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Appendix C Commissioning Report

Equipment Functional Tests

1.1 Equipment/Systems Project Information Pre-Functional

Equipment/System Name Hybrid Hydronic
Building Name Knoy Hall

M. DeGrove, K.
Individuals Performing Tests Krockenberger
Date of Test(s) Jan-15

General Notes
1. This is a generic procedure for various building equipment commissioning, to verify that system components and
controls will operate through the BAS, and are in proper working condition to perform functional testing.

2. In all test sections, circle or otherwise highlight any responses that indicate deficiencies (i.e. responses that don't meet
the criteria for acceptance). Acceptance requires correction and retest of all deficiencies, report all deficiencies that are
noted.

3. This commissioning procedure does not comprehensively address fire and life safety controls.

Table 1.1.A. Equipment/System Data-General Data

PM Equipment #

Equipment Tag Primary Secondary
Pump/Loop | Pump/Loop
Location/Room Number 425 425
System Type (Chilled Glycol, Heating Glycol) Heating Heating
Glycol Glycol
Manufacturer Burks Grundfos
Pumps

Table 1.1.B. Exchanger Data

Heat exchanger Type (Shell & tube, Plate & Frame) P&F NA

Pump Rated GPM@ft.head 4.2gpm @ 50gpm
32ft. Head @5ft.head

Table 1.1.C. Motor / VFD Data

Motor FLA rated 1.7/0.75 161
Motor Volts rated 208-230/460 115-230
Motor Phase rated 3 1
Motor RPM rated 3450 4400
Motor HP rated 1/3 1/6

VFD Manufacturer Magnatech Grundfos










Correlations

R for Total Time vs. Total Insol: 0.8928
R for total time vs. Avg SST: 0.3324
R for Total Time vs. High SST: 0.6186
R for Total Time vs. Avg OAT: 0.1009
R for Total Time vs. High OAT: 0.2029 insol till T & tot insol 0.79907548
R for Total Insol vs. Avg SST: 0.3654 insol till T & sst -0.508845693
R for Total Insol vs. High SST: 0.2137 insol till T & OAT -0.564981908
insol till T/tot insol &
R for Total Insol vs Avg OAT: 0.0130 OAT 0.9847
R for Total Insol vs High OAT: 0.1146
R for High SST vs Avg SST: 0.9663
R for High SST vs Avg OAT: 0.6098
R for High SST vs High OAT: 0.5645
R for Avg SST vs Avg OAT: 0.6131
R for Avg SST vs High OAT: 0.5758
R for Avg OAT vs High OAT: 0.9612
R for SST in relation to Insol & OAT 0.7097
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SST, SRT & Delta T for Solar

Date

3/6/15 10:45 AM
3/6/15 11:00 AM
3/6/15 11:45 AM
3/6/15 12:00 PM
3/6/15 12:15 PM
3/6/15 12:30 PM
3/6/15 1:00 PM
3/6/15 1:15 PM
3/6/15 1:30 PM
3/6/15 1:45 PM
3/6/15 2:30 PM
3/6/15 2:45 PM
3/6/15 3:00 PM
3/6/15 3:15 PM
3/6/15 3:30 PM
3/6/15 3:45 PM
3/6/15 4:00 PM
3/6/15 4:15 PM
3/6/15 4:30 PM
3/6/15 4:45 PM
3/7/15 11:15 AM
3/7/15 11:30 AM
3/7/15 12:30 PM
3/7/15 12:45 PM
3/7/15 1:00 PM
3/7/15 1:15 PM
3/7/15 1:30 PM
3/7/15 1:45 PM
3/7/15 2:00 PM
3/7/15 2:15 PM
3/7/15 2:30 PM
3/7/15 2:45 PM
3/7/15 3:30 PM
3/7/15 3:45 PM
3/7/15 4:00 PM
3/7/15 4:15 PM

SST

109.6
110.1
1131
118.1
120.1
1194
117.1
121.6
122.8
121.6

116
116.6
117.1
118.1
117.2
117.7
117.2
116.6
115.1
113.6
107.9
111.6
121.6
123.6
124.6
126.1
126.6
127.1
129.1
129.3
129.6
129.7
123.6
122.1
119.1
118.6

SRT

100.3
105.8
107.8
110.3
111.3
111.8
111.3
111.8
113.1
113.8
114.3
111.8
111.2
1111
111.5
111.5
111.4
111.4
1111
110.8
100.3
106.3
111.6
112.8
114.4
115.8
116.8
118.1
118.8
119.9
120.4
121.1
116.8
116.1
116.2
115.8

