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LAKE SIMCOE ENVIRONMENTAL MANAGEMENT STRATEGY

FOREWORD

This report is one of a series of technical reports prepared in the course of the Lake Simcoe
Environmental Management Strategy (LSEMS) studies. These studies were initiated in 1981,
as directed by the Cabinet Committee on Resources Development, to investigate methods
of reducing phosphorus loadings from the Holland Marsh.

The studies are under the direction of the LSEMS Steering Committee, which is comprised
of representatives of the following agencies:

< Ministry of Agriculture and Food
< Ministry of the Environment
< Ministry of Natural Resources and 
< South Lake Simcoe Conservation Authority

This Committee expanded the SCOPE of these studies to include the total Lake Simcoe
basin. This change in study mandate was made to place all sources of phosphorus loadings
to Lake Simcoe into perspective. Thus the following sources were investigated:

< agricultural and rural runoff
< urban runoff
< streambank erosion and
< sewage treatment facilities.

In order to develop practical abatement measures to minimize such inputs, studies were
initiated to inventory, quantify and target areas with respect to soil loss, livestock and
farming operations, streambank erosion and urban runoff.

The Committee also approved Lake Simcoe studies to establish current information on lake
water quality and aquatic plant growth. Such studies were required to establish baseline
conditions to compare future water quality conditions. These are expected to improve,
because of the following:

< municipal and provincial efforts to reduce phosphorus loadings from sewage
treatment facilities and

< because of expected changes to more environmentally acceptable land use practices
by developers and farmers to reduce inputs from non-point sources.



Questions with respect to the contents of this report should be directed to:

Regional Director, Central Region
Ministry of the Environment
7 Overlea Boulevard, Toronto, Ontario, M4H 1A8

or

General Manager
South Lake Simcoe Conservation Authority
120 Bayview Avenue, Box 282
Newmarket, Ontario, L3Y 4X1

DISCLAIMER

The material presented in these reports is analytical support information and does not
necessarily constitute policy or approved management priorities of the Province and/or the
South Lake Simcoe Conservation Authority. Interpretation and evaluation of the data and
findings, should not be based solely on this specific report. Instead they should be analysed
in light of other reports produced within the comprehensive framework of this environmental
management strategy.

Reference to equipment, brand names or suppliers in this publication is not to be interpreted
as an endorsement of that product or supplier by the authors, the Ministry of the
Environment or the South Lake Simcoe Conservation Authority.



EXECUTIVE SUMMARY 

The Holland Marsh Drainage Scheme was implemented under the Municipal Drainage
Act in the period 1925 to 1930 to control water levels inside the dyked marsh. Today under
the scheme the Drainage Commission, Township of West Gwillimbury, operates two pumping
stations, one at Bradford the other near the settlement known as Springfield.

The pumps at the two stations date back to the period 1945 to 1954. During their
long period of service the pumps have never been flow tested to determine their true
discharge rate.

The Lake Simcoe Environmental Management Strategy as part of a study initiated in
1981, is assessing the annual phosphorus loadings to Lake Simcoe from the Holland Marsh
polder drainage waters. Estimates of annual volumes of drainage water have historically
been derived from calculations based on logged running times and pump design
specifications. The validity of loading figures derived in this manner is questionable because
of, (a) the unknown effects of wear due to age on the pumps's discharge rates, b) the
unknown effects of seasonal, differential water levels across the dyke on discharge rates,
and c) the unknown accuracy of the station operating logs.

Consequently, Rupke and Associates Limited of Bradford was contracted to perform
a set of pump flow rate calibrations covering a range of expected water level differentials
across the marsh dyke. The Ministry of the Environment and the Drainage Commission
concurrently installed water level recorders and pump running time meters at the required
locations.

Flow calibration was accomplished using a standardized dye dilution technique
whereby a constant rate of fluorescent dye was injected into the suction flow of the pumps.
At the same time, discrete samples of the pump discharge were taken. Flow rate was then
determined through a computation of the dilution of the dye between point of injection and
pump discharge.

Flow calibrations took 13 months to complete to accommodate the specified water
level differentials across the marsh. Findings indicated that the two Bradford station pumps
performed well at 94% and 98% of their original ratings and that the Springdale station
pumps performed at 32%, 47% and 90% of their original ratings.

