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Dear Mr. Barebo:

This letter is our report for the above referenced testing completed at St. Anthony Falls

Laboratory during the period November 1999 - September 2000.

SUMMARY

Testing was conducted on two fountain aerators to determine the Standard Oxygen
Transfer Rate (SOTR), the Standard Aerating Efficiency (SAE), and the flowrate for use
by Otterbine Barebo, Inc. The laboratory testing indicates that the results for the Concept;
1 Hp High Volume and the Concept;1 Hp Sunburst aerators are as follows:

Concept; 1 Hp High Volume Concept; 1 Hp Sunburst
SOTR Power SAE Flowrate SOTR Power SAE Flowrate
(Ib/hr) (kW) | (Ib/kW-hr) | (GPM) (ibhr) (kW) (b/kW-hr) (GPM)

3.28 1.51 2.17 921 2.74 1.96 1.40 530
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1. THEORY

1.1.Aeration

Aeration testing was performed in accordance with the ASCE Standard 2-91,
“Measurement of Oxygen Transfer in Clean Water”. The most important result of the
test is the determination of the SOTR, which is the rate of oxygen transfer achieved by
the device in water of zero oxygen concentration (as determined by the ASCE test
procedure) adjusted to standard conditions (20°C, 1.00 atm pressure). SOTR is expressed
in Ib/hr. Additionally, the SAE gives the standard oxygen transfer rate per unit power of
the aeration device. The power used to determine the SAE can either be electrical,
mechanical, or hydraulic as long as it is clearly defined. In these tests, SAE is defined on
the basis of electrical power and thus has the units 1b/kW-hr.

1.2.Flowrate _
The volumetric flow rate was calculated as the weight of water accumulated during a
measured length of time, which can be described as:

Q= W_

vt

volumetric flow rate (cfs)
weight of accumulated water (1b)
= elapsed time (sec)
= specific weight of water (Ib/ft®)

where Q

-<._]€
|

2. TESTING

2.1. Aeration

A tank approximating an 8-foot tall, 30-foot diameter cylinder was constructed within
one of the SAFL Volumetric Tanks. A plan view of the test tank is shown below. The
tank geometry was carefully measured to provide the volume of the enclosed water
necessary to the determination of the SOTR. Water depth at a reference location was
measured before and after each test from which the water volume in the tank was
calculated. The tank was filled with tap water from the City of Minneapolis.

DO Probes

Aerator,

Column
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Three YSI dissolved oxygen (DO) probes connected to a Campbell Scientific CR10
datalogger measured oxygen concentration and water temperature. The probes were
positioned at two locations along a common radius to take advantage of the axisymmetry
of the flow and facility. The probes were placed at '/; depth and %/; depth at one location
and at '/, depth at the other location. The DO probes were calibrated before each test
using the standard method of oxygen saturated air. The datalogger was programmed to
record 1-second averages of the oxygen concentrations every minute. °

All tests began by positioning and powering up the aerator, deoxygenating the tank with a
sufficient amount of sodium sulfite as specified by the ASCE standard, calibrating and
positioning the probes, and initiating datalogging. The tests concluded when the oxygen
concentration in the tank reached at least 95% saturation.

2.2.Flowrate

The flow rate measurement was accomplished by placing a bulkhead in a 42” wide, 38”
deep, rectangular channel. The channel was designed to separate the pump intake from
the discharge and then divert the discharge to a pair of weighing tanks specifically
designed for flow rate measurement. A schematic configuration is shown below.