Delta T
9.3
4.3
5.3
7.8
8.8
7.6
5.8
9.8
9.7
7.8
1.7
4.8
5.9

7
5.7
6.2
5.8
5.2

4
2.8
7.6
5.3

10
10.8
10.2
10.3
9.8
9
10.3
9.4
9.2
8.6
6.8

6
2.9
2.8

Prim
Pump
1
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Sec
Pump
0
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Solar Storage
Mode

Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
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3/7/15 4:30 PM
3/7/15 4:45 PM
3/7/15 5:00 PM
3/8/15 11:00 AM
3/8/15 11:15 AM
3/8/15 12:15 PM
3/8/15 12:30 PM
3/8/15 12:45 PM
3/8/15 1:00 PM
3/8/15 1:15 PM
3/8/15 1:30 PM
3/8/15 1:45 PM
3/8/15 2:00 PM
3/8/15 2:15 PM
3/8/15 2:30 PM
3/8/15 2:45 PM
3/8/15 3:00 PM
3/8/15 3:15 PM
3/8/15 3:30 PM
3/8/15 3:45 PM
3/8/15 4:00 PM
3/8/15 4:15 PM
3/8/15 4:30 PM
3/8/15 4:45 PM
3/8/15 5:00 PM
3/8/15 5:15 PM
3/8/15 5:30 PM
3/8/15 5:45 PM
3/8/15 6:00 PM
3/9/15 11:15 AM
3/9/15 11:30 AM
3/9/15 11:45 AM
3/9/15 12:00 PM
3/9/15 12:15 PM
3/9/15 12:30 PM
3/9/15 12:45 PM
3/9/15 1:00 PM
3/9/15 1:15 PM
3/9/15 1:30 PM
3/9/15 1:45 PM
3/9/15 2:00 PM
3/9/15 2:15 PM

119.5
117.1
115.1
109.1
109.7
115.6
121.1
123.1
125.1
125.9
127.1
128.1
129.9
130.6
131.9
132.8
132.7
133.2
133.7
133.2
132.7
132.2
131.2
128.7
127.7
127.2
125.2
123.2
118.7
108.1
112.8
116.6
119.7
122.1
123.8
125.6
127.6
128.6
130.2
131.1
132.6
133.6

114.3
113.5
112.8
105.6
101.8
107.8
111.9
112.3
113.8
115.8
117.3
118.4
119.3
120.8
121.8
122.8
123.8
124.3
124.8
125.1
125.1
124.9
124.8
124.3
123.8
122.3
121.3
120.7
117.8
102.8
105.8
108.8
111.8
112.8
114.1
115.8
117.3
118.3
119.9
121.3
122.4
123.3

5.2
3.6
2.3
3.5
7.9
7.8
9.2
10.8
11.3
10.1
9.8
9.7
10.6
9.8
10.1
10
8.9
8.9
8.9
8.1
7.6
7.3
6.4
4.4
3.9
4.9
3.9
2.5
0.9
5.3

7.8
7.9
9.3
9.7
9.8
10.3
10.3
10.3
9.8
10.2
10.3
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Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
Solar Storage
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3/9/15 2:30 PM
3/9/15 2:45 PM
3/9/15 3:00 PM
3/9/15 3:15 PM
3/9/15 3:30 PM
3/9/15 3:45 PM
3/9/15 4:00 PM
3/9/15 4:15 PM
3/9/15 4:30 PM
3/9/15 4:45 PM
3/9/15 5:00 PM
3/9/15 5:15 PM
3/9/15 5:30 PM
3/11/15 11:45 AM
3/11/15 12:00 PM
3/11/15 12:15 PM
3/11/1512:30 PM
3/11/15 12:45 PM
3/11/15 1:00 PM
3/11/15 1:15 PM
3/11/151:30 PM
3/11/15 1:45 PM
3/11/15 2:00 PM
3/11/15 2:15 PM
3/11/15 2:30 PM
3/11/15 2:45 PM
3/11/15 3:00 PM
3/11/15 3:15 PM
3/11/153:30 PM
3/11/15 3:45 PM
3/11/15 4:00 PM
3/11/15 4:15 PM
3/11/15 4:30 PM
3/11/15 4:45 PM
3/11/15 5:00 PM
3/11/15 5:15 PM
3/11/155:30 PM
3/11/15 5:45 PM
3/11/15 6:00 PM
3/12/1511:15 AM
3/12/15 11:30 AM
3/12/15 11:45 AM