Based on the results published in the report at hand, accurate determinations of
annual drainage water discharge quantities are now possible and a three year data base has
been established. The records are currently also used in conjunction with analytical data on
sampled drainage waters to generate phosphorus loading figures for the Holland Marsh
polder.
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1.0 INTRODUCTION 

The "Holland Marsh Drainage Scheme, located in the Town of Bradford (Ontario),
Township of King and the Township of West Gwillimbury" is dependent on two pump
installations to maintain lowered Holland River levels in the cultivated Holland Marsh polder
area. Each location pumps water from that section of the River located within the Marsh,
over the earthen dyke surrounding the Marsh into "The Canal". The Canal rejoins the Holland
River at Bradford, and flows on to combine with the East Branch Holland River. The pumping
locations are identified as the Springdale Pumping Station and the Bradford Pumping Station
(Drawing 1). For the purposes of this report, water is pumped from the River up into the
Canal.

This report summarizes the results of a series of pumping rate calibrations performed
on the three (3) pumps at the Springdale Pumping Station and the two (2) pumps at the
Bradford Pumping Station.

The purpose of this study was to provide a simple means of recording pump output
on a continuous basis. These data could then be used in generating a detailed account of the
water volumes being pumped out of the Marsh area with time. Chemical analyses of these
waters, along with the pumped volumes, could then be used to calculate a drainage water
materials budget.

The study provided a secondary benefit in that the calibration test allowed a
comparison of the present pump output and efficiency with that in the original pump design.
Two (2) of the five (5) pumps were found to be signficantly below original design output and
efficiency. Both these pumps were inspected and replaced resulting in a significant increase
in output and efficiency.

The project was authorized under Ontario Ministry of the Environment Purchase Order
Number A72759. Testing was dependent on obtaining appropriate water levels for achieving
an adequate range of differential heads between the River inside the Marsh and the Canal
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outside the Marsh. A time frame of thirteen (13) months was required to achieve the
conditions necessary to complete the study. This work is part of the Lake Simcoe
Environmental Management Strategy, Diffuse Phosphorus Loadings and Control Measures
Study.

2.0 RECOMMENDATIONS 

In order to ensure collection of accurate data and to supplement maintenance records
on pump efficiency, it is recommended that a single point pump calibration check be
completed on a routine basis every three (3) years.

The water level recorders and an annual log of pumping times should be maintained
to provide the basic data required in calculating pumped volumes.

3.0 DESCRIPTION OF CALIBRATION TECHNIQUE 

Flow measurement calibration was accomplished through a dye dilutiontechnique.
Measured constant-rate injection of Rhodamine WT* fluorescent dye ahead of the respective
pump's sump chamber provided the introduction of dye to the pump's suction flow.
Coincidently, discrete samples of the pump's discharge into the Canal were taken. Finally
fluorescence levels of the (diluted) injection solutions and discharge samples were measured
and recorded. Each step is outlined as follows:

3.1 Initial Dye Dilution 

Each pumping test was carried out with approximately nine (9) litres of diluted dye
for injection. This required concentrated (20%) dye to source water initial dilutions ranging
from 1:15 to 1:200 depending on the size of the pump. The appropriate amount of
concentrated dye was added to a 20 L polyetheylene container and made up to nine (9)
litres with source water. This was vigorously and thoroughly mixed. Nine (9) litres of
injection solution were calculated as adequate for one complete test, based on the dye
injection pumping rate.

______________
* W.T. - E.I. DuPont de Nemours Co.
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3.2 Injection Pumping Rate 

The dye was then pumped from the polyethylene container by a precision metering
pump (FMI LAB PUMP MODEL RP-D) to a dilution delivery line. Provision was made to
measure the injection pumping rate "q" by appropriate valving to divert its flow. This rate
"q" was a critical measurement. The injection pump was always run at a vernier flow setting
of 3.0. This provided an injection flow rate of approximately 150 mL/minute. The actual rate
"q" was measured by timing the filling of the 1000 mL volumetric flask, at the beginning of
all tests and end of the majority of tests (on occasion the dye would run out).

3.3 Dye Mixing/Flushing Water System

The precision injection feed pump fed the diluted dye into a black 32 mm polyethylene
delivery line which terminated just before the sumps' bar screen. This delivery line was
connected to a submersible pump (Hydr-o-matic model 1 SP50 82) located in the source
water, just upstream of the pump's sump and point of dye addition. This flow diluted the
injected dye a further 3,500 times and then flushed the resultant mixture into the water just
ahead of the sump. This delivery flow was approximately 9.5 L/s at 1.5 m of head. The
delivery line was constructed with a series of 90° elbows immediately after the injection
solution joined the delivery line. This promoted thorough mixing. For the first set of tests
(numbers 1, 3-6) the discharge from the delivery line was made from the single discharge
opening at the end of the pipe. For all subsequent work a discharge manifold consisting of
three (3) outlets was utilized. This was done to ensure complete dispersion of the diluted
dye in the sump source water.