With this setup, a fixed water surface elevation (setting the head on the pump) could be
maintained upstream of the bulkhead while diverting the vertical discharge of the
fountain to the downstream side of the bulkhead. This scheme was used instead of
allowing the fountains to float freely in a tank of water (as would be the case in normal
field use) for two reasons. First, the width of the available channel prevented easy use of
the float. Second, the diversion of the fountain discharge to the downstream side of the
bulkhead without causing backpressure on the pump required that the fountain be located
very close to the bulkhead. The float would have prevented this. Ultimately, it is only
the depth of submergence of the fountain pump that determines its discharge. The depth
of submergence was set for the fountains by measuring the depth of submergence of the
pump during normal operation.
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3. TEST RESULTS

3.1.Aeration

The test data along with the water temperature, tank volume, and air pressure were used
as input to software that accompanies the ASCE standard. Attachment 1 shows the
ASCE program output for the individual runs. The final SOTR value for each aerator was
then determined by taking the average of all of the individual run values. The final SAE
value for each aerator is the average SOTR value divided by the average power used for
each aerator. Attachment 2 shows the test conditions for the individual runs.

3.2.Flowrate

The water was allowed to accumulate for approximately 400 seconds for each flow rate
test. The final flowrate value for each aerator was then determined by taking the average
of six tests. Attachment 3 shows the test results for the individual runs.

If you have any questions regarding any of the information above please feel free to
contact me at 612-627-1962 or tankx006@tc.umn.edu. It has been a pleasure working
with you on this project and we look forward to working with you in the future.

Sincerely,

Julie Robinson Chris Ellis
Engineer Research Associate
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Attachments

1 ASCE Program Output
a) Concept; 1 Hp High Volume Aerator
b) Concept; 1 Hp Sunburst Aerator

2. Summary of Aeration Test Conditions

3. Individual Flowrate Test Results
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ASCE DATA FOR PROBE #2

|

“Lonc. Fit Value | Residual nme
mg/L mg/L mg/L min
T.93 T.92 V.U U.u
2.15 2.15 0.00 1.0
2.37 238  -0.01 2.0
2.61 2.59 0.02 3.0
2.82 2.80 0.02 4.0
3.03 3.00 0.03 5.0
3.22 3.19 0.03 6.0
3.42 3.38 0.04 7.0
3.58 3.56 0.02 8.0
3.74 3.74 0.00 9.0
3.91 3.91 0.00 10.0
4.10 4.07 0.03 11.0
4.25 4.23 0.02 12.0
4.41 4.38 0.03 13.0
457 453 0.04 14.0
4.69 4.68 0.01 15.0
4.80 4.81 -0.01 16.0
4.94 495 -001 , 17.0
5.05 508 -0.03 | 180
5.18 520 -0.02 19.0
5.31 532  -0.01 20.0
5.42 544  -0.02 21.0
5.53 556  -0.03 220
5.65 567 -002 230
5.73 577 004 240
5.83 587 -004 250
5.92 597 -005 26.0
6.03 6.07  -0.04 27.0
6.11 6.16 -005 280
6.20 625 -005 290
6.27 6.34 -007 300
6.37 6.42  -0.05 31.0
6.44 6.50 -0.06 32.0
6.52 6.58 -0.06 33.0
6.62 6.66 -0.04 34.0
6.70 6.73  -0.03 35.0
6.77 6.80 -0.03 36.0
6.85 6.87 -0.02 37.0
6.92 6.94 -0.02 38.0
6.97 7.00 -0.03 39.0
7.04 7.06 -0.02 40.0
7.11 7.12 -0.01 41.0
7.47 718  -0.01 420
7.23 7.24 -0.01 43.0
7.30 7.29 0.01 44.0
7.36 7.34 0.02 45.0
7.42 7.39 0.03 46.0
7.47 7.44 0.03 47.0
7.51 7.49 0.02 48.0
7.56 7.53 0.03 49.0
7.60 7.58 0.02 50.0
7.64 7.62 0.02 51.0
7.68 7.66 0.02 52.0
7.73 7.70 0.03 53.0
7.77 7.74 0.03 54.0
7.83 7.78 0.05 55.0
7.88 782 006 57.0
7.94 7.88 0.06 59.0
8.00 795  0.05 61.0
8.06 8.01 0.05 63.0
8.12 8.06 0.06 65.0
8.17 812 005 67.0
8.21 8.17 0.04 69.0
8.25 8.21 0.04 71.0
8.29 826 003 , 730
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ASCE DATA FOR PROBE #3

