that the “weir” opening was partially blocked, thereby affecting the rating curve. The rating
curve was adjusted slightly to try to compensate for this and it was assumed that the change
occurred in April, 1996 when the downstream sensor was moved upstream to add redundancy.
The stilling wells were reset to the intended orientation during our December 10, 1997 visit.

Thompson Flow Investigations Inc. '
4129 Varden Court {905) 820-8123
Mississauga, Ontario E-Mail Den_Thomp@msn.com

CANADA L5L 4A7



Thompson Flow Investigations Inc. TQ1

The second factor was that the reference points for manual measurement of “head” on the weir
(D2 brackets) which had been set “flush” with the top of the “weir” crossbar had been bent
slightly downward at some point in time. Thus the distance from the reference point to the weir
lip (D1) was slightly less than was believed making all measured “heads” less by the same
amount. This factor was most noticeable at the Douglas site where D1 was found to be 1193 mm
rather than the original 1200. The bracket there was straightened on December 10, 1997 such
that the D1 value became 1198 mm. At the Leila site the D1 value had been reduced to 908 mm
from the original 914 mm and it was left at that. We do not know when these reference points
changed but have assumed it was before re-installation of the sensors in April of 1996.

The third factor was that the field crew personnel told us that they had frequently taken manual
readings from the bottom rather the top of the D2 brackets. This would make a difference of
about 20 mm in the readings. It is not known at what time which crew members began taking
readings in this manner but knowing it occurred was very helpful. The manual readings are used
to establish the elevation of the weir lip relative to the water level sensor, to check on the
accuracy of the data, and to check for movement of the sensor. If the sensor is at the same
location, and working correctly the adjustment of “raw levels” to “heads” should be a constant.
Successive manual readings should indicate the same adjustment +/- a tolerance (accuracy of
reading, water surface fluctuations, and sensor stability). The mean of a number of such
adjustments will be much more accurate than any one reading since the random errors will tend
to cancel out. In carrying out this new data processing we initially assumed all City crew
readings were taken from the bottom of the D2 bracket. We then found that most readings were
“clustered” around one adjustment value but that there were a number ot readings which
indicated a value which differed from the first by about 20 mm. We then assumed that these
were occasions when the measurement was taken from the top of the D2 bracket as was
originally intended.

Another complicating factor was the time base of the loggers relative to that of the manual
readings. It was intended that the loggers be kept at CST as is the practice of the WSC and
notations were to be put at the bottom of the inspection sheets to assist in converting from local
time to CST when they differ during the summer (April-October) so that the manual reading
times would also be at CST. From carefully examining the data it was apparent that the time of
some manual readings were recorded as local rather than CST. An example of this was the
logger re-instailation on April 11, 1996. The time of the manual readings/installation was given
as 10:30 but the loggers started recording data at 9:30. We have found this to be a common
problem with all field crews and now simply request “local” time and make adjustments as
necessary in the office (we at least know for certain when the readings were taken). The City

Thompson Flow Investigations Inc.

4129 Varden Court (905) 820-8123
Mississauga, Ontario E-Mail Den_Thomp@msn.com
CANADA L5L 4A7



instituted an excellent check on this with their new inspection sheet format, which came into use
during 1997. On this form both logger and local time are recorded. There is also mention made
of changing the time of the loggers on one occasion to match local time, which would create a
problem since either a gap or an overlap of data occurs. Knowing the correct time of manual
readings is particularly critical when inspections are done in mid-morning (when most were)
since at that time of day the levels change greatly over a one hour time span. The timing of
measurements made in the early afternoon is less critical since levels are fairly stable at that time
of day. When reducing the data attempts were made to check for local versus CST time by
comparing the instantaneous logger’s readings recorded to those in the logger dataset at the
noted time. If the values were in general agreement it was concluded that the time recorded on
the sheet matched that in the logger. If values differed significantly during the DST time of year,
the logger value 1 hour previous was checked.

COMMENTS ON SOME DATA ANOMOLIES

The City has previously noted that data from the Douglas site does not appear to be as stable as
that for the Leila site during the winter months. On our visit in February, 1996, the logger at the
Douglas site was found frozen in a biock of ice whereas the Leila logger was simply wet. The
Leila logger is in a warmer location since the sewer is shallower (logger closer to “warm” flow)
and is under a heavily travelled roadway. When the logger gets frozen in a block of ice one or
more of the sensor atmospheric reference vents can become blocked. In such a case the affected
sensor will record absolute rather than relative pressure and readings will fluctuate with
barometric pressure. Barometric pressure can vary by 1 inch of mercury from day to day, which
corresponds to 13.6 inches of water. This factor would be a problem with any instrument that
uses pressure transducers to measure water depth (including almost all commercial V-A meters).

The City has also noted that following surcharge events both the 2.5 and 5.0 psi sensors at the
Douglas site differ although they may have agreed before the event. There are a couple of
reasons this could occur.

The first of these is that when the 2.5 psi sensor is over pressured it appears to read low for about
a day afterwards. An example of this can be seen on the plot for the June 6, 1996 event, which
exceeded the range of the 2.5 but not the 5.0 psi sensor. The 2.5 psi sensor matched the 5.0 well
before and during the event but read lower for almost a day afterwards. After this surcharge
event it’s readings gradually converged on those of the 5.0 psi sensor.

Thompson Flow Investigations Inc.

4129 Varden Court (905) 820-8123
Mississauga, Ontanio E-Mail Den_Thomp@msn.com
CANADA L5L 4A7



Another cause that can affect either sensor during surcharge is if debris becomes caught on the
sensor cable, which then pulls the sensor up the stilling well causing a low reading. There was at
least one instance where levels after a large event were somewhat different than expected but
shifted to normal abruptly following an inspection.

During very large surcharge events the 5.0 psi sensor at the Douglas site indicates that the
surcharge fluctuated up and down very rapidly. Data from the May 20, 1996 event reveals that
this may not actually be what is happening. During this event the both sensors were over
pressured . The 5.0 psi sensor showed the level during the apparent peak of the event to drop
suddenly within the range of the 2.5 psi sensor which did not show such a drop. We suspect that
when the 5.0 psi sensor is over pressured, it does continue to approximately track the rising level
but shows it as a “reflection ** about its nominal maximum value.

CONCLUDING REMARKS

There are a number of events for which the data appears excellent. This is confirmed by
agreement between “redundant” probes and by agreement with manual readings obtained shortly
before or after the event. We are unfortunately missing even daily rainfall amounts for the largest
events, which seem to occur in April. It is possible that snowmelt may be a factor in some of
these as well in which case snow course and/or temperature data would be useful.

We look forward to discussing this data with you. Please EMAIL or call at your convenience.

Yours truly,

Ay T hompor

Larry Thompson, M.A.Sc., P. Eng.
President,
Thompson Flow Investigations Inc.

cc: Mr. Mario Parente, P.Eng.
CH2M Gore & Storrie Limited
Irt/KDD

Thompson Flow Investigations Inc. ) )
4129 Varden Court (_9031 820-8123
Mississaugz, Ontarlo E-Mail Den_Thomp@msn.com
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CITY OF WINNIPEG CSO FLOW MONITORING STUDY 1997
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