3.4 Differential Head 

The pumping stations are located at the end of the River channels inside the Marsh.
Water to be pumped passes through a coarse bar screen and into the pump sump before
being pumped over the dyke into the Canal. For each sampling run, the elevations of the
sump and Canal were obtained from continuous water level  recorders. When the pumps are
not in operation the sump and River water levels are the same. Due to pumping, a drop in
the water surface elevation may occur as the water passes through the bar screen into the
sump area. Sump rather than River water elevations were utilized in calculating the
differential head.
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Water elevations in the sump and Canal were obtained before and after each testing
run. An average differential head was calculated based on these values.

An extensive survey was conducted to provide accurate benchmark elevations at both
sites. From these, the elevations of the discharge ends of each of the level recorder bubbler
pipes, as originally installed, were determined as follows:

Bradford Pumping Station 

The Bradford Pumping station has two (2) pumps which utilize a common sump.
These two (2) pumps are commonly referred to as the 50 hp (37 kW) and the 100 hp (75
kW).

1. Main Sump "0" Elevation = 215.28 m above sea level.

2. Canal Water Level Gauge; "0" Elevation = 218.85 m above sea level.

3. 50 hp With Open Discharge; Discharge Elevation Constant = 219.68 m above
sea level.

Springdale Pumping Station 

The Springdale Pumping Station has three (3) pumps. Two (2) pumps, commonly
referred to as the 20 hp (15 kW) and the 40 hp (30 kW) share a common sump. The Diesel,
powered by a 90 hp (67 kW) diesel, engine is located in a separate sump.

In both sumps, the water level recorder bubbler pipes were located at an elevation
which would accommodate the expected water level fluctuations. The initial setting was
acceptable for the testing in 1982, however, in later tests, lower water levels were resulting
in the occasional exposure of the bubbler pipe to atmosphere. On April 12, 1983, the tubes
were extended approximately twenty (20) cm in order to eliminate this problem.
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The canal bubbler tube was not altered.

1. 20/40 hp Pumps-River sump, "0" elevation 

(a) 1982 to April 12, 1983 216.23 m above sea level

(b) April 12, 1983 adjustment 216.01 m above sea level

2. Diesel sump

(a) 1982 to April 12, 1983 216.33 m above sea level

(b) April 12, 1983 adjustment 216.12 m above sea level

3. Canal "0" elevation = 218.66 m above sea level

4. Diesel discharge, constant discharge elevation
= 219.42 m above sea level

Also, the test pump's shaft revolutions per minute (rpm) were measured at least once
during individual tests, utilizing a photoreflective tachometer, (Shimpo Model DT 205).

3.5 Sampling 

The discharge from the pump of interest was sampled twelve (12) times, starting
shortly after the injection feed rate had been measured. Samples were collected in labelled
polyethylene bottles and immediately returned to their cardboard containers for shipment,
storage and protection from direct sunlight.

When possible, sample bottles were inserted manually into the discharge flow stream
to collect the required sample volume. Alternately samples were obtained utilizing a suitable
length of flared copper tubing oriented into the discharge stream. This sampling procedure
was enhanced by using a vacuum pump. Drawing 2 provides a schematic of the dye testing
equipment.
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3.6 Fluorescence Measurement 

All samples were transferred to Rupke & Associates orrice in Bradford, Ontario for
fluorescence analysis. The following points were followed:

(a) All samples for each test were kept in a common location before analysis to
ensure a constant temperature for each group or samples.

(b) A sample of each injection solution had also been taken for all tests. An
accurate series of dilutions were made to approximate the concentration found
in the pump's discharge flow. The final dilution volume was made using source
(blank) water, not distilled water. The dilution factor obtained was designated
as 'D'. The dilution's fluorescence was recorded as Rst.

(c) All discharge samples were measured for fluorescence. The fluorescence was
measured utilizing a Turner Model 111 fluorometer. The high and low values
were noted and recorded. A "trimmed mean" (the mean of the readings
excepting the high and low values) was then calculated. This average value of
fluorescence was recorded as "r". The number of samples contributing to the
trimmed mean was designated as "n". The median, mode and standard
deviation were also calculated.

The value of Q, the pump's rating in m3 /min., was then calculated by the
following formula:

Q = (q Rst D) / r =  m3/min.

Rst is the reading obtained on the standard
r is the reading obtained on the sample
D is the dilution ratio used to prepare the standard
q is the dye injection rate, m3/min.
Q is the flow being measured, m3/min.

All relevant field and analytical data were noted for each test on two (2)
recording sheets (Drawings 3A and 3B).
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4.0 PUMPING TEST RESULTS 

4.1 Introduction 

A summary of the results of each pump test was recorded on a standardized form
entitled "Plateau Reading" and compiled in Appendix A. Drawing 4 identifies each test with
its corresponding flow and differential head.