1354
136.2
137.2
137.6

138
137.7
137.3
136.9
136.2
135.1
133.1
131.1
128.6
110.1
116.6
118.6
119.6
121.6
122.6
124.1
125.6
126.6
128.1
129.2
130.1
130.7
131.2
131.6
131.7
131.2
130.8
128.7
123.2
123.8
120.2
118.6
118.3
114.7
1111
105.5
105.6
109.6

124.5
125.8
126.9
127.8
128.5
129
129.2
129.2
129
128.8
128.3
127.3
126
105.8
107.3
107.5
108.5
109.3
110.3
111.3
112.5
113.3
114.9
115.8
117.1
117.8
118.8
119.3
120
120.3
120.4
120.3
119.8
118.8
116.2
114.8
112.8
110.3
108.5
102.3
99.3
103.3

10.9
10.4
10.3
9.8
9.5
8.7
8.1
7.7
7.2
6.3
4.8
3.8
2.6
4.3
9.3
11.1
111
12.3
12.3
12.8
13.1
13.3
13.2
13.4
13
12.9
12.4
12.3
11.7
10.9
104
8.4
3.4

3.8
5.5
4.4
2.6
3.2
6.3
6.3
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3/12/15 12:00 PM 115.1 106.3 8.8 1 0 Solar Storage
3/12/15 12:15 PM 117.1 106.9 10.2 1 0 Solar Storage
3/12/15 12:30 PM 115.1 106.8 8.3 1 0 Solar Storage
3/12/15 12:45 PM 118.1 107.5 10.6 1 0 Solar Storage
3/12/15 1:00 PM 118.8 107.3 11.5 1 0 Solar Storage
3/12/15 1:15 PM 117.1 107.3 9.8 1 0 Solar Storage
3/12/15 1:30 PM 116.1 107.7 8.4 1 0 Solar Storage
3/12/15 1:45 PM 115.1 107.2 7.9 1 0 Solar Storage
3/12/15 2:00 PM 114.9 106.8 8.1 1 0 Solar Storage
3/12/15 2:15 PM 114.6 106.3 8.3 1 0 Solar Storage
3/12/15 2:30 PM 113.6 106.3 7.3 1 0 Solar Storage
3/12/15 2:45 PM 114.6 106 8.6 1 0 Solar Storage
3/12/15 3:00 PM 115.1 106 9.1 1 0 Solar Storage
3/12/15 3:15 PM 115.1 106.3 8.8 1 0 Solar Storage
3/12/15 3:30 PM 114.6 106.3 8.3 1 0 Solar Storage
3/12/15 3:45 PM 115.1 106.5 8.6 1 0 Solar Storage
3/12/15 4:00 PM 116.1 106.6 9.5 1 0 Solar Storage
3/12/15 4:15 PM 116.6 107.1 9.5 1 0 Solar Storage
3/12/15 4:30 PM 116.6 107.4 9.2 1 0 Solar Storage
3/12/15 4:45 PM 115.9 107.8 8.1 1 0 Solar Storage
3/12/15 5:00 PM 113.1 107.8 53 1 0 Solar Storage
3/12/15 5:15 PM 111.1 107.3 3.8 1 0 Solar Storage
3/12/15 5:30 PM 108.5 106.3 2.2 1 0 Solar Storage
3/12/15 5:45 PM 107.5 105.5 2 1 0 Solar Storage
3/12/15 6:00 PM 107.3 105.8 1.5 1 0 Solar Storage
MAX: 138 129.2 13.4
AVG: 122.2421 114.4 7.842069



Appendix E Insolation Maps

Concentrating Solar Resource:
Direct Normal

Annual average dewct normal solar resource, The
dala for Hawas and ihe 48 contiguous states is 8

10 km, satalide medeled datasat (SUNY/NREL. 2007)
representng data from 15982005,
The data for Alaska is a 40 kmn dataset produced by the
Cimatological Sclar Radation Model (NREL, 2003),
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Concentrating Solar Resource:
Direct Normal

e

Annual average drect nammal solar resource. The
dala for Hawas and the 48 contiguous states is @
10k, satellite modeled datasal (SUNY/MREL, 2007)
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The data for Alaska is a 40 km dataset produced by the the Mazenal Renswable Oy Lakoralony
Chmatological Solar Radsation Model (NREL, 2003), FUEa LB s s sk
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Annual average direct
normal solar resource data
are shown. The data for
Hawaii and the 48
contiguous states area
10km satellite modeled
dataset (SUNY/NREL, 2007)
representing data from
1998-2009.

The data for Alaska are a 40
km dataset produced by
the Climatological Solar
Radiation Model (NREL,
2003).

This map was produced by
the National Renewable
Energy Laboratory for the US
Department of Energy.
Billy J. Roberts
19 September 2012
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