Lonc. Fit Value | Residua
mg/L mg/L mg/L.
1.87 T.87 U.Ub
2.07 2.04 0.03
2.30 2.26 0.04
2.51 2.48 0.03
2.72 2.69 0.03
2.90 2.89 0.01
3.10 3.09 0.01
3.27 3.28 -0.01
3.44 3.46 -0.02
3.62 3.64 -0.02
3.81 3.81 0.00
3.97 3.97 0.00
4.14 413 0.01
4.29 4.29 0.00
4.43 444 -0.01
4.55 4.58 -0.03
4.68 472 -0.04
4.81 4.86 -0.05
4.95 4.99 -0.04
5.07 511 -0.04
5.20 5.23 -0.03
5.34 5.35 -0.01
5.45 547 -0.02
5.65 5.58 -0.03
5.66 5.68 -0.02
5.76 5.79 -0.03
5.85 5.89 -0.04
5.94 5.98 -0.04
6.04 6.07 -0.03
6.13 6.16 -0.03
6.22 6.25 -0.03
6.30 6.33 -0.03
6.39 6.42 -0.03
6.47 6.49 -0.02
6.55 6.57 -0.02
6.63 6.64 -0.01
6.71 6.71 0.00
6.79 6.78 0.01
6.85 6.85 0.00
6.91 6.91 0.00
6.97 6.98 -0.01
7.03 7.04 -0.01
7.08 7.09 -0.01
7.14 7.15 -0.01
7.20 7.20 0.00
7.26 7.26 0.00
7.32 7.31 0.01
7.38 7.35 0.03
7.44 7.40 0.04
7.49 7.45 0.04
7.53 7.49 0.04
7.57 7.53 0.04
7.61 7.58 0.03
7.65 7.62 0.03
7.70 7.65 0.05
7.76 7.69 0.07
7.82 7.76 0.06
7.88 7.83 0.05
7.93 7.89 0.04
7.99 7.95 0.04
8.04 8.00 0.04
8.09 8.05 0.04
8.13 8.10 0.03
8.17 8.14 0.03
8.21 8.19 0.02
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Run1 ASCE Output

ASCE DATA FOR PROBE #3

ASCE DATA FOR PROBE #1 ASCE DATA FOR PROBE #2
Time Conc. Fit Value  Resiaua 1me Conc. FitValue T Residual Time Conc. Fit Value | Residual

min mg/L mallL mg/L min mg/L magft mg/L min mg/L mg/L mg/L

] U0 237 Z. v.UdD 0U Z2.32 T -U.UZ U.U 2.35 2.39Y ~U.U4
20 2.69 2.73 -0.04 2.0 2.69 -0.03 2.0 2.77 2.76 0.01

4.0 3.10 3.08 0.02 4.0 3.04 -0.04 4.0 3.13 3.1 0.02

- 6.0 343 . 341 0.02 6.0 3.46 0.05 6.0 3.41 3.45 -0.04
8.0 372. 373 -0.01 8.0 3.73 -0.01 8.0 3.72 3.76 -0.04

| 10.0 4.08 4.03 0.05 10.0 4.03 -0.01 10.0 4.07 4.06 0.01
12.0 4.31 4.32 -0.01 12.0 4.33 0.00 12.0 4.35 4.35 0.00

' 14.0 4.61 4.59 0.02 14.0 4.60 -0.01 14.0 4.64 4.62 0.02
16.0 4.84 4.85 -0.01 16.0 4.91 0.04 16.0 4.88 4.88 0.00

18.0 5.07 510 -0.03 18.0 513 0.01 18.0 513 512 0.01

20.5 541 5.39 0.02 205 5.45 0.04 20.5 5.41 5.41 0.00

225 5.61 561 0.00 22.5 5.64 0.00 22.5 5.65 5.63 0.02

T 24.5 5.82 5.82 0.00 24.5 5.88 0.03 24.5 587 5.83 0.04
B 27.5 6.13 6.11 0.02 27.5 6.19 0.05 27.5 6.17 6.12 0.05
29.5 6.33 6.30 0.03 29.5 6.33 0.00 29.5 6.33 6.31 0.02