4.2 Data Summary 

A differential head versus capacity graph was completed for each pump. This
incorporates the differential head and capacity values outlined in Drawings 4A and 4B.
Drawings 5 through 13 following, provide the completed pump curve graphs.

4.3 Pumping Station Alterations Completed During Study

Subsequent to the final pump tests of 1982 and prior to the spring 1983 tests, the
Drainage Commission undertook to replace the pumping mechanisms of the Springdale 20
hp and 40 hp pumps. This was done to improve their pumping rates from those calculated
in the initial test runs. Further, the discharge portal on the Bradford Pumping Station's 50
hp discharge pipe was sealed to improve its power draw characteristics.

As a consequence, separate pump curves have been prepared for these three (3)
pumps for both before and after refurbishing. 

5.0 CALCULATION OF UNCERTAINTY 

The pump flow data presented have a margin of error which may be estimated by
examining the steps of the test procedure where error may occur.

1. Injection Pump Feed Rate (q)

As outlined in Section 3.2, the rate that the diluted dye was being pumped into the
dilution/discharge pipe was measured by filling a 1,000 ml volumetric flask, timed by an
electronic digital stopwatch. The stopwatch was assumed to provide correct elapsed
time.
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Each test had a rate check before and after sampling took place (except where dye
ran out). By comparing the average of these rates to the individual rates, the deviation may
be calculated.

Further, this may be completed over many tests to give an overall deviation, where
individual cases will show a range of deviation.

EXAMPLE: Test #7; 50 hp, open discharge
Initial Rate: 158.63 mL/min.
Final Rate : 158.39 mL/min.
Average Rate: 158.51 mL/min.
Deviation (158.63 - 158.51)  x 100% = 0.08%

158.51

For the 13 tests of the initial 16 runs (#1,3-17) the deviation ranged from 0.00% to
1.58% with a median value of 0.30%. Average for these 13 tests was 0.51%.

The manufacturer gives a reproducibility figure of less than 0.1%. The use of source
water for dilution of the concentrated dye unavoidably introduced some debris (i.e. algae)
into the solution. This may have affected the constancy of pumping by foreign matter
interfering with the pump's mechanism.

2.  Recovery Ratio 

In Turner Designs monograph, Fluorometric Facts: Flow Measurements  in  Sanitary
Sewers by Dye Dilution,  a "Recovery Ratio Test" is outlined. Essentially this is a measure
of how the source water affects fluorescence reading of the samples. A ratio of (identical
dilution strengths) a final dilution's fluorescence prepared from source water (standard) to
one prepared from distilled water is calculated. This was completed for tests numbered 1
and 6, providing respective ratios of 0.97 and 1.0. According to Turner, a ratio "around
0.95" provides and accuracy of 2%. This figure was adopted for this report.

3. Time Lapse Between Sampling and Fluorescence Reading 

Due to time constraints, analytical work - reading sample fluorescence - was not
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always possible on the same day pumping tests were performed. Again, according to Turner,
"...samples and standards are very stable and may be kept for months....". Further, the
samples were protected from sunlight as recommended. In an effort to verify this, test
number 6 and test number 12 were experimented with by taking several fluorescence
readings over time.

Test number 6 was run on May 11, 1982. The first set of analyses was completed on
May 12, 1982 and the second set completed on May 19, 1982. The second set resulted in
a decrease in the calculated flow of 1.32% from the first set.

Test number 12 as sampled and measured for fluorescence on November 5, 1982.
The samples were then measured again on November 8, 1982. The second set resulted in
an increase in the calculated flow of 1.09%.

In an effort to gauge the repeatability of the fluorometer readings, a third and fourth
set of readings for test number 12 were initiated within half an hour of each other on
November 15, 1982.

This resulted in two (2) calculated flow rates of 124 m3/min. and 125 m3/min. the
larger being the fourth set of readings. The 125 m3/min. was an increase of 0.80% over the
third set.

As a consequence, error due to moderate time lapse between sampling and reading
fluorescence levels is not readily discernable. However, the above data shows readings of
the samples' fluorescence over time provides a range of results which may fluctuate in either
direction. A 1.32% maximum deviation was observed (test 6) and will be used in the
calculation of uncertainty.

4. Dilution Preparation 

The injection dye solution was sampled for each test. In order to measure its
fluorescence, the high strength injection standard was diluted to a level approximating that
of the test samples. This frequently involved multiple dilutions, with the final dilution being
made with blank source water. On test number 14, three different sets of dilutions were
completed; two had dilution factors (DF) of 500,000, one a DF of 800,000. All samples were
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run with each dilution, to ensure representative fluorescence readings. The results expressed
in calculated flow values were:

1. DF 500,000 #1 = 128.9 m3/min. (0.15%)
2. DF 500,000 #2 = 127.8 m3/min. (1.01%)
3. DF 800,000  - = 130.5 m3/min. (1.08%)

Average = 129.1 m3/min

The resultant value has a maximum deviation of 1.08%. In fact this is less than the
maximum 1.32% deviation which may be attributable to simply reading the fluorometer
(discussed above).

Taking the four areas outlined, and citing the worst condition in each, an overall value
of uncertainty was calculated.

1. Injection pump feed rate 1.58%
2. Recovery ratio 2.00%
3. Fluorescence reading 1.32%
4. Dilution make-up 1.08%

Substituting the values of deviation into the equation on page 11, one can estimate
the worst case uncertainty value. Based on the above, a value of uncertainty of 9.7% has
been calculated (1). A sample calculation of uncertainty is provided in Appendix B.

The above uncertainty value is essentially associated with dye injection and
subsequent sampling and analysis. The data will ultimately be used in conjunction with chart
recorder data collected to provide differential head. The chart recorder must be calibrated
on a regular basis to ensure accuracy.

6.0 IMPLEMENTATION OF MONITORING PROGRAM 

As indicated previously, chart recorders have been installed at both the Bradford and
Springdale Pumping Stations in order to provide a continuous accurate record of the water

________________
(1) Baird, D.C., Experimentation: An Introduction to Measurement Theory and Experiment Design

(New Jersey: Prentice-Hall Inc.)  page 48-74.
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elevations and hence differential heads. These water level monitors provide continuous
records of water levels both in the river channel inside the Marsh and the Canal outside the
Marsh. The water level records, along with the pumping rates indicated in this report, and
the pumping duration logs provide the necessary data to accurately calculate the volume of
water being discharged. Chemical analysis of the pumped water along with volumes can be
used to calculate the drainage water nutrient materials budget.

Routine pump calibration can be utilized to assess the efficiency of the pumps. This
in fact was the case during this study. Calibration of the 20 hp and 40 hp pumps indicated
output was significantly below original design specifications. Both of these pumps were
inspected and replaced resulting in a significant increase in pump output and efficiency.

It is recommended that a single point calibration check be completed on a routine
basis every three (3) years to provide an accurate output volume and to supplement
maintenance data on pump efficiency. The chart recorders and an annual log of pumping
times should be maintained to provide the data necessary to complete pumped volume
calculations.

SAB/jt
4011g
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APPENDIX A

PLATEAU READINGS

-27-



PLATEAU READINGS 

TEST #1

BRADFORD PUMPING STATION - 50 H.P. (OPEN DISCHARGE) 

1. High sample(s)# D1T1 , RDG. 27.0
discarded

2. Low SAMPLE(s)# D3T1 , RDG. 24.75 
3. n = 11
4. Trimmed Mean, r, = 25.9
5. Median = 26.0
6. Mode = 25.5, 26.5 (each have 3, bimodal)
7. Standard Deviation = 0.58
8. q = 0.03348 IGPM
9. Rst = 48.0
10. D = 200,000
11. Q = q Rst D / r IGPM

   =    .03348 x 48.0 x 200,000   = 12,400 IGPM 
25.9

12. Elevation Canal ft. = 720.72 (fixed)
13. Elevation River ft. = 710.32
14 ∆H'  = 10.4'
15. Pump Shaft R.P.M.578-579

NOTES:
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PLATEAU READINGS 
TEST # 3

SPRINGDALE PUMPING STATION - DIESEL (HIGH R.P.M.) 

1. High sample(s)# 1 , RDG. 40.5
Discarded

2. Low SAMPLE(s)# 5 , RDG. 33.5
3. n = 10
4. Trimmed Mean, r, = 37.0
5. Median = 37.2
6. Mode = 39.0
7. Standard Deviation = 1.86
8. q = 0.03132 IGPM
9. Rst = 41.5
10. D = 400,000
11. Q = q Rst D / r    IGPM

   = 0.03132 x 41.5 x 400,000 = 14,100 IGPM
37.0

12. *Elevation Canal ft. =
13. Elevation River ft. = 710.50ã 
14. ∆H' =
15. Pump Shaft R.P.M.750

NOTES:

*Canal water level 718.73 ft.
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PLATEAU READINGS 
TEST # 4

SPRINGDALE PUMPING STATION - DIESEL (LOW R.P.M.) 