31.5 6.50 6.47 0.03 31.5 6.51 0.01 315 6.48 6.48 0.00

33.5 6.62 6.64 -0.02 335 6.66 -0.01 33.5 6.64 6.64 0.00

! 355 6.82 6.80 0.02 355 6.83 0.00 35.5 6.80 6.80 0.00
375 6.99 6.95 0.04 37.5 7.00 0.02 37.5 - 6.95 6.95 0.00

395 7.08 7.10 -0.02 39.5 7.12 -0.01 39.5 7.07 7.09 -0.02

i 41.5 7.24 7.23 0.01 41.5 7.24 -0.02 41.5 7.21 7.22 -0.01
| 43.5 7.36 7.36 0.00 43.5 7.40 0.01 43.5 7.36 7.35 0.01
= 455 7.49 7.49 0.00 455 7.50 -0.01 45,5 7.49 7.47 0.02
47.5 7.60 7.60 0.00 47.5 7.63 0.00 47.5 7.58 7.58 0.00

49.5 7.73 7.72 0.01 49.5 7.73 -0.01 49.5 7.70 7.69 0.01

E 51.5 7.82 7.82 0.00 515 7.84 -0.01 51.5 7.80 7.79 0.01
53.5 7.92 7.92 0.00 53.5 7.93 -0.02 53.5 7.89 7.89 0.00

555 8.02 8.02 0.00 555 8.02 -0.02 55.5 7.99 7.98 0.01

57.5 8.11 8.1 0.00 57.5 8.13 0.00 57.5 8.08 8.07 0.01

n 595 8.20 8.20 0.00 59.5 8.23 0.01 59.5 8.16 8.15 0.01
60.0 8.22 8.22 0.00 60.0 8.24 0.00 60.0 8.18 8.17 0.01

62.0 8.30 8.30 0.00 62.0 8.32 0.00 62.0 8.24 8.25 -0.01

: 64.0 8.37 8.38 -0.01 64.0 8.40 0.00 64.0 8.34 8.33 0.01
E 66.0 8.43 8.45 -0.02 66.0 8.45 -0.02 66.0 8.39 8.40 -0.01
68.0 8.51 8.52 -0.01 68.0 8.54 0.00 68.0 8.47 8.47 0.00

70.0 8.58 8.59 -0.01 70.0 8.59 -0.01 70.0 8.50 8.53 -0.03

72.0 8.65 8.65 0.00 72.0 8.67 0.00 72.0 8.59 8.58 0.00

E 74.0 8.70 8.71 -0.01 74.0 8.72 -0.01 74.0 8.65 8.65 0.00
76.0 8.76 8.77 -0.01 76.0 8.78 0.00 76.0 8.68 8.70 -0.02

78.0 8.82 8.82 0.00 78.0 8.83 -0.01 78.0 8.74 8.75 -0.01

80.0 8.88 8.88 0.00 80.0 8.89 0.00 80.0 8.78 8.80 -0.02

n 82.0 8.93 8.93 0.00 82.0 8.94 0.01 82.0 8.84 8.85 -0.01
84.5 8.97 8.98 -0.01 845 . 899 0.00 84.5 8.89 8.91 -0.02

87.0 9.03 9.04 -0.01 87.0 9.05 0.01 87.0 8.96 8.96 0.00
- 890 9.06 9.08 -0.02 89.0 9.07 -0.02 89.0 8.97 9.00 -0.03
91.0 9.10 9.12 -0.02 91.0 9.11 -0.01 91.0 9.02 9.03 -0.01
= 93.0 9.15 9.16 -0.01 93.0 9.16 0.00 93.0 9.06 9.07 -0.01
95.0 9.18 9.19 -0.01 95.0 9.19 0.00 95.0 9.09 9.10 -0.01