1. High sample(s)# 1 , RDG. 55.0
Discarded

2. Low SAMPLE(s)# 8 , RDG. 43.0  
3. n = 10
4. Trimmed Mean, r, = 52.0
5. Median = 53.3
6. Mode = 53.5, 55.0 Bimodal
7. Standard Deviation = 3.31
8. q = 0.03132 IGPM
9. Rst = 41.5
10. D = 400,000
11. Q = q Rst D /r  IGPM

= 0.03132 x 41.5 x 400,000 = 10,000 IGPM
52.0

12. * Elevation Canal ft. =
13. Elevation River ft. = 710.47
14. ∆ H' =
15. Pump Shaft R.P.M. 608

NOTES:

In the group of 10 (n) there is one significantly low value of 44.0.
* Canal water level 718.73 ft.
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PLATEAU READINGS 
TEST # 5

SPRINGDALE PUMPING STATION - 40 H.P.

1. High sample(s)# 2 , RDG. 52.5
Discarded

2. Low SAMPLE(s)# 6 , RDG. 49.5 
3. n = 10
4. Trimmed Mean, r, = 51.4
5. Median = 51.5
6. Mode = 51.5
7. Standard Deviation = 0.91
8. q = 0 .03147 IGPM
9. Rst = 63.5
10. D = 100,000
11. Q = q Rst D/r   IGPM

  = 0.03147 x 63.5 x 100,000 = 3,890 IGPM
51.4

12. Elevation Canal ft. = 718.65
13. Elevation River ft. = 710.48ã 
14. ∆H' = 8.17'
15. Pump Shaft R.P.M. 712

NOTES:
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PLATEAU READINGS 
TEST #6

SPRINGDALE PUMPING STATION - 20 H.P. 

1. High sample(s)# 8 , RDG. 73.5
Discarded

2. Low SAMPLE(s)# 10 , RDG. 69.0 
3. n = 7
4. Trimmed Mean, r, = 71.1
5. Median = 71.0
6. Mode = 70.5, 71.5 Bimodal
7. Standard Deviation = 0.84
8. q = 0.03108
9. Rst = 34.0
10. D = 100,000
11. Q = q Rst D /r    IGPM

 = 0.03106 x 34.0 x 100,000 1,490  IGPM
71.1

12. Elevation Canal ft. = 718.65
13. Elevation River ft. = 710.48
14. ∆H' = 8.17"
15. Pump Shaft R.P.M. 705

NOTES:
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PLATEAU READINGS 
TEST # 7

BRADFORD PUMPING STATION - 50 H.P. (OPEN DISCHARGE) 

1. High sample(s)# 1,2 , RDG. 31.5
Discarded one of each

2. Low SAMPLE(s)# 5,7,10,12 , RDG. 29.0
3. n = 10
4. Trimmed Mean, r, = 30.0
5. Median = 29.75
6. Mode = 29
7. Standard Deviation = 0.93
8. q = 0.03489 IGPM
9. Rst = 26.0
10. D = 400,000
11. Q = q Rst D /r   IGPM

   =   0.01489 x 26.0 x 400,000 =12,100 IGPM 
30.0

12. Elevation Canal ft. = 720.72 (fixed)
13. Elevation River ft. = 709.88ã H
14. ∆H' =10.84'
15. Pump Shaft R.P.M. 579-580

NOTES:
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PLATEAU READINGS 
TEST # 8

SPRINGDALE PUMPING STATION - DIESEL (HIGH R.P.M.)

1. High sample(s)#2,4,7 , RDG. 63.5
Discarded

2. Low SAMPLE(s) #1, 11 , RDG. 60.0 
3. n = 10.0
4. Trimmed Mean, r, = 62.25
5. Median = 63.0
6. Mode = 63.0
7. Standard Deviation = 1.30
8. q = 0.03471 IGPM
9. Rst = 31.0
10. D = 800,000
11. Q = q Rst D / r   IGPM

 = 0.03471 x 31.0 x 800,000 = 13,800  IGPM 
62.25

12. +Elevation Canal ft. =
13. *Elevation River ft. = 709.56
14. ∆H' =
15. Pump Shaft R.P.M. 748 - 743

NOTES:
Shaft speed dropped to 743 on a reading completed later in test period.
+Canal water level 719.15 ft.
*Estimated river water level at 2" below bubbler tube discharge.
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PLATEAU READINGS 
TEST # 9

SPRINGDALE PUMPING STATION - DIESEL (LOW R.P.M.) 

1. High sample(s)# 12 , RDG. 37.0
Discarded one of each

2. Low SAMPLE(s)# 1,2,3 , RDG. 35.0
3. n = 10
4. Trimmed Mean, r, =35.8
5. Median = 36.0
6. Mode = 36.0
7. Standard Deviation = 0.48
8. q = 0.03498 IGPM
9. Rst = 93.5
10. D = 100,000
11. Q = q Rst D /r   IGPM

 =   0.03498 x 93.5 x 100.000  = 9,140  IGPM
  35.8

12. * Elevation Canal ft. =
13. + Elevation River ft. = 709.6ã 
14. ∆H' =
15. Pump Shaft R.P.M. 610

NOTES:
* Canal water level 719.15 ft.
+ Water level estimated at 1.5 " below bubbler tube discharge.
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PLATEAU READINGS 
TEST # 10

SPRINGDALE PUMPING STATION - 20 H.P.