. 97.0 9.22 9.23 -0.01 97.0 9.23 0.00 97.0 9.13 9.13 0.00
!j 99.0 9.25 9.26 -0.01 99.0 9.26 0.00 99.0 9.14 9.16 -0.02
101.0 9.27 9.29 -0.02 101.0 9.28 -0.01 101.0 9.19 9.19 0.00
103.0 9.31 9.32 -0.01 103.0 9.31 -0.01 103.0 9.20 9.22 -0.02
105.0 9.34 9.35 -0.01 105.0 9.35 0.01 105.0 9.23 9.25 -0.02

ﬂ 107.0 9.37 9.37 0.00 107.0 9.36 -0.01 107.0 9.25 9.27 -0.02
109.0 90.38 19.40 -0.02 109.0 9.38 -0.01 109.0 9.28 9.29 -0.01
111.0 9.41 9.42 -0.01 111.0 9.40 -0.02 111.0 9.31 9.32 -0.01
113.0 9.44 9.44 0.00 113.0 9.44 0.00 . 113.0 9.31 9.34 -0.03

H 116.0 9.47 9.48 -0.01 116.0 9.46 -0.01 116.0 9.35 9.37 -0.02
118.0 9.49 9.50 -0.01 118.0 9.48 -0.01 118.0 9.38 9.39 -0.01
120.0 9.51 9.51 0.00 120.0 9.51 0.01 120.0 9.40 9.40 0.00
122.0 9.53 9.53 0.00 122.0 9.52 0.00 122.0 9.40 9.42 -0.02
124.0 9.55 9.55 0.00 124.0 9.54 0.00 124.0 9.43 9.44 -0.01
126.0 9.56 9.57 -0.01 126.0 9.55 0.00 126.0 9.43 9.45 -0.02
126.5 9.56 9.57 -0.01 126.5 9.55 -0.01 126.5 9.44 9.45 -0.01
128.5 9.58 9.59 -0.01 128.5 9.57 0.00 128.5 9.46 9.47 -0.01

St. Anthony Falls Laboratory

Hinivareihs AfMinnacala



1Hp_Sunburst.xis
Run1 ASCE Output

DO ANYINOSODDNDO ™ ANNMITITINWNOONSNMSODODD
NOOEOOOOWOOOOMNSNSPSNSSSN NSNS

[ielolofofoloolo o oo foooloTolol oo YooY Yo Yo X o X o Nor XeorXe )

PO~ NTNONDDOO~NNITITWVWOOOOODODNOO
DOOOOOOOOORNNMNNMNNNMNNNMNNNNNNNNNN OO

St. Anthony Falls Laborator)
{ tnbrarcihr AFARIAA A~ abe



DO Level (mgi

DO Level (mg/L)

- DO Level (mg/l

VW N oo N oo o

-

LS, B o))

= N W

10

1Hp_Sunburst.xis
Run1 ASCE Outpu

Probe #1
1.0
05
B
L E
)00 3
.3
-
05 8
1.0
10 20 30 40 50 60 70 80 /90 100 110 120. 130° 140 150 160 170 180
Time (min)
Probe #2
1.5
1.0
055
%
£
0.05
- |
o3
8
0
1.0
15,
100 200 30. 40 60 70, 80, 907100 110, 20 130 140 150 160 170 180  90.
zTime (min)
Probe #3
1.5
0.
10, 207 180 40, s 110, 1207 130;8{i40. 150,

St. Anthony Falls Laboratory



1Hp_Sunburst.xls
Run2 ASCE Output

|

Residual

mg/L
VU7
0.00
-0.05
0.02
0.01
-0.01
0.00
-0.06
-0.01
-0.01
0.00
0.02
-0.04
-0.01
0.02
-0.01
0.02
-0.01
-0.11
0.03
0.04
0.04
-0.01
-0.04
0.00
0.04
0.05
0.00
-0.03
02
06

Fit Value

mg/L
U
3
6
9
1
4
7
9
1
4
6
8
0
2
3
5
7
9
0
2
4
5
6
8
9
04
15
6
6
6
6
5
4
2
1
8
6
3
0
7
3
0
6
3
9
4
9

Conc.