1. High sample(s)# 2 , RDG. 52.5
Discarded one of each

2. Low SAMPLE(s)# 1,2,3 , RDG. 50.0
3. n = 9*
4. Trimmed Mean, r, = 51.1
5. Median = 51.0
6. Mode = 51.0
7. Standard Deviation = 0.74
8. q = 0.03548 IGPM
9. Rst = 36.0
10. D = 50,000
11. Q = q Rst D / r   IGPM

 =    0.03548 x 36.0 x 50,000   = 1,250 IGPM 
51.1

12. Elevation Canal ft. = 719.12
13. Elevation River ft. = 710.11
14. ∆H'= 9.01 
15. Pump Shaft R.P.M. 701 - 702

NOTES:

* Sample #4 was contaminated with surface water and was discarded on site.
Sample #13 was taken to replace this.
Sample #10, may have been contaminated; analysis show it to have the
lowest of the 12 readings (49.5) and it has therefore been discarded. Potential
contamination here was noted in field notes.
One (1) injector feed rate was measured, at the beginning of the test.
Insufficient dye remained for a second 1,000 ml test.
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PLATEAU READINGS 
TEST # 11

SPRINGDALE PUMPING STATION - 40 H.P. 

1. High sample(s)# 10 , RDG. 48.5
Discarded

2. Low SAMPLE(s)# 7 , RDG.45.0
3. n = 9*
4. Trimmed Mean, r, = 47.0
5. Median = 47.0
6. Mode = 46.5
7. Standard Deviation = 0.56
8. q = 0.03470 IGPM
9. Rst = 42.5
10. D = 100,000
11. Q = q Rst D /r  IGPM

 =   0.03471 x 42.5 x 100,000 = 3,140 IGPM
47

12. Elevation Canal ft. = 719.10
13. Elevation River ft. = 710.12
14. ∆Hi = 8.98'
15. Pump Shaft R.P.M. 710

NOTES:

* Sample (D11T11) #11 was discarded, contaminated (Filtered sample) while
filtering.
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PLATEAU READINGS 
TEST #12

BRADFORD PUMPING STATION - 100 H.P.

1. High sample(s)# 9 , RDG. 41.5
Discarded

2. Low SAMPLE(s)# 2 , RDG. 36.0 
3. n = 10
4. Trimmed Mean, r, = 38.6
5. Median = 38.0
6. Mode = 38.0
7. Standard Deviation = 1.45
8. q = 0.03356 IGPM
9. Rst = 63.5
10. D = 500,000
11. Q = q Rst D / r    IGPM

 = 0.03356 x 63.5 x 500,000 = 27,600 IGPM
38.6

12. Elevation Canal ft. = 718.28
13. Elevation River ft. = 710.95
14. ∆H' = 7.3
15. Pump Shaft R.P.M.Tachometer not available 

NOTES:
The sump elevation was calculated from measurements taken at bench mark
#5, located on the southern most pier of the western inlet group.
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PLATEAU READINGS 
TEST #13

BRADFORD PUMPING STATION - 50 H.P. CLOSED MODE 

1. High sample(s)# 6, 10 , RDG. 42.0
Discarded one of each

2. Low SAMPLE(s)# 1 , RDG. 33.0 
3. n = 10
4. Trimmed Mean, r, = 39.7
5. Median = 40.0
6. Mode = Bimodal 40.0, 40.5
7. Standard Deviation = 1.51
8. q = 0.04356 IGPM
9. Rst = 37.5
10. D = 333,333
11. Q = q Rst D / r   IGPM

 = 0.04356 x 37.5 x 333.333 = 13,700  IGPM 
39.7

12. Elevation Canal ft. = 719.45'
13. Elevation River ft. = 711.13'
14. ∆H' =8.32'
15. Pump Shaft R.P.M. 582

NOTES:
This was the first test conducted on the 50 H.P. pump with its discharge line
sealed. Previously, an opening to atmosphere was located just above the water
line. This was covered with a gasketted metal plate, kept in place with a series
of bolts. While running this test, a small air leak on the plate's welded base
was audible.
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PLATEAU READINGS 
TEST #14

BRADFORD PUMPING STATION - 100 H.P.

1. High sample(s)# 3 ,  RDG.  35.0
 Discarded one of each

2. Low SAMPLE(s)# 7, 10 , RDG. 30.0
3. n = 10
4. Trimmed Mean, r, = 32.4
5. Median = 32.8
6. Mode = 33.0
7. Standard Deviation =  0.99
8. q = 0.04485 IGPM
9. Rst = 41.0
10. D = 500,000
11. Q = g Rst D / r  IGPM

 = 0.04485 x 41.0 x 500,000  =  28,400 IGPM 
32.4

12. Elevation Canal ft. = 719.45
13. Elevation River ft. = 710.93
14. ∆H' = 8.52'
15. Pump Shaft R.P.M. 

-NOTES:
The apparent increased flow with increased discharge head - as compared to
Test #12 - prompted additional fluoremeter readings. Twice sample readings
were completed with 500,000 dilution factors (D.F.) and once with a dilution
factor of 800,000.
The results are: 1. D.F. 500,000 - 28,400 (above) IGPM

2. D.F. 500,000 - 28,100 IGPM
3. D.F. 800,000 - 28,700 IGPM

Average IGPM = 28,400 IGPM
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PLATEAU READINGS 
TEST #15

BRADFORD PUMPING STATION - 50 H.P. (OPEN DISCHARGE)

1. High sample(s)# 10 , RDG. 60.0
Discarded

2. Low SAMPLE(s)# 1 , RDG. 38.0 
3. n = 10
4. Trimmed Mean, r, = 44.5
5. Median = 44.3
6. Mode = 41.0
7. Standard Deviation = 3.71
8. q = 0.04435 IGPM
9. Rst = 29.5
10. D = 500,000
11. Q = q Rst D / r  IGPM

 =   0.04435 x 29.5 x 500,000  = 14,700 IGPM 
44.5

12. Elevation Canal ft. =720.72 (fixed)
13. Elevation River ft. =711.13
14. ∆H' =  9.59'
15. Pump Shaft R.P.M. 581

NOTES:
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PLATEAU READINGS 
TEST #16

SPRINGDALE PUMPING STATION - 40 H.P.

1. High sample(s)# 1 , RDG. 58.0 
Discarded

2. Low SAMPLE(s)# 10 , RDG. 53.5
3. n = 10
4. Trimmed Mean, r, = 54.9
5. Median = 55.0
6. Mode = Bimodal 55.0, 55.5
7. Standard Deviation = 0.58
8. q = 0.04293 IGPM
9. Rst = 50.0
10. D = 200,000
11. Q = q Rst D / r   IGPM

 =   0.04293 x 50.0 x 200,000   =7,800 IGPM
54.9

12. Elevation Canal ft. = 719.11
13. Elevation River ft. = 710.40
14. ∆H' =8.71'
15. Pump Shaft R.P.M.  708

NOTES:
The pump had been refitted prior to this test and subsequent to tests #5 and
#11.
On completion of this test, the preliminary flow results were utilized to justify
further modifications to the pump's impellor. Hence this test stands alone.
Modification to Marsh Pumps were undertaken by the Holland Marsh Drainage
Commission, of their own accord.
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PLATEAU READINGS 
TEST #17

SPRINGDALE PUMPING STATION - 20 H.P.

1. High sample(s)# 9 , RDG. 83.5
Discarded

2. Low SAMPLE(s)# 2 , RDG. 72.0
3. n = 10
4. Trimmed Mean, r, = 77.5
5. Median = 77.8
6. Mode =73.0, 77.0, 80.0 Trimodal
7. Standard Deviation = 2.73
8. q = 0.04314 IGPM
9. Rst = 68.0
10. D = 100,000
11. Q = q Rst D / r   IGPM

 = 0.04314 x 68 x 100.000  = 3,800 IGPM
77.5

12. Elevation Canal ft. = 719.11
13. Elevation River ft. = 710.62
14. ∆H' = 8.49'
15. Pump Shaft R.P.M. 709

NOTES:

This represents the first calibration test of the 20 H.P. after its refurbishing.
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APPENDIX B

SAMPLE UNCERTAINTY CALCULATION
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Calculated deviation for parameters

1. Injection pump feed rate 1.58%
2. Recovery ratio 2.00%
3. Fluorescence reading 1.32%
4. Dilution make-up 1.08%

Sample Calculation Test #5

1.0 Measured values

q = 1.430 x 10-4 m3/min.

RST = 63.5
D = 100,000
r = 51.4

Q =  (1.430 x 10-4) (63.5) (100,000) 
51.4

Q = 17.7 m3/min.

2.0 Worst case uncertainty

qu = 1.452 x 104 (±1.58%)
RSTu = 65.6 (+2,00%, +1.32%)
Du = 101,080 (+1.08%)
ru = 49.7 (-2.00%, -1.32%)

Qu =  (1.452 x 104) (65.6) (101,080) 
(49.7)

Qu = 19.4 m3/min.
Uncertainty   = 19.4 - 17.7  x 100

        17.7
Uncertainty = 9.6%
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