mg/L
1
3
5
9
2
4
7
8
1
3
6
8
9
2
4
5
7
8
9
8
4
8
6
6
2
8
0
6
3
8
2
7
5
6
3
8
8
5
1
6
5
1
5

ASCE DATA FOR PROBE #3

]

Res:dual

Time
min

mg/L
-0.U1
03
02
03
04
05
03
00
.01
.02
0.00
0.02
01
03
01
02
01
03
0.01
01
01
01
01
01

Fit Value

mg/L
3
6
9
2
5
8
1
3
6
8
0
3
5
7
9
1
3
8
5
2
7
7
2
6
9
2
4
6
7
8
9
9
9
8
7
6
4
2
0
7
4
1
8
4
0
8

Conc.

mg/L
Z9
66
97
29
59
88

ASCE DATA FOR PROBE #2

Time
min

ASCE DATA FOR PROBE #1

Residual

mg/L

Fit Value

mg/L
U
7
4
9
3
6
9
0
1
1
0
9
6
3
0
6
6
0
4
7
0

Conc.

mg/L

.......................... T OONOROOrNNNITHhoORRRBRS a5 EIYRRS389YY
1333344445555556666666777777777788&&&&&&&&&&&&&&&&99%%%%%%%%%%%%%

Iime
min

Y

1 by,

St. Anthony Falls Laboratory




1Hp_Sunburst.xls
Run2 ASCE OQutput

LOVONVNDVOONOBVNHON T WO
3334444455555566&6%%mmnmﬁwmm

St. Anthony Falls Laboratory

_ 1inivereitiy AfAinn






#3

[

1Hp_Sunburst xis
Run3 ASCE Output

ASCE DATA FOR PROG

1) .
ﬁu T M A3 v O N CDOQUINNT TN OTIOO O W~ o) - O e N T (§ — TN ™ WM
%M.mooommwwo&oounwmoooooooo00OMDmoQﬁmmommom&mmm0000000mmmooomom0000
P e eo00 R0 PP 0P 0000000 06506060006G0065090600aaa0noaoaaacs
pY
[:V]
mATO470245665431852840594814702457889999876542085341841739516172726
w9JA681357913579024579013A67801234567890123456778901123344566778699
nm11112222233333444444555555566666666667777777777788888888888888888
-
o~ NI ITNROMUC QT SANTOUN FNNTATINTNNON - TN~ — o VDITONTONITITOT O
;0553588 S899o=-o¢ 53588385 2929922900622509009858883885853833335
nWOOOOOOO ODOPRVOQO0OC QO Qococcoco 0000000000000000000000000000000000

mg/L
g

Fit Value

Conc.
mg/L

ASCE DATA FOR PROBE #2

EPOO0OOCOCOOOOC

Time
min
U
1
2
3
4
5
6

7

8

9

=
oF TN < W0 © o~ T NSO NOWD T T I v v
zwummmmmmooonjoommooomwwm%m%mmmmooomwmonnnnnmmmmmmmmmmnonnoﬂoooonnn
EmUOOOOOOO000000OO0000000000000000000000000000000000000000000000@00
s
nt’
m
| o
& €
I< .
¢ B0 ORO900000O( 2000000000000 00O0

.......... QoW VVVLVLVVVVVVVWVVVWYBYLY
PraotuoNonOrNOTWONG! STNOTIBONOHO O 0 F 0G0 05 S
_

NOITDONONOT—NDIITDONODO -
Al ndh ol ol R R 122222222233333333334

St. Anthony Falls aboratory



1Hp_Sunburst.xls
Run3 ASCE Output

1045 10.17 1019  -0.02 98.5 9.97 9.96 0.01
106.0 10.17  10.21 -0.04 100.5 10.00 10.00  0.00 97.5
102.5 10.03 1003  0.00 99.5

104.5 10.07 10.06  0.01 101.5 10.09

—_—
oo

oo
AR

— ) )

o000

coo

XRO

106.5 10.10  10.09 0.01 103.5 10.13

108.5 10.11 10.12  -0.01 105.5 10.16  10.14
110.5 10.10 10.14 -0.04 107.5 10.19  10.18
112.0 10.10 10.16  -0.06 109.56  10.21 10.21

1115 1024 10.23
113.5 1026 10.26
115.0 1025 10.28

—

(@]

—

—
0000000000

68.5 9.39 9.40 -0.01 65.5 9.056 9.05 0.00 65.5 9.00 9.01 -0.0¢
70.5 9.48 9.46 0.02 66.5 9.09 9.09 0.00 66.5 9.04 9.06 -0.C2
72.5 9.55 9.563 0.02 67.5 9.14 9.13 0.01 67.5 9.08 9.10 -0.02
74.5 9.61 9.59 0.02 68.5 9.18 9.17 0.01 68.5 9.13 9.14 -0.0¢
76.5 9.66 9.64 0.02 70.5 9.24 9.25 -0.01 69.5 9.18 9.18 0.00
78.5 9.71 9.70 0.01 72.5 9.31 9.32 -0.01 70.5 9.23 9.22 0.0
80.5 9.76 9.75 0.01 74.5 9.38 9.38 0.00 71.5 9.26 9.26 0.0
82.56 9.79 9.80 -0.01 76.5 9.45 9.45 0.00 73.5 9.33 9.34 -0.0
84.5 9.84 9.84 0.00 78.5 9.52 9.51 0.01 755 9.40 9.41 -0.0
86.5 9.88 9.89 -0.01 80.5 9.57 9.56 0.01 77.5 9.46 9.48 -0.0
88.5 9.95 9.93 0.02 82.5 9.63 9.62 0.01 79.5 9.56 9.55 0.0
90.5 9.98 9.97 0.01 84.5 9.68 9.67 0.01 81.5 9.62 9.61 0.0
92.5 10.01  10.01 0.00 86.5 9.72 9.72 0.00 83.5 9.67 9.67 0.0
94.5 10.06  10.04 0.02 88.5 9.77 9.76 0.01 85.5 9.73 9,72 0.0
96.5 10.09  10.07 0.02 90.5 9.81 9.81 0.00 87.5 9.78 9.77 0.0
98.5 10.12  10.11 0.01 92.5 9.86 9.85 0.01 89.5 9.84 9.82 0.0
1005 10.15 10.14 0.01 94.5 9.91 9.89 0.02 91.5 9.87 9.87 0.0
102.5 10.17  10.17 0.00 96.5 9.93 9.93 0.00 83.5 9.91 9.92 -0.0
95.5 . 9.96 0

0

0

0

0

0

0

0

0

0

.0

OO0 IAIPNNIAIIPOIORN AIZIOIRI[ IO

]
o

St. Anthony Falls Laboratory

University of Minnesota Attachment 1b (contini







Attachment 2.

Summary of Test Conditions

Date Device Run | Initial Initial Final Final
Depth Temp Depth Temp | Pressure
09/05/00 Concept; 1 HP 1 37 11'/g”  192°C 3’ 11°/”  19.2°C 29.11”Hg
High Volume
09/10/00 Concept; 1 HP 2 3°10'4”  19.5°C 3’ 10'”  19.6°C 28.91”Hg
High Volume
09/10/00 Concept; 1 HP 3 3°10'4”  19.6°C 3 1'% 19.6°C 28.91” Hg
_High Volume
05/09/00 Concept; 1 HP 1 4 2’1y 17.6°C 4’ 2°/y” 7.2°C 29.10” Hg
Sunburst
05/09/00 Concept; 1 HP 2 4 2% 173°C  42%he”  16.9°C 29.18” Hg
Sunburst
05/09/00 Concept; 1 HP 3 427"  16.5°C 4°2%h¢” 16.1°C 29.17”Hg

Sunburst




Attachment 3. Individual Flowrate Test Results

Concept; 1 Hp High Concept; 1 Hp
YVolume Sunburst
Run Flowrate Run | Flowrate
{GPM) (GPM)
917 1 529
2 919 2 529
3 920 3 529
4 921 4 530
5 922 5 530
6 923 6